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ABSTRACT

Aim: Kuding tea brewed from Ilex latifolia (IL) leaves has been traditionally consumed and regarded as “beauty-slimming tea”
and “longevity tea” in China, albeit supporting theoretical evidence is lacking. This study aims to determine whether IL leaves
can be effectively used to prevent gastrointestinal dietary glucose absorption.

Methods: Mice were administered IL leaf extract (IL-ext) with a-starch orally and measured blood glucose levels. IL-ext was
partitioned with ethyl acetate-H,O and further fractionated using reversed-phase ODS column chromatography into mono-
caffeoylquinic acids (CQAs)-, di-CQAs, and triterpenoids-enriched fractions. The components contained in each fraction were
quantified using HPLC, and the inhibitory effect on maltase was evaluated via in vitro assay.

Results: The increase in blood glucose level after oral a-starch administration was suppressed by treatment with 100 or 500 mg/
kg of IL-ext in mice. IL-ext inhibited maltase activity, with the di-CQA-enriched fraction showing the strongest maltase inhibi-
tion. Among di-CQAs, 3,4-di-CQA showed the strongest inhibition of maltase.

Conclusion: The intake of IL leaves with meals can prevent gastrointestinal glucose absorption by inhibiting the digestion of
dietary carbohydrates. The 3,4-di-CQA contained in IL leaves appears to be a major bioactive component for inhibiting postpran-

dial increases in blood glucose levels.

1 | Introduction

Ilex latifolia (IL) leaves have been traditionally brewed and
consumed as kuding tea, known as “beauty-slimming tea” and
“longevity tea” in China [1]. Ilex latifolia grows wild in south-
ern Japan and eastern and southern China. In China, IL is also
used as folk medicine for treating indigestion, headaches, and
several inflammatory diseases [2]. Various beneficial bioactiv-
ities have been reported for IL, including anti-obesity [3], anti-
atherosclerotic [4], and antidiabetic activities [5].

Several constituents of IL leaves have been identified, including
triterpenoid saponins, phenolic acids, flavonoids, and essential

oils [1]. Specifically, triterpenoid saponins (kudinosides and
latifolosides), mono-caffeoylquinic acids (mono-CQAs; 3-CQA,
4-CQA, and 5-CQA), and di-caffeoylquinic acids (di-CQAs;
3,4-di-CQA, 3,5-di-CQA, and 4,5-di-CQA) are the major constit-
uents of IL leaf extract (IL-ext) [6, 7]. Triterpenoid saponins from
Ilex kudingcha, a closely related IL species, suppress the aggre-
gated LDL-induced formation of foam cells from macrophage [8].
Moreover, kudinoside D decreases lipid accumulation in adipo-
cyte [9]. Although triterpenoid saponins are detected in plasma
after oral administration of crude extract from Ilex kudingcha
leaves [10], their bioavailability remains unclear. CQA deriva-
tives possess various biological effects, including neuroprotec-
tive [11] and anti-cancer [12]. However, their oral bioavailability
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appears quite low. For example, 5-CQA was not detected in the
plasma of rats after oral administration [13]. Therefore, it is diffi-
cult for orally ingested CQA derivatives to exert such pharmaco-
logical effects directly.

In the digestive tract, dietary carbohydrates are broken down into
monosaccharides by digestive enzymes (e.g., a-amylase and a-
glucosidases). Compounds that inhibit these enzymes are used
as medicines and functional foods for preventing diabetes mel-
litus and obesity [14]. Notably, 5-CQA and 3,5-diCQA inhibit a-
glucosidase [15]. We hypothesized that IL leaves would inhibit
postprandial increases in blood glucose levels by inhibiting the
digestion of dietary carbohydrates on the luminal side of the gas-
trointestinal tract. However, no evidence of this mechanism has
been experimentally reported in vivo.

Herein, we investigated the inhibitory effect of dried 60% aque-
ous ethanol extract of IL leaves (IL-ext) on dietary glucose ab-
sorption to empirically demonstrate that kuding tea can indeed
be used as “beauty-slimming tea” and “longevity tea.” We admin-
istered IL-ext with a-starch and measured blood glucose level
in mice. Moreover, we fractionated IL-ext into mono-CQAs-, di-
CQAs-, and triterpenoid saponins-enriched fractions and inves-
tigated their inhibitory effects on maltase, a major carbohydrate
digestive enzyme, in in vitro experiments.

2 | Materials and Methods
2.1 | Materials

The a-Glucosidase Inhibitory Activity Assay Kit and LabAssay
Glucose Kit were purchased from Wako Pure Chemical
Industries Ltd. (Osaka, Japan). LAB Gluco, a blood glucose level
measuring instrument, was purchased from ForeCare Japan Co.
Ltd. (Tokyo, Japan). 5-CQA was purchased from Nacalai Tesque
Inc. (Kyoto, Japan). 3-CQA, 4-CQA, 3,5-di-CQA, 3,4-di-CQA, and
4,5-di-CQA were purchased from Carbosynth Ltd. (Compton,
UK). Kudinoside D was purchased from MedChemExpress
(Monmouth Junction, NJ, USA). All other compounds and re-
agents used were reagent-grade commercial products.

2.2 | Preparation of IL-Ext

Harvesting of IL leaves and preparation of IL-ext were performed
by Beida Cistanche (Tianjin) Biotechnology Co. Ltd. (Tianjin,
China). The IL leaves were harvested from May to July 2018 at
a farm in Wuzhishan City, Hainan Province, China. A voucher
specimen was deposited at Eisin Pharmaceutical Co. Ltd. (Osaka,
Japan; Prod. No. 1801001). IL leaves were dried in the shade
under normal temperature. A sample of 1000 g of dried IL leaves
was crushed with a hammer mill and then extracted with 10
times the volume of a 3:2 (v/v) mixture of ethanol/water. The
residue was further extracted with 8 times the volume of a 3:2
(v/v) mixture of ethanol/water. Extracts were mixed and passed
through filter paper. The final filtered solution was evaporated
under vacuum; 120 g of the dried extract was obtained, represent-
ing IL-ext, which was kept at room temperature until further use.

2.3 | Preparation of IL-Ext Fractions

IL-ext fractions were prepared as previously reported, with some
modifications [16]. Specifically, dried IL-ext (18g) was parti-
tioned with ethyl acetate (EtOAc)-H,O (1:1, v/v) to furnish an
EtOAc-soluble fraction (2.26g, 12.5%) and an aqueous phase.
The latter was fed into a Diaion HP-20 column chromatograph
(Mitsubishi Chemical Co. Ltd.; 500g; H,0 —MeOH) to obtain
H,O-eluted (5.86g, 32.5%) and MeOH-eluted (9.78¢g, 54.3%)
fractions.

An aliquot (1g) of the MeOH-eluted fraction was subjected to
reversed-phase ODS column chromatography (CHROMATOREX
ODS-DM1020T; Fuji Silysia Chemical Ltd., Aichi, Japan; 100-200
mesh) [10g, acetonitrile-H,O-formic acid (80:20:0.1v/v)—0.1%
formic acid-containing acetonitrile] to give three fractions [Fr.1
(0.38g, 38%), Fr.2 (0.35g, 35%), and Fr.3 (0.03g, 3%)].

2.4 | High-Performance Liquid Chromatography
(HPLC) Analysis of IL-Ext

HPLC analysis was performed with reference to the literature to
detect mono-CQAs, di-CQAs, and kudinoside D [17]. The IL-ext
and its fractions were diluted in 50% acetonitrile at 10-100 pg/
mL for HPLC analysis using a Shimadzu HPLC-20A series sys-
tem (Shimadzu, Kyoto, Japan). The COSMOSIL Packed Column
5C,¢-MS-1I analytical column (150X2.0mm inner diameter;
Nacalai Tesque Inc.) was maintained at 40°C. Gradient elution
was performed using a mobile phase comprising 0.1% formic acid
in both water (A) and acetonitrile (B) at a flow rate of 0.4mL/
min. The gradient profile was 5%-30% B for 0-25min, 30%-90%
B for 25-45min, 90%-90% for 45-50 min, and then, B was kept at
5% for 40min to equilibrate the column. The components were
detected via UV absorption at 325 and 254 nm for the CQA deriv-
atives and kudinoside D, respectively. Figure 1 shows the chro-
matograms obtained from IL-ext and each standard for the CQA
derivatives and kudinoside D.

2.5 | Effects of IL-Ext on Blood Glucose Levels in
a-Starch-Or Glucose-Loaded Mice

Male ICR mice (5-7weeks old, weighing 28.8+2.4g) were
used in this study. All mice were allowed free access to food
and water under a standard 12h light/12h dark cycle in a
temperature-controlled room (23°C +2°C). The animals were
fasted for 16-20h before the beginning of the experiment but
were allowed free access to water during fasting. The IL-ext
(0, 100, or 500mg/kg body weight, BW) was suspended in an
a-starch (4.0g/kg BW) solution, which was then administered
orally to the fasted mice. Blood glucose levels in the tail vein
were monitored using a LAB Gluco instrument at the indicated
time points (after loading a-starch, 15, 30, 45, 60, and 120 min).
Blood glucose levels in the tail vein before loading a-starch
were plotted as O min in Figure 1. All animal experiments were
performed in accordance with the Institutional Animal Care
and Use requirements of Kindai University (permit number:
KAPS-2020-024).
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Chromatograms obtained in the HPLC-UV analysis of IL-ext and the CQA derivative and kudinoside D standards. Seven peaks were

detected in 0.5mg/mL IL-ext diluted in 50% acetonitrile at 325nm (a) and 254 nm (b). Retention times of these seven peaks matched those of 100 ug/
mL of the standards for 3-CQA (1), 5-CQA (2), 4-CQA (3), 3,4-di-CQA (4), 3,5-di-CQA (5), 4,5-di-CQA (6), and kudinoside D (7) diluted in 50% ace-

tonitrile (c).

2.6 | Maltase Activity Assay

The maltase activity assay was performed using an o-
Glucosidase Inhibitory Activity Assay Kit (Wako). Briefly, the
maltose solution was preincubated for 3min at 37°C in the pres-
ence or absence of IL-ext or its fractions (0.005-1mg/mL). The
IL-ext and its fractions were dissolved in DMSO, and the assay
was performed in the presence of 1% DMSO (final concentra-
tion) for all experiments, including the untreated control. The
reaction was initiated by adding maltase solution for 30 min at
37°C. The reaction was terminated by boiling the mixture for
3min and placing it on ice. The amount of glucose produced was
measured using a LabAssay Glucose kit (Wako).

2.7 | Data Analyses

IC,, values were determined using GraphPad Prism 9 (GraphPad
Software, La Jolla, CA).

2.8 | Statistical Analyses

All in vivo and in vitro data are presented as mean=+SD and
SEM values, respectively. Statistical analyses were performed
using Student's ¢-test or analysis of variance (ANOVA), followed
by Dunnett's test, with the significance threshold set at p <0.05.
GraphPad Prism 9 (GraphPad Software, La Jolla, CA) was used
to perform Dunnett's test.

3 | Results

3.1 | Inhibitory Effect of IL-Ext on Increases in
Blood Glucose After a-Starch Loading in Mice

To evaluate the inhibitory effect of IL-ext on increases in post-
prandial blood glucose levels, a-starch with IL-ext (100 or 500 mg/
kg BW) was orally administered to mice. IL-ext suppressed the
increase in blood glucose levels at 15, 30, and 45min after oral
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loading with a-starch (Figure 2). The area under the curve (AUC)
of the delta blood glucose concentration-time at 0-120 min after
a-starch loading was calculated as listed in Table 1. Acarbose, an
a-glucosidase inhibitor, was used as a positive control.
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FIGURE 2 | Effect of IL-ext on the increase in blood glucose level
after a-starch loading in mice. Time course of blood glucose levels af-
ter oral administration of 4g/kg BW of a-starch with 0 (control, white
circles with solid line), 100 (gray circles with dashed line), or 500 (black
circles with dotted line) mg/kg BW of IL-ext. As a positive control
(striped circles with dot-dashed line), 5mg/kg BW of acarbose was ad-
ministered with 4 g/kg BW of a-starch. Blood glucose levels in tail vein
were measured 15, 30, 45, 60, and 120 min after loading o-starch. Each
point represents the mean+SD (n=12-15). *: Significant difference
from the control based on Dunnett's test results after ANOVA (p <0.05).

TABLE1 | AUC of blood glucose after administrating o-starch.

AUC (mg-min/dL)
Control 14,738 £1949
100mg/kg BW of IL-ext 10,949 +1904*

500mg/kg BW of IL-ext 11,205 +1860*

5mg/kg BW of Acarbose 8009 +3085*

Abbreviation: BW, body weight.
*A significant difference from the control, based on the results of Dunnett's test
after ANOVA (p<0.05).

3.2 | Components in IL-Ext and Its Fractions

The levels of CQAs and kudinoside D in IL-ext and its frac-
tions were quantified via HPLC (Table 2). Other components
were detected through liquid chromatography-tandem mass
spectrometry (LC-MS/MS), and their levels in the fractions
relative to those in the IL-ext were calculated (Tables S1-S3).
Mono-CQAs were more concentrated in the H,O-eluted fraction
than in IL-ext, whereas mono-CQAs were not detected in the
EtOAc-soluble fractions (Table 2). Di-CQAs and kudinoside D
were found in the MeOH-eluted and EtOAc-soluble fractions
but not in the H,O-eluted fraction. Di-CQAs were concentrated
in the MeOH-eluted and EtOAc-soluble fractions, and kudino-
side D was concentrated in the MeOH-eluted fraction and to
the same extent in the EtOAc-soluble fraction compared to the
levels in IL-ext. We further partitioned the MeOH-eluted frac-
tion into Fr.1-3. Almost all CQAs were eluted in Fr.1, whereas
kudinoside D was not detected in Fr.1. Although Fr.2 contained
4,5-di-CQA to the same degree as Fr.1, the amounts of 3,4- and
3,5-di-CQAs were markedly lower than those of Fr.1, and mono-
CQAs were not detected in Fr.2. Additionally, the kudinoside
D content in Fr.2 was comparable to that in the MeOH-eluted
fraction. In Fr.3, CQAs were not detected, but kudinoside D was
concentrated compared to that in the MeOH-eluted fraction.
Ultimately, we regarded the H,O-eluted fraction, Fr.1, and Fr.3
as mono-CQAs, di-CQAs, and kudinoside D-enriched fractions,
respectively.

3.3 | Effect of IL-Ext on Carbohydrate Digestive
Enzymes

We examined the inhibitory potential of IL-ext and its fractions
against maltase. Maltase activity was inhibited by IL-ext in a
concentration-dependent manner (Figure 3a). Although the
inhibitory effects of MeOH-eluted and EtOAc-soluble frac-
tions on maltase tended to be stronger than that of IL-ext, the
H,0-eluted fraction had a weaker effect than IL-ext (Table 3).
In further fractions from the MeOH-eluted fraction, Fr.1 and
Fr.2 inhibited maltase more strongly than Fr.3 (Figure 3b and
Table 3). These results indicate that mono-CQAs and terpenoid
saponins were not the primary components involved in the in-
hibitory effect of IL-ext on maltase. We further evaluated the
inhibitory potencies of commercially available standards for

TABLE 2 | Contents of the CQAs and kudinoside D in fractions prepared from IL-ext.

Content (mg/g)
Fractions 3-CQA 4-CQA 5-CQA 3,4-di-CQA 3,5-di-CQA 4,5-di-CQA Kudinoside D
IL-ext 21.7 27.4 44.6 34.0 28.6 76.3 17.6
H,O-eluted fraction 64.3 65.9 95.0 N.D. N.D. N.D. N.D.
MeOH-eluted fraction N.D. 9.8 6.7 57.8 37.4 105.9 40.8
EtOAc-soluble fraction N.D. N.D. N.D. 25.4 97.1 149.7 14.6
Fr.1 3.9 24.1 16.8 166.0 98.1 156.2 N.D.
Fr.2 N.D. N.D. N.D. 5.6 10.8 186.8 49.8
Fr.3 N.D. N.D. N.D. N.D. N.D. N.D. 131.1

Abbreviation: N.D., Not detected.
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FIGURE 3 | Inhibitory effect of IL-ext, its fractions, and standards for CQA derivatives and kudinoside D on maltase. (a) Maltase inhibition by
IL-ext (white circles with dotted line) or its fractions, H,0O-eluted (striped circles with dot-dashed line), MeOH-eluted (black circles with solid line),
and EtOAc-soluble fractions (gray circles with dashed line). (b) Maltase inhibition by further fractions from MeOH-eluted fraction, Fr.1 (black circles
with solid lines), Fr.2 (gray circles with dashed lines), and Fr.3 (white circles with dotted lines). (c-e) Maltase inhibition by standards of mono-CQAs
(), di-CQAs (d), and kudinoside D (e). 3-CQA and 3,5-di-CQA are indicated by white circles with dotted lines; 4-CQA and 4,5-di-CQA are indicated
by gray circles with dashed lines; and 5-CQA, 3,4-di-CQA, and kudinoside D are represented by black circles with solid lines in the respective graphs.
Each bar represents mean + SEM (n=4).
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TABLE 3 | IC,, values of fractions from IL-ext against human-
derived maltase.

Fraction IC,, (ng/mL) 95% CI (ng/mL)
IL-ext 272.5 242.7-306.0
H,O-eluted fraction 834.7 742.3-941.5
MeOH-eluted fraction 90.3 77.8-104.5
EtOAc-soluble fraction 104.2 94.4-115.0
Fr.1 27.0 24.6-29.6
Fr.2 121.6 114.7-128.9
Fr.3 614.8 549.9-688.5

Abbreviation: CI, Confidence interval.

TABLE 4 | IC,, values of compounds contained in IL-ext against
human-derived maltase.

Compound IC,, (ng/mL) 95% CI (ng/mL)
3-CQA 682.4 485.1-958.7
4-CQA 428.0 304.8-600.5
5-CQA 469.7 390.1-565.8
3,4-di-CQA 9.0 6.7-12.0
3,5-di-CQA 81.1 74.7-88.0
4,5-di-CQA 65.4 61.3-69.7
Kudinoside D > 800 —
Acarbose 0.214 0.157-0.294

CQAs and kudinoside D. Although the inhibitory potencies
of 3-, 4-, and 5-CQA on maltase were comparable (Figure 3c),
3,4-di-CQA inhibited maltase more strongly than 3,5-di- or
4,5-di-CQA (Figure 3d). Kudinoside D showed a much weaker
inhibition of maltase than the CQAs (Figure 3e). The IC,, val-
ues for maltase are listed in Table 4. The IC,, of kudinoside D
for maltase could not be estimated because of its weak inhibi-
tory potential and poor water solubility.

Furthermore, we calculated the concentrations of CQAs and
kudinoside D in each fraction at the IC,, for maltase and com-
pared them with the IC,, value of the individual standard
components for maltase, as presented in Table 5. The concen-
trations of CQAs and kudinoside D in each fraction at IC,
were calculated using the levels of the components (Table 2)
and the IC, of each fraction for maltase (Table 3). When the
component concentration ratio for the IC,, of each fraction for
maltase to the IC, of the respective components for maltase
([C]/IC,,) was greater than 1, the concentration of the respec-
tive components in the IC, of each fraction reached the IC,
of the components that were estimated using their standards.
Because only the [C]/IC,, values of 3,4-di-CQA in IL-ext,
MeOH-eluted fraction, and Fr.1 exceed 1 (Table 5), our results
indicate that 3,4-di-CQA is the primary component regarding
maltase inhibition in IL-ext.

Inhibitory effects of CQAs and kudinoside D in IL-ext on maltase.

TABLE 5
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4 | Discussion

Simultaneous administration of IL-ext decreased glucose ab-
sorption into blood circulation after oral loading with a-starch;
however, the dose-dependent effect of IL-ext was not observed
(Table 1). We suspended IL-ext in a-starch solution to admin-
ister it to mice because of its poor solubility in water. Since the
water content in the gastrointestinal tract of a fasted mouse is re-
ported to be 0.81 1.3 mL [18], the concentration of IL-ext in the
intestinal tract after administration (100 or 500 mg/10 mL/kg)
was estimated to be over 2mg/mL, the maximum soluble con-
centration of IL-ext in water. Therefore, the concentration of IL-
ext would have been saturated in the intestinal fluid. Assuming
that 100mg/kg BW of IL-ext is necessary to exert an inhibitory
effect on dietary glucose absorption, 6 g of IL-ext has to be taken
by humans (60kg BW). As the single dose of acarbose is max-
imally 0.1g, the effect of IL-ext on dietary glucose absorption
seems to be weaker than that of acarbose.

Continuous drinking of 0.05% ethanol extract of kuding tea,
including IL leaves, prevents an increase in blood glucose
levels after loading glucose by improving glucose tolerance
in the high-fat-diet-fed mice [19]. Unlike this, we show that
IL-ext can prevent the increase of blood glucose after load-
ing a-starch in normal-diet-fed mice that have normal glucose
tolerance. The inhibition of dietary glucose absorption by
acarbose monotherapy is useful for reducing BW and decreas-
ing blood triglyceride level in nondiabetic obese people [20].
Moreover, acarbose can extend lifespan in mice [21]. Thus,
tea brewed from IL leaves is potentially useful as “beauty-
slimming tea” and “longevity tea” by preventing dietary glu-
cose absorption.

The profiles of the IL-ext contents were close to those reported
in the methanol extract of dried IL leaves [17]. However, the IL-
ext prepared in this study tended to contain more aqueous con-
stituents than the reported methanol extracts of IL leaves. This
appears to depend on the solvent used. Since we used 60% aque-
ous ethanol as the solvent for extraction from dried IL leaves,
aqueous components were well extracted into IL-ext.

Consistent with a previous study [15], di-CQAs inhibited mal-
tase more strongly than mono-CQAs (Table 4). Although in-
hibitory potencies on yeast-derived a-glucosidase are the same
among di-CQAs [15], our results indicate that 3,4-di-CQA
shows the strongest inhibition on maltase among di-CQAs
(Table 4). There is no difference in inhibitory potencies on
yeast-derived a-glucosidase among each di-CQA (data not
shown), reflecting a difference in the recognition of di-CQAs
as inhibitors between human-derived maltase and yeast-
derived a-glucosidase.

The present study has limitations. We only investigated the in-
hibitory effect of IL-ext on the increase in blood glucose levels
after a-starch loading. To verify 3,4-di-CQA as a key compo-
nent in IL-ext for exhibiting this effect, it is necessary to per-
form an in vivo study using a di-CQA-enriched fraction and/
or 3,4-di-CQA standard. However, any constituent contained in
IL-ext possibly affects other factors rather than maltase, includ-
ing other carbohydrate digestive enzymes, glucose transporters,

and incretin, to inhibit increases in blood glucose levels after -
starch loading. We confirm that IL-ext and its fractions inhibit
a-amylase activity (Table S4). Moreover, IL-ext suppressed the
increase in blood glucose levels after glucose loading (data not
shown). Thus, the inhibitory effect of IL-ext on postprandial
increases in blood glucose levels must involve complex mecha-
nisms, and 3,4-di-CQA-mediated maltase inhibition seems to be
one of them. In addition, we investigated the inhibitory poten-
tials of IL-ext, its fractions, and compounds on maltase activity
using the Mutarotase-Glucose oxidase method for glucose quan-
tification. As reductive substances, such as phenolic compounds
including CQAs, can interfere with the colorimetric reaction in
this method, the IC, for maltase activities may not be estimated
accurately in this study. Although we demonstrated that IL-ext
can suppress postprandial increases in blood glucose levels in
in vivo for the first time, further investigation is necessary to un-
derstand its mechanisms.

5 | Conclusion

We demonstrate for the first time that IL-ext exerts an inhibi-
tory effect on postprandial increases in blood glucose levels. Our
results indicate that maltase inhibition by di-CQAs, especially
3,4-di-CQA, is one of the mechanisms underlying the effects of
IL-ext. Thus, we successfully provide empirical evidence of the
utility of ingesting IL leaves as “beauty-slimming tea” and “lon-
gevity tea.”
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