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ABSTRACT

Context: Tri-Jannarose (TJ) is a Thai traditional medicine recipe, the
ingredients of which are betel palm seed (Areca catechu L.), Siamese
neem tree root (Azadirachta indica A. Juss.), and heart-leaved moonseed
vines (Tinospora cordifolia [Thunb.] Miers). The equal mixture of three
plants indicated to treatment of antipyretic, diuretic, expectorate,
nourishment and appetizing. Aims: Phytochemical screening, antioxidant,
and o-glucosidase inhibitory activities of TJ using different extractions
were evaluated. Materials and Methods: The three plants of recipe
were extracted using different solvents such as aqueous extract (ATJ),
50% ethanolic extract (HETJ), and 95% ethanolic extract (ETJ). The
phytochemical screening was determined by total phenolic compounds
and total flavonoid contents. The anti-oxidation were tested using by
2,2-diphenyl-1-picrylhydrazy (DPPH) radical scavenging and 2,2 -azinobis-
(3-ethylbenzothiazoline-6-sulphonate) (ABTS*) assay. The a-glucosidase
inhibitory activity was determined for glucose transferase mechanism.
Results: Phytochemical screening found that this recipe had both
phenolic and flavonoid substances. The ETJ (IC,, = 0.0463 + 0.002) was
exerted on antioxidation higher than HETJ and ATJ (IC,, = 0.0511 + 0.000
and 0.1485 =+ 0.005 mg/mL). Surprisingly, ABTS* assay, ETJ
(IC,, = 0.015 + 0.000 mg/mL), and HETJ (IC,; = 0.022 + 0.000 mg/mL)
showed high effect on free radical scavenging activity than the standard
controls, ascorbic acid (IC,; = 0.025 + 0.001 mg/mL), and Trolox
(ICy, = 0.032 + 0.001 mg/mL). The a-glucosidase inhibitory activity found
that all of the extract including ATJ (IC,, = 0.0127+0.02 mg/mL), ETJ
(IC;, = 0.0154+0.01 mg/mL) and ETJ (IC,; = 0.0202+0.01 mg/mL) were more
potent to inhibit a-glucosidase emzyme than acarbose (IC,; =0.745+0.026
mg/mL) as a positive control. Conclusion: The pharmaceutical preliminary
scarring was confirmed to treatment on Thai traditional medicine. The
recipe composed with phenolic compounds and flavonoids contents which
chemical substance were more potent anti-oxidation, and bittersweet
flavor was stronger to a-glucosidase inhibitory activity.

Key words: Antioxidant, phytochemical screening, Thai traditional
medicine, Tri-Jannarose, o-glucosidase

SUMMARY

e Tri-Jannarose is a Thai traditional medicine ingredient with phenolic

INTRODUCTION

Thai traditional medicine is folklore medicine inherited from Thai
ancestor. The drugs have been used for healing since the past until now.
In each recipe might be consist with also approximately of some plant,
some dosage, some herbal part and some indication to disease treatment.
TJ is once recipe from Thai traditional medicine which ingredient
composed with Sai-mark/betel palm seed (Areca catechu HYPERLINK
“https://th.wikipedia.org/wiki/Carolus_Linnaeus’L.), Rak-Sa-Doa/
Siamese neem tree root (Azadirachta indica A. Juss.) and Toa-Bore-Ra-
Pet/heart leaved moonseed vines (Tinospora cordifolia (HYPERLINK
“https://th.wikipedia.org/w/index.php?title=Thunb.&action=edit&redl
ink=1"Thunb.) Miers) (w:w:w =1:1:1). Thai ancestor still believed that
the bittersweet flavor of this recipe has been claimed usage to treatment
of many diseases such as antipyretic, diuretic, expectorate, nourishment
and appetizing.!"
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compounds and flavonoid contents. The recipe composed with phenolic
compounds and flavonoids contents which chemical substance was more
potent to anti-oxidation, and bittersweet flavor was stronger to a-glucosidase
inhibitory activity.
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Abbreviations Used: TPC: Total phenolic compound, TFC: Total flavonoid
content, DPPH: 2,2-diphenyl-1-picrylhydrazyl assay, ABTS*: 2,2-azinobis-
(3-ethylbenzothiazoline-6-sulfonate) assay, TJ:Tri-Jannarose, ATJ:Tri-Jannarose
extracted with aqueous, HETJ: Tri-Jannarose extracted with 50% ethanol,
ETJ: Tri-dJannarose extracted with 95% ethanol, A. catechu: Areca
catechu L., A. indica: Azadirachta indica A.
Juss, T cordifolia: Tinospora cordifolia (Thunb.)
Miers.
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The review literature of each plant in the recipe was revealed in many
publications. Betel palm (A. catechu L., family: Palmaceae) was a slender
single trunk, 30-meter tall, and about 20-cm wide.”” The most important
seeds of these biologically active constituents of plants are alkaloids,
flavonoids, tannin, triterpenes, fatty acids, and mineral and phenolic
compounds.®* The plant invites to attention of many researchers
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worldwide for its wide range of pharmacological activities included
anti-oxidantion,®*!  Antihyperglycemia,'*"!  anti-inflammation,!"?
hypolipideamia,'*"*! a-glucosidase inhibitory, wound healing!"® and
anticonvulsant.!"”

Siamese neem tree (A. indica A. Juss.) is a member of the Meliaceae family
and it can grow into a big tree to a height of about 20-35 m. The tree hasa
complex of various constituents including nimbin, nimbidin, nimbolide,
and limonoids, and such types of ingredients play a role in disease
management through modulation of various genetic pathways and other
activities. Quercetin and [3-sitosterol were purified from fresh leaves and
were known for antifungal and antibacterial activities."® Diterpenoids
from root have reported antibacterial, antifungal, and anti-inflammation
properties.'”® Earlier investigators have confirmed their role as
anti-inflammatory, anti-arthritic, antipyretic, hypoglycemic, antigastric,
antifungal, antibacterial, and antitumor activities.’*!*!

Heart-leaved moonseed vines (T. cordifolia [Thunb.] Miers) is in the
family Menispermaceae and has a long medical history of being used
as an antidiabetic remedy. This plant component contained the natural
substances such as alkaloids, diterpenoid lactones, glycosides, steroids,
sesquiterpenoid, phenolics, aliphatic compounds, and polysaccharides.
The plant were reported to possess hypoglycemic, anti-inflammatory
immunomodulatory®-2° anticholinesterase!?”) antibacterial,
antifilarial,®*% antioxidant,**** and anti a-glucosidase®” activity.
Antioxidants are molecules that inhibit or quench free radical reactions
and delay orinhibit cellular damage. Although the antioxidant defensesare
different from species to species, the presence of the antioxidant defense
is universal. Antioxidants exist both in enzymatic and in nonenzymatic
forms in the intracellular and extracellular environments.** Oxidative
stress is characterized as an imbalance between the production of
reactive species and antioxidant defense activity, and its enhanced state
has been associated with many of the chronic diseases such as cancer,
diabetes, and neurodegenerative and cardiovascular diseases. Based on
that, many research groups have driven efforts to assess the antioxidant
properties of natural products. These properties have been investigated
through either chemical (in vitro) or biological (in vivo) methods, or
both. The results of these researches have led some to suggest that the
long-term consumption of food rich in antioxidants can retard or avoid
the occurrence of many diseases.*”!

o-Glucosidase is well-renowned as a therapeutic target for the
modulation of postprandial hyperglycemia. The ci-glucosidase inhibitors
were used in treatment to delay or interrupt gastrointestinal digestion of
oligosaccharides and subsequent release of glucose. This consequently
delays or reduces glucose absorption into the bloodstream following food
uptake.l) Acarbose, miglitol, and voglibose were used antiglucosidase
drugs that are orally administered for the management of postprandial
hyperglycemia. Pending to their undesirable side effects, there is great
interest in the middle of researchers worldwide to explore for alternative
glucosidase inhibitors.

However, TJ recipe was widely used to treat many diseases, but there is
no any scientific report. Therefore, this study were propose in investigate
phytochemical screening, anti-oxidant activity and a-glucosidase
inhibitory to for confirmed pharmaceutical preliminary.

MATERIALS AND METHODS
Collection of plant materials

The three plants in T] were collected from Kalasin Province, northeastern
Thailand. The specimens were identified and deposited at the Faculty
of Medicine, Mahasarakham University, Thailand (code; A. catechu:
MSU.MED-AC0001/SS, Tinospora crispa: MSUMED-TC0001/SS, and
A. indica: MED-AI0001/SS). All of the fresh materials were cleaned and
dried at 60°C for 48 h in a hot air oven and then powdered.
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Preparation of extracts

The AT] extracts were prepared by boiling with distilled water for 15 min
(1:10 w/v). The boiling process was repeated twice. The HET] and ETJ
extracts were macerated with 50% ethanol and 95% ethanol for 7 days
(1:4 w/v). The residue powder was excluded using filter papers. The
filtrate was evaporated using a rotary evaporator (Heidolph Laborota
4000, Germany) and freeze-dried to obtain a dark brown extract. The
extracts were kept in the fridge at -20°C until used.

Total phenolic content assay

Total phenolic content was determined according to a modified
procedure.*!) Sample (100 uL) will be oxidized with 500 uL of 0.2-N
Folin-Ciocalteu reagent and neutralized by adding 400 pL of 7.5%
Na,CO,. The absorbance was measured at 765 nm after mixing and
incubated in room temperature for 30 min. The results were expressed as
gallic acid equivalents (mgGE/gExt).

Total flavonoid content assay

Flavonoid content was estimated using the aluminum chloride
colorimetric method."? The extracts from recipe (100 pL) will be mixed
with 500 L of 2.5% NaNO,. After 5 min, 500 L of 5% AICL, (w/v)
was added. The mixture will be allowed to stand at room temperature
for 10 min. The solution was mixed with 2,000-uL distilled water. The
results were measured at 415 nm. The total flavonoid content (TFC) was
calculated from a standard quercetin equivalent (mgQE/gExt).

DPPH free radical scavenging activity
2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging capacities
of wheat extracts were estimated by the reduction of the reaction color
between DPPH solution and sample extracts as previously described by
prior method.”) DPPH was dissolved in ethanol to a 0.039 mg/mL. The
plant extract at various concentrations was diluted with distilled water
to get a sample solution. Then, 100 uL of the sample solution following
which 900 uL DPPH (0.1 mM) working solution. After a 30-min
reaction kept in the dark at ambient temperature, the absorbance of
the solution was measured at 515 nm. In this study, we will use Trolox
and ascorbic acid as standard substances. Blanks were run in each assay.
DPPH radical ability was expressed as IC, | (mg/mL) and the inhibition
percentage was calculated using the following formula: DPPH scavenging
activity (%) = (A,~A )/A, x 100 where A is the absorbance of the control
and A, is the absorbance of the sample.

2,2-azinobis-ethylbenzothiazoline-6-sulfonate
radical scavenging activity

The extract will be allowed to react with ABTS', a model stable-free
radical derived from 2,2-azinobis (3-ethylvenzothiazolin-6-sulphonic
acid) (ABTS") assay was performed.* The ABTS* (900 uL) was added
to the extracts (100 uL) and thoroughly mixed. The mixture was held
at room temperature for 6 min, and absorbance was immediately
measured at 734 nm. Trolox and ascorbic acid solution in 80% ethanol
was prepared and assayed under the same conditions. ABTS scavenging
ability was expressed as IC,, (mg/mL) and the inhibition percentage
was calculated using the following formula: ABTS scavenging
activity (%) = (A,—A,)/A, x 100 where A is the absorbance of the control
and A is the absorbance of the sample.

o-Glucosidase inhibitory activity

All extracts were tested for their ability in inhibiting o-glucosidase using
in vitro assay. The assay method was assessed using Dong et al. assay*”!
with slight modifications. Briefly, a volume of 60 UL of the sample
solution and 50 uL of 0.1-M phosphate buffer (pH 6.8) containing
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Figure 1: Phytochemical screening showed total phenolic compounds and total flavonoid contents of different extracts from Tri-Jannarose recipe. Total
phenoliccompoundswere measured with gallicacid equivalents (mgGE/gExt). Total flavonoid contents were measured with quercetin equivalent (mgQE/gExt).

Different letters indicated significantly different at P < 0.05

a-glucosidase solution (0.2 U/mL) was incubated in 96-well plates at
37°C for 20 min. After preincubation, 50 UL of 5-mM p-nitrophenyl-
a-D-glucopyranoside solution in 0.1-M phosphate buffer (pH 6.8) was
added to each well and incubated at 37°C for another 20 min. Then, the
reaction was stopped by adding 160 uL of 0.2-M Na,CO, into each well,
and absorbance were readings (A) and recorded at 405 nm by micro-plate
reader and compared to a control which had 60 uL of buffer solution in
place of the extract. The system without a-glucosidase was used as blank,
and acarbose was used as positive control. The o-glucosidase inhibitory
activity was expressed as inhibition (%) and was calculated as follows: %
inhibition = (A -A,)/A, x 100 where A is the absorbance of the control
and A is the absorbance of the sample. IC_| values were calculated by the
graphic method.

Statistical analysis

All assays were expressed as mean + standard error of mean from three
separate experiments (n = 3). Statistical analysis was carried out using
one-way analysis of variance followed by Duncan’s multiple range tests.
Differences at P < 0.05 were considered to be significant.

RESULTS

Total phenolic compounds and total flavonoid
contents

Phytochemical screening showed that ETJ had both total phenolic
compound (TPC) and TFC higher than different extracts. The TPC
found that 95% ethanolic extract (865.15 + 5.570 mgGE/gExt) was
higher than hydroethanolic and aqueous extracts (573.44 + 7.590 and
51.15 + 0.421 mgGE/gExt, respectively). Moreover, TFC from 95%
ethanol extract had still more content (0.0221+2.623 mgQE/gExt) than
hydro ethanolic and aqueous extracts (0.0046+3.299 and 0.0002+2.857
mgQE/gExt, respectively) [Figure 1].

Antioxidant activities

DPPH-free radical scavenging activity

In this study, standard substances, ascorbic acid, and Trolox were shown
to be more potent than all the extracts of T]. The ETJ (IC_, = 0.0463 +
0.002) was exerted on free radical scavenging activity higher than HETJ
and AT]J (IC,, =0.0511 + 0.000, 0.1485 + 0.005 mg/mL, respectively)
[Figure 2].

2,2-azinobis-(3-ethylbenzothiazoline-6-sulfonate) radical
scavenging activity
Surprisingly, using ABTS* assay, ET] (IC_ = 0.015 + 0.000 mg/mL) and
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Figure 2: Antioxidant activities showed IC,; of different extracts
from  Tri-Jannarose recipe. DPPH radical scavenging and
2,2-azinobis-(3-ethylbenzothiazoline-6-sulfonate) assay were used
Trolox® and ascorbic acid as standard substances. Different letters
indicated significantly different at P < 0.05

HET]J (IC,, = 0.022 + 0.000 mg/mL) showed the highest effect on free
radical scavenging activity than the standard controls, ascorbic acid
(IC,, = 0.025 + 0.001 mg/mL), and Trolox (IC,, = 0.032 + 0.001 mg/mL)
[Figure 2].

o-Glucosidase inhibitory activity

In this experiment, a-glucosidase inhibitory activity found that
the extract of T] including ATJ (IC,, = 0.0127 + 0.02 mg/mL), ET]
(IC,, = 0.0154 £ 0.01 mg/mL) and ETJ (IC,, = 0.0202 + 0.01 mg/mL)
were more effect to inhibit a-glucosidase emzyme than acarbose (IC
=0.745 + 0.026 mg/mL) as a positive control [Figure 3].

DISCUSSION

In the study, extraction method, solvent polarity is frequently used
for recovering phenolic compounds from plant. Ethanol is an organic
solvent which has been known as a good solvent for phenolic substance
extraction and lowly hazard to human consumption."*® The aqueous an
organic solution with show high polarity. Thus, the chemical composition
on aqueous extraction method were composed with polysaccharide,
proteins and glycoside substances. The aqueous extraction may either
contain nonphenolic or possess phenolic compounds that contain a
smaller number of active groups than the other solvents."”

Pharmacognosy Research, Volume 11, Issue 2, April-June, 2019
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Figure 3: o-Glucosidase inhibitory activity showed IC,, of different
extracts from Tri-Jannarose recipe. The system was used Acarbose® as
a positive control. Different letters indicated significantly different at
P <0.05

The antioxidant activity in the experiment found that the extraction by
using by 95% ethanol provided high significantly free radical scavenging
both DPPH and ABTS* methods cause the solvent extraction showed
the high amounts of TPC and TFC. It is clear that 95% ethanol extract
gave the strong antioxidant capacity in the study which showed low
values of IC, .***! The antioxidant activity of extracts varied depending
on the polarity of solvent and the method used to extract bioactive
compounds. Change in solvent polarity alters its ability to dissolve a
selected group of antioxidant compounds and influences the antioxidant
activity estimation."” The antioxidant activity could be of therapeutic
importance in preventing oxidative stress involved in the development
of several diseases.*” There has been some report regarding antioxidant
activity components in root bark of A. indica that the plant ingredients
compost with flavonoid, quercetin might play a role in the antioxidant
activity.*"

In this study, the o-glucosidase inhibitory activity was obtained
stronger than the positive control, acarbose. Any scientific report
review that T crispa as a plant in the recipe were composed with some
alkaloids such as borapetoside C, lysicamine and liriodenine.® They
showed strong inhibitory activity against o-glucosidase. A number
of alkaloids from natural sources have been proven efficacious in
curing various ailments. The alkaloids are several examples which
are useful in beneficial treatment of diabetes.*” However, could be
linked to more than one mechanism including insulin sensitizing,
insulin releasing, gluconeogenesis inhibition and a-glucosidase
inhibition.®® The effect of phytomedicines can be better evaluated
by studying synergistic effects through multitarget effects or effects
on pharmacokinetic or physicochemical properties. Thus, it is
worthwhile to evaluate further the effective components of isolated
compounds in vivo rather than make a conclusion based on enzyme
inhibition assay only."”

CONCLUSION

TJ is a Thai traditional medicine ingredient with phenolic compound
and flavonoid contents. The recipes were potent antioxidant and
a-glucosidase inhibitory activities. Furthermore, isolation and active
compound(s) were evaluated. The pharmaceutical preliminary was
confirmed usage indication in Thai traditional medicine. However, any
sign or symptoms were clarified in next study.

Pharmacognosy Research, Volume 11, Issue 2, April-June, 2019

Acknowledgement

The study was supported by Faculty of Medicine, Mahasarakham
University, Maha sarakham, Thailand.

Financial support and sponsorship

The study was partially financially supported by the Faculty of Medicine,
Mahasarakham University, Maha Sarakham, Thailand.

Conflicts of interest

There are no conflicts of interest.

REFERENCES

1. Wuthi W. Thai Traditional Medicine: Revised Edition. Bangkok, Thailand: OS
Printing House; 1997.

2. Williams S, Malik A, Chowdhury S, Chauhan S. Sociocultural aspects of Areca
nut use. Addict Biol 2002;7:147-54.

3. Liu DL, Wang XY, Yang B, Zhnag H. Review of pharmacological effects and
toxicological information of arecae semen. Zhongguo Zhong Yao Za Zhi
2013;38:2273-5.

4. Amudhan S, Hazeena Begum V, Hebbar KB. A review on phytochemical and
pharmacological potential of Areca catechu L. seed. Int J Pharm Sci Res
2012;3:4151-7.

5. Ahn BY. Free radical scavenging effect of ethanol extract from Areca catechu.
J Korean Soc Appl Biol Chem 2009;52:92-5.

6. Khan S, Mehmood MH, Ali AN, Ahmed FS, Dar A, Gilani AH. Studies
on anti-inflammatory and analgesic activities of betel nut in rodents.
J Ethnopharmacol 2011;135:654-61.

Bhandare AM, Kshirsagar AD, Vyawahare NS, Hadambar AA, Thorve VS.

Potential analgesic, anti-inflammatory and antioxidant activities of hydroalcoholic

extract of Areca catechu L. Nut. Food Chem Toxicol 2010;48:3412-7.

8. Zhang LN, Yang YM, Xu ZR, Gui QF Hu QQ. Chewing substances with or
without tobacco and risk of cardiovascular disease in Asia: A meta-analysis.
J Zhejiang Univ Sci B 2010;11:681-9.

9. Hamsar MN, Ismail S, Mordi MN, Ramanathan S, Mansor SM. Antioxidant

activity and the effect of different parts of Areca catechu extracts on

glutathione-S-transferase activity in vitro. Free Radic Antioxid 2011;1:28-33.

10. Huang PL, Chi CW, Liu TY. Areca nut procyanidins ameliorate
streptozocin-induced hyperglycemia by regulating gluconeogenesis. Food
Chem Toxicol 2013;55:137-43.

11. Ghate R, Patil VR Hugar S, Matha NH, Kalyane NV. Antihyperglycemic activity of
Areca catechu flowers. Asian Pac J Trop Dis 2014,;4:148-52.

12. Lee KK, Choi JD. The effects of Areca catechu L extract on anti-inflammation
and anti-melanogenesis. Int J Cosmet Sci 1999;21:275-84.

13. Byun SJ, Kim HS, Jeon SM, Park YB, Choi MS. Supplementation of Areca
catechu L. Extract alters triglyceride absorption and cholesterol metabolism in
rats. Ann Nutr Metab 2001;45:279-84.

14. Jeon SM, Kim HS, Lee TG, Ryu SH, Suh PG, Byun SJ, et al. Lower absorption
of cholesteryl oleate in rats supplemented with Areca catechu L. Extract. Ann
Nutr Metab 2000;44:170-6.

15. Park YB, Jeon SM, Byun SJ, Kim HS, Choi MS. Absorption of intestinal free
cholesterol is lowered by supplementation of Areca catechu L. Extract in rats.
Life Sci 2002;70:1849-59.

16. Azeez S, Amudhan S, Adiga S, Rao N, Udupa AL. Wound healing profile of
Areca catechu extracts on different wound models in Wistar rats. Kuwait Med
J 2007;39:48-52.

17 Lodge D, Johnston GA, Curtis DR, Brand SJ. Effects of the Areca nut
constituents arecaidine and guvacine on the action of GABA in the cat central
nervous system. Brain Res 1977,136:513-22.

18. Govindachari TR, Suresh G, Gopalakrishnan G, Banumathy B, Masilamani S.
Identification of antifungal compounds from the seed oil of Azadirachta indica,
Phytoparasitica 1998;26:109-16.

19. Singh N, Sastry MS. Antimicrobial activity of Neem oil. Indian J Pharmacol
1997;13:102-6.

20. Kher A, Chaurasia SC. Antifungal activity of essential oils of three medical
plants. Indian Drugs 1997;15:41-2.

21. Sultana B, Anwar F, Przybylski R. Antioxidant activity of phenolic components
present in barks of Azadirachta indica, Terminalia arjuna, Acacia nilotica and
Eugenia jambolana Lam. Trees. Food Chem 2007;104:1106-14.

22. Ebong PE, Atangwho IJ, Eyong EU, Egbung GE. The antidiabetic efficacy of
combined extracts from two continental plants: Azadirachta indica (A. Juss)
(Neem) and Vernonia amygdalina (Del.) (African Bitter Leaf). Am J Biochem

~

113



LADACHART TAEPONGSORAT and AMPA KONSUE: Biological Screening of Tri-Jannarose Recipe

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37

38.

39.

40.

Biotechnol 2008;4:239-44.

Paul R, Prasad M, Sah NK. Anticancer biology of Azadirachta indica L (Neem):
A mini review. Cancer Biol Ther 2011;12:467-76.

Abood WN, Fahmi |, Abdulla MA, Ismail S. Immunomodulatory effect of an
isolated fraction from Tinospora crispa on intracellular expression of INFy, -6
and I:8. BMC Complement Altern Med 2014;14:205.

Kamarazaman IS, Amorn Z, Ali RM. Inhibitory properties of Tinospora crispa
extracts on TNF — A induced inflammation on human umbilical vei nendothelial
cells (HUVECS). Int J Trop Med 2012;7:24-9.

Hipol RL, Cariaga MF, Hipol RM. Anti-inflammatory activities of the aqueous
extract of the stem of Tinospora crispa (Family Menispermaceae). J Nat Stud
2012;11:88-95.

Yusoff M, Hamid H, Houghton P Anticholinesterase inhibitory activity of
quaternary alkaloids from Tinospora crispa. Molecules 2014;19:1201-11.

Zakaria ZA, MatJais AM, Henie EF Zaiton H, Somchit MN, Sulaiman MR,
et al. The in vitro antibacterial activity of Tinospora crispa extracts. J Biol Sci
2006;6:398-401.

Mohamad S, Zin NM, Wahab HA, Ibrahim F Sulaiman SF, Zahariluddin AS, et al.
Antituberculosis potential of some ethnobotanically selected Malaysian plants.
J Ethnopharmacol 2011;133:1021-6.

Zakaria ZA, MatJais AM, Henie EF, Zaiton H, Somchit MN, Sulaiman MR,
et al. The in vitro antibacterial activity of Tinospora crispa extracts. J Biol Sci
2006,6:398-401.

Chittur MA, Gunjan M. Antimicrobial activity of Tinospora crispa root extracts.
Int J Res Ayurveda Pharm 2012;3:417-9.

Haque AM, Islam ASM, Shahriar M. Antimicrobial, cyto toxicity and antioxidant
activity of Tinospora crispa. J Pharm Biomed Sci 2011;13:1-4.

Al-alusi NT, Kadir FA, Ismail S, Abdullah M. In vitro interaction of combinedplants:
Tinospora crispa and Swietenia mahagoni against methicillinresi. Afr J Microbiol
Res 2010;4:2309-12.

Merawin LT, Arifah AK, Sani RA, Somchit MN, Zuraini A, Ganabadi S, et al.
Screening of microfilaricidal effects of plant extracts against Dirofilaria immitis.
Res Vet Sci 2010;88:142-7.

Zulkhairi A Jr., Abdah MA, M Kamal NH, Nursakinah I, Moklas MA, Hasnah B,
et al. Biological properties of Tinospora crispa (Akar Patawali) and its
antiproliferative activities on selected human cancer cell lines. Malays J Nutr
2008;14:173-87.

Froemming G. Anti-proliperative and antioxidant effects of Tinospora crispa
(Batawali). Biomed Res 2011;22:57-62.

Hamid HA, Yusoff MM, Liu M., Karim MR. o-Glucosidase and o-amylase
inhibitory constituents of Tinospora crispa: Isolation and chemical profile
confirmation by ultra-high performance liquid chromatography-quadrupole
time-of-flight/mass spectrometry. J Funct Foods 2015;16:74-80.

Nimse SB, Pal D. Free radicals, natural antioxidants, and their reaction
mechanisms. The royal society of chemistry. RSC Adv 2015;5:27986-8006.
White PA, Oliveira RC, Oliveira AR Serafini MR, Aratjo AA, Gelain DR, et al.
Antioxidant activity and mechanisms of action of natural compounds isolated
from lichens: A systematic review. Molecules 2014;19:14496-527.

Tundis R, Loizzo MR, Menichini F Natural products as alpha-amylase and
alpha-glucosidase inhibitors and their hypoglycaemic potential in the treatment

114

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57

of diabetes: An update. Mini Rev Med Chem 2010;10:315-31.

Singleton VL, Orthofer R, Lamuela-Raventos RM. Analysis of total phenols and
other oxidation substrates and antioxidants by means of folin-ciocalteu reagent.
Methods Enzymol 1999;299:152-78.

Chang C, Yang M, Wen H, Chern J. Estimation of total flavonoid content in
propolis by two complementary colorimetric methods. J Food Drug Anal
2002;10:178-82.

Ursini F Maiorino M, Morazzoni B Roveri A, Pifferi G. A novel antioxidant
flavonoid (IdB 1031) affecting molecular mechanisms of cellular activation. Free
Radic Biol Med 1994;16:547-53.

Hua Long L, Halliwell B. Oxidation and generation of hydrogen peroxide by
thiol compounds in commonly used cell culture media. Biochem Biophys Res
Commun 2001;286:991-4.

Dong HQ, Li M, Zhu F, Liu FL, Huang JB. Inhibitory potential of trilobatin from
Lithocarpus polystachyus Rehd against a-glucosidase and o-amylase linked to
type 2 diabetes. Food Chem 2012;130:261-6.

Dai J, Mumper RJ. Plant phenolics: Extraction, analysis and their antioxidant
and anticancer properties. Molecules 2010;15:7313-52.

Do QD, Angkawijaya AE, Tran-Nguyen PL, Huynh LH, Soetaredjo FE, Ismadiji S,
et al. Effect of extraction solvent on total phenol content, total flavonoid
content, and antioxidant activity of Limnophila aromatica. J Food Drug Anal
2014;22:296-302.

Saghizadeh M, Ong JM, Garvey WT, Henry RR, Kern PA. The expression of
TNF alpha by human muscle. Relationship to insulin resistance. J Clin Invest
1996;97:1111-6.

Maritim AC, Sanders RA, Watkins JB 3. Diabetes, oxidative stress, and
antioxidants: A review. J Biochem Mol Toxicol 2003;17:24-38.

Shargorodsky M, Debby O, Matas Z, Zimlichman R. Effect of long-term
treatment with antioxidants (Vitamin C, Vitamin E, coenzyme Q10 and
selenium) on arterial compliance, humoral factors and inflammatory markers
in patients with multiple cardiovascular risk factors. Nutr Metab (Lond)
2010;7:55.

Sabu MC, Kuttan R. Anti-diabetic activity of medicinal plants and its relationship
with their antioxidant property. J Ethnopharmacol 2002;81:155-60.

Zhou K andYu L. Effects of extraction solvent on wheat bran antioxidant activity
estimation. Lebennsmitt Wiss Technol 2004;37:717-21.

Hamid HA, Yusoff MM, Liu M, Karim MR. a-Glucosidase and a-amylase
inhibitory constituents of Tinospora crispa: Isolation and chemical profile
confirmation by ultra-high performance liquid chromatography-quadrupole
time-of-flight/mass spectrometry. J Funct Foods 2015;16:74-80.

Patel MB, Mishra S. Hypoglycemic activity of alkaloidal fraction of Tinospora
cordifolia. Phytomedicine 2011;18:1045-52.

Noor H, Ashcroft SJ. Antidiabetic effects of Tinospora crispa in rats.
J Ethnopharmacol 1989;27:149-61.

Davis SN, Granner DK. Insulin, oral hypoglycemic agents and the pharmacology
of the endocrine pancreas. In: Hardman JG, Limbird LE, Gilman AG, editors.
Goodman and Gilman’'s the Pharmacological Basis of Therapeutics. 10" ed.
New York: McGraw Hill Professional; 2001. p. 1701-7.

Wagner H, Ulrich-Merzenich G. Synergy research: Approaching a new
generation of phytopharmaceuticals. Phytomedicine 2009;16:97-110.

Pharmacognosy Research, Volume 11, Issue 2, April-June, 2019



