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Abstract
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Kaempferia parviflora is a medicinal plant that popular consuming and widely used for attenuating human health
problem in Asia. The major phytochemical ingredients of K. parviflora extract are methoxyflavones. This study aimed to investigate
one-month effect methoxyflavone-enriched extract of Kaempferia parviflora (KDE) on blood glucose and lipid profile in rats.
Materials and Methods: The animals were randomly divided into 4 groups which were administered by oral gavage once daily
with distilled water (control), carboxy methyl cellulose (vehicle), KDE at doses of 150 and 300 mg/kg/day for 4 weeks. Results:
The results demonstrated that rats receiving KDE 300 mg/kg had significantly lower blood glucose level than normal control and
normal vehicle groups (p<0.05). Although at 2" week the cholesterol and triglyceride levels of KDE150mg- and KDE300mg-
treated rats increased, administration of KDE until 4 weeks tended to decrease both cholesterol and triglyceride levels which
were not significantly different as compared to control group. Level of atherogenic index in KDE300mg treated rats was
significantly lower than vehicle group. Additionally, alteration of body weight and the damaged of histological structure of liver,
kidney and pancreas were not observed as compared to control and vehicle groups. Conclusion: The results suggest the safe

dose and promoting health benefit in short-term administration of KDE.

Keywords: Kaempferia parviflora, methoxyflavones, blood glucose, lipid profile
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Introduction

Recently, medicinal plants are popularly used in
a folk medicine for amelioration wide variety of ilinesses.
Since the potential benefits such as anti- oxidant
activities and less toxicity are reported, the trend of
using alternative medicine arises. Kaempferia parviflora
(Krachai Dum in Thai) belongs to the plant family of
Zingiberaceae found in Southeast Asia, is traditionally
used as herbal medicine for centuries. Phytochemical
studies demonstrated that the active ingredients of
the rhizomes of K. parviflora extract contained
phenolic glycosides (Azuma et al., 2008), volatile oil
(Wongsinkongman et al., 2003), and many flavonoids
such as 5,4- dimethoxyflavone, 5,7,4'-trimethoxyflavone
and 3,5,7,3',4'-pentamethoxyflavone (Mekjaruskul et al.,
2013). Most of these chemicals are recognized as
being capable of maintaining human health. The
pharmacological activities of these methoxyflavones
include anti- allergic ( Tewtrakul et al., 2008), anti-
inflammation ( Sae- wong et al., 2009), anti- cancer
( Leardkamolkarn et al., 2009) , anti- gastric ulcer
(Rujjanawate et al., 2005), cardioprotectant ( Malakul
et al., 2011), anti- mutagenicity (Azuma et al., 2011),
anti- obesity ( Akase et al. , 2011) , anti- oxidant
(Vichitphan, 2007; Wungsintaweekul ef al., 2010) and
hypolipidemic effect (Somintara et al., in press).

In terms of anti- oxidant activity, rhizome
extracts of K. parviflora have excellent antioxidant
potential, as evidenced by their ability to scavenge free
redicals (Thao et al, 2016). Moreover, pieces of peeled
Krachai Dum slices in fermented tamarind wines during
aging process demonstrated the higher antioxidant
activity than Krachai Dum skin slices in the same

condition. This result correlated with phenolic compound
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and flavonoid content of Krachai Dum wine (Vichitphan,
2007) . Although long term feeding of Kaempferia
parviflora extract in rat has been reported no chronic
toxicity and no remarkable lesions on visceral organs, high
dose of this extract (500 mg) had lower body weight than
control group in male rats (Chivapat et al., 2010). The author
that lower result from

suggested body weight may

disturbance on food consumption and metabolism

( Berdanier, 2004) . Since many reports showed the
advantages of pharmacological effects of K. parviflora in
various diseases, such effects on blood glucose and lipid
profile in normal rats in short time period have never been
studied. Therefore, this study aimed to investigate the one-
month effect methoxyflavone-enriched extract of Kaempferia

parviflora (KDE) on blood glucose and lipid profile in rats.

Methods

Kaempferia parviflora preparation

Kaempferia parviflora extract (KDE) was prepared
by the Center for Research and Development of Herbal
Health Products, Khon Kaen University. Briefly, dried
powder rhizomes of K. parviflora was soaked with 95%
ethanol, filtered and dried by freeze dryer (Renown Tech
Co, Model 102161). The yield of KDE was 4.187 %.
Then the extract was standardized by HPLC analysis
for three major methoxyflavones, in which 5,7-
dimethoxyflavone, 5,7,4'-trimethoxyflavone and 3,5,7,3',4'-
pentamethoxyflavone were 13, 13, 11% , respectively
(Somintara et al., in press). For animal administration, KDE
was suspended in 0.2% carboxy methyl cellulose (CMC)

(K sciences & medical co., Bangkok, Thailand) before used.
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Animals

Male Wistar rats (weighing 200-300 g) were
obtained from the National Laboratory Animal Center of
Mahidol University, Thailand. All animals were maintained at
25°C on a 12 h dark/ light cycle and provided the standard
pelleted diet including drinking water ad libitum. The animals
were acclimatized for 7 days before the experiment. This
study was approved by the Animal Ethics Committee of
Khon Kaen University (AE0Q11/51).
Experimental procedure

Thirty-two male Wistar rats (weighing 200-300 g)
were randomly divided into 4 groups (8 animals per group).
Group | (control) was received 0.7 ml of distilled water.
Group Il (vehicle) was received 0.7 ml of 0.2% CMC. Group
[l (KDE150mg), IV (KDE300mg) were received 150 and 300
mg/kg of KDE in CMC, respectively. All animals were fed
these substances using the gavage tube daily for 4 weeks
and were bi-weekly monitored for the body weight, fasting
blood glucose and serum lipid profile (total cholesterol,
triglyceride, HDL). Low-density lipoprotein (LDL) and
atherogenic index (Al) were determined as followed: LDL =
(TC-HDL) - TG/5 and Al = (TC-HDL)/HDL) (Gillies et al.,
1986). Blood was collected from tail vein and then analyzed
using Coulter Synchron CX4 (Beckman, Indiana, USA). After
4 weeks, the rats were euthanized with pentobarbital 150
mg/kg via intraperitoneal injection. For histological
examination, one half of liver, kidney, and pancreas were
fixed in 10% formalin. Then, tissues were embedded in
paraffin, sections of 5 um were stained with hematoxylin and
eosin according to standard procedures (Fischer et al.,
2008).

The tissue morphology was examined and

photographed under light microscopy.
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Determination of lipid peroxidation

Another half of rat liver was minced in cold 1.15%
potassium chloride solution by a motor-driven Teflon pestle
at 2,000 cycle/min. Each homogenate was centrifuged at
10,000 g for 10 min, then collected supernatant was
centrifuged at 104,000 g for 60 min at 4°C. For
determination of protein, the pellet was resuspended with
cold distiled water (Hartree, 1972). Products of lipid
peroxidation were calculated as malondialdehyde (MDA)
equivalents, using 1,1,3,3-tetraethoxy propane as the
standard MDA (Ohkawa et al., 1979).
Statistical analysis

The data were analyzed using one-way ANOVA,
followed by Tukey post hoc test using SPSS program
version 13.0. All data were expressed as meanz S.E.M. and

the significant difference between groups was considered at

p < 0.05.

Results
Effect of KDE on body weight

The average body weight of KDE-treated rats was
not significant different to the control and vehicle groups, all

animals similarly gained weight during 30 days of treatment

(Fig 1).
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Vehicle (CMC)
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KDE 300 mg
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Figure 1 Effects of KDE on the body weight. Body weight of normal rats treated with KDE 150 mg/kg and

KDE 300 mg/kg compared with control and vehicle groups. Data are expressed as meantSEM (n=8).

Effect of KDE on blood glucose level
After four weeks of treatment, KDE at 150 and 300
mg/ kg showed hypoglycemic effect with the blood glucose

levels of 72.63+3. 01 mg/ dl and 82. 00+2. 64 mg/ dI,

Table 1 Blood glucose level (mg%) after treatment with KDE

respectively (Table1). However, the significant difference
from the control group was observed only at 150 mg/kg

dose.

Days after dosing

Baseline 2-wk 4-wk
Control (DW) 96.25+3.22 88.63+30.31 90.75+2.56
Vehicle (CMC) 100.50+2.05 100.25+2.53 91.63+1.86
KDE 150mg 99.88+2.80 85.25+1.20° 72.63+£3.012°
KDE 300mg 99.00+1.02 93.00+£1.95 82.00+2.64

Data are expressed as mean + SEM (n = 8).

2. gjgnificant differences compared to control (DW) and vehicle (CMC), respectively, at P < 0.05.

Effect of KDE on serum lipid profile

After KDE administration for 4 four weeks, there
were no significant differences in serum lipid profiles
including cholesterol, triglyceride ( TG), HDL and LDL
comparing to control and vehicle groups (Table 2, 3, 4, 5).

Although at 2" week KDE 150mg-treated group showed that
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cholesterol level increased, it returned to its baseline level
at 4™ week (Table 2). Moreover, both cholesterol and TG
levels were tended to decrease from the 2™ week (Table 2,
3). Additionally, level of atherogenic index in KDE 300mg-
treated group showed a significant decrease from the

vehicle group (Table 6).
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Table 2 Level of serum cholesterol (mg%) after treatment with KDE

Days after dosing

Baseline 2-wk 4-wk
Control (DW) 73.00+5.44 78.00+4.14° 82.38+4.28
Vehicle (CMC) 74.25+2.19 83.1314.94 88.75+2.03
KDE 150mg 74.75+2.91 91.38+3.74° 76.75+4.62
KDE 300mg 66.75+3.98 88.00+4.64 77.1315.84

Data are expressed as mean + SEM (n = 8).

a. b gjgnificant differences compared to control (DW) and KDE 150 mg, respectively, at P < 0.05.

Table 3 Level of triglyceride (mg%) after treatment with KDE

Days after dosing

Baseline 2-wk 4-wk
Control (DW) 89.13+£7.10 118.38+9.50 110.63+9.51
Vehicle (CMC) 78.75+11.14 151.25+14.30 113.00+12.02
KDE 150mg 89.50+13.56 147.63+19.80 143.88+15.14°
KDE 300mg 65.50+4.08 132.63+9.38 101.75+15.07°

Data are expressed as mean + SEM (n = 8).

a b Gjgnificant differences compared to KDE 150 mg and KDE 300 mg, respectively, at P < 0.05.

Table 4 Level of HDL (mg%) after treatment with KDE

Days after dosing

Baseline 2-wk 4-wk
Control (DW) 67.25+5.16 72.88+4.49 72.38+2.76
Vehicle (CMC) 68.25+2.52 72.75+3.46 73.25+2.64
KDE 150mg 68.75+2.24 82.63+3.42 67.38+3.77
KDE 300mg 64.00+£3.12 82.00+3.64 67.00+5.45

Data are expressed as mean + SEM (n = 8). No significant difference between groups
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Table 5 Level of LDL (mg%) after treatment with KDE

Days after dosing

Baseline 2-wk 4-wk
Control (DW) 10.8316.79 18.55+2.19 32.13+3.47
Vehicle (CMC) 9.75+2.19 19.88+1.64 38.10+£3.80
KDE 150mg 12.4042.28 20.78+3.09 38.15+3.51
KDE 300mg 10.35+1.42 20.53+1.43 30.48+4.18

Data are expressed as mean = SEM (n = 8). No significant difference between groups

Table 6 Level of atherogenic index after treatment with KDE

Days after dosing

Baseline 2-wk 4-wk
Control (DW) 0.1410.11 0.0810.03 0.14+0.03
Vehicle (CMC) 0.0940.01 0.14£0.02° 0.22+0.04
KDE 150mg 0.08+0.01 0.11+0.02 0.14+0.02
KDE 300mg 0.04+0.02 0.07+0.012 0.15+0.02

Data are expressed as mean + SEM (n = 8).

a b Gjgnificant differences compared to vehicle (CMC) and KDE 300 mg, respectively, at P < 0.05.

Histological investigation of three vital tissues

As shown in Fig. 2, the histological architectures of
liver, kidney and pancreas of KDE-treated groups were
similar to that of control and vehicle groups. The normal
hepatocytes with well distinct nuclei and cytoplasm were
observed in the liver of all groups. The Hepatocytes were
arranged in hepatic cords between sinusoids (Figure 2C &
D). The kidney showed normal morphology and structures
including glomerulus, proximal convoluted tubules and distal
convoluted tubules with prominent nuclei (Figure 2G & H)
as compared to that of control and vehicle groups ( Figure

2E & F). The pancreas of KDE-treated groups showed
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normal intact appearance of pancreatic islet of Langerhans
surrounded by normal exocrine pancreatic acinar cells
(Figure 2K & L) as detected in the control and vehicle groups

(Figure 21 & J).
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Figure 2 Representative microscopic photographs of rat liver, kidney and pancreas stained with Hematoxilin &

Eosin.Liver, kidney and pancreas in control (A, E, 1), vehicle (B, F, J), KDE150mg-treated (C, G, K) and KDE300mg-treated (D,

H, L) groups, respectively (h = hepatic cord, s = hepatic sinusoid, v = hepatic venules, g = glomerulus, pct = proximal

convoluted tubule, dct = distal convoluted tubule, e = exocrine gland, i = Islet of Langerhans).

Effect of KDE on hepatic lipid peroxidation
No significant differences in lipid peroxidation

products were observed. Malondialdehyde levels in the

Table 7 Effect of KDE on hepatic lipid peroxidation

hepatic supernatants of controls, vehicle, KDE150mg- and
KDE300mg- treated groups were 17.27+1.84, 18.98+1. 66,

18.38+£1.97, 17.89+£1.20 nmol/mg protein (Table 7).

Group

MDA

(nmol/mg protein)

Control (DW)
Vehicle (CMC)
KDE 150mg
KDE 300mg

17.27+1.84
18.98+1.66
18.38+£1.97

17.89+£1.20

Data are expressed as mean + SEM (n =

8). No significant difference between groups
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Discussion and conclusion

With wide ranges of pharmacological effect
including anti-inflammation, increased blood flow and blood
fluidity (Murata et al., 2013; Sae-wong et al., 2009),
Kaempferia parviflora was commonly consumed as a
nutraceutical products. The subacute toxicity study for 1
month period had demonstrated the safety with slight
hypoglycemic effect of KDE in rats. The hypoglycemic
activity significantly found in KDE150mg-treated group
whereas the previous report showed no alterations in
glucose level in normal male rats receiving ethanolic extract
of K. parviflora at dose of 5, 50, 500 mg/kg for 6 months
(Chivapat et al., 2010). This may be due to the difference in
chemical constituents, their contents and administration
duration between KDE in the present study and previous
report. Interestingly, only KDE at dose 150 mg exhibited
remarkable blood glucose lowering effects. One likely
explanation is that the optimum dose of KDE that exerted
the synergistic effects of multiple compounds is 150 mg.
Although the blood glucose levels of KDE-treated groups
were lower than those of the control and vehicle groups,
these levels were still in the normal ranges (Wang et al.,
2010), suggesting the benefit effect of consuming
Kaempferia parviflora products. The normal histological
appearances of three vital organs including liver, kidney and
pancreas of KDE-treated rats indicated the safety of the
plant extract. Previous studies reported the antioxidative
effects of K. parviflora via increase of antioxidant enzymes
activities in UVB-induced skin photoaging in hairless mice
(Park et al., 2014) and also decrease of oxidative stress
markers in spontaneously obese type |l diabetic mice
(Akase et al., 2011). In addition, 8-week consumption of K.
parviflora in healthy elderly volunteers demonstrated the
increased scavenger enzymes activities and the decreased
serum MDA level (Wattanathorn et al., 2012). In our study,
KDE-treated rats showed the same levels of hepatic lipid
peroxidation MDA as observed in the control and vehicle
groups. This finding confirms the earlier study (Wattanathorn

et al., 2012) that MDA level did not significantly decrease at
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4-week period but significantly decrease at 8-week as
compared to placebo group. This result suggested that long-
term administration of K. parviflora might manifest the better
antioxidant effect than short-term.

In contrast to the previous chronic toxicity study of
ethanolic extract of K. parviflora (Chivapat et al., 2010), all
KDE- treated groups had no significant differences in body
weight compared to both control and vehicle control groups.
This result indicated that all rats had a similar growth and
development without any subacute toxicity. K. parviflora also
demonstrated the hypoglycemic effect in streptozocin-
induced diabetic rats. Treatment of the 6- hydroxy-7,4’-
dimethoxyflavone enriched fraction in K. parviflora at doses
150 mg/ kg for 4 weeks significantly decreased serum
glucose and triglycerides while it increased the serum insulin
in diabetic rats. Moreover, this methoxyflavone fraction
demonstrated a- glucosidase inhibitory activity in a
dose-dependent manner at range of 20, 40, 80 and 100 uM
(Moon et al., 2016). This inhibitory activity lowers the rate of
glucose absorption through delayed carbohydrate digestion
and extended digestion time. At 4™ week, serum lipid profile
was not different among all groups; however, cholesterol
and TG levels in KDE-treated groups tended to decrease
from 2™ week. This finding supported the previous in vitro
study demonstrating lower intracellular triglycerides levels in
mature adipocytes- treated with 3,5,7,3',4'-
pentamethoxyflavone enriched extract of K. parviflora
( Okabe et al. , 2014) . Moreover, administration of
methoxyflavone-enriched extract of K. parviflora for 6 weeks
showed hypolipidemic effect in cholesterol- induced
dyslipidemic rats (Somintara ef al., in press). The possible
mechanism of such effects may be to activate lipolysis in
mature adipocytes by triggering adipose triglyceride lipase
(ATGL) and hormone-sensitive lipase (HSL) (Okabe et al.,
2014) which play a key role in regulation of adipocyte
lipolysis ( Lafontan and Langin, 2009) . Surprisingly,
KDE150mg- treated group showed a significant increase in
cholesterol level after 2 week consumption and then

returned to its baseline level at 4™ week. We hypothesized
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that high cholesterol level at 2" week may result from the
antagonistic effects of some ingredients in KDE. Since
methoxyflavones were found at highest levels in liver
(Mekjaruskul et al., 2012), these ingredients may affect lipid
metabolism in the liver. However, the exact mechanism
needs to further investigate. Although the level of TG
seemed to be high in KDE150mg-treated group, it revealed
insignificant difference as compared to control. As mention
previously, KDE could not only ameliorate blood glucose
and improved lipid profiles in diabetic and dyslipidemic rats,
but also tended to improve in normal rats. The present study
suggests that dose and time administration of KDE is
suitable for development of pharmaceutical product to
promote health benefits because the short- term
consumption of KDE for 1 month is safe and nonadverse

effects.

Acknowledgements
We would like to gratefully thank the research
grant of the national Research Council of Thailand (NRCT)

for financial support this project.

References

Akase T, Shimada T, Terabayashi S, et al. Antiobesity
effects of Kaempferia parviflora in spontaneously
obese type Il diabetic mice. J Nat Med 2011;
65(1):73-80.

Azuma T, Kayano S.-i., Matsumura Y, et al. Antimutagenic
and Ol-glucosidase inhibitory effects of
constituents from Kaempferia parviflora. Food
chem 2011; 125(2):471-475.

Azuma T, Tanaka Y, Kikuzaki H. Phenolic glycosides from
Kaempferia parviflora. Phytochemistry 2008;
69(15):2743-2748.

Berdanier CD. Gastrointestinal system and metabolism. In:
Hedrich HJ and Bullock G, editors. The handbook
of experimental animals: the laboratory mouse.

Elsevier, San Diego; 2004. 245-259.

84

Chivapat S, Chavalittumrong P, Attawish A, Rungsipipat A.
Chronic toxicity study of Kaempferia parviflora
Wall ex. extract. Thai J Vet Med 2010; 40(4):377-
383.

Fischer AH, Jacobson KA, Rose J, Zeller R. Hematoxylin
and eosin staining of tissue and cell sections.
Cold Spring Harb Protoc 2008; 2008(5):pdb.
prot4986.

Gillies PJ, Rathgeb KA, Perri MA, Robinson CS.
Regulation of acyl-CoA: cholesterol
acyltransferase activity in normal and
atherosclerotic rabbit aortas: role of a cholesterol
substrate pool. Exp Mol Pathol 1986; 44(3):329-
339.

Hartree EF. Determination of protein: a modification of the
Lowry method that gives a linear photometric
response. Anal Biochem 1972; 48(2):422-427.

Lafontan M, Langin D. Lipolysis and lipid mobilization in
human adipose tissue. Prog Lipid Res 2009;
48(5):275-297.

Leardkamolkarn V, Tiamyuyen S, Sripanidkulchai B.
Pharmacological activity of Kaempferia parviflora
extract against human bile duct cancer cell lines.
Asian Pac J Cancer Prev 2009; 10:695-8.

Malakul W, Ingkaninan K, Sawasdee P, Woodman OL.
The ethanolic extract of Kaempferia parviflora
reduces ischaemic injury in rat isolated hearts. J
Ethnopharmacol 2011; 137(1):184-91.

Mekjaruskul C, Jay M, Sripanidkulchai B.
Pharmacokinetics, bioavailability, tissue
distribution, excretion, and metabolite identification
of methoxyflavones in Kaempferia parviflora
extract in rats. Drug Metab Dispos 2012; 40(12):
2342-2353.

Mekjaruskul C, Yang Y-T, Leed MG, Sadgrove MP, Jay M,
Sripanidkulchai B. Novel formulation strategies for
enhancing oral delivery of methoxyflavones in
Kaempferia parviflora by SMEDDS or
complexation with 2-hydroxypropyl-B-cyclodextrin.
Int J Pharm 2013; 445(1):1-11.



One-month effect of Kaempferia parviflora on blood glucose and lipid profile in rats

Somintara S. et al.

IJPS
Vol. 14 No. 1 January — March 2018

Moon H, Kim D, Kim S, Seo S. Effect of 6-hydroxy-7, 4'-
dimethoxyflavone on antidiabetic effects in normal
and streptozotocin-induced diabetic rats. Bulg
Chem Commun 2016; 48(2), 317-322.

Murata K, Deguchi T, Fujita T, Matsuda H. Improvement in
blood fluidity by Kaempferia parviflora rhizome. J
Nat Med 2013; 67(4):719-724.

Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in
animal tissues by thiobarbituric acid reaction. Anal
Biochem 1979; 95(2):351-358.

Okabe Y, Shimada T, Horikawa T, et al. Suppression of
adipocyte hypertrophy by polymethoxyflavonoids
isolated from Kaempferia parvifiora.
Phytomedicine 2014; 21(6):800-6.

Park JE, Pyun HB, Woo SW, Jeong JH, Hwang JK. The
protective effect of Kaempferia parviflora extract
on UVB-induced skin photoaging in hairless mice.
Photodermatol Photoimmunol Photomed 2014;
30(5), 237-245.

Rujjanawate C, Kanjanapothi D, Amornlerdpison D, et al.
Anti-gastric ulcer effect of Kaempferia parviflora. J
Ethnopharmacol 2005; 102(1):120-122.

Sae-wong C, Tansakul P, Tewtrakul S. Anti-inflammatory
mechanism of Kaempferia parviflora in murine
macrophage cells (RAW 264.7) and in experimental
animals. J Ethnopharmacol 2009; 124(3):576-580.

Somintara S, Sripanidkulchai B, Pariwatthanakun C,
Sripanidkulchai K. Hypolipidemic effect of
methoxyflavone-enriched extract of Kaempferia
parviflora in cholesterol-induced dyslipidemic rats.
Songklanakarin J Sci Technol. (In press).

Tewtrakul S, Subhadhirasakul S, Kummee S. Anti-allergic
activity of compounds from Kaempferia parviflora.
J Ethnopharmacol 2008; 116(1):191-193.

Thao NP, Luyen BTT, Lee SH, Jang HD, Kim YH. Anti-
osteoporotic and Antioxidant Activities by
Rhizomes of Kaempferia parviflora Wall. ex Baker.

Nat Prod Sci 2016; 22(1): 13-19.

85

Vichitphan S. Flavonoid content and antioxidant activity of
KRACHAI-DUM (Kaempferia parviflora) wine.
Songklanakarin J Sci Technol 2007;7(2-1).

Wang Z, Yang Y, Xiang X, Zhu Y, Men J, He M.
Estimation of the normal range of blood glucose in
rats. Wei sheng yan jiu= Journal of hygiene
research. 2010; 39(2):133-137, 142.

Wattanathorn J, Muchimapura S, Tong-Un T, Saenghong
N, Thukhum-Mee W, Sripanidkulchai B. Positive
modulation effect of 8-week consumption of
Kaempferia parviflora on health-related physical
fitness and oxidative status in healthy elderly
volunteers. Evid Based Complement Alternat Med
2012; 2012.

Wongsinkongman P, Mongkolchaipak N, Chansuvanich N,

Techadumrongsin Y, Boonruad T. Quality
evaluation of crude drugs and volatile oil of

Krachai-dam rhizomes. The Bulletin of The Department of
Medical Sciences 2003; 45.

Wungsintaweekul J, Sitthithaworn W, Putalun W,
Pfeifhoffer HW, Brantner A. Antimicrobial,
antioxidant activities and chemical composition of
selected Thai spices. Songklanakarin J Sci

Technol 2010; 32(6):589.



