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Antioxidant and Free Radical Scavenging Activities of Terminalia chebula
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Free radicals react with biological molecules and destroy the structure of cells, which eventually causes free-
radical induced disease such as cancer, renal failure, aging, ezc. In this study, 6 extracts and 4 pure compounds of
Terminalia chebula Retz. were investigated for anti-lipid peroxidation, anti-superoxide radical formation and
free radical scavenging activities. The superoxide radical scavenging of the 4 pure compounds was further evalu-
ated using electron spin resonance (ESR) spectrometry. The results showed that all tested extracts and pure com-
pounds of 7. chebula exhibited antioxidant activity at different magnitudes of potency. The antioxidant activity of
each pure compound was derived from different pathways and was suggested to be specific.
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Free radicals have been regarded as a fundamental cause
of different kinds of diseases. They cause biochemical dam-
age in cells and tissues, which result in several diseases such
as arteriosclerosis, ischemia-reperfusion injury, liver disease,
diabetes mellitus, inflammation, renal failure, aging, cancer,
etc."” Compounds that can scavenge free radicals are thus
effective in ameliorating the progress of these related dis-
eases.

Terminalia chebula ReTz. (Combretaceae), a native plant
in India and Southeast Asia, is extensively cultivated in Tai-
wan. Its dried ripe fruit, also called as medicinal terminalia
fruit, has traditionally been used to treat various ailments in
Asia.? In Myanmar, medicinal terminalia fruit is used as a
laxative and tonic agent. In China, it is applied as a carmina-
tive, deobstruent, astringent and expectorant agent, and also
as a remedy for salivating and heartburn. In Indo-China, it is
regarded as a purgative agent. In Malaysia, medicinal termi-
nalia fruit is believed to exhibit anti-diarrheic, styptic, anti-
bilious and anti-dysenteric activities.

T chebula has been reported to exhibit a variety of biolog-
ical activity, including anticancer,” antidiabetic,” antimuta-
genic,*” antibacterial,¥ antifungal,” and antiviral'®—'? activ-
ities, etc. Its methanol and acetone extracts have shown an-
tioxidant activity.>'® However no antioxidant activity of ca-
suarinin, chebulanin, chebulinic acid or 1,6-di-O-galloyl-f-
p-glucose, isolated and purified from 7. chebula, had been re-
ported. This is the first report on the antioxidant activity of
pure compounds from 7. chebula.

Oxidation is believed to be involved in the early stages of
carcinogenesis."¥ Compounds that can scavenge excessive
free radicals in the body are suggested to hinder the process
of carcinogenesis. Since 7. chebula and chebulinic acid has
been reported to exhibit anticancer activity,” we were thus
interested in studying the antioxidant effect of 7. chebula and
its pure compounds. In this study, 6 extracts and 4 pure com-
pounds of T chebula were evaluated for anti-lipid peroxida-
tion, anti-superoxide radical formation and free radical scav-
enging activities. The superoxide radical scavenging of the 4
pure compounds was further investigated using electron spin
resonance (ESR) spectrometry.
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MATERIALS AND METHODS

Plant Material The dried and matured fruits of T
chebula were collected from the southern market of Taiwan.
These were identified and confirmed with anatomical and
morphological techniques by Prof. Chun-Ching Lin (Gradu-
ate Institute of Natural Products, College of Pharmacy,
Kaohsiung Medical University, Kaohsiung, Taiwan). A
voucher specimen was deposited at the Herbarium of the
Graduate Institute of Natural Products of Kaohsiung Medical
University, Kaohsiung, Taiwan.

Preparation of Samples Four hundred grams dried and
ripe fruits of T chebula were hammered into small pieces,
followed by extraction with 11 of MeOH for 24 h. The ex-
tract was then filtered and collected. The residual was ex-
tracted again with another 11 of MeOH for another 24 h. The
same procedure was repeated two times. The collected
MeOH extracts were then combined, concentrated under re-
duced pressure, and lyophilized until dry. The final yield of
MeOH extract was 200g. Among the 200 g of lyophilized
MeOH extract, 100 g were resuspended in 500 ml H,O. This
was then extracted successively with 500 ml CHCIl;, 500 ml
EtOAc and 500 ml »-BuOH. The residual solvent, which in-
cludes a H,O layer and an emulsion layer, was collected and
identified as organic aqueous fraction. The solvent of each
extract was then removed under reduced pressure, and the re-
sulting extracts were subsequently lyophilized to dry. The
final yield of CHCL,, EtOAc, n-BuOH and organic aqueous
extracts was 2.3, 36.4, 3.6 and 1.4 g, respectively.

On the other hand, another 600 g dried and ripe fruits of 7.
chebula were hammered into small pieces, then extracted
with 11 of warm H,O for 24 h. The same procedure was re-
peated another two times. The extracts were then combined,
concentrated under reduced pressure, and finally lyophilized
to dry. The final yield of the water extracts was 237.0 g.

Besides the extracts, casuarinin, chebulanin, chebulinic
acid and 1,6-di-O-galloyl-f-p-glucose, isolated from 7
chebula, were also tested in this study. These pure com-
pounds were isolated and their structures were identified as
described previously.'”” The structures of these pure com-
pounds are shown in Fig. 1.

Chemicals 1(+)-Ascorbic thiobarbituric acid

acid,
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Fig. 1. Structure of Pure Compounds Isolated from 7. chebula

(TBA), sodium dodecyl sulfate (SDS), cytochrome C, allop-
urinol, trolox, hypoxanthine, ethylenediaminetetraacetic acid
(EDTA), diethylenetriamine pentaacetic acid (DETAPAC)
and xanthine were purchased from Sigma Chemical Co.
(U.S.A.). Anhydrous iron(II) chloride was purchased from
Wako Pure Chemical Ind., Ltd. (Japan). KH,PO, was pur-
chased from Ferak Chemical Co. (Germany). 5,5-Dimethyl-
I-pyrroline N-oxide (DMPO) and xanthine oxidase were
purchased from Labotec Co., Ltd. (Tokyo, Japan) and
Bochringer Mannheim, respectively.

Test Animals Male Wistar Albion rats, 4—6 weeks old,
were purchased from the National Laboratory Animal Breed-
ing and Research Center of the National Science Council of
Taiwan. They were housed in an air-conditional room with
the environment maintained at 22+3°C in temperature,
55*+5% in humidity, and a 12h dark-light cycle. The rats
were fed with a standard laboratory diet and were allowed ac-
cess to tap water ad libitum.

Preparation of Liver Homogenate Liver homogenate
was prepared according to the method of Masaol et al.'®
with minor modification. Rats weighing between 180 to
230 g were sacrificed. The liver was quickly removed and cut
into pieces. The liver sample was then homogenized in
150mm Tris—HCl (pH 7.2) with a disperser (Ultra-Turrax
T25, IKA-Labortechnik) at 20500Xg for 3 min to give a
20% (w/v) liver homogenate. The liver homogenate was fur-
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ther centrifuged at 500Xg for another 10min. The super-
natant of liver homogenate was collected, and the amount of
protein was determined using a DC™ Protein Assay kit (Bio-
Rad) according to the protocols recommended by the manu-
facturer.

Anti-lipid Peroxidation Assay The anti-lipid peroxida-
tion activity of extracts and pure compounds from 7. chebula
was evaluated according to the previously described proce-
dures.'”'™ Briefly, a reaction mixture contained 250 ul of rat
liver homogenate (50 mg of protein), 100 ul of Tris—HCI
buffer (pH 7.2), 50 ul of 0.1 mm ascorbic acid, 50 ul of 4 mm
FeCl,, and then 50 ul of tested extract was mixed in a capped
tube and incubated at 37 °C for 1h. After incubation, 500 ul
of 0.1~ HCI, 200 ul of 9.8% SDS, 900 ul de-ionized water
and 2 ml of 0.6% TBA was successively added. The mixture
was vigorously shaken before it was placed into a boiling
water bath (95°C) for 30 min. After cooling, 5ml n-BuOH
was added. The mixture was then centrifuged at 1000Xg at a
temperature of 25 °C for 25 min to remove flocculent precipi-
tate. The lipid peroxide concentration was determined by
MDA-TBA adduct (completion of malondialdehyde with
thiobarbituric acid) at 532 nm using a Hitachi U-2000 spec-
trophotometer. The concentration of the extracts and pure
compounds of 7. chebula that inhibited the production of
50% lipid peroxide (ICs,) was calculated as previously de-
scribed.!”

Anti-superoxide Formation Assay The anti-superoxide
formation activity of 7. chebula was evaluated by spec-
trophotometric measurement of the formation of uric acid
from the xanthine/xanthine oxidase system.?*?" The samples
were first dissolved with DMSO, then diluted to the desired
concentration with 50mm of KH,PO, (pH=7.8) solution.
50 ul of the sample solution, 400 ul of 0.1 mm xanthine in
50mwm of KH,PO, (pH=7.8) solution, and 530 ul of de-ion-
ized H,O were added into the tube. The mixture was vigor-
ously shaken. 20 ul of 1 unit xanthine oxidase solution in
1 ml of de-ionized H,O was then added. After vigorous mix-
ing, the solution was screened for 2 min at 295 nm. The ICs,
of each sample was calculated from the regression line.

Free Radical Scavenging Activity Assay Free radical
scavenging activity was assayed spectrophotometrically by
the cytochrome C reduction method as described by McCord
and Fridovich® and Yu et al.* When xanthine oxidase con-
verts xanthine to uric acid, the superoxide anion produced
would reduce ferricytochrome C to ferrocytochrome C. Since
ferrocytochrome C shows a maximum absorption at 550 nm,
the amount of superoxide anion can be evaluated indirectly
by spectrophotometric measurement of ferrocytochrome C.
Therefore, the superoxide anion scavenging activity of 7.
chebula can be evaluated using the cytochrome C reduction
method. Samples were dissolved in DMSO and diluted to de-
sired concentrations with 50 mm of KH,PO, (pH=7.8) solu-
tion. Fifty microliters of sample solution, 400 ul of working
solution (prepared by mixing 20 ml of 0.1 mm xanthine, 1 ml
of 0.1 mm cytochrome C, 1 ml of 0.1 mm EDTA and 1 ml of
50mm KH,PO, together), 530 ul of de-ionized H,O and
20 ul of 1 unit xanthine oxidase solution (1 unit of xanthine
oxidase in 1 ml of de-ionized H,0) were mixed vigorously
and then screened for 70's at 550 nm. The IC,, of each sam-
ple was calculated from the regression line.'”

Superoxide Anion Scavenging Activity Assay in ESR
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The superoxide radical scavenging activity of 7. chebula was
also evaluated using electron spin resonance (ESR) spec-
trometry. Superoxide radical was generated from the hypox-
anthine—xanthine oxidase reaction system and then trapped
by DMPO. The product, a spin adduct (DMPO-OOH), was
analyzed using an ESR spectrometer.?* 2 Solutions of
2.0 mm hypoxanthine/PBS (A), 5.5 mm DETAPAC (B), vari-
ous concentrations of tested extracts or superoxide dismutase
(SOD) (C) and 0.4 unit/ml of xanthine oxidase/PBS (D) were
prepared before use. Solution D was stored in an ice bath to
prevent any inactivation of the enzyme. 50 ul of A, 35 ul of
B, 50 ul of C and 15 ul of DMPO were transferred into a test
tube. Fifty microliters of D were then added to the mixed so-
lution to produce DMPO-OOH.

The reaction mixture that was prepared to generate
DMPO-OOH was stirred and then transferred into a quartz-
analyzing cell. It was later placed into the cavity of an ESR
spectrometer (JEOL-JES-FR80, JEOL Ltd., Tokyo, Japan).
Forty seconds after the addition of xanthine oxidase, the re-
action mixture was analyzed and the relative intensity of the
spin adduct (DMPO-OOH) signal was calculated as the ratio
of the intensity signal of the radical to that of Mn**. ESR
spectra were recorded at 37 °C with the field set at 335.4=*
5.0 mT, modulation frequency at 100 kHz, modulation ampli-
tude at 0.79X0.1 mT, responding time for 0.1s, sweeping
time for 2 min, microwave power at 8.0 mW (9.416 GHz),
and receiver gain at 2X100.

RESULTS

The anti-lipid peroxidation, anti-superoxide formation and
free radical scavenging activities of 6 extracts and 4 pure
compounds of T chebula were evaluated, and the results are
summarized in Table 1. The results showed that all tested ex-
tracts and pure compounds possessed anti-lipid peroxidation
activity at several levels. The ICj, values of all tested com-
pounds, except casuarinin, were lower than 9.00 mg/ml. Ca-
suarinin was considered to exhibit weak anti-lipid peroxida-
tion activity when compared with the other tested com-
pounds. The ICy; value of casuarinin was 29.67 mg/ml, 13-
fold higher than trolox, a reference compound.

When tested for anti-superoxide radical formation activity,
all of the tested extracts and pure compounds had ICs, values
in the range of 0.04—2.42 mg/ml. The noteworthy compound
was chebulanin. Chebulanin had an IC;;, value of 0.04 mg/ml.
This IC,, value was lower than that of allopurinol, a refer-
ence compound. On the other hand, organic aqueous extract,
casuarinin, chebulinic acid and 1,6-di-O-galloyl--p-glucose
exhibited weak anti-superoxide radical formation activity,
with IC;, values at least 15-fold higher than that of allopuri-
nol.

Besides the anti-lipid peroxidation and anti-superoxide
formation activities, 7. chebula was also investigated for its
free radical scavenging activity. Results showed that chebu-
linic acid had the strongest free radical scavenging activity
among the tested extracts and pure compounds. The ICs,
value of chebulinic acid was 0.002 mg/ml. Other tested sam-
ples, including, MeOH, CHCl,;, EtOAc, n-butanol, water ex-
tracts and casuarinin, were also concluded to possess free
radical scavenging activity with ICy, values in the range of
0.004—0.009 mg/ml. The free radical scavenging activity of
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Table 1. Anti-lipid Peroxidation, Anti-superoxide Radical Formation, and
Free Radical Scavenging Activities of 7 chebula in Vitro

ICs, (mg/ml)”

Extracts and pure Anti-superoxide

Anti-lipid . Free radical
compounds A radical .
peroxidation . scavenging
.. formation L
activity .. activity
activity
MeOH extract 4.44 0.48 0.005
CHCI, extract 5.39 0.55 0.006
EtOAc extract 4.05 0.50 0.004
n-Butanol extract 4.35 0.88 0.008
Organic aqueous extract 8.97 242 0.021
Water extract 4.80 0.73 0.009
Casuarinin 29.67 1.06 0.006
Chebulanin 3.96 0.04 0.031
Chebulinic acid 7.27 1.17 0.002
1,6-Di-O-galloyl--p- ND? 1.30 0.161
glucose
Allopurinol ND? 0.06 ND?
Trolox 2.14 ND” ND”

a) Each value represents the mean of six tests. ) ND=Not done.

Table 2. Superoxide Radical Scavenging Activity of 7. chebula in ESR
Sample? IC, (mg/ml)?
Casuarinin 2.82X1073
Chebulanin 19.63x107°
Chebulinic acid 18.81x1073
1,6-Di-O-galloyl-B-p-glucose 9.03x107*

a) The experimental concentrations of casuarinin, chebulanin, chebulinic acid and
1,6-di-O-galloyl--p-glucose were 5.93X 1075, 4.70X107°, 4.50%107°, and 2.00X
107 g/ml, respectively. 5) A linear calibration curve (y=0.235x—0.062) was estab-
lished using a standard SOD solution, and the superoxide radical scavenging activity of
T. chebula was calculated as described in the text. The ICy, indicates the amount of test
sample that caused 50% inhibition of the ESR signal intensity of DMPO-OOH.

organic aqueous extract and chebulanin was moderate, and
that of 1,6-di-O-galloyl-B-p-glucose was weak.

The antioxidant activity of pure compounds of 7. chebula
was further evaluated by the ESR spin-trapping technique, a
powerful tool in investigating superoxide radical scavenging
activity. When DMPO was added to a solution of the hypox-
anthine-xanthine oxidase reaction system, the spin adduct
DMPO-OOH was formed. The relative peak height, the ratio
of the peak height of radical/Mn?*, was calculated. It was ob-
served that the signal intensity of DMPO-OOH was de-
creased with the addition of SOD in a dose-dependent man-
ner. This is because SOD can inhibit the reaction between
O;" and DMPO. The linear calibration curve (y=0.235x—
0.062) was then established according to the relative peak in-
tensities of radical/Mn®* using a standard SOD solution
(0.00—18.83 units/ml in concentration). When pure com-
pounds of 7' chebula were added into the hypoxanthine—xan-
thine oxidase reaction system, the signal intensity of DMPO-
OOH was recorded. The superoxide radical scavenging activ-
ity of T. chebula was calculated by comparison of the average
relative peak height between 7. chebula and standard SOD.
Our results show that all tested pure compounds exhibited
the inhibition of DMPO-OOH signal intensities (Table 2, Fig.
2). The strength of superoxide radical scavenging activity
was in the order of casuarinin>1,6-di-O-galloyl-3-p-
glucose>chebulinic acid>chebulanin, with the IC;, values
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DMPO-OCH adduct

0 unit/m! SOD 9.42 unit/ml SOD

5.93 pg/l Casuarinin

47.00 pg/l Chebulanin

A A

45.00 pg/l Chebulinic acid 20.00 pg/i 1, 6-di-O-galloyl- £ -D-glucose

Fig. 2. The Inhibitory Effect of SOD and Pure Compounds Isolated from
T. chebula on ESR Signals of Superoxide Radical

0f2.82,9.03, 18.81 and 19.63 ug/ml, respectively.
DISCUSSION

Reactive oxygen species (ROS) such as superoxide radi-
cals, hydroxyl radicals, iron-oxygen complexes, hydrogen
peroxide and lipid peroxides are generated by several oxida-
tive reactions.'® Although ROS can help the immune system
clean out extrusive microorganisms, excessive ROS can also
react with biological molecules such as DNA, proteins and
phospholipids, and eventually cause oxidative damage in tis-
sue and free radical-related diseases such as inflammation,
heart disease, diabetes, gout, cancer, etc.’” For aerobic or-
ganisms, the major system of defense against oxidative dam-
age is the use of “antioxidant” enzymes to convert excessive
ROS into non-toxic compounds. An imbalance between the
amount of ROS and ‘antioxidant’ enzymes is a problem for
our health. This is why the daily intake of foods with antioxi-
dant activity is necessary.?*?

T chebula is a medicinal plant traditionally used in South-
east Asia, India, China and Taiwan. It has been used to treat
different ailments for a long time. There is a belief that the
causation and progression of some of these ailments, in some
ways, are related to damage caused by ROS. For example,
oxidants have been considered to be involved in the early
stages of carcinogenesis,'? whereas oxygen free radicals
have played an important role in the development of the
long-term complications of diabetes.*® Although the intake
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of antioxidants may not completely cure the disorders, it can
reduce the oxidative stress in our body and consequently
ameliorate the progress of related diseases.

In this study, 6 extracts and 4 pure compounds of T
chebula were evaluated for their antioxidant activity. All of
them were demonstrated to exhibit antioxidant activity at dif-
ferent magnitudes of potency. Recently, many biological ac-
tivities of 7. chebula, such as anticancer,” antidiabetic,” an-
timutagenic,®” antibacterial,® antifungal,” and antiviral'®—'?
activities, efc. have been reported in the literature. These bio-
logical activities, in some terms, may be partially related to
antioxidant activity. For example, the antioxidant activity of
the methanolic extract of 7. chebula has been suggested to
play a role in the relief of long-term complications in dia-
betic rats by reducing the oxidative stress.” Also, the antimu-
tagenic and anticancer activities of 7 chebula may account
for its antioxidant activity because antioxidant agents can
hinder the process of carcinogenesis.'” Since the intake of
free radical scavengers will improve the survival rate of in-
fluenza-infected mice,*” the antiviral activity of T chebula
was thus possibly related to its antioxidant activity, too.

When evaluated for antioxidant activity, an interesting re-
sult was observed among the tested pure compounds. It was
found that tested pure compounds, in some terms, were spe-
cific in their antioxidant activity. For example, although ca-
suarinin was active in scavenging free radicals, its anti-super-
oxide formation and anti-lipid peroxidation activities were
moderate or weak. For chebulanin, the inhibitory effects on
the peroxidation of lipids and the formation of superoxide
radicals were more significant than that on the scavenging of
free radicals. Also, it was considered that the antioxidant ac-
tivity of chebulinic acid was primarily derived from its free
radical scavenging activity than by anti-superoxide formation
or anti-lipid peroxidation activities.

In conclusion, all tested extracts and pure compounds of 7.
chebula showed antioxidant activity at different magnitudes
of potency. The antioxidant activity of each pure compound
was derived from different pathways and was suggested to be
specific in some term. Some previously reported biological
activities of T chebula were possible partially related to its
antioxidant activity. However, their exact relationship needs
further investigation.

REFERENCES

1) Bulkley G. B., Surgery, 94, 407—411 (1983).
2) Dormandy T. L., Lancet, 11, 1010—1014 (1983).
3) Perry L. M., “Medicinal Plants of East and Southeast Asia-Attributed
Properties and Use,” ed. by Perry L. M., The Massachusetts Institute
of Technology Press, 1980, pp. 80—381.
4) Saleem A., Husheem M., Harkonen P., Pihlaja K., J. Ethnopharmacol.,
81, 327—336 (2002).
5) Sabu M. C., Kuttan R., J. Ethnopharmacol., 81, 155—160 (2002).
6) Kaur S., Arora S., Kaur K., Kumar S., Food Chem. Toxicol., 40, 527—
534 (2002).
7) Kaur S., Grover L. S., Singh M., Kaur S., Mutation Res., 419, 169—
179 (1998).
8) Malekzadeh F., Ehsanifar H., Shahamat M., Levin M., Colwell R. R.,
Int. J. Antimicrob. Agents, 18, 85—88 (2001).
9) Dutta B. K., Rahman ., Das T. K., Mycoses, 41, 535—536 (1998).
10) AhnM.J,Kim C. Y, Lee J. S.,, Kim T. G., Kim S. H., Lee C. K., Lee
B. B., Shin C. G., Huh H., Kim J., Planta Med., 68, 457—459 (2002).
11) Badmaev V., Nowakowski M., Phytother. Res., 14, 245—249 (2000).
12) Yukawa T. A., Kurokawa M., Sato H., Yoshida Y., Kageyama S.,



September 2003

13)
14)
15)
16)

17)
18)

19)
20)

21)

Hasegawa T., Namba T., Imakita M., Hozumi T., Shiraki K., Antiviral
Res., 32, 63—70 (1996).

Saleem A., Ahotupa M., Pihlaja K., Z. Naturforsch., 56, 973—978
(2001).

Vuillaume M., Mutation Res., 186, 43—72 (1987).

Lin T. C., Ph. D. thesis, Kyushu University, Japan, (1990).

Masaol H. M., Yang X. W., Miyashiro H., Namba T., Phytother. Res.,
7,395—401 (1993).

Ohkawa H., Ohishi N., Yagi K., Anal. Biochem., 95, 351—358 (1979).
Schinella G. R., Tournier H. A., Prieto J. M., Mordujovich D., Rios J.
L., Life Sci., 70, 1023—1033 (2002).

Lin C. C.,Hsu Y. E, Lin T. C., Anticancer Res., 21, 237—244 (2001).
Chang W. S., Chang Y. H., Lu E J., Chiang H. C., Anticancer Res., 14,
501—506 (1994).

LinC.C, Yen F. L, Hsu E E, Lin J. M., J Pharm. Pharmacol., 52,
1387—1393 (2000).

22)
23)

24)
25)
26)
27)
28)
29)

30)
31)

1335

McCord J. M., Fridovich L., J. Biol. Chem., 244, 6049—6055 (1969).
Yu J. W,, Yoon S. S., Yang R., Biol. Pharm. Bull., 24, 1053—1059
(2001).

Kohno M., Yamada M., Mitsuta K., Mizuta Y., Yoshikawa T., Bull.
Chem. Soc. Jpn., 64, 1447—1453 (1991).

Lin J. M,, Lin C. C., Chen M. E, Ujiie T., Takada A., J. Ethnopharma-
col., 46, 175—181 (1995).

Mitsuta K., Mizuta Y., Kohno M., Hiramatsu M., Mori A., Bull. Chem.
Soc. Jpn., 63, 187—191 (1990).

Slater T. F., Biochem. J., 222, 1—15 (1984).

Halliwell B., Gutteridge J. M. C., Lancet, 23, 1396—1397 (1984).
Hochstein P, Atallah A. S., Mutation Res., 202, 363—375 (1988).
Boynes J. W., Diabetes, 40, 405—411 (1991).

Oda T., Akiake T., Hamamoto T., Suzuki F., Hirano T., Maeda H., Sci-
ence, 244, 974—976 (1989).



