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Characterization of Antidiabetic Compounds from Extract of Torreya nucifera
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Natural products have gained increasing attention due to their advantage of long-term safety and low
toxicity for a very long time. Torreya nucifera is widespread in southern Korea and Jeju Island and
its seeds are commonly used as edible food. Oriental ingredients have often been reported for their
insecticidal, antioxidant and antibacterial properties, but there have not yet been any studies on their
antidiabetic effect. In this study, we investigated several biological activities of T. nucifera pericarp
(TNP) and seeds (TNS) extracts and proceeded to characterize the antidiabetic compounds of TNS.
The initial results suggested that TNS extract at 15 and 10 pg/ml concentration has inhibitory effects
on a-glucosidase and protein tyrosine phosphatase 1B, that is 14.5 and 4.35 times higher than TNP,
respectively. Thus, the stronger antidiabetic TNS was selected for the subsequent experiments to char-
acterize its active compounds. Ultrafiltration was used to determine the apparent molecular weight
of the active compounds, showing 300 kDa or more. Finally the mixture was then partially purified
using Diaion HP-20 column chromatography by eluting with 50~100% methanol. Therefore we con-
cluded that the active compounds of TNS have potential as therapeutic agents in functional food or
supplemental treatment to improve diabetic diseases.
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Introduction

Diabetes is a disease in which glucose levels in the blood
are much higher than those in the general population. It has
become a major public health problem around the world as
a chronic metabolic disorder in which the body produces
a small amount of insulin, stops its production, or gradually
resists its action [12]. In particular, the prevalence and in-
cidence of type 2 diabetes (T2DM) has been exploding world-
wide over the past few decades [3]. T2DM is caused by a
lack of pancreatic insulin, which accounts for more than 90%
of all diabetes, and characterized by hyperglycemia, insulin
resistance, and relative insulin secretion disorder. Liver,
skeletal muscle and adipose tissue are major tissues that re-
spond to insulin [2]. Liver insulin resistance (IR) contributes
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to hyperglycemia and T2DM, while long-term hyperglyce-
mia leads to the development of insulin resistance [1, 10, 11].
However, these present oral hypoglycemia drugs used as
a treatment for diabetes were often associated with adverse
side-effects, including weight gain, bone loss and gastro-
intestinal side effects [7, 8, 16] In this regard, there was an
urgent need to develop natural ingredients which improve
hepatic insulin resistance with negligible side effects and
have antidiabetic effects in the human body. These period-
ical demands for prevention of diabetes led to expectations
for natural products and studies on their antidiabetic mecha-
nism were increasing.

Torreya nucifera Siebold & Zucc. native to southern Korea,
is an evergreen tree of the Taxaceae. There have been re-
ported pharmacological effects such as appetite enhance-
ment, digestion, constipation and hemorrhoid treatment.
And its oil was used for food, hair product or fuel [4].
Previous studies have reported that several bioactive sub-
stances of its oil show insecticidal activity and antimicrobial
activity [9]. However there have been few studies of seeds
extract of T. nucifera on the separation and identification of
active compounds concerning with antidiabetic activity.
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Therefore we investigated determination of a-glucosidase
and protein tyrosine phosphatase 1B inhibitory activities to
prevent diabetes and characterization of active compounds

from seeds extract of T. nucifera.

Materials and Methods

Materials

Torreya nucifera seeds were purchased from a market of
Namhae region in Korea. Methanol (MeOH), n-butanol
(BuOH), and ethyl acetate (EtOAc) as solvents were pur-
chased from SK Chemicals (Ulsan, Korea) and Diaion HP-20
was purchased from the Mitsubishi Kasei Co. (Tokyo, Japan).
Enzymes and substrates for in vitro biological assays were
purchased from Sigma-Aldrich (St. Louis, MO, USA).

Extraction of Torreya nucifera

T. nucifera pericarps (TNP) and T. nucifera seeds (TNS)
were washed three times in distilled water and used as an
extraction sample. First, 3 volume of MeOH was added into
each sample and standing overnight at room temperature.
MeOH extracts by three times were filtered through a filter
paper and concentrated under reduced pressure using a ro-
tary vacuum evaporator (Changshin Science, Seoul, Korea).
A concentrated extract was further dried in Modul 4080C
speed vacuum (Hanil Science Industrial Co., Gimpo, Korea)
and the extract was diluted to an appropriate concentration
for future experiments of biological activity. Next, after se-
lecting seed of T. nucifera as an active candidate, the optimal
extraction condition was investigated as follows: hot water
extraction at 100C for 10 minutes (HWE-1), MeOH ex-
traction of remaining precipitates after hot water extraction
at 100C for 10 minutes (HWME-1), hot water extraction at
121°C for 15 minutes (HWE-2), MeOH extraction of remain-
ing precipitates after hot water extraction at 121°C for 15
minutes (HWME-2), and MeOH extraction at room temper-
ature (ME). In addition, in order to carry out solvent ex-
traction, water to solubilize the dried extract and equal vol-
ume of BuOH were mixed and vortexed. BuOH layer and
water layer were harvested after centrifugation at 13,000 rpm
for 5 minutes. The biological activity of each layer was eval-

uated for next experiments.

Biological activities of Torreya nucifera extracts
a-Glucosidase inhibitory activity
a-Glucosidase inhibitory activity was measured by spec-

troscopic method using enzyme-substrate reaction. Briefly,

the sample was added with 2.5 mM p-nitrophenyl-a-D-glu-
copyranoside (pNPG, Sigma-Aldrich) which is a substrate
in 100 mM sodium phosphate buffer (pH 6.8) and then in-
cubated with 0.25 units a-glucosidase enzyme (Sigma-
Aldrich) at 37C for 15 minutes. Its activity was determined
by measuring the p-nitrophenol released from pNPG at 405
nm by SpectraMax M2e microplate reader (Molecular Devi-
ces, Toronto, Canada). MeOH was used as a negative control
and acarbose (Sigma-Aldrich) at final concentrations of 15,
62.5, and 250 pg/ml as a positive control. The inhibitory ac-

tivity was expressed as a percentage of the negative control.

Protein tyrosine phosphatase 1B (PTP1B) inhibitory
activity

PTP1B inhibitory activity was performed by using p-nitro-
phenyl phosphate (pNPP, Sigma-Aldrich) as a substrate.
PTP1B buffer solution was composed of 50 mM tris-base,
150 mM NaCl, 0.1 mg/ml BSA, and 3 mM dithiothreitol
(DTT). PTP1B buffer solution was mixed with 10 mM pNPP
and 1 pg/ml PTP1B enzyme (Cayman Chemical, Ann Arbor,
USA) was added to the mixture and incubated at 37C for
30 minutes. Its activity was determined by measuring the
pNPP at 405 nm by SpectraMax M2e microplate reader (Mol-
ecular Devices). MeOH was used as a negative control and
ursolic acid (Sigma-Aldrich) at final concentrations of 0.1,
0.8, and 1.6 mM as a positive control. The inhibitory activity
was expressed as a percentage of the negative control.

DPPH free radical scavenging activity

DPPH free radical scavenging inhibitory activity was
measured by substrate 2,2-diphenyl-1-picrylhydrazyl (Sigma-
Aldrich) at a concentration of 1.5x10™ M. Substrate and as-
corbic acid (Sigma-Aldrich) were weak to light, so the ex-
periment was conducted in dark room. After the sample was
mixed with DPPH solution, it was incubated in the dark
for 15 minutes. DPPH free radical scavenging inhibitory ac-
tivity was determined by measuring absorbance at 510 nm
by SpectraMax M2e microplate reader (Molecular Devices).
The inhibitory activity was calculated as a percentage of the
negative control.

Tyrosinase inhibitory activity

Tyrosinase inhibitory activity was measured by spectro-
scopic method using enzyme-substrate reaction. 100 mM
L-tyrosine (Junsei Chemical Co., Tokyo, Japan) in 50 mM
sodium phosphate buffer (pH 6.5) was prepared with 200
units of tyrosinase from mushroom (Sigma-Aldrich). Sample
was added to the mixture and incubated at 37C for 30



minutes. MeOH was used as a negative control and kojic
acid (Sigma-Aldrich) at final concentrations of 6, 12.5, and
25 pg/ml as a positive control. Its activity was determined
by measuring absorbance at 475 nm by SpectraMax M2e mi-
croplate reader (Molecular Devices). The inhibitory activity

was calculated as a percentage of the negative control.

Angiotensin—-converting enzyme (ACE) inhibitory activity

ACE inhibitory activity was measured by spectroscopic
method using enzyme-substrate reaction. The rabbit lung
acetone powder (Sigma-Aldrich) was added to the 400 mM
sodium borate buffer (pH 8.3) and mixed well with homoge-
nizer, which was overnight with a mixer at 4T for 30
minutes. And after centrifugation at 3,000 rpm, then the ACE
enzyme was prepared by selecting only the upper liquid (-2
0T storage). Briefly, the sample was mixed with 5 mg/ml
hippuryl-His-Leu acetate salt in 400 mM sodium borate buf-
fer (pH 8.3) and incubated with ACE enzyme at 37C for
15 minutes. After 1 N HCl was added to stop the reaction,
the mixture was treated with EtOAc, gently vortexed, and
left at room temperature for 30 minutes. Finally, the mixture
was centrifuged at 13,000 rpm for 5 minutes. After trans-
ferring the supernatant to the new tube, it was vacuum-
dried, dissolved in distilled water, and added to a 96-well
microplate. And the absorbance was measured at 228 nm
with a SpectraMax M2e microplate reader (Molecular Devi-
ces). The inhibitory activity was calculated as a percentage

of the negative control.

Xanthine oxidase (XO) inhibitory activity

XO inhibitory activity was measured by fluorometrical
method using pterine as substrate reactions. Briefly, sample
was mixed with 0.4 mM pterin (Santa Cruz Biotechnology)
dissolved in phosphate buffer (pH 8) and 0.5 unit of xanthine
oxidase enzyme (Roche, Basel, Switzerland) at 37°C for 30
minutes. And the reaction was stopped with 1 N HCl. The
reaction mixtures were fluorometrically detected at 340 nm
excitation and 410 nm emission by Victor3TM plate reader
(PerkinElmer, Waltham, Massachusetts, USA). MeOH was
used as a negative control and allopurinol (Sigma-Aldrich)
at final concentrations of 0.25, 1, and 4 ng/ml as a standard
inhibitor. The inhibitory activity was expressed as percent-

age of the negative control.

Characterization of active compounds from Torreya
nucifera seeds (TNS)
Molecular weight cut-off (MWCO)
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Molecular weight was measured using ultrafiltration by
osmotic pressure. After dissolving the dried MeOH extract
of TNS in water, its MWCO was performed using QuixStand
BenchTop System Ultrafiltration (GE Healthcare, Chicago,
IL, USA). Surface area of the membrane cartridge was 110
cm’. The specimens were separated by membrane size and
maintained at 150-115 rpm. The MWCO of sample was per-
formed by using the 300 kDa membrane cartridge, yielding
<300 kDa and =300 kDa fractions after ultrafiltration.

Solvent extraction and pH and heat stability

MeOH extract (ME) of TNS was solubilized in water and
mixed well with the same volume of BuOH. Mixture was
divided into BuOH layer and water layer after centrifugation
for 5 minutes. Each layer was dried in speed vacuum appa-
ratus and then tested for glucosidase inhibitory activity. On
the other hand, TNS ME was checked for pH stability at
pH 2, 7, and 10 after adjustment with 1 N HCl or 1 N NaOH.
Also TNS ME was observed for heat stability at 100C for
10 minutes and 121C for 15 minutes. The remaining bio-
logical activities of TNS ME under different pH and temper-
ature were examined by a-glucosidase assay.

Diaion HP-20 column chromatography

After filling 1 g of Diaion HP-20 resin into open column
with an inner diameter of 14.5 mm, it was sequentially equi-
librized with 100, 50, and 20% MeOH and finally replaced
with distilled water. Molecular weight >300 kDa fraction
of TNS ME was adjusted to pH 2 or pH 7 to observe its
adsorption capability on the resin, depending on its pH.
After loading each sample 5 mg/ml of TNS, fractions were
sequentially eluted with 20, 50, and 100% MeOH. The elu-
tion volume of 2 ml per fraction was tested for a-glucosidase
inhibition activity.

Statistical analysis

All results were confirmed in at least three times. Unless
otherwise stated, data were expressed as the mean + SD.
Statistical comparisons were used by ANOVA. Results were

statistically significant at p<0.05.

Results

Evaluation of biological activity of Torreya nucifera
extract

To verify and compare the biological activities of T. nuci-
fera pericarp (TNP) and seeds (TNS) extracts, many kinds
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of in vitro assay were performed. a-Glucosidase is an enzyme
that breaks down carbohydrates into monosaccharides to ab-
sorb them into the body. Its inhibitor can delay glucose ab-
sorption, reduce postprandial plasma glucose level, and in-
hibit postprandial hyperglycemia. Acarbose has been used
as a treatment for diabetes as a-glucosidase inhibitor. When
comparing with TNP and TNS at 15 pg/ml concentration,
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TNS showed 14.5 times of higher inhibitory activity than
TNP (Fig. 1A). Protein tyrosine phosphatase 1B (PTP1B) is
an enzyme that regulates insulin signaling and causes of ty-
rosine dephosphorylation in insulin receptor (IR) and insulin
receptor substrate (IRS), leading to insulin-resistance and
type 2 diabetes. At a concentration of 10 pg/ml, TNS showed
4.35 times higher PTP1B inhibitory activity than TNP (Fig.
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Fig. 1. Evaluation of biological activities of Torreya nucifera extract. (A) a-glucosidase inhibitory activity. The positive control was
acarbose. (B) PTP1B inhibitory activity. The positive control was ursolic acid. (C) Tyrosinase inhibitory activity. The pos-
itive control was kojic acid. (D) DPPH free radical scavenging activity. The positive control was ascorbic acid. (E) ACE in-
hibitory activity. The positive control was captopril. (F) XO inhibitory activity. The positive control was allopurinol. Each
experiment was performed in duplicate or triplicate. TNP, methanol extract of Torreya nucifera pericarp; TNS, methanol
extract of Torreya nucifera seeds; PTP1B, Protein tyrosine phosphatase 1B; ACE, Angiotensin-converting enzyme; XO, xan-
thine oxidase. Data were presented as mean + SD (n=3 in each group, *p<0.05, **p<0.01, ***p<0.001 compared to control).



1B). Tyrosinase inhibitory activity is to evaluate whitening
ability by measuring dopachrome, a product by reacting
with L-tyrosine and tyrosinase. At concentration of 150 ug/
ml, TNS showed 3.6 times higher tyrosinase inhibitory activ-
ity than TNP (Fig. 1C). DPPH is a water-soluble material
with chemically stabilized free radicals with maximum ab-
sorbance at 515 to 520 nm. When the DPPH free radical scav-
enging activity was compared, at concentration of 150 pg/
ml, TNS was 67.8 times higher than TNP (Fig. 1D). These
results suggested that TNS contains more antioxidant sub-
stances than TNP. Captopril is a synthetic angiotensin-con-
verting enzyme (ACE) inhibitor, which is associated with
oxidative stress and hypertension. At concentration of 20 ug/
ml, TNS was 2.9 times higher inhibitory activity than TNP
(Fig. 1E). The pterine (2-amino-4-hydroxypteridine) was used
as a substrate of xanthine oxidase (XO), which is converted
to phosphorylation of isoxanthopterin (2-amino-4,7-pter-
inediol). When comparing with TNS and TNP, XO inhibitory
activity of TNP was 44.5 times higher than TNS (Fig. 1F),
which was different from others results that TNS was higher
than TNP. Taken together, it seemed that TNS has stronger
antidiabetic activity on the base of the results from a-glucosi-
dase and PTP1B inhibitory activities. Therefore TNS was se-
lected as a candidate for the subsequent experiments to char-
acterize its active compounds.

Extraction of active compounds from Torreya nuci-
fera seeds (TNS)

To determine the optimal physiological extraction from
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T. nucifera, showing higher a-glucosidase inhibitory activity,
extraction experiments were carried out under five con-
ditions as described in section of materials and methods. As
a result, methanol (MeOH) was more efficient to extract ac-
tive compounds than hot water at high temperature, based
on the observation of higher a-glucosidase activity in the
MeOH extraction than HWE of T. nucifera seeds. HWME-1
showed as much inhibitory activity as ME without heating
at room temperature (Fig. 2A). It was supposed that active
compounds were extractable with MeOH not hot water and
higher stable without heating and at lower-temperature if
heated. Therefore MeOH extraction from TNS at room tem-
perature was chosen as a best extraction process to yield
active compounds with a-glucosidase inhibitory activity. On
the other hand, organic solvent extraction process was per-
formed to divide various components of TNS into groups
of substances with similar polarities. After n-butanol (BuOH)
extraction with 25 mg of TNS, the total solid of BuOH layer
was 6 mg and water layer was 19 mg. As a result of examina-
tion of a-glucosidase activity with each layer, the water layer
showed higher inhibitory ability than the BuOH layer (Fig.
2B).

Molecular weight fractionation of active compounds
from Torreya nucifera seeds (TNS) extract

At first of preliminary experiment, the apparent molecular
weight of active compound from the TNS extract was de-
termined using centricon tubes, Amicon Ultra-0.5 Centrifugal
Filter Unit with molecular weight cut-off of 30 kDa (Sigma-
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g. 2. Extraction conditions of active compounds from Torreya nucifera seeds (TNS). (A) Extraction with hot water or methanol.

To confirm the maximum extraction conditions for the active substance of TNS, methanol extract of remaining precipitates
(HWME-1) after heating at 100 for 10 minutes (HWE-1), methanol extract of remaining precipitates (HWME-2) after heating
at 121°C for 15 minutes (HWE-2), and methanol extract (ME) at room temperature (RT) were prepared and investigated
to observe a-glucosidase inhibition activity. (B) Organic solvent extraction. Each sample was fractionated into butanol layer
and water layer and their inhibitory activities were determined on a-glucosidase. Data were presented as mean + SD (n=3
in each group, *p<0.05, **p<0.01, ***p<0.001 compared to control).
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Fig. 3. Molecular weight fractionation of active compounds from
Torreya nucifera seeds (TNS) extract. After ultrafiltration
of TNS extract using 300 kDa molecular weight cut-off
membrane, their fractions were assayed to observe a-
glucosidase inhibition activity. Data were presented as
mean * SD (n=3 in each group, *p<0.01, **p<0.001 com-
pared to control).

Aldrich). TNS extract was loaded and centrifuged for 45 mi-
nutes at 3,000 rpm using a centrifugal force. Filtrate and con-
centrate were assayed on a-glucosidase inhibitory activity.
A large of inhibitory activity was detected in concentrated
fraction, showing existing of active compounds. It seemed
that active compounds from TNS extract belong to molecular
weight of 30 kDa or more (data not shown). After a pretest
using centricon tubes, larger volume of TNS extract was frac-
tionated using the principle of osmotic pressure for ultra-
filtration, depending on its molecular weight. Then 11 g of
ME of TNS was loaded and finally 6.38 g of MW =300 kDa
fraction and 4.5 g of MW<300 kDa were separated to yield

the products. As a result, fraction of molecular weight of
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300 kDa or higher from TNS ME was most on a-glucosidase
inhibitory activity (Fig. 3). And its specific activity was in-
creased by 2~3 times, compared to original ME as loading
sample. Finally the most active MW =300 kDa fraction of
TNS extract was used for further experiments to characterize

its active compounds.

Heat and pH stability of active compounds from
Torreya nucifera seeds (TNS) extract

Thermal stability and pH stability of MW >300 kDa frac-
tion from TNS extract were performed to determine whether
active compounds were stable or unstable at those condi-
tions. The fraction was adjusted to pH 2, 7, and 10, re-
spectively, and heated at 100 for 10 minutes and 121T
for 15 minutes, respectively. In the pH stability, there was
no significant change of the a-glucosidase inhibitory activity,
despite of pH variation (Fig. 4A). In the thermal stability,
heating at 121°C caused to more slight decrease of inhibitory
activity than 100 (Fig. 4B). Taken together, it suggested
that the active compounds of TNS were stable even under
pH change but a little bit relatively unstable at higher tem-
perature of 1217T.

Diaion HP-20 column chromatography of active
compounds from Torreya nucifera seeds (TNS) extract

To determine chromatographic adsorption, 2 ml of TNS
extract at 5 mg/ml was adjusted to pH 2 and pH 7 and
loaded on Diaion HP-20 resin, respectively. Each adsorption
resin was sequentially eluted with 2 ml of passing (fr.#1
~fr.#2), 20% MeOH (fr.#1~fr.#4), 50% MeOH (fr.#1~fr.#4),
and 100% MeOH (fr.#1~fr.#4). In the case of pH 2, active
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4. Heat and pH stability of active compounds from Torreya nucifera seeds. (A) pH stability. (B) Heat stability. TNS extracts

were adjusted to pH 2, 7, and 10 and heated at 100C for 10 minutes and 121C for 15 minutes, respectively. Each extract
was assayed to observe remaining a-glucosidase inhibition activity. Data were presented as mean * SD (n=3 in each group,

*p<0.01, ***p<0.001 compared to control).



fractions were eluted with 50~100% MeOH from Diaion
HP-20 resin, appearing concentrated active compounds in
a few fractions (Fig. 5A). However, in the case of pH 7, TNS
extract was not well adsorbed on Diaion HP-20, resulting
from broad dispersed distribution of active fractions (Fig.
5B).

Partial purification of active compounds from Torreya
nucifera seeds (TNS) extract

According to previous adsorptional property of Diaion
HP-20 chromatography, a larger of TNS extract at pH 2 was
applied on Diaion HP-20 column to further separate active
compounds. The concentrate of TNS ME was dissolved in
water and ultrafiltrated to obtain active fraction having a
molecular weight of 300 kDa or more. Then active fractions
of higher molecular weight were subjected to Diaion HP-20
column chromatography at pH 2. The fractions eluted with
50~100% MeOH from Diaion HP-20 were determined their
a-glucosidase inhibitory activity, yielding active compounds.
Finally active fractions were collected to dry and named as
HP-20 eluent (HPE) (Fig. 6A). As shown in Fig. 6B, HPE
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was increasing on a-glucosidase inhibitory activity at same
concentration than previous original ME and ultrafiltration
fractions, displaying increased specific activity (increased
purity fold) of HPE to 9~10 times, based from starting ME.
In in vitro PTP1B assay, HPE showed the same pattern of
inhibitory activity with a-glucosidase at same concentrations
(Fig. 6C), consistent with the result of PTP1B inhibitory ac-
tivity of TNS in Fig. 1B.

Discussion

Diabetes has emerged as a major health threat worldwide
and more than 90% of diabetic patients have type 2 diabetes
(T2DM) [17]. Insulin is the most important biohormone that
controls energy metabolism utilizing sugars, lipids, and
proteins. It is also involved in growth and regulation of
electrolytes. Insulin resistance (IR) can be defined as a meta-
bolic state in which the insulin action (insulin sensitivity)
is lower at physiological insulin concentration [5, 6, 14, 15].
Improving insulin resistance in the liver is believed to be
an important strategy for T2DM treatment [13]. Due to the
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Fig. 5. Preliminary adsorption experiment on Diaion HP-20 resin of the Torreya nucifera seeds (TNS) extract. (A) Adsorption of
TNS extract at pH 2. (B) Adsorption of TNS extract at pH 7. Passing fractions from Diaion HP-20 were collected in 2 ml
of each fraction (fr.#1~fr#2). In 20% methanol (MeOH), 50% MeOH, and 100% MeOH elution, each 2 ml was collected
into 4 fractions (fr.#1~fr.#4). The main bar showed the a-glucosidase inhibitory ability and the line showed the total solid

(mg) of each fraction.



8 ‘8B et X| 2022, Vol. 32. No. 1

A Torreya nucifera seeds (1580 g)

!

Methanol extraction (219 g)

Ultrafiltration

l
l 1
MW= 300 kDa MW> 300 kDa
(152.04 g)
l
Diaion HP-20 (pH 2)
|
| 1 1
Passing 50 % methanol 100 % methanol
HP-20 eluent (HPE)
(48 9)
C 1o mO.1mM
- o
T 1 00.8 mM
§ 80 @31.6 mM
E |1 ug/ml
E 60 1 03 ug/ml
9_' 210 ug/ml
S
§ 40 -
2
=
=
N i|l
0 A L 1
Ursolic acid TNS UF >300 kDa HPE

limitations of current treatments, researchers have been find-
ing new safer and more powerful antidiabetic drugs. Natural
products and plants provide new insights into more efficient
and safe drug development with low toxicity, because those
have been used for a very long time.

Torreya nucifera seeds (TNS) have been used as edible and
oriental ingredients but there have not been reported on an-
tidiabetics of TNS extracts. In this study, active substances
included in TNS were likely to be therapeutic agents that
can improve diabetes, because its seeds showed significant
a-glucosidase inhibitory activity (Fig. 1A) and protein ty-
rosine phosphatase 1B (PTP1B) inhibitory activity (Fig. 1B).
TNS showed higher inhibitory activities than T. nucifera peri-
carps (TNP) and was selected to characterize its active
compounds. For the optimal physiological extraction from
T. nucifera, methanol (MeOH) was more efficient to extract
active compounds (Fig. 2A). It was supposed that active
compounds were significantly stable under conditions with-
out heating and at lower-temperature if heated. In n-butanol
(BuOH) extraction process, the water layer showed higher
inhibitory ability than the BuOH layer (Fig. 2B), suggesting
high polarity of active compounds. Also the apparent molec-
ular weight of active compounds was determined to be 300

kDa or more by using the principle of osmotic pressure for

B Sk

*kk
100 1 = B62.5 pg/ml
= bl 8250 pg/ml
3
@ 80 - @500 pg/ml
° M o5 ug/mi
g 6o | 15 pg/ml
3 * 50 ug/mi
g’ %X
‘e *
=
o
g k]
2
=

Acarbose TNS UF 2 300kDa HPE

Fig. 6. Partial purification of active compounds from Torreya nu-
cifera seeds (TNS) extract. (A) Schematic diagram of par-
tial purification from TNS extract. (B) Inhibitory activity
of partial purified fraction on a-glucosidase. (C) Inhibito-
ry activity of partial purified fraction on protein tyrosine
phosphatase 1B (PTP1B). Data were presented as mean
+ SD (n=3 in each group, *p<0.05, **p<0.001 compared
with DW control).

ultrafiltration (Fig. 3). Stability of MW >300 kDa fraction was
performed at those thermal and pH conditions to determine
whether active compounds were stable or unstable. There
was no significant change of the a-glucosidase inhibitory ac-
tivity, despite of pH variation (Fig. 4A) and heating at 121°C
caused to slight decrease of inhibitory activity (Fig. 4B). It
seemed that the active compounds of TNS were stable even
under pH change and higher temperature. Finally a larger
concentrate of TNS methanol extract (ME) was ultrafiltrated
to obtain a molecular weight of 300 kDa or more and the
fractions were subjected to Diaion HP-20 column chromatog-
raphy at pH 2, which was eluted with 50~100% MeOH.
Active fractions were collected and named as HP-20 eluent
(HPE) (Fig. 6A). HPE displayed increased specific inhibitory
activity (increased purity fold) to 9~10 times compared to
starting ME, based on its a-glucosidase inhibitory activity
(Fig. 6B) and PTP1B inhibitory activity (Fig. 6C).

This suggested the possibility that Diaion HP-20 eluent
(HPE) from T. nucifera seeds could treat type 2 diabetes by
improving the insulin resistance signaling by regulating a-
glucosidase and PTP1B activities. Therefore, by analyzing
their antidiabetic activity in additional in vivo experiments
using animal models in the future, active substances of TNS

can be an appropriate functional food and supplemental



treatment in T2DM in various experimental aspects.
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