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ABSTRACT. Goniothalamus macrocalyx Ban is an endemic plant species of Vietnam with limited data regarding
its phenolic composition and potential health-promoting properties. This study evaluated the phenolic content,
antioxidant capacity, and antidiabetic potential (via inhibition of a-amylase and a-glucosidase) of leaf extracts.
HPLC-DAD analysis identified eight phenolic compounds, with catechins being the most abundant. The ethanol
extract yielded the highest total phenolic content (59.79 + 1.40 mg GAE/g) and demonstrated the strongest
antioxidant activity in both DPPH (ICso = 0.78 + 0.08 mg/mL) and ABTS (ICs = 0.81 + 0.06 mg/mL) assays.
Notably, it also exhibited strong a-glucosidase inhibitory activity (ICsp = 32.75 £+ 1.24 pg/mL), outperforming
acarbose. While all extracts showed relatively weak a-amylase inhibition compared to acarbose, the acetone extract
was the most effective (ICsp = 449.33 + 12.66 pg/mL). These findings highlight the bioactive potential of
G. macrocalyx leaf extracts, particularly as a source of natural a-glucosidase inhibitors.
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INTRODUCTION

The genus Goniothalamus (Blume) Hook.f. and Thomson comprises over 130 plant species
distributed across tropical and subtropical Asia [1]. Many species in this genus have been used in
traditional medicine in Asian countries [2, 3]. For example, leaves of G. macrophyllus are used to
treat fever. Roots of G. macrophyllus and G. tapis have been reported to induce abortion.
Decoctions of G. scortechinii and G. macrophyllus are used as post-partum protective remedies.
Recent studies have revealed that extracts from Goniothalamus species may possess potential
anti-inflammatory, antidiabetic, and anticancer activities [4, 5]. Phytochemical investigations
have reported that members of this genus are rich in styryl-lactones, acetogenins, and flavonoids
[6, 7]. These classes of compounds have been reported to exhibit cytotoxic activity against various
human cancer cell lines [2, 8, 9]. Among these compounds, pinocembrin, a flavonoid isolated
from Goniothalamus species, was shown to significantly suppress lipopolysaccharide (LPS)-
stimulated release of PGE; in RAW 264.7 and U937 cell lines [10]. In addition, pinocembrin has
been reported to inhibit carbohydrate-hydrolyzing enzymes [11], which represent an important
therapeutic target in the management of type 2 diabetes mellitus (T2DM). Several Goniothalamus
species have also demonstrated antioxidant properties. Extracts of G. velutinus, G. umbrosus, and
G. wightii exhibited notable free-radical scavenging activity, which has been attributed to their
phenolic and flavonoid constituents [12-14].

Goniothalamus macrocalyx Ban is a species endemic to Vietnam. Phytochemical classes,
including styryl-lactones and acetogenins, from the fruits of this species have been reported to
inhibit the growth of KB, HepG2, Lu, and MCF7 cells [15]. Essential oils from G. macrocalyx
were rich in oa-pinene and p-caryophyllene [16]. Although phytochemical studies of
Goniothalamus macrocalyx have identified styryl-lactones, acetogenins, and essential oil
constituents, information regarding the phenolic composition and health-promoting bioactivities
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of its leaves remains limited. Furthermore, while several Goniothalamus species have yielded
compounds with a-glucosidase inhibitory activity, little is known about a-amylase inhibition
within this genus. a-Amylase and a-glucosidase are carbohydrate-hydrolyzing enzymes
responsible for the digestion of starch and oligosaccharides into absorbable glucose. Inhibition of
these enzymes delays carbohydrate digestion and glucose absorption, thereby reducing
postprandial hyperglycemia, a key therapeutic strategy for the management of type 2 diabetes
mellitus. Notably, selective inhibition of a-glucosidase with weaker a-amylase inhibition is often
desirable because strong a-amylase inhibition may lead to gastrointestinal side effects.

Therefore, this study aimed to determine the phenolic composition, antioxidant activity, and
inhibitory activities against a-amylase and a-glucosidase of G. macrocalyx leaf extracts prepared
using solvents of different polarities. We hypothesized that G. macrocalyx leaves contain phenolic
compounds that contribute to antioxidant and enzyme inhibitory activities and that extraction
solvent polarity significantly influences the composition and bioactivities of the extracts. This
study provides the first comprehensive report on the phenolic constituents and antidiabetic
potential of G. macrocalyx leaves, thereby expanding our understanding of the bioactive
properties of this endemic Vietnamese species.

EXPERIMENTAL
Chemicals and reagents

Standard compounds, including gallic acid, ferulic acid, chlorogenic acid, and kaempferol (Purity
99%), were purchased from Sigma-Aldrich (Missouri, USA). Catechin, epicatechin,
epigallocatechin gallate (EGCG), and quercetin (purity > 99%) were obtained from Chengdu
Biopurify Phytochemicals (Sichuan, China). Extraction solvents and HPLC-grade solvents
(methanol, ethanol, ethyl acetate, acetone, and acetonitrile) were purchased from Fisher Scientific
(Pennsylvania, USA).

Instruments and apparatus

Oxidative assays, total phenolic content, total flavonoid content, and a-amylase and a-glucosidase
inhibitory activities were measured using a UV-VIS spectrophotometer (Thermo Genesys 20,
Waltham, Massachusetts, USA). A sonication bath (Sonica 3200, Soltec, Italy), rotary vacuum
evaporator (RE100, DLAB, Beijing, China), and DLAB orbital shaker were used for the
preparation of crude extracts. Samples were freeze-dried using a Harvest Right freeze dryer (Salt
Lake City, Utah, USA). Phenolic compounds were analyzed using a high-performance liquid
chromatography (HPLC) system (Shimadzu LC-2030C, Kyoto, Japan).

Preparation of crude extracts

Goniothalamus macrocalyx fresh leaves were collected in Hue City (Vietnam) in June 2022. The
sample (voucher specimen GM-062022) was identified by a botanist at Thu Dau Mot University,
Ho Chi Minh City, Vietnam. The sample was sent to the laboratory, washed thoroughly, freeze-
dried, and stored at 4 °C until further analysis.

After being ground to a particle size of < 0.1 mm, 10 g of the powdered sample was extracted
with 150 mL of solvent (methanol, ethanol, ethyl acetate, or acetone). The mixture was subjected
to ultrasonic extraction for 2 h at 30 °C, followed by shaking for 24 h at 20 °C and 60 rpm. After
the extraction, the mixture was filtered using a Whatman filter paper, and the solvent was removed
using a rotary vacuum evaporator to obtain crude extracts of methanol (GMM), ethanol (GME),
acetone (GMA), and ethyl acetate (GMEA). The extracts were stored at -18 °C for further assays.
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Preparation of solutions

The solvents used as the mobile phase in the HPLC system were channel A (water containing
0.1% formic acid, v/v) and channel B (100% acetonitrile). The phosphate buffer (pH = 6.9) was
prepared from sodium phosphate monobasic and sodium phosphate dibasic salts and then adjusted
with phosphoric acid. The crude extract solutions were prepared at a concentration of 1000 pg/mL
in methanol.

Determination of phenolic content

The quantification of several phenolic compounds (gallic acid, ferulic acid, chlorogenic acid,
quercetin, kaempferol, catechin, epicatechin, and epigallocatechin gallate) was performed using
high-performance liquid chromatography on a Shimadzu LC-2030C system equipped with an
Agilent Zorbax Eclipse XDB C18 column (4.6 x 150 mm, 5 pm). Phenolic compounds were
detected using a diode array detector (HPLC-DAD) according to the method reported by Nguyen
et al., with minor modifications [17]. The compounds were eluted using a mobile phase consisting
of solvent A (0.1% formic acid in water) and solvent B (100% acetonitrile), at a flow rate of 0.6
mL/min. The gradient elution was carried out as follows: 0 - 0.1 min, 6% B; 0.1 —5min, 6 — 17%
B; 5— 10 min, 17 — 19% B; 10 — 20 min, 19 — 40% B; 20 — 25 min, 40 - 60% B; 25 — 30 min,
60 — 80% B; 30 — 33 min, 80 - 6%; and 33 — 41 min, 6%. Detection wavelengths were set at 280,
295, and 340 nm. Compound identification was based on HPLC-DAD analysis using authentic
standards and UV spectra. However, because LC-MS or NMR analyses were not performed, the
reported compounds should be considered tentatively assigned.

Total phenolic content (TPC) was determined using the Folin—Ciocalteu colorimetric method
with a UV-Vis spectrophotometer, using gallic acid as the standard. TPC was expressed as mg
GAE (mg gallic acid equivalents) per g of extract. Total flavonoid content (TFC) was determined
using the aluminum chloride colorimetric method with quercetin as the standard and was
expressed as mg QE (mg quercetin equivalents) per g of extract [18].

Antioxidant activity assays

A stock solution of DPPH (2,2-diphenyl-1-picrylhydrazyl) (0.1 mM) was prepared by dissolving
4 mg of DPPH in 100 mL of methanol [19, 20]. Briefly, 0.4 mL of the extract solution or ascorbic
acid at various concentrations was mixed with 0.6 mL of the DPPH solution and shaken. The
mixture was incubated in the dark for 30 min, and the absorbance of the reaction mixture was then
measured using a UV-Vis spectrophotometer at 515 nm.

For the ABTS (2,20-azinobis-(3-ethylbenzthiazolin-6-sulfonic acid)) assay [19, 21], the
ABTS stock solution (7 mM) was prepared by mixing ABTS (7 mM) with potassium persulfate
(2.45 mM) and incubating the mixture in the dark for 12—-16 h. The resulting ABTS solution was
diluted to obtain an absorbance of A = 0.70 + 0.02. The extracts and the positive control (ascorbic
acid) were prepared in methanol at various concentrations. Then, 0.1 mL of the extract solution
or ascorbic acid was added to 3 mL of the ABTS solution, mixed thoroughly, and incubated in
the dark for 30 min. The absorbance of the reaction mixture was measured using a UV-Vis
spectrophotometer at 734 nm.

a-Amylase inhibition assay

A diluted extract combined with a-amylase solution in phosphate buffer underwent incubation for
15 min at 37 °C. The enzyme reaction was initiated by adding 15 pL of starch solution (0.25%).
Afterward, the mixture was incubated for an additional 15 min. 50 puL of 1M HCI was added to
halt the reaction, followed by adding 100 uL of KI5 solution. Absorbance of the mixture was
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measured at 595 nm. Acarbose was employed as a positive control. ICsy value (ug/mL) was
determined to evaluate the a-amylase inhibitory activity [22].

a-Glucosidase inhibition assay

A diluted extract was mixed with a-glucosidase dissolved in phosphate buffer (100 mM, pH 6.8).
Afterward, 20 min incubation was carried out at 37 °C. After adding 40 pL of 4-nitrophenyl--D-
glucopyranoside (p-NPG) (5 mM), the mixture was incubated for another 20 min at 37 °C. 130
pL of sodium carbonate solution (200 mM) was used to stop the reaction. The change in
absorbance was measured at 405 nm. Acarbose was employed as a positive control. ICs value
(ng/mL) was estimated to evaluate the a-glucosidase inhibitory activity [23].

Statistical analysis

Data were shown as mean + standard deviation (n = 3). We employed ANOVA (Tukey’s test) to
evaluate the differences between phenolics and bioactivities of the extracts. XLSTAT 2016 was
used for data analysis.

RESULTS AND DISCUSSION
Phenolic content

The total phenolic content (TPC) and total flavonoid content (TFC) of leaf extracts from G.
macrocalyx were determined using UV-Vis spectrophotometry, while several phenolic and
flavonoid compounds were identified and quantified by HPLC (Figure 1). The results are
presented in Table 1. Among the eight compounds identified and quantified across the four
extracts obtained using different solvents, both the ethanol and acetone extracts showed the
presence of all eight compounds. The remaining two extracts contained seven compounds: gallic
acid was not detected in the methanol extract, while epigallocatechin was absent in the ethyl
acetate extract. Among the identified compounds, catechin derivatives were present at higher
levels compared to the others. Catechin was most abundant in the ethanol extract (4.2145 + 0.508
mg/g extract), while epigallocatechin was highest in the methanol extract (38.8915 + 0.967 mg/g
extract). Epicatechin was also highest in the methanol extract, with a content of 1.805 + 0.069
mg/g extract. To date, reports on the chemical composition of species within the genus
Goniothalamus have not documented the presence of these phenolic compounds or catechins.
Previous studies have indicated that the major polyphenolic constituents in Goniothalamus
species are typically styryl lactones, such as those reported in G. ridleyi and G. tamirensis [6, 7].
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Figure 1. A representative HPLC chromatogram of phenolic standards (280, 295, 340 nm).
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The TPC values of the four extracts (methanol, ethanol, ethyl acetate, and acetone) ranged
from 24.104 to 59.792 mg GAE/g extract. The ethanol extract showed the highest efficiency in
extracting phenolic compounds from G. macrocalyx, with a value of 59.792 + 1.404 mg GAE/g
extract, whereas the methanol extract exhibited the lowest value (24.104 + 0.347 mg GAE/g
extract). The TFC values ranged from 5.554 to 42.760 mg QE/g extract, with the ethyl acetate
extract showing the highest flavonoid content and the methanol extract the lowest. According to
previous studies on leaf extracts of Goniothalamus simonsii, the reported TPC and TFC values
were higher than those observed in the present study [24]. Similarly, the methanol extract of G.
wightii showed slightly higher TPC and TFC values compared to those obtained in this study [25].

Table 1. TPC, TFC and phenolic compounds of the extracts from leaves of G. macrocalyx.

Compounds GMM GME GMEA GMA
Gallic acid n.d. 0.52 +£0.18 0.38 +£0.03 0.66 +0.04
Ferulic acid 1.06 + 0.01 0.91 £ 0.00 0.70 £0.01 0.77 £0.04
Chlorogenic acid 0.55 +0.02 0.50 +0.00 0.48 £ 0.00 0.50 +0.00
Kaempferol mglg extract 0.33 £0.00 0.50 £0.01 0.38 £0.00 0.39 £0.02
Catechin 1.50 +0.10 4.21 +0.51 1.59 +0.05 2.02 +0.43
Quercetin 1.49+0.01 142 +0.01 1.20 £ 0.00 1.27 £0.08
Epicatechin 1.81+0.07 1.17£0.01 1.08 + 0.01 1.25+0.02
Epigallocatechin 38.89 + 0.97 2.35+0.51 n.d. 0.24 +0.06
TPC mg GAE/g 2410+0.35% | 59.79+1.40*° | 38.78 £0.35° | 55.82+0.24°
TFC mg QE/g 5.55 £ 0.67° 31.61+0.12° 42,76 +1.38% | 40.96 +0.94°

Different letters (a, b, c, d) indicate significant differences in TPC and TFC among the extracts. n.d: not

detected.
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Antioxidant activity

To evaluate the antioxidant capacity of extracts from G. macrocalyx, two assays were performed,
namely DPPH and ABTS radical scavenging assays. The results are expressed as ICso values and
presented in Table 2. The DPPH radical scavenging activity varied among the extracts, following
the order: ethanol > acetone > methanol > ethyl acetate. The ethanol extract exhibited the strongest
activity with an 1Cs, value of 0.78 + 0.08 mg/mL, while the ethyl acetate extract showed the
weakest activity (ICso = 4.44 + 0.44 mg/mL). Antioxidant activity is closely associated with
polyphenolic compounds, and the data indicate a correlation between DPPH scavenging capacity
and the TPC of the extracts. Similarly, the ABTS radical scavenging activity showed that the
ethanol extract had the highest activity; however, the order differed slightly from that of DPPH,
following: ethanol > acetone > methanol > ethyl acetate. The ethanol extract again demonstrated
the strongest activity (ICso = 0.81 £ 0.06 mg/mL), while the ethyl acetate extract exhibited the
weakest (1Cso = 2.50 + 0.01 mg/mL). Overall, the DPPH and ABTS radical scavenging activities
of all extracts were significantly lower than that of the positive control, ascorbic acid. Previous
studies have reported stronger antioxidant activities in other Goniothalamus species. For instance,
the methanol extracts of leaves and stems of G. velutinus showed DPPH scavenging activities
with ICsp values of 0.16 mg/mL (leaves) and 0.20 mg/mL (stems) [12]. Similarly, the methanol
extract of G. umbrosus leaves exhibited an ICso value of 0.26 mg/mL [14]. The ABTS radical
scavenging activities reported for some species were also stronger than those observed in the
present study. For example, leaf extracts of G. wightii showed ICs values of 0.05 mg/mL, while
aqueous leaf extracts exhibited I1Cso values of 0.074 mg/mL [13, 26].

Table 2. The radical scavenging activities against DPPH and ABTS of the extracts from leaves of G.

macrocalyx.
1Cs0, mg/mL GMM GME GMEA GMA Ascorbic acid
DPPH 2.80 £0.01 0.78 £ 0.08 4.44 +0.44 2.78 £0.96 0.02 +0.00
ABTS 2.36 £0.09 0.81 +0.06 2.50 £0.01 0.95 + 0.05 0.07 £ 0.00

a-Glucosidase inhibitory activity

Figures 2A and 2B show the a-glucosidase inhibitory activity of the extracts and acarbose at the
various concentrations. The inhibition curves illustrate the concentration-dependent inhibitory
effects of the extracts. Among those, ET demonstrated the strongest activity, with an 1Cs value
of 32.75 £ 1.24 pg/mL, which was more potent than the positive control acarbose (ICso = 50.83 +
0.08 pg/mL) (Table 3). The acetone extract (AC) showed notable activity with an ICso 0f 93.14 +
1.01 pg/mL, whereas ME exhibited moderate inhibition (ICso =219.07 + 7.76 pg/mL). In contrast,
EA showed relatively weak inhibitory activity with an ICso value of 458.24 + 11.34 pg/mL.

There is evidence suggesting that species of the genus Goniothalamus may exhibit strong a-
glucosidase inhibitory activity, likely due to the presence of enzyme inhibitors within their
phytochemical composition. Previous studies have reported that compounds isolated from
Goniothalamus species can strongly inhibit a-glucosidase, in some cases demonstrating greater
potency than acarbose. For example, gonioridleylactam and (5-(3-phenyl-2-propenylidene)-
2(5H)-furanone) isolated from G. ridleyi were shown to possess strong inhibitory effects against
the enzyme [27]. In another study, isoxazoline derivatives isolated from G. wynaadensis showed
potent inhibitory activity against the enzyme [28]. This bioactivity could be relevant to
postprandial hyperglycemia through inhibition of a-glucosidase, an enzyme involved in
carbohydrate digestion and intestinal glucose absorption. Nevertheless, further in vivo and clinical
studies are required to confirm these effects.
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Figure 2. a-Glucosidase inhibitory activity (% inhibition) of the G. macrocalyx extracts (A) and
acarbose (B).

Table 3. Enzyme inhibitory activities (ICso, pg/mL) of the G. macrocalyx extracts.

Sample a-Glucosidase inhibition a-Amylase inhibition
ME 219.07 + 7.76¢ > 1000¢
ET 32.75+1.24% 540.55 + 44.22°
EA 458.24 + 11.34° 521.61 + 27.84°
AC 93.14 +1.01° 449.33 + 12.66°
Acarbose 50.83 + 0.08" 85.49 + 4.45°

a-Amylase inhibitory activity

As shown in Figure 3A, the inhibition by the extracts was concentration-dependent. Table 3 shows
that AC may have the strongest capacity to inhibit a-amylase, followed by ET and EA. Perhaps,
ME showed the weakest inhibition against the enzyme, with ICsp > 1000 pg/mL. All the extracts
were considerably less potent than acarbose, which showed an ICsp value of 85.49 + 4.45 pg/mL
(Figure 3B). To our knowledge, no information about a-amylase inhibition of Goniothalamus is
available.

As mentioned earlier, many species of Goniothalamus contain styryl-lactones, acetogenins,
and certain phenolic compounds. These classes of metabolites may not typically be strong a-
amylase inhibitors. In contrast, potent a-amylase inhibition is often linked to highly hydroxylated
polyphenols, tannins, or specific flavonoids, which may be present in lower amounts in the tested
extracts [29]. Interestingly, weak o-amylase but stronger a-glucosidase inhibition is often
considered desirable in antidiabetic research. Strong a-amylase inhibition can cause
gastrointestinal side effects (e.g., bloating and diarrhea) due to excessive inhibition of starch
digestion, whereas a-glucosidase inhibition mainly slows glucose absorption in the intestine.
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Figure 3. a-Amylase inhibitory activity (% inhibition) of the G. macrocalyx extracts (A) and
acarbose (B).

CONCLUSIONS

This investigation provides the first report on the phenolic constituents and bioactivities of leaf
extracts from the endemic Vietnamese species Goniothalamus macrocalyx. Our results
demonstrate that solvent polarity significantly influences the extraction of bioactive compounds
and their bioactivities. The ethanol extract was the most promising extract, characterized by high
phenolic content and superior antioxidant and a-glucosidase inhibitory activities. Interestingly,
the extracts showed a profile of strong a-glucosidase inhibition along with weak o-amylase
inhibition, which has the potential for minimizing gastrointestinal side effects in diabetes
management. These findings suggest that G. macrocalyx leaves are a valuable source of natural
antioxidants and enzyme inhibitors, supporting the potential utilization of this endemic species in
the development of functional foods or therapeutic agents for type 2 diabetes
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