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Recently, metabolic syndrome is related to development of cardiovascular diseases and diabetes mellitus. In addition, immune cells are plays
role in physiological dysfunction associated with obesity and metabolic syndrome. Fingerroot (Boesenbergia rotunda L.) rhizome is
commonly applied as food flavoring in Asian cuisines and also applied in traditional medicine to relieve commonly on gastrointestinal
symptoms. Several studies had reported that flavonoids and terpenoids contained in fingerroot are exhibits wide range of biological activities
and use for obesity treatment. Previously phytochemical screening of methanolic extract from B. rotunda rhizome had demonstrated potent a-
glucosidase and pancreatic lipase inhibitors. Due to Thai ethnomedicinal utilizations, traditional medicine is usually use herbs extracted with
water or ethanol. Hence, this study was attempted to evaluate a-glucosidase and pancreatic lipase inhibitory activities; and
immunomodulatory activity of ethanol extract from fingerroot rhizome (FRE). Total phenolic content (TPC) and total flavonoid content
(TFC) were 91.51+0.76 mg of GAE/g and 21.05+1.53 mg of QE/g, respectively. FRE was lack of a-glucosidase and pancreatic lipase
inhibitory activities when compared with acarbose (IC50 = 1.11+0.33 mg/ml) and orlistat (IC50 = 0.29+0.08 mg/ml). There was unable to
stimulate phagocytosis of neutrophils and interpretated as lack of immunomodulatory activity when compared with lipopolysaccharide
(LPS).
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Diabetes mellitus is disorder of carbohydrate metabolism
defined as high level of blood glucose, hyperglycemia
during fasting period. Diabetic complications are
consequence of long-term hyperglycemia, which are related
to mortality and morbidity occurrences [4].

INTRODUCTION

Recently, metabolic syndrome is become worldwide health
aspect, which is relate to development of cardiovascular
diseases and diabetes mellitus. Metabolic syndrome is
characterized by occurrence of three or more metabolic

abnormalities including hypertension, obesity, :
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Excessive glucose can transform to glycation precursors,
which are react with protein and generate advanced
glycation-end products (AGEsS). AGEs are lead several
complications including nephropathy, neuropathy, and
retinopathy [5]. Cardiovascular diseases are a major cause
of death in developed countries, and hypertension is a major
risk factor for cardiovascular diseases such as hyperpiesia,
arrhythmia, heart failure, and atherosclerosis [6]. In
addition, immune cells are plays role in physiological
dysfunction associated with obesity and metabolic
syndrome; and there are also related to pathogenesis and
development of chronic diseases [7]. Dietary improvement
and supplementation are one of most suggestion on
metabolic syndrome controlling and prevent the risk of
diabetes mellitus and cardiovascular diseases. Plant-based
dietary supplements are suggested on prevention of
metabolic syndrome via multiple mechanisms and contain
bioactive compounds categorized as flavonoids, steroids,
and triterpenoids [8]. a-glucosidase is an enzyme
responsible for the catalyzing of polysaccharides and
disaccharides into glucose for intestinal absorption, whereas
pancreatic lipase is play role as key enzyme on lipid
absorption and metabolism by hydrolyzing triglycerides into
glycerol and free fatty acids. Thus, active phytochemicals,
which are inhibit these two enzymes, are provided health
benefits by controlling of serum sugar and fat [9].

Fingerroot (Boesenbergia rotunda L.) is widely used as
herbal spice in Asian food i.e., Thailand, Malaysia, India,
China, Indonesia and Myanmar [10, 11]. Root or rhizome is
commonly applied as food flavoring in Asian cuisines
including curry, sauce, and soup; and its aroma flavor is
increase food appetite. Fingerroot is also applied in
traditional medicine to relieve symptoms, such as febrifuge,
gastrointestinal ~ disorders,  flatulence,  carminative,
stomachache, dyspepsia, and peptic ulcer. Fresh rhizomes
are applied to heal inflammatory-related conditions i.e.,
dental caries, gum pyorrhea, dry cough, fever, dermatitis,
wounds, and diarrhea. Aphrodisiac property of this herb is
recognized by Thai ethnomedicine. Moreover, intake of this
leaves can relieve food allergy and poisoning. Several
flavonoids are isolated and identified from the B. rotunda
rhizome such as flavones, flavanones, chalcones, and
pimarane diterpenes [12, 13]. Several studies had reported
that flavonoids and terpenoids contained in fingerroot are
exhibits wide range of biological activities including,
antifungal, antibacterial, antiviral, anti-inflammatory, anti-
cancer, anti-osteoporosis, antioxidant, and anti-obesity
activities [12, 14-17]. As fingerroot is recently use for
obesity treatment [15] and preliminary phytochemical
screening of methanolic extract from B. rotunda rhizome
(100 pg/mL) had demonstrated potent a-glucosidase and
pancreatic lipase inhibitors [9]. Due to metabolic syndrome
and obesity controls, immunomodulatory activity of
fingerroot extract is sparely report. In Thai ethnomedicinal
utilizations, traditional medicine is usually use herbs
extracted with water or ethanol. Hence, this study was

attempted to evaluate a-glucosidase and pancreatic lipase
inhibitory activities; and to evaluate immunomodulatory
activity determined by In vitro stimulation of phagocytosis,
which was exhibited from ethanol extract of fingerroot
rhizome. This finding can clarify significance of traditional
utilization from fingerroot, which is prevent risk of chronic
diseases related metabolic syndrome as food supplement.

MATERIALS AND METHODS
Plant Collection and Extraction

B. rotunda is a perennial with a short stem that is replaced
by pseudostems, formed by leaf sheaths growing up to 50
cm tall. There are 3-4 leaves which are 7-11 cm in width
and 25-50 cm in length, which are not divided, oval or
elongate shape. Rhizomes are finger appearance and light
brown color. Inside of rhizomes are ovoid-globose, yellow
color and strongly aromatic [18]. Rhizomes of fingerroot
were purchased from local markets in Bangkok, Thailand.
Botanical identification and sample voucher were done by
senior physiochemist. Air-dried fingerroot rhizomes ([
45°C) were ground and extracted with 95% ethanol by
maceration during 72 h. Ethanol extract (yield [ 10-12%)
was filtered and evaporated by vacuum-rotary evaporator.
All laboratories were done as in vitro, which was exempted
on approvement of Ethical Committees, Suan Sunandha
Rajabhat  University, Bangkok, Thailand (COE. 2-
392/2022).

Chemicals and Instruments

In this study, chemical uses were ethanol (RCI Labscan,
Thailand), dimethyl sulfoxide, DMSO (RCI Labscan,
Thailand), Folin-Ciocalteu [Is phenol reagent (Loba

Chemie, India), sodium bicarbonate (RCI Labscan,
Thailand), sodium nitrite (RCI Labscan, Thailand),
aluminium chloride (Loba Chemie, India), sodium

hydroxide (RCI Labscan, Thailand), p-nitrophenyl-[]-D-
glucopyranose (Sigma, Switzerland), p-nitrophenyl-butyrate
(Sigma, USA), nitroblue tetrazolium (Biobasic, USA) and
basic fuchsin (Biobasic, USA). Standards chemicals were
gallic acid (Sigma-Aldrich, Germany), quercetin (HWI
Analytik GmbH, Germany), acarbose (Sigma-Aldrich,
Germany), orlistat (Sigma-Aldrich, Germany) and
lipopolysaccharide, LPS (Sigma, USA). Standard
commercial enzymes were a-glucosidase (Sigma, Germany)
and pancreatic lipase (Sigma, USA). Instrument uses were
96-well plate (SPL Life Sciences, Korea), microplate reader
(BIO-RAD, USA) and microscope (Olympus, Japan).

Total Phenolic and Flavonoid Contents

Total phenolic content (TPC) and total flavonoid content
(TFC) contained in ethanol extract of fingerroot rhizome
(FRE) were evaluated according by colorimetric methods.
TPC was monitored chemical reaction of phenolic
compounds and Folin-Ciocalteu [s reagent and absorbance
of mixture measured at 760 nm. Gallic acid was used for
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standard curve and result was reported as milligram of gallic
acid equivalent (GAE) per gram. TFC was monitored
chemical reaction of flavonoids and aluminium chloride
reagent and absorbance of mixture measured at 420 nm.
Quercetin was used for standard curve and result was
reported as milligram of quercetin equivalent (QE) per gram
[19, 20].

Evaluation of A-Glucosidase Inhibitory Activity

FRE concentration was adjusted with 10% (v/v) DMSO,
which was 0.001, 0.01, 0.1, 1 and 10 mg/ml. Acarbose was
adjusted with phosphate buffer, which was 0.0005, 0.005,
0.5 and 5 mg/ml. Enzymatic inhibitory activity was
evaluated by monitored absorbance (['max = 415 nm) of p-
nitrophenol, product from p-nitrophenyl-1-D-
glucopyranose catalyzed by a-glucosidase. Enzyme
inhibition activity from FRE were calculated from triplicate
measurement and reported as 50% inhibitory concentration
(IC50) of FRE against a-glucosidase. Positive control was
acarbose [21].

Evaluation of Lipase Inhibitory Activity

FRE concentration was adjusted with 10% (v/v) DMSO,
which was 0.001, 0.01, 0.1, 1 and 10 mg/ml. Orlistat was
also adjusted with 10% (v/v) DMSO, which was 0.0005,
0.005, 0.5 and 5 mg/ml. Enzymatic inhibitory activity was
evaluated by monitored absorbance (['max = 415 nm) of p-
nitrophenol, product from p-nitrophenyl butyrate catalyzed
by pancreatic lipase. Enzyme inhibition activity from FRE
were calculated from triplicate measurement and reported as
50% inhibitory concentration (IC50) of FRE against
pancreatic lipase. Positive control was orlistat [22].

Immunomodulatory Assay
This activity was determined by phagocytosis stimulation of

neutrophils. Briefly, FRE was adjusted by 10% (v/v) DMSO
in phosphate buffer, which was 10 mg/ml. LPS was adjusted
by serum, which was 20 [ig/ml. Venous blood was collected
from (laboratory) mouse, transferred to test tube (with anti-
coagulant) and centrifuged to separate neutrophiles. Each
cell containing tube was added FRE sample or control and
then followed by nitroblue tetrazolium. Each sample
mixture was prepared on glass slide, stained with basic
fuchsin and washed for removing excessive color. Stained
slide was dried and neutrophiles magnified under
microscope. Phagocytic neutrophils were counted and
calculated as percent of phagocytosis. Standard LPS from
Gram-negative bacteria was positive control as phagocytic
stimulant [23].

STATISTICAL ANALYSIS

TPC, TFC, enzymatic inhibitions and immunomodulatory
activity of FRE were demonstrated by descriptive analysis
and compared with controls.

RESULTS AND DISCUSSION

FRE was characterized as orange-brown color and semi-
solid appearance with strongly aromatic favor. TPC and
TFC contained in FRE were 91.51+0.76 mg of GAE/g and
21.05+1.53 mg of QE/g, respectively. FRE was lack of a-
glucosidase and pancreatic lipase inhibitory activities when
compared with acarbose (IC50 = 1.11+0.33 mg/ml) and
orlistat (IC50 = 0.29+0.08 mg/ml). There was unable to
stimulate phagocytosis of neutrophils and interpretated as
lack of immunomodulatory activity when compared with
LPS (Table 1).

Table 1: Anti-a-glucosidase and anti-pancreatic lipase and immunomodulatory activity of fingerroot rhizome extract (FRE)

anti-a-glucosidase anti-pancreatic lipase immunomodulatory
Sample / Assay (mg/ml)? (mg/ml)? activity (%) °
FRE NA NA NA
Acarbose 1.11+0.33 - -
Orlistat - 0.29+0.08 -
LPS - - 27.33+£3.06

a Enzymatic activity was represented as 50% of inhibitory concentration, IC50 (mg/ml);
b Immunomodulatory activity was represented as percentage of phagocytosis stimulation in neutrophils

NA = no activity; LPS = lipopolysaccharide

Recently, a-glucosidase inhibitor drugs are effectively use
on blood glucose and body weight control in type 2 diabetic
patients with obesity [24]. A large number of dietary
flavonoids and polyphenols originated from plants are o-
glucosidase inhibitors and they can synergize this activity
with acarbose [25]. Previous studies had reported that B.
rotunda root is contained flavonoid derivatives including
prenylated and flavanone-coupled chalcones, which are
potent a-glucosidase inhibitors and can be develop to food
supplements for diabetes prevention. These chalcones from
B. rotunda root are weak lipase inhibitors, therefore, there

are exhibit anti-obesity activity through another pathway.
Panduratin A isolated and identified from Indonesian
fingerroot had stimulated AMP-activated protein kinase
(AMPK) activity, and lead to increase of fatty acid oxidation
and inhibition of lipid synthesis in animal model [9, 15, 26].
Pinostrobin, flavanone isolated from Thai fingerroot, had
suppressed adipogenesis through inhibited adipocyte
differentiation with non-cytotoxicity. Lipid metabolism-
mediating proteins including C/EBPa, PPARY, and SREBP-
1c, as well as, cellular triglyceride in mouse pre-adipocytes
treated pinostrobin had lower level when compared with
untreated cells. There is also modulated the signals of
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MAPK (p38 and JNK) and Akt (Akt/GSK3p, Akt/AMPKa-
ACC) [27]. Thus, fingerroot is the main active ingredient in
several dietary supplements for weight loss [28] due to
decreasing the accumulation of visceral

fat and reducing body weight gain [9, 15, 26, 27, 29].
Several different plant species have represented anti-
inflammatory activity [30]. We found that fingerroot
rhizome was lack of immunomodulatory activity by unable
phagocytic stimulation. This finding may be affected from
its anti-inflammatory and anti-allergic activities [16, 31, 32],
corresponded to Thai traditional medicine, it can use on
relieve of skin disorders including dermatitis, rash and
swelling. In this study, ethanol extract of fingerroot rhizome
was lack of a-glucosidase and pancreatic lipase inhibitory
activities, while methanol extract had strongly inhibited both
of enzymes as reported in previous studies. There was
implied that condition of herbal extraction is very important
in medicinal plant application. Use of ethanol extract was
safer and more preferable rather than methanol extraction,
therefore, loss of its biological activities is also need to
concern on herbal preparation.

CONCLUSION

Ethanol extract of fingerroot rhizome (FRE) was lack of a-
glucosidase and pancreatic lipase inhibitory activities. There
was also lack of immunomodulatory activity represented by
unable to stimulate phagocytosis.
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