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Abstract In this article, the effect of the solvents (water, methanol, ethanol, chloroform, N-butanol and ethyl
acetate) on the extraction yields (EY), total flavonoids content (TFC), total phenols content (TPC) form walnut shell
and the inhibitory effect of extracts on pancreatic lipase were analysed. The kinetics of enzyme inhibition and was
investigated. The inhibitory effect of extracts on adipogenesis of 3T3-L1 preadipocytes was also investigated. The
highest EY, TFC and TPC were achieved with N-butanol (4.54%), Ethyl acetate (80.40 mg QEs/g extract) and ethyl
acetate (200.40 mg GAE/g extract). The order of inhibitory activity was methanol extract (ME) > ethyl acetate
extract (EAE) > ethanol extract (EE) > water extract (WE) > N-butanol extract (NBE) > chloroform extract (CE),
the inhibition ratios were 82.51%, 73.13%, 70.49%, 69.42%, 65.57% and 60.66%, respectively under the
concentration of 500 pg/mL. The ICs, values of WE, ME, EE, CE, NBE and EAE were 371.35, 308.91, 407.57,
196.50, 247.79 and 254.27 ug/mL respectively. The inhibitory types of walnut shell extracts were noncompetitive.
All the extracts were non-toxic to 3T3-L1 preadipocytes. The ME, EE, CE, NBE and EAE have inhibitory effect on
triglyceride accumulation of 3T3-L1 cells.
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1. Introduction

Prevalence of obesity is becoming one of the greatest
threats to global health owing to the people’s lifestyle of

decreased physical activity and intake of high energy food.

Obesity not only affects human appearance, but also
causes many diseases, such as hepatic adipose infiltration
[1], arteriosclerosis [2], hypertension, coronary heart
disease, type Il diabetes and other chronic diseases [3].
Due to the increasing obesity rates, the World Health
Organization has prompted to promote strategies to
prevent and control its progress [4]. Moderate weight loss
by lifestyle changes improves obesity which is the main
cornerstone of the therapy for obesity. Unfortunately, this
clinical approach is not-long term lasting and weight
regain is often seen, so the drugs are necessary to prevent
weight regain [5].

Dietary triglycerides are hydrolyzed by lipase to
monoglycerides, fatty acids and other small molecules,
which are absorbed and resynthesized triglycerides
leading to obesity ultimately [3]. The inhibition of fat
digestion is an approach for reducing lipid absorption
which can reduce the chance of obesity. Pancreatic lipase

(PL) which can catalyze the hydrolysis of dietary
triglycerides is the key enzyme for lipid absorption. So it
is an effective way to prevent obesity by inhibition the
activity of lipase in the digestive organs. Orlistat is the
hydrogenated derivative of lipstatin, an inhibitor of PL
isolated from the Streptomyces toxytricini and the only
authorized anti-obesity drug in Europe. The drug has
effective for the treatment of obesity, but side effects, such
as fecal incontinence, have also arisen [4]. Therefore,
researches need to find natural anti-obesity compound to
avoid the side effects. Now, a lot of extracts from
hundreds of species of plants [6] and marine algae [7] as
well as the metabolites from microorganisms [8] are being
screened for their lipase inhibitory activity. In the research
of effective antiobesity agents, several categories of
natural compounds such as polyphenols, saponins,
triterpenes, flavonoids, some certain proteins and basic
polysaccharides show potent inhibitory activity against PL
[4].

3T3-L1 mouse preadipocytes are known to differentiate
into mature adipocyte cells in vitro and intracellular
accumulation of lipid droplets has been observed in cell
differentiation. Some natural products and plant extracts
were found to inhibit the adipogenesis of 3T3-L1 cells
[9,10].
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Walnut shells are an abundant agricultural residue
generated in the walnut harvest which can be valued as a
source of natural compounds. They are good media to
separate crude oil from water [11]. The shell also can be
used as a carbonaceous sorbent to control metal from
aqueous solution [12]. Walnut shell has many natural
compounds such as phenols and flavonoids [13] which
have potential inhibitory effect on pancreatic lipase.

The aim of this work was to analyse the effect of the
solvent on the inhibitory effect on PL of walnut shell
extracts. Solvents (water, methanol, ethanol, chloroform,
N-butanol and ethyl acetate) with different polarity were
used. The extracts were studied, regarding their extraction
yield, total flavonoids content, phenols content and PL
inhibitory activity. The influence of pH and reaction time
on inhibitory effect and kinetics of inhibition against PL
were investigated. The inhibitory effect of extracts on
adipogenesis of 3T3-L1 preadipocytes was also
investigated.

2. Materials and Methods

2.1. Chemicals and Reagents

Sodium hydroxide (NaOH), polyvinyl alcohol (PVA),
aluminum nitrate [AI(NOgz)3], sodium nitrite (NaNO,),
sodium carbonate (Na,COs3), sodium dihydrogen phosphate
(NaH,PO,), disodium hydrogen phosphate (Na,HPO,),
olive oil and Folin-Ciocalteau’s phenol reagent were
provided from Tianjin Fengchuan Chemical Reagent
Science And Technology Co., Ltd. (Tianjin China).
Quercetin, orlistat, gallic acid (GAE), DMSO, insulin, 3-
isobutylmethoxylxanthine (IBMX), dexamethasone and
porcine pancreatic lipase (PL) were purchased from Sigma
(China).  Penicillin-streptomycin  and DMEM  were
obtained from Gibco (China). Ethyl acetate, methanol,
95% ethanol, chloroform and N-butanol were obtained
from Chongging Chuandong Chemical group Co., Ltd.
(Chongging China).

2.2. Preparation of Raw Material
The sampling of raw material was following the method

described by Fern&ndez-Agull&[14] with some modifications.

Walnut shells were gathered from Zhaotong city in
Yunnan province of China. Prior to the use, the walnut
shells were cleaned of dirt and impurities, and then ground
into powders using a grinder. The powders were passed
through a 60-mesh screen. To preserve chemical
properties, the particles were stored in plastic bags at -
70°C, and then freeze dried for further use.

2.3. Extracts Preparation

The extracts were following the method described by
Fern&ndez-Agull6 [14] with some modification. For the
water extractions, 50 g of powdered sample with a ratio
1:30 (w/v) were extracted with boiling water for 45 min
and filtrated through Whatman no.4 paper. In the
extractions with methanol, ethanol, chloroform, ethyl
acetate and N-butanol, 50 g of simple were extracted with
1500 mL of tested solvent for 45 min at 40 <C and filtered
through Whatman no.4 paper. The filtrates were
evaporated under vacuum in a rotary evaporator then the

concentrates were frozen, lyophilized and redissolved in
water at concentrations of 1 mg/mL for further use. All the
extractions were done in triplicate.

2.4. Total Flavonoids Content

The TFC in the obtained extracts was determined by
colorimetric assay [15] with a little modification. Briefly,
1 mL sample ethanol solution was mixed with 0.3 mL
NaNO, aqueous solution (5%, w/w). The mixture stood
for 6 min, followed by the addition of 0.3 mL AI(NO3);
aqueous solution (10%, w/w). After deposing for 6 min, 4
mL NaOH aqueous solution (4%, w/w) was added and the
volume was adjusted to 10 mL with distilled water. After
incubation for 30 min at room temperature, the absorbance
was determined at 508 nm. The results were based on the
calibration curve with quercetin. The quercetin was
dissolved in ethanol solution, and the concentrations of
quercetin for the standard curve were 0-500 pg/mL. The
TFC was calculated as a quercetin equivalent and
expressed as mg quercetin equivalents (QEs) mg/g of
extract. The determinations were performed in triplicate.

2.5. Total Phenols Content

The TPC was determined using the Folin-Ciocalteau
assay accordingly to Ghasemzadeh [16] with some
modifications. Briefly, 1 mL of extract was mixed with 1
mL of Folin-Ciocalteau’s reagent. After 5 min, 2 mL of
Na,COjzsolution was added to the mixture and adjusted to
10 mL with distilled water. After being kept in the dark
for 60 min, the absorbance at 750 hm was measured. The
total phenols content was calculated using GAE
calibration curve of GAE standard solutions (0-500pg/mL)
and expressed as pg GAE equivalents (GAE) pg/g of
extract. The determinations were performed in triplicate.

2.6. Determination of Pancreatic Lipase
Activity

The PL activity was measured by the classical olive oil
emulsion method [17] described by Zhang with some
modification. The substrate (5 mL) and PBS (4mL, pH 7.5)
was mixed and preheated in water bath at 37 <C for 10 min.
Then 1 ml of enzyme solution dissolving by PBS was
added to the mixture to catalyze the hydrolysis reaction
for 15 min and the reaction was terminated by adding 15
mL 95% ethanol. Blank samples were prepared in parallel
before the addition of the enzyme. The amount of fatty
acid produced was quantified by the volume of the
consumption of NaOH (0.1 mol/L). One lipase unit was
defined as the amount of enzyme needed to release 1 pmol
fatty acid per minute under the experimental conditions.
PL activity was computed from the following equation:

PL activity = [1000x (A —B)x M]/ TW

where A is the volume of experimental group consumed
NaOH (mL), B is the volume of blank group consumed
NaOH (mL). M is the molar concentration of NaOH
solution (mol/L), T is the reaction time (min) and W is the
mass of PL (g).

2.7. The Influence of Extracts Concentration
on Inhibitory Effect
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1 mL of each extract (100-500 pg/mL) was added to the
mixture to investigate the PL inhibition as the method to
determination of pancreatic lipase activity. The inhibitory
effect of extracts on PL was obtained from:

Inhibition rate =[(A; —A5) / A1]1x100%

where A, is the PL activity and A, is the PL activity after
adding extracts.

The concentration which inhibits 50% enzymatic
activity (1Csp) was concluded from the graph of inhibition
rate against the samples concentration.

2.8. Kinetics of Enzyme Inhibition

In order to clarify the kinetics of inhibition against PL,
a series of substrate concentrations (0.0067, 0.0133,
0.0200, 0.0266, 0.0333 mg/mL) were tested in the assay
system and each analysis was performed with or without
the extracts. The inhibitory types were determined by
Lineweaver-Burk plots, the inhibition constant (K;) was
calculated from the following equation:

Km.app = Km[(1+M)/K; ]
where Kpapp and Ky, are the Ky with or without the
extracts, the M represents the concentration of the extracts

[18].

2.9. 3T3-L1 Cell Culture and Adipocytes
Differentiation

The 3T3-L1 Cell culture and adipocytes differentiation
was used the method described by Vaidya [19] with some
modifications. 3T3-L1 mouse pre-adipocytes were
cultured (37<C, 5% CO,) in DMEM containing with 10%
FBS until reaching confluence. Then cells were stimulated
with differentiation medium supplemented with DMEM
with FBS (10%), insulin (10 pg/mL), dexamethasone
(0.25 mM), IBMX (0.5mM). After 48 h, the cells
maintained in DMEM containing FBS (10%) and insulin
(10 ug/mL) for another two days. Finally, the cells
cultured with DMEM with 10% FBS for an additional
four days. All media contained 100 pg/mL streptomycin
and 100 1U/mL penicillin. The cultures were treated with
extracts for general experiments throughout the culture
period.

2.10. Cell Viability and Triglyceride Assays

3T3-L1 cells viability was determined by the MTT
assay [20] with some modifications. Cells incubated in 96

well microtiter plates (1<10* cells/well) for 24 h. Then
cells stimulated with 300 ug/mL of each extract for 24 h
and MTT solution (5 mg/mL) was added to well. After 2 h
of incubation at 37 <C, the MTT reagent was removed. The
formazan product was dissolved by the addition of 200 uL
of DMSO. The absorbance was detected at 595 nm by use
of a microplate reader, and cell viability was expressed as
a percentage over control. Triglycerides were quantified
using the Infinity Triglyceride kit (Thermo Scientific) [21].
Triglyceride was expressed as relative contents using a
percentage over control.

2.11. Statistical Analysis

All the experiments were carried out in triplicate. The
results are expressed as mean values and standard error of
the mean. The existence of significant differences among
the results fore extraction yield, total flavonoids content
total phenols content and PL inhibitory properties of the
extracts was analyzed. The difference was considered
significant at P < 0.05. The one-way analysis of variance
(ANOVA) and Duncan’s test were used. All statistical
tests were used SPSS 19.0 software.

3. Results and Discussion

Extraction with solvents is frequently used for the
isolation of bioactivity compounds. Organic solvents are
commonly used for the extraction of polyphenols and
flavonoids [22,23,24] from plant material. Both the
extraction yield and biological activity of the extracts have
a strong relationship with the solvent employed, mainly
due to the different polarity of the compounds obtained
[25]. For this reason, different solvents (water, methanol,
ethanol, chloroform, N-butanol and ethyl acetate) were
assayed for their extraction of walnut shell in this work.
The extraction yield, total flavonoids content, total
phenols content and PL inhibitory properties of the
extracts obtained was compared.

3.1. The Extraction Yield, Total Flavonoids
Content and Total Phenols Content

Table 1 shows the results obtained for the extraction
yield, total flavonoids content and total phenols content.
The EY, TFC and TPC of various solvents used for the
extraction of walnut shell showed significantly different
(p<0.05).

Table 1. Extraction yield (in percentage) and total flavonoids content (TFC mg QEs/g extract) and total phenols content (TPC mg GAE/g

extract) of walnut shell from Zhaotong city in Yunnan province of China

Solvent EY (%) TFC (mg QEs/g extract) TPC (mg GAE/g extract)
Water 2.63 +0.08c 4,73 £0.15a 26.36 +0.55¢

Methanol 3.20 £0.08d 48.90 +0.79% 27.58 +1.24c

Ethanol 1.87 £0.14b 9.38 +0.40b 23.86 +£1.18b
Chloroform 0.42 +0.01a 14.89 +0.43c 10.76 +£0.15a

N-butanol 4.54 +0.20e 30.72 £0.35d 179.48 +4.45d

Ethyl acetate 1.85 +0.06b 80.40 +0.55f 200.40 +0.70e

Data are means of three replicates with standard errors. Values in the same column followed by a different letter are significantly different (p<0.05).

The EY depended on many factors such as temperature
[26], solid-liquid ratio [27] and the polarity of the solvent.
Normally, the high temperature and solid-liquid ratio got
high extraction yield. So in this work, a higher

temperature and solid-liquid ratio were adopted. The
values of the EY varied from 0.42% for the Chloroform
extract to 4.54% for the N-butanol extract. The EY
decreasing in the following order: N-butanol > methanol >
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water > ethanol > ethyl acetate > chloroform. The results
were similar with Sahreen’s, the ME had a higher
extraction yield [28].

The NaNO,-AI(NOs); method and Folin-Ciocalteau
assay used for determination of the total flavonoids and
phenols content has been employed for many years. The
total flavonoids content and total phenols content in
walnut shell different solvents extracts were significantly
different (p<0.05). The EAE showed the highest amount
of these compounds, with 80.40 mg REs/g extract and
200.40 mg GAE/g extract. The total flavonoids content
was higher than those results obtained by Akbari [13] but
lower than the results got by Li [15] and Chaleshtori [29].
The total phenols content was higher than the results
obtain by Ghasemzadeh [16]. The WE and CE showed the
lowest content of flavonoids (4.73 mg REs/g) and phenols
(10.76 mg GAE/g extract). The difference among TFC
and TPC was mainly due to the polarity of the solvent and
the solubility of extract in solvent.

3.2. Pancreatic Lipase Inhibitory Activity

A lot of reports have been published about the
inhibitory effect of extracts against the pancreatic lipase.
Liu and his co-workers [30] reported that the 1Cs, value of
Nelumbo nucifera leaf flavonoids on PL was 380 pg/mL.
Gondoin [31] proved that white and green tea polyphenols
had strong inhibitory effect on PL. Moreover very little

Figure 1. Effect of orlistat, water extract (WE), methanol extract (ME),
ethyl acetate extract (EAE) on pancreatic lipase activity

3.3. Kinetics of Enzyme Inhibition

Many reports have been published about the inhibitory
activity of plant material against the pancreatic lipase.
However, most of previous researches just investigated the
inhibitive activity of the tested samples against the
pancreatic lipase within the range of concentrations
instead of the inhibitive mechanism [34,35,36,37]. As
shown in the Lineweaver-Burk plots for PL (Figure 2),
equations of Y = 0.0008X + 0.0382 (R? = 0.9999), Y =

research has been reported about the PL inhibition activity
of walnut shell extracts. Walnut shells are waste generated
in walnut (Juglans regia L.) harvest which contains
natural compounds (flavonoids, phenols) with inhibitory
effect on pancreatic lipase. So the inhibition activity of
walnut shell on pancreatic lipase was investigated.

The inhibitory effect of the extracts against pancreatic
lipase was determined using different concentrations (100-
500 pg/mL) of extracts. As shown in Figure 1, the extracts
had moderate inhibition of PL in a dose-dependent manner.
The order of inhibitory sequences was ME > EAE > EE >
WE > NBE > CE, the inhibition ratios were 82.51%,
73.13%, 70.49%, 69.42%, 65.57% and 60.66%,
respectively under the concentration of 500 pg/mL. When
the concentration of orlistat > 400 pg/mL, the inhibition
rate reaches 100%. Nevertheless, the extracts still showed
a strong inhibitory activity of pancreatic lipase compared
with quercetin, isoquercitrin and rutin [3], especially ME.
To some extent, The ICsy values showed the inhibitory
effect of inhibitors on enzyme active under a particular
substrate concentration. The smaller of 1Cs, value
indicated the stronger inhibition. The ICsy values of WE,
ME, EE, CE, NBE and EAE were 371.35, 308.91, 407.57,
196.50, 247.79 and 254.27 pg/mL respectively. The ICsy
values were smaller than the results obtained by Marrelli
[32] and You [33]. The walnut shell extracts can be as a
potential medicine to treatment of obesity.

ethanol extract (EE), chloroform extract (CE), N-butanol extract (NBE) and

0.0014 X + 0.0668 (R? = 0.9973), Y = 0.002 X + 0.0969
(R? = 0.9980), Y = 0.0016X + 0.0754 (R? = 0.9942), Y =
0.0012X + 0.0582 (R? = 0.9931), Y = 0.0013 X + 0.0645
(R? = 0.9970), Y = 0.0018X + 0.086 (R* = 0.9963)
represent the enzymatic reaction curves for the control,
WE, ME, EE, CE, NBE and EAE. The 7 inhibition lines
of PL intersect on the x-axis indicated that the mechanism
of pancreatic lipase inhibition by WE, ME, EE, CE, NBE
and EAE was noncompetitive type. This was similar to the
result obtain by Li [3] but diametrically opposed to
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Martins [18]. The data showed that the extracts and
substrate could bind to pancreatic lipase simultaneously.
When both the substrate and the extracts were bound, the

enzyme-substrate-inhibitor complex cannot form product,
which leaded to a lower activity for enzyme [3].

0.4 H | —=— Control
—eo— WE
1l —a—ME
034|—¥—EE
—4—CE
1 —»—NBE

—— EAE
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Figure 2. Lineweaver-Burk plots of control, water extract (WE), methanol extract (ME), ethanol extract (EE), chloroform extract (CE), N-butanol
extract (NBE) and ethyl acetate extract (EAE) for the pancreatic lipase inhibitory activity

pancreatic lipase and the 3 extracts obeying the order:
Table 2. ICs, Ki and 1/K; values of interaction between pancreatic CE > NBE > EAE > ME > WE > EE.
lipase and different solvents extracts of walnut shell from Zhaotong

city in Yunnan province of China

3.4. Cell Viability and Triglyceride Assays

Solvent ICso (ng/mL) Ki (mg/mL) 1/K; (mL/mg)
Water 37135 +4.28d 322 4005c  0.31 -0.005b To detect the effect of each extract on the viability of
3T3-L1 preadipocytes, MTT was performed after 24 h
Methanol 308.91 +4.33 2.23+0.04b  0.450.009 . ’ L .
einano ¢ ¢ resulted in on effect on the 3T3-L1 cells viability (Figure 3)
Ethanol 40757 +3.87e  3.51+007d  0.28£0.006a which was similar to Lii’s results [20]. The result proved
Chloroform 196.50 +4.13a 1.72+0.0la  0.58 +0.004d that the extracts were non-toxic to 3T3-L1 preadipocytes.
N-butanol 24779 £353b  220+0.04b  0.450.009c The NBE showed the strongest inhibitory effect on
Ethyl acetate ~ 254.27 +2.79b  2.22+0.10b  0.450.020c triglyceride - accumulation of 3T3-L1 preadipocytes

(Figure 4). The ME, EE, CE, NBE and EAE had
significantly different (P<0.05) compared with control.
Those data indicated ME, EE, CE, NBE and EAE with
strong inhibitory effect on triglyceride accumulation of
3T3-L1 cells. The inhibitory effect of NBE was stronger

Data are means of three replicates with standard errors. Values in the
same column followed by a different letter are significantly different
(p<0.05).

The larger of 1/Ki value indicated the stronger
inhibition effect on the enzyme activity. It can be seen in

Table 2, the sequence of affinity (1/Ki) between than 75 uM diallyl trisulfide [20].
100 T = % T T
80
s |
= 60
2
(5]
=
= 40
o
20
0 T . T ; T v T T T T T T
Control WE ME EE CE NBE EAE

Figure 3. Effect of water extract (WE), methanol extract (ME), ethanol extract (EE), chloroform extract (CE), N-butanol extract (NBE) and ethyl
acetate extract (EAE) on cell viability of 3T3-L1 preadipocytes cells
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Figure 4. Effect of water extract (WE), methanol extract (ME), ethanol extract (EE), chloroform extract (CE), N-butanol extract (NBE) and ethyl
acetate extract (EAE) on relative triglycerides contents. * indicated significantly different (P<0.05) compared with control

4. Conclusions

The inhibitory effect of different solvents (water,
chloroform, methanol, ethanol, ethyl acetate and N-
butanol) extracts from walnut shell on pancreatic lipase
and adipogenesis of 3T3-L1 preadipocytes were
demonstrated. The highest EY, TFC and TPC were
achieved with N-butanol (4.54%), Ethyl acetate (80.40 mg
QEs/g extract) and ethyl acetate (200.40 mg GAE/g
extract). The order of inhibitory was ME > EAE > EE >
WE > NBE > CE, the inhibition ratios were 82.51%,
73.13%, 70.49%, 69.42%, 65.57% and 60.66%,
respectively under the concentration of 500 pg/mL. The
ICs, values of WE, ME, EE, CE, NBE and EAE were
371.35,308.91, 407.57, 196.50, 247.79 and 254.27 pg/mL
respectively. The inhibitory types of walnut shell extracts
were noncompetitive. All the extracts were non-toxic to
3T3-L1 preadipocytes. The ME, EE, CE, NBE and EAE
have inhibitory effect on triglyceride accumulation of
3T3-L1 cells. Nevertheless, there is no a clear correlations
about the flavonoids and phenols content of extracts and
inhibitory effect. This is mainly due to the extracts may be
complex mixtures with other active ingredients.
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