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Antioxidative Activities of Medicinal Plants from TCM

Qi-Mei Liu and Jian-Guo Jiang”

College of Food and Bioengineering, South China University of Technology, Guangzhou, 510640, China

Abstract: As a natural antioxidant resource, traditional Chinese medicine (TCM) has been paid much more attentions
than before. The studies on its antioxidative activity have also increased dramatically in recent years. Abundant studies on
TCM show that some TCM can increase body's activity of antioxidant enzymes, enhance body's ability of scavenging free
radicals and decrease the generation of lipid peroxide (LPO) and malondialdehyde (MDA) in the body etc. The action
mechanism of TCM is closely related to its active constituents, including polysaccharides, quinines, flavonoids, saponins,
alkaloids, terpenes, phenolic acids compounds and tannins etc. Through referring to related reports on TCM, in the last 20
years, this paper reviews literatures involved in antioxidation research on TCM. Antioxidative mechanism, functional
property and application prospect of some active constituents with antioxidation in TCM are discussed.
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1. INTRODUCTION

Although the pharmacology function of traditional
Chinese medicine (TCM) and western medicine treads
different paths, they reach the same destination in some
aspects. The mechanism of TCM is continuously elucidated
with its extended and further researches. As chemical
synthetic antioxidants often have side effects, e.g. butylated
hydroxytoluene (BHT) and butylated hydroxyanisole (BHA),
commonly used as food preservatives, but use of such
compounds has been related to health risks resulting in strict
regulations over their use in foods [1], finding nontoxic
antioxidants from natural medicine has become the focus in
recent years. Current studies have shown that some
efficacies of TCM have close relationship with their
antioxidative effects. Some tonics from TCM have
prominent functions of anti-aging and anti-fatigue, and
making body strong, all of which are attributed to their
antioxidation [2].

Studies on antioxidative activity of TCM have increased
dramatically in recent years because people pay more
attentions on the potential applications of TCM (rich and
natural derived antioxidant compounds). Some studies have
shown that a group of "“clearing heat" TCMs have more
powerful antioxidative activity than common edible plants,
as they have great pharmaceutical activities including
antiinflammatory, antitumor, antiallergic, antivirus and
antibacterial effects. Their pharmaceutical activities are
partly related to their ability of antioxidation and scavenging
free radicals.

Besides hereditary factor, the aging process is still related
to some unfavorable factors that can damage the body, such
as damage to DNA, proteins and lipids in the body. If free
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radicals produced during normal metabolism process are
quickly scavenged by body’s defense system, they will not
damage human body. However, if not completely scavenged,
they can destroy biological macromolecules and cause
human body aging [3, 4]. This defense system is divided into
two Kkinds: one is the function of antioxidase, the other is the
function of antioxidant [5]. In recent years, the utility of
antioxidant therapies to many diseases is well recognized.
Cellular damage arising from an imbalance between free
radical generating and scavenging systems has been
implicated in the pathogenesis of a wide range of disorders,
including cardiovascular disease, cancer and aging [6]. Many
kinds of TCM can improve the activity of body’s
antioxidase, reduce damage to the body caused by free
radicals, decrease the generation of lipid peroxide (LPO) and
malondialdehyde (MDA) [7].

At present it has been found that antioxidative
constituents of the plant drugs include polysaccharides,
quinones, flavonoids, saponins, alkaloids, terpene, phenolic
acids compounds, tannin, etc. Through scavenging free
radicals and reducing oxidative substances in the body, the
herb constituents play an important role in protecting the
body from suffering oxidative injury. However, a kind of
TCM often contains one or more active constituents, the
antioxidation of TCM is the synergy of a variety of active
constituents [8]. This article reviews the research progress on
antioxidation of TCM in the past 20 years.

2. THE ANTIOXIDATIVE MECHANISM OF TCM
2.1. Scavenge Reactive Oxygen Free Radicals

Free radicals are mainly generated in the body by various
endogenous systems, exposure to different physicochemical
conditions or pathophysiological states. Free radicals can
adversely alter lipids, proteins and DNA and have been
implicated in aging and a number of human diseases [9].

Reactive oxygen free radicals are directly or indirectly
transformed by oxygen. They include single electron
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reaction products of oxygen, such as O, H,O, and their
derivatives, such as -OH, 'O, and also include lipid
peroxidation intermediate products, such as LO, LO,,
LOOH. These substances are more active than oxygen [7].
The mutual transformation process is shown roughly in
Fig. (2).

Reactive oxygen species (ROS) are constantly formed in
the human body and removed by antioxidant defenses. They
will damage the body when their concentrations are over
physiological limits. Damaged sulfhydryl group can make
enzyme protein deactivation; damaged DNA can cause cell
mutation; damaged nucleotide coenzyme can interfere with
certain biochemical metabolism; attacked polyunsaturated
fatty acid can cause lipid peroxidation [10-12]. -OH is the
most active oxygen free radical containing an unpaired
electron. It can quickly react with any molecular in living
cells and damage it. So it is the most toxic free radical to
human body. O, is the leading cause of body poisoning that
can make nucleic acid chain ruptured, polysaccharide
depolymerized and unsaturated fatty acid peroxided, then
cause the membrane injury, mitochondria oxidative
phosphorylation and so on. An antioxidant is a substance
that, when present at low concentrations compared to that of
an oxidizable substrate, significantly delays or prevents
oxidation of that substrate. Antioxidants can act by
scavenging biologically important ROS, by preventing their
formation, or by repairing the damage that they do [13-15].

DPPH (a, a-diphenye-B-picryl hydrazyl) radical analysis
is a simple and convenient method of screening free radical
scavenging agent. The experiment principle is based on the
property of DPPH- with single electron having a strong
absorption (deep purple) at 517 nm [16]. The degree of
scavenging free radicals is determined by spectrophotometer
for quantitative analysis. The antioxidative activities of 23
kinds of extracts from TCM compared by DPPH analysis are
shown in Table 1, which provides some basis materials for
further research on the mechanism of TCM’s antioxidation
and provides some experiment basis for screening
antioxidative TCM and their applications. Samples’ ability
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of scavenging DPPH- can be expressed as formula: SA (%) =
[Ao-(A1-A)]/ Apx100%. A, means the absorbance of the
mixture of DPPH- and solvent; A; means the absorbance of
the mixture of samples and DPPH- after reacting; A, means
the absorbance of the mixture of samples and solvent [17].
From up to down, the scavenging DPPH- ability of all sorts
of TCM extracts is from strong to weak. When the
concentration of samples is 20 ppm, the scavenging rate of
the extract of grape seed has reached 100%. However, in
vitro antioxidant assays are the simplest and easiest ones and
can be considered as relevant tools for primary evaluation of
large batches of test substances to select those compounds
with interesting antioxidant properties. As is the case for
most  pharmacological activities studied in vitro,
extrapolation to in vivo remains dangerous, since
bioavailability and metabolism issues become involved.
Consequently, supplementation studies with antioxidants in
vivo are the best approach to assess antioxidant potential.

As indicated in Table 2, the research for determination of
the ability of inhibiting free radicals by chemical reaction
shows that P. lactiflora, D. morifolium, E. ulmoides, S.
scandens, P. suffruticosa and E. brevicornum all have
obvious activity of scavenging free radicals [18]. Use the
chemiluminescence system of xanthine-xanthine oxidase-
luminol producing O, to conduct determination of some
TCM’s ability of scavenging O,"-. The result shows that the
ethanol extracts of N. forbesii, L.chuangxiong, B. falcatum,
A. pubescens, C. monnieri, F. Vulgare and A. Sinensis all
have the ability of scavenging O, and this ability of the
ethanol extracts of N. forbesii, L. chuanxiong and B.
falcatum are stronger than vitamin C [19]. Eight kinds of
TCMs’ water extracts are determined by pyrogallol
autooxidation for their ability of scavenging O™, and Fonten
reaction is used to determine their ability of scavenging -OH.
The result shows the water extracts of R. glutinosa, L.
chuanxiong, S. chinensis, A. membranaceus, C. pilosula, G.
uralensis, S. miltiorrhiza and green tea have the abilty of
scavenging both O, and -OH [20].

Peroxidase

@

o~ Y 8.0

@0

Catalase

@0

02 —_— 02._ — H202 —_— OH* ——— Hzo

I |
3
] F |

f

Fenton
reaction

Fe2+

Fe* + H,0, — Fe* + OH + " OH

Fig. (1). The mutual transformation process of free radicals in the body.
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Table1. The Comparison of Scavenging DPPH- to the Extracts of TCM
The Capacity of Scavenging DPPH?e in Different
The Extracts of TCM Main Ingredients Concentration (ppm) Samples SA %
200ppm 100 ppm 20 ppm

VitC e 100 100 100
Grape seed extracts Proanthocyanidins, catechin etc. 100 100 100
Hovenia dulcis thunb extracts Saponins, glycosides, alkaloids and flavonoids 89.9 90.5 37.1
Ginkgo biloba extracts Flavonoids 89.6 90.1 57.2
Carthamus tinctorius L. extracts Yellow pigment and saponins 89.9 64.8 15.2
Salvia miltiorrhiza bunge extracts Salvia miltiorrhiza acid 88.7 86.8 21.3
Rhodiola rosea L. extracts Salidroside 87.4 83.2 453
Ginkgo biloba L. extracts Flavonoids, ginkgetin, terpene lactone 86.9 62.7 21
Glycyrrhiza uralensis fisch. extracts Glycyrrhetic acid 79.5 54.3 17.8
Shorthorned epimedium extracts Lcariin 78.4 76.7 17.8
Siberian ginseng extracts Acanthopanax senticosides 71.7 43.8 211
Hawthorn P.E Hawthorn flavonoids 69.5 50.6 19
Rehmanniae radix preparata extracts | Reducing sugar 58.2 33 12.6
Dendrobium extracts Fluorenone , diterpene 51.2 30.6 7.5
Common reed rhizome extracts Polysaccharide 39.3 26.9 2.9
Astragalus root extracts Polysaccharide 37.6 15.3 39
Fructus lycii extracts Polysaccharide 259 13.3 —_—
Bupleuri extracts Saikoside 16.7 9.4 4.7
Pueraria root extracts Puerarin 17.3 2.8 4
Angelica sinensis extracts Polysaccharide 15 7.5 2.3
Donkey-hide glue extracts Pro, 18 kinds of amino acid 12.9 6.5 e
Radix asparagi extracts Aspartate 9 3 43
Radix ginseng rubra extracts Polysaccharide 8.6 8.4 8.2
Panax ginseng C. A. Mey. extracts Ginsenoside , polysaccharid 55 o —_—

Note: —The capacity of scavenging is zero.

Table 2. Related Research on the Mechanism of Antioxidation of Chinese TCM Medicine in Different Ways
TCM Experimental Methods Experimental Results Conclusions References

Paeonia lactiflora Pall.,
Dendranthema

Respectively use bioassay

morifolium(Ramat.) Tzvel.,
Eucommia ulmoides Oliver.,

Ex D. Don, Paeonia
suffruticosa Andr. and
Epimedium brevicornum
Maxim.

Senecio scandens Buch.-Ham.

method of inhibiting RBC
hemolysis, brain homogenate
lipid peroxidation and DNA
damage and chemical method of
inhibiting free radicals produced
by chemical reaction.

All of these TCMs have
antioxidant effect and obvious
activity of scavenging free
radicals. The adverse reaction is
small.

These TCMs contain high
antioxidative and scavenging [18]
free radicals Ingredients.
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(Table 2) contd....
TCM Experimental Methods Experimental Results Conclusions References
The ethanol extracts of The ethanol fih
- S L e ethanol extracts of these
Notopterygium forbesii bois, Adopt the chemiluminescence X -
P . : TCMs all have the ability of
Ligusticum system of xanthine-xanthine . . .

. oxidase-luminol producing O scavenging O;", and the ability The ethanol extracts of these
chuangxiong Hort,_BupIeurum to conduct deternﬁination gf 2 of the ethanol extracts of N. TCMs all have antioxidant [19]
falca}tum L". Angcllca pybe.-sce.ns some TCMs’ ability of forbesii, L. chuanxiong and B. effect.
maxim., Cn|d|_um monnieri (Li) e ty falcatum is stronger than
Cgsson, Foenlc_ulum_ Vulg_arg ging O, -. vitamin C.

Mill and Angelica Sinensis diels
The abilty of scavenging O, for
eight kinds of TCMs’ water
The water extracts of extracts is, R. glutinosa > L.
Rehmannia glutinosa Libosch., chuanxiong > S. chinensis > A.
Ligusticum chuanxiong Hort., Their abilities of scavenging O,” | membranaceus > C. pilosula >
Schisandra chinensis(Turcz. - were determined b G. uralensis > S. miltiorrhiza >
.I ! Is(Turez.) . Y . ) I I. : g Eight kinds of TCMs’ water
Baill., Astragalus pyrogallol auto-oxidation and green tea and the abilty of extracts have the abiltv of [20]
membranaceus(Fisch.) Bunge, the ability of scavenging -OH scavenging -OH is, S. . | y
L . L - scavenging both O, and -OH.
Codonopsis pilosula (Franch.) were determined by Fonten miltiorrhiza > green tea> A.
Nannf., Glycyrrhiza uralensis reaction membranaceus > S. chinensis >
Fisch., Salvia miltiorrhiza L. chuanxiong > R. glutinosa >
Bunge and green tea C. pilosula> G. uralensis. Have
significance difference
(P<0.05).
AESG of Hovenia dulcis Thunb. Use UV sPect_rophotom_eter with _ Three k_inds of_exFra_\c_ts are
. . enzyme kinetics analysis Three kinds of extracts all show | active sites of inhibiting XOD,
and Alpinia officinarum Hance; L A -
software determination of strong inhibitory activity to further can reduce the [34]
the ethyl acetate extracts of . L . -
g - . inhibitory activity to XOD for XOD. generation of peroxide free
Pueraria lobata (Willd.) Ohwi . ) -
variety of TCMs’ extracts. radicals.
The expression of C6 glioma
induced by LPS and PMA in
vitro can produce iNOS and
abundant NO. With laser
confocal imaging systems and Through NF-«B signal
Imaging sy G. biloba P.E can obviously ug " - 9
NO fluorescence probe, conduct . pathways, G. biloba P.E
. . o . decrease the expressions of ;
Ginkgo biloba L. P.E determination of concentration - . regulates the expression of [38]
- iNOS, mRNA and protein and . - -
change of NO and with reerse . iNOS gene in C6 gliomas cell
. e reduce the generation of NO. )
transcriptase gene amplification and the formation of NO.
technology and protein
imprinting technique, detect the
effect of G. biloba P.E for C6
glioma iNOS gene expression.
Different concentrations of TGP
together with rats” abdominal
macrophage incubate in
phage Incu : TGP can obviously inhibit the The functions of anti-
advance, then add LPS to . - . -
stimulate cells. Determination generation of NO induced by inflammatory and antioxidation
e . LPS and the expression of INOS | for TGP are closely related to its
. the generation of NO in cells . s . S L
TGP (Total glucosides of - - . in rats” abdominal macrophage, inhibition for the activity of
nutrient solution, the expression o . [39]
paeony) - S meanwhile it also increases the macrophages NF-«B, thereby
of INOS and inhibition of NF- . .
. content of IkBa albumen in reduce the expression of
kB to IkBa albumen determined L . ]
by Westernblot method cells and inhibit the combining macrophages iNOS and the
Y . . ' activity of NF-xB and DNA. generation of NO.
meanwhile, testing the
combining activity of NF-xB
and DNA.
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(Table 2) contd....
TCM Experimental Methods Experimental Results Conclusions References
When L. chuanxiong and P.
Establish blank group and high- . ; _XI 9
- . lactiflora are single used, there
lipid model group, continuously | . -
. . is no influence on MDA and .
A S feeding rats, finally take blood. Two drugs have synergy in
The combination of Ligusticum L NO, but when used together, L
. . Determination of MDA by L aspects of antioxidant effect and
chuanxiong Hort. and Paeonia . they can reduce the activity of : [45]
. enzymatic method, SOD by . protection to vascular
lactiflora Pall. . S serum MDA and increase the .
trace rapid determination . endothelial cells.
. release of NO. Compared with
method and NO by nitrate L
high-lipid model group, the
reductase method. . L
difference is significant.
Different concentration rates of
P. multiflorum polysaccharides
and LBP can make aging model
. . ging P. multiflorum polysaccharides
mice thymus index and spleen s
. o and LBP have significant
. . index rise in different degree; . L. .
Make mice aging model by D- - synergistic antiaging action and
The synergy of Polygonum - . the content of MDA in liver and Lo
. galactose and aging mice are . - the best combination for two
multiflorum Thunb. iven intracastric iniection in kidney tissues decrease and the druas is 200ma/50ma. The
polysaccharides and LBP g. 9 J vigor of SOD and GSH-PX g . g . g- [46]
. different concentration rates of . . mechanism of action may be
(Lycium barbarum . . improves; the content of LF in . .
. P. multiflorum polysaccharides . . L related to their improving
polysaccharides) brain declines. Statistical .
and LBP. . body’s immune system,
analysis shows that P. . N
; . scanvenging ROS and inhibiting
multiflorum polysaccharidesand | .. -
L lipid peroxidation.
LBP have significant or very
significant synergistic action for
each experimental indicator.
According to the system’s L. christinae extracts have good
chemiluminescence suppressed effects of scavenging O, ", -OH .
L L. christinae can be used as a
The petroleum ether extracts of | degree, evaluate the ability of and H,0, and show the dose- ) L .
. . - A, - . . potential natural medicine with [47]
Lysimachia christinae Hance inhibiting ROS for L. christinae, | effect relationship. The antioxidant activit
with three kinds of scavenging ability for three free y:
chemiluminescence system radicals: H,0,>:OH> O,
By means of pyrogallol
y. . Py _g . M. bealei can inhibit the speed
oxidation producing O, and .
. of pyrogallol oxidation and
through Fenton reaction scavenge -OH produced b
The water extracts of Mahonia producing -OH in H,0,/Fe** 9 ) P . y M. bealei has the ability of
. . Fenton reaction. In certain i [48]
bealei (Fort) Carr. system, determination of the o . scavenge O, and -OH.
. . scope, this ability enhances with
scavenging effects on O, and the drud concentration
-OH for different concentrations | . g
increasing.
of drugs by spectrophotometry.
6 kinds of TCM all have some
scavenging functions for two
The water extracts of free radicals. The effect to -OH
. is P. multiflorum>L. lucidum > 6 kinds of TCMs’ water extracts
Polygonum multiflorum Thunb., | By means of the system of - L . X
- . . o C. pinnatifida > G. uralensis > all can scavenge O and -OH
Ligustrum lucidum Aiit., pyrogallol oxidation and Fenton - ] .
Crataegus pinnatifida Bunge reaction, determine the ability of A gracilistylus > L. japonicas that can damage cells and can
gusp ge, ' y while the effect to O, is P. inhibit membrane LPO reaction [49]

Glycyrrhiza uralensis Fisch.,
Acanthopanax gracilistylus W.
W. Smith and Leonurus
japonicas Houtt.

scavenging O, and -OH and the
effect of inhibiting LPO for 6
kinds of TCMs’ water extracts.

multiflorum > G. uralensis > A.
gracilistylus > L. japonicas > L.
lucidum > G. uralensis. And the
inhibition effect to LPO induced
by O, is accordance with that
of Oy

induced by O,". Their antiaging
effects are relevant to
antioxidative mechanism.
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(Table 2) contd....
TCM Experimental Methods Experimental Results Conclusions References
Mice are randomly divided into
! y-divided | R. rosea extracts 1, 2, 4 g/kg
normal control group, model
. three doses groups can all
group, Rhodiola rosea extracts
1 2 4 a/ka three doses arouns reduce the content of LPO and
; & & gkg thre groups, MDA in brain tissue and
vitamin E positive control . -
- : obviously enhance the activity
group, the intervention: model
. of LDH and SOD, compared . .
group, Rhodiola rosea extracts . - Rhodiola rosea has obvious
o . with model group, differences - - .
. groups and vitamin E positive - : ; antiaging function that is related
Rhodiola rosea L. extracts L are significant; observation with - . [50]
control group are daily injected A to its antioxidant damage and
electron microscope shows .
150mg/kg D-galactose normal . protectionto neuron.
- - Rhodiola rosea extracts 2, 4
saline from subcutaneous in the /ka arouns have apparentl
back the neck, meanwhile, give 999 . P PP y
- protective effects on
Rhodiola rosea extracts groups - X
o - hippocampus’ neurons
and vitamin E positive control - ; .
- S . mitochondria degeneration
group intragastric injection with
caused by galactose.
drugs.
Make rats’ liver microsomal
using rats’ liver and observe the
The water extracts of effect of different In this microsomal lipid L. chuanxiong and T. kirilowii
Ligusticum chuanxiong Hort. concentrations’ TCM on peroxidation model, both L. can inhibit lipid peroxidation [51]
and Trichosanthes kirilowii microsomal lipid peroxidation chuanxiong and T. kirilowii can | and have the antioxidative
Maxim. model aroused by cumene inhibit the generation of MDA. effects.
hydroperoxide, vitamin C/Fe®*,
CCly/coenzyme 1l
The SOD vigor in rats’ serum
and cardiac muscular tissue for
model group is obviously lower
Rats are divided into four than that of norma! control
roups: normal control grou group and P. asiatica
groups- Itrol group, group(P<0.05) but the content
model group, P. asiatica group. - )
. f of MDA in serum and cardiac L .
Use relevant kit to determine . . . P. asiatica can obviously reduce
SOD content, catalase vigor and muscular tissue is obviously blood lipid for hyperlipidemia
Plantago asiatica L. L 9 higher than that of normal p P p [52]
MDA level in serum; SOD . rats and increase body’s
- - . control group and P. asiatica L .
vigor and MDA level in cardiac - antioxidative ability.
] . group (P<0.05). The vigor of
muscular tissue; the vigor of . -
- GSH-Px in serum, cardiac
catalase and GSH-Px in the - f
o muscular tissue and hepatic
hepatic tissue. - .
tissue for model group is
obviously lower than that of
normal control group and P.
asiatica group (P<0.05).
Make aging model by lettin .
.gl 9 y. : g_ Compared with model group, . .
mouse inhale O; and give aging ; A. barbadensis can improve the
o after A. barbadensis treatment s A
mouse treatment with different . . body’s ability of inhibiting free
. the trailing tail length of DNA - S
R concentrations of A. S radicals oxidative damage and
Aloe barbadensis Miller. - in liver and spleen cells -
barbadensis extract. By means alleviate DNA damage degree [53]
extracts becomes shorter. So A. S
of the Comet Assay, detect - - in liver and spleen cells, thus
. barbadensis effectively . .
oxidative damage degree of - achieve the purpose of anti-
L - . alleviates DNA damage degree .
DNA in liver and lienal tissue S aging.
cells in liver and spleen cells.

2.2. Enhance the Activity of Antioxidase

In the process of life activities, cells constantly generate
free radicals which are
maintaining a dynamic balance. Antioxidase in the body can
make them transform into O, and H,O through a series of

also

constantly  scavenged,

catalytic reaction [5]. The detailed process is shown in Fig. (2).

antioxidases,

including

superoxide

There are two classes of substances that can scavenge free
radicals in the body, non-enzyme components and enzymes.
The defense enzyme substances in cells mostly are various
dismutase

(SOD),
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catalase (CAT), peroxidase and glutathione peroxdase
(GSH-Px). SOD is the main substance of scavenging O, in
the body, which is catalytic decomposed into H,0,. H,0,
also has oxidative damage effect that is transformed into O,
and H,0 by catalase. Meanwhile, with catalysis of GSH-Px,
it can also react with reduced glutathione (GSH) and
generate H,O and GSH [21].

Some TCM can enhance the activity of antioxidase. For
example, quercetin can not only reduce oxidative damage of
pancreatic island B cell, but also can restore the activity of
SOD, GSH-Px and CAT in animal’s renal cell damaged by
Fe’> * [22]. Alpinia katsumadai contains significant
antioxidative activity. The total extract of Alpinia
katsumadai (Zingiberaceae) can enhance the viability of
Chinese hamster lung fibroblast (V79-4) cells and inhibited
H,0,-induced apoptosis. And it also dose-dependently
enhanced the activities of SOD, CAT and GPX in V79-4
cells, and these effects were comparable to other antioxidant
compounds such as EGCG and resveratrol [23]. Biochemical
pharmacology experiments have found that many TCM
(single herb or compounds) can increase the activity of
antioxidase.

2.3. Lower Lipid Peroxide (LPO)

By lowering the content of LPO, TCM can maintain the
stability of the cell membrane. Direct damage to cells by free
radicals is mainly to attack lipid on the cell membrane. First,
free radicals react with the unsaturated fatty acid of
phospholipids or low-density lipoprotein (LDL) on the cell
membrane and this reaction products attack the unsaturated
fatty acid nearby, eventually causing a chain reaction [24].
Its final product MDA is often regarded as an evaluation

Liu and Jiang

index for peroxide level [25, 26]. Many studies have shown
that parts of flavonoid compounds combining with cell
membrane in the form of hydrogen bond protect unsaturated
double bond in cell membrane from contacting with free
radicals and have the effect of anti-lipid peroxidation [27].

It is reported that Angelica sinensis (Oliv.) Diels injection
can resist lipid peroxidation and lower the MDA level [28].
After clinical application of Salvia miltiorrhiza Bunge for
treatment, the content of LPO in blood decreases obviously
[29]. Through inhibiting the generation of MDA in RBC and
observing its shape changing with electron microscope,
studies have pointed out fresh fruit, dried fruit,
polysaccharide, fresh leaves and slag of Lycium barbarum L.
have antioxidation property, respectively.

2.4. Reduce the Damage of DNA

The theory of free radicals persists that excess free
radicals can attack DNA and thus lead to a variety of
diseases [30]. At present, the research on the antioxidation of
TCM has already deeply reached the DNA molecular level in
some respects [31]. As indicated in Table 2, A. barbadensis
can effectively reduce the DNA damage degree to mice liver
and spleen cells in ozone aging model. In addition, rutin,
baicalin and tea polyphenol have strongly inhibitory action
and delay action to DNA chemiluminescence caused by -OH.
Judging from suppression intensity, their I1Cs, are 4.5 x 107
M, 7.9 x10 ° M and 2.4 x10 > M, respectively. They also
have protective effect to plasmid DNA damage caused by
‘OH and the performance on electrophoresis pattern is
supercoiled DNA increase but open circular DNA reduction

[71.

PHS
P450
PO,
—_—
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P450
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Fig. (2). The generation of reactive oxygen species (ROS) and the defense mechanism to them.
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2.5. Effects of Vitality and Expression to the System of
Oxidase

As to the effect of xanthine oxidase (XOD) that is an
important enzyme for metabolization of nucleic acids in the
body. It can catalyze xanthine and hypoxanthine oxidation to
generate uric acid and peroxide free radicals [32]. High
concentration of blood uric acid will lead to hyperuricemia
[33]. This is a very important process for ischemia and
reperfusion injury. In normal physiological condition, this
enzyme exists in the form of xanthine dehydrogenases,
while in ischemia condition, xanthine dehydrogenases
transform into XOD and when ischemia tissue reperfusion,
O, is produced in the catalysis of XOD, further leading to
oxidative damage. Therefore, the content of XOD can be
used as index component of antioxidant research. Some
studies on Forsythia suspense (Thunb.) Vahl inhibition to
XOD activity in vitro found that F. suspense could
significantly inhibit XOD activity. As listed in Table 2, Li et
al. [34] have adetermination of XOD inhibitory activity
given by wvariety of TCM extracts using UV
spectrophotometer with analysis software of enzyme
Kinetics, and screen some TCM extracts that can inhibit
XOD activity in vitro. The result indicates that H. dulcis
ethanol extract, A. officinarum ethanol extract and P. lobata
ethyl acetate extract show strong inhibitory activity to XOD.

Besides, TCM also has effect on Nitric Oxide (NO) and
Nitric Oxide Synthase (NOS). Under normal physiological
circumstances, NO plays an important role in endothelia
vasodilatation and balancing blood pressure in the body. But
high concentration would lead to react with ROS and
produce nitroso free radical with higher oxidation capacity.
Besides, NO can also be regarded as a kind of free radical
that causing cell oxidative damage. In the process of
ischemia and reperfusion injury, the main synthetase of
NO can increase the activity of inducible nitric oxide
synthase (iNOS), which promote to produce more NO.
Finally, too much NO causes oxidative damage [35].
(Through NF-xB and p38MAPK reducing iNOS and
further lowering the generation of NO, TCM treats
inflammation) [36]. When reperfusion, ligustrazine can
reduce the expression of NF-xB in Kidney tissue and
restrain the activity of iNOS to relieve renal ischemia
injury [37]. As listed in Table 2, through NF-xB signal
pathways, G. biloba extracts can regulate the expression of
iNOS gene in C6 gliomas cell and the formation of NO
[38]. The anti-inflammatory effect of total glucosides of
paeony closely relates to inhibiting the activity of
macrophages NF-kB, reducing the expression of
macrophages iNOS and lowering the production of NO
[39]. Studies have found that many flavonoid compounds
including quercetin, curcumin can inhibit the activity of
iNOS in ischemia-reperfusion injury. So these compounds
have the effect of antioxidative [40].

2.6. The Synergy Effect of the Antioxidative Functions of
TCM

In recent years, the longstanding, successful of herbal
drug combinations in TCM makes it necessary to find a
rationale for the pharmacological and therapeutic superiority
of many of them in comparison to isolated single
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constituents. i.e. as the synergy among different TCM, the
effects of compound TCM treatment and prevention of
disease will require overall evaluation. The experiment
results have been reported showing that using complex TCM
have bright prospect for treatment cell damage caused by
oxidatie stress [41].

Ichikawa et al. [42] have studied complex TCM sheng-
mai-san composed of Panax ginseng C. A. Mey.,
Schisandra chinensis (Turcz.) Baill. and Ophiopogon
japonicas (L. f.) Ker-Gawl. in vitro for its ability of
scavenging free radicals and inhibitory effects to rats’ brain
oxidative damage. The results show that when three
components pairing used, their antioxidant activity has
combination effects, in general, the activity of complex
TCM is significantly better than single TCM. Hras et al. [43]
have studied the antioxidative activities of four natural
antioxidants: rosemary extract, o-tocopherol, ascorbyl
palmitate and citric acid. Among them, rosemary extract
exhibited the best antioxidative activity, as determined by
peroxide and anisidine value measurements. o-tocopherol
showed a prooxidative effect on stability of sunflower oil at
tested conditions. When combined with citric acid and
especially ascorbyl palmitate, the rosemary extract showed
an additive antioxidative effect.

The experiment of Jiang et al. [44] shows that pills of six
ingredients with Rehmannia glutinosa Libosch. can
significantly reduce the content of LPO in older mice serum
to younger mice level, but when divided into "three tonics"
and "three laxatives", the effect is far less than full
prescriptions. Epimedium brevicornum Maxim. matched
with Panax ginseng C. A. Mey. has significantly synergistic
action in reducing the content of MDA in plasma and tissue
and increasing the activity of SOD in erythrocyte. Table 2
has listed: L. chuanxiong matched with P. lactiflora can
lower MDA activity of hyperlipidemia rats and significantly
improve rats’ antioxidative ability, but this effect is not
observed when separately used [45]. The P. multiflorum
polysaccharides when used in conjunction with LBP have
significant or extremely significant synergistic effect to
immune organs of aging model mice and antioxidant system
[46].

Recently, many researches have been conducted in order
to elucidate the mechanisms of antioxidation of TCM and
the related progresses are listed in Table 2.

3. THE  ACTIVE CONSTITUENTS
ANTIOXIDATION IN TCM

3.1. Polysaccharides

WITH

Polysaccharides are a kind of macromolecule substance
polymerized by more than 10 monosacchavides. Active
polysaccharides mainly exist in fungi, algae and rhizome
crude medicines [54]. Studies have found that there are
functions of immunological enhancement for Panax ginseng
C. A. Mey. polysaccharides and Astragalus membranaceus
(Fisch) Bunge polysaccharides, antitumor function for
champignon polysaccharides and polyporusum bellatus,
protection to hepatocyte for tremellan and anti-
hyperglycemic activity for Dendrobium chrysotoxum Lindl
polysaccharides, all which are closely related to their
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antioxidant effects [55]. So polysaccharides play an
important role in TCM pharmacology. They can scavenge
ROS by physical, chemical and biological method, reduce
the generation of MDA and increase the activities of SOD
and GSH-Px etc.

The protein-bound polysaccharide of Coriolus versicolor
QUEL (PS-K) has been found to express antioxidant activity
as an "ion-radical scavenger" in diamine oxidation reactions
[56]. As indicated in Table 3, Hui et al. [57] have studied the
scavenging effects of HPS-3 polysaccharide on O, -, - OH,
DPPH and H,O, in vitro and the result shows when the
concentration is in 0.05-5.00 mg/ml, the maximum
scavenging rate to O, - OH, DPPH and H,0, is
respectively 55.92%, 59.32%, 53.69% and 87.66%. By
promoting the production of SOD and GSH-Px in epithelial
cells to scavenge MDA, Ganoderma lucidum (Leyss.ex Fr.)
Karst. polysaccharide shows the antioxidant activity [59].
Irrigated Coriolus versicolor polysaccharides 10 mg/kg for
3~15d that can not only increase the activity of SOD for
normal mice, but also effectively relieve or inhibit
decreasing of SOD activity caused by tumor or radiation as
indicated in Table 3 [60].

3.2. Quinones

The dry root of Lithospermum erythrorhizon Sieb.et
Zucc. is rich in shikonin Fig. (3) that is a class of
naphthoquinone pigment. With good antioxidative activity,
shikonin can significantly inhibit lipid peroxidation of micro
neuron membrane in mice liver and have good ability of
scavenging -OH [67]. Its naphthalene quinone skeleton plays
an important role in this characteristic while the change of
side chains affects little. It also has little influence on the
activity of scavenging free radicals when hydroxyl in side
chains changes into ester [68]. Further studies prove that the
antioxidative activity of B-shikonin not only relates to double
benzene structure, but also relates to hydrogen atoms in
phenolichydroxyl [69].

Rhein (RH), 4.5-dihydroxyanthraquinone Fig. (3), a
compound extracted from Rheum palmatum L., Polygonum
multiflorum Thunb., Polygonum cuspidatum Sieb. et Zucc.
etc., has the fuctions of scavenging ROS and anti-lipid
peroxidation. Using chemiluminescence analysis, the study
shows extremely weak chemiluminescence induced by brain
homogenate lipid peroxidation or Maillard reaction in rats
can be quenched by RH. The intensity of this effect has
linear relationship with MDA inhibition rate. Some studies
have shown that in animal models of acute liver injury
caused by CCl,, D- GalN and hepatic fibrosis caused by
CCly, ethanol, RH could significantly reduce the content of
MDA and improve SOD level [70].

3.3. Flavonoids

Flavonoids are a class of secondary plant phenolics with
significant  antioxidant properties. The antioxidative
mechanism of flavonoid compounds is studied more clearly
than other antioxidants at present. That is, mainly through
direct capturing and scavenging free radicals such as, O, -
and H,0; etc, flavonoid compounds can provide hydrogen to
free radicals, so through hydrogen abstraction reaction to
generate free radical intermediates which can block or
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terminate free radicals chain reaction, further prevent or
inhibit oxygen free radicals reaction and lipid peroxidation
and restrain the formation of toxic substance, such as, LPO
and its metabolite MDA and conjugated diene etc.
Meanwhile, flavonoid compounds Fig. (3), a class of low
molecular and diphenylene chromone as its mother nuclear,
is a natural ingredient contained in plants and its family with
various biological activity mainly include procyanidins,
anthocyanins, flavonols, flavanone, flavanonol, new
flavonoid, biflavone, isoflavone etc. that have attractive
colors and widely exist in medicinal plants [71].

Many TCMs contain flavonoid compounds that have
been confirmed to have antioxidative activity in certain
TCM. For example, in Table 4 with Fenton system and
Xan/XO system both of which can produce oxygen free
radicals, study the effect of scavenging free radicals for
flavonoids extracted in L. chinense leaf. And the result
shows that the concentration of L. chinense flavonoids is 7.5-
200mg/L, the scavenging rate of :OH is 20%-72%; when the
concentration is 0-217mg/L in Xan/XO system, the
maximum scavenging rate of O, is 51% and it exists dose
effect relation [72]. Table 4 lists some functions of
flavonoids in TCM on antioxidation.

3.4. Saponins

Saponins are composed of sterides or tetraterpene
connecting with glycosyl and its molecule contains many
hydroxyls Fig. (3). So it has greater polarity. It is an
important kind of active substance in TCM. Studies have
shown that most saponins have obvious antioxidative effect
in recent years. Saponin itself has little influence on oxygen
free radicals, but it can improve the activity of antioxidase in
the body, such as, SOD, CAT and so on, thereby enhance the
function of antioxidative system in the body. For ginseng
and astragalus etc. "supplementing gi" medicine, saponins
are their common important constituents. Whether the
antioxidation of saponins can reveal essence of
"supplementing qi" for ginseng and astragalus etc. it needs
further discussion.

Saponins in TCM with antioxidative property include
araliceae saponins and leguminosae. The total saponins of
Gynostemma pentaphyllum, Paeonia lactiflora Pall.,
Panaxnotoginseng (Burk.)F. H. Chen leaves, Bupleurum
falcatum L., bitter gourd etc. also have strong functions of
scavenging free radicals, antioxidation and protecting heart
health. Readers can get that from Table 5, through
determination of the effect on the mice serum GSH-Px, SOD
and MDA of total saponins of Panax japonicus (TSPJ) and
testing their antioxidation, the result shows different doses of
TSPJ can significantly enhance the activity of serum GSH-
PX, SOD and reduce the content of serum MDA [81]. Using
D-galactose to make mice subacute aging model,
meanwhile mice are given D. opoosita saponins, six weeks
later determination of the content of MDA in serum, liver
homogenate and brain homogenate and the activity of SOD
and GSH-Px. the result shows D. opoosita saponins can
significantly improve the activity of SOD and GSH-Px in
mice serum, liver and brain tissue, reduce the content of
MDA in aging mice serum, liver and brain tissue [82].
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The Functions of Polysaccharide in TCM on Antioxidation

TCM Names and their

. Experimental Methods Experimental Results Conclusions References
Active Components
When the concentrations range is
0.05~5.00 mg/ml, the maximum .
Radix hedysari In vitro chemical simulation conditions, . 9 ) HPS-3 has direct
. . scavenging rates to O,™, -OH, DPPH and L. .
polysaccharide-3 study the scavenging effect of HPS-3 on H.0, are respectively 55.92%. 59 320¢ antioxidant capacity [57]
(HPS-3) 0;", - OH, DPPH and H;0,. 22 P Y99 IE99SCB i vitro,
53.69% and 87.66% and have certain
concentration-response dependency.
GLPS can reduce
oxygen free radicals’
Add different concentrations of GLPS to damage to organelles
ECV304 cells caused oxidative damage GLPS can lower oxidative damage of and also have good
model by tert butyl hydroperoxide, ECV304 cells and in GLPS groups, inhibitory effect on
Ganoderma lucidum determination of cell survival rate with ECV304 cell survival rate increases. It apoptosis and cell [58]
polysaccharide (GLPS) MTT method and cell morphology can reduce organelles’ oxidative damage necrosis, improve cell
change and mitochondrial damage with and apoptosis observed from electron survival rate all
light microscope and electron microscopy. which prove GLPS
microscopy. have the functions of
antioxidation and
protecting cells.
The SOD activities in lymphocytes and
thymus are increased by CVP in both the
normal mice with or without delayed
hypersensitivity (DH). In tumor-bearin
Normal, tumor-bearing, and radiated y'p y (OH) o g CVP exerts the
. . . . . . mice, CVP exerts not only inhibitory
Coriolus versicolor ICR mice are injected with CVP daily favorable effects on
- - effects on tumor, growth and SOD o [60]
polysaccharides (CVP) for 3-15 d. The SOD activity is assayed o N SOD activities in
. - . activity in tumor tissue but also complete -
by epinephrine autoxidation test. g . mice.
or partial restorative effects on the
suppressed DH and on the declined SOD
activities in lymphocytes, spleen, and
thymus.
Make aging model through D-galactose M. officinalis polysaccharide can enhance M. officinalis
Morinda officinalis How | and determination of the activity of SOD | the activity of SOD and the content of i .
. . . . . polysaccharide has [61]
polysaccharide and the content of MDA in mouse’ s MDA in aging rats’ plasma, liver, heart o L
. . . anti-oxidant activity.
plasma, liver, heart and brain. and brain.
Mice with LBP group swim significantly
longer than mice model group (P < 0.01); | LBP hasthe
Determination of SOD by autoxidation blood lactic acid index is obviously lower | functions of
of pyrogallol, GSH-Px by DTNB than that of model group (P < 0.05). The improving mice’s
Lycium barbarum pyrog e y o . 9 . up ( ) P ; 9 .
olysaccharides (LBP) method, lactic acid by p- activity of SOD in mice’ whole blood, athletic stamina and [62]
poly hydroxybiphenol colorimetry method liver tissue, muscle tissue and the activity | enhancing
and MDA by TBA colorimetry. of GSH - Px in liver tissue are obviously antioxidant enzymes
higher than that of model group (P < vigor in bodies.
0.05)
The SOD and GSH-Px vigor of agin
mouse in the lung tissue agnd e tr?ocg tes C. deserticola
Make aging mouse model using . g Y . y polysaccharide have
. . L improves and the content of MDA in the .
Cistanche deserticola Y. | D-galactose, and determination of the . the function of
lung and plasma reduces, when aging [63]

C. Ma polysaccharide

contents of SOD, GSH-Px, Vit E and
MDA.

mouse are irrigated C. deserticola.
Meanwhile the content of collagen in
lung decreases and elastin increases.

resisting oxidation
damage and lung
aging.
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Liu and Jiang

TCM Names and their

- Experimental Methods Experimental Results Conclusions References
Active Components
The activity of serum SOD decreases and
the content of MDA dramatically
increases for diabetic mouse in model
S . i i Spiruli
Establish diabetic mouse model induced group, compared with that _Of 'h normal piruina .
L control group (P<0.01). Spirulina polysaccharide can
by alloxan, and determination of the - .
L . polysaccharide can remarkably against promote the
activity of serum SOD by xanthine - L . .
- . - alloxan effect. So it can make the activity | biosynthesis of
Spirulina polysaccharide | oxidase method, the content of MDA by s . [64]
; " of serum SOD enhance and the content of | body’s antioxidant
TBA colorimetric method and the L
content of GSH-Px and GSH in whole MDA decrease, compared with diabetes enzymes, such as,
blood by Kits model control group (P<0.01). PSP can SOD, GSH-Px and
y s also obviously increase the content of GSH etc.
GSH-Px and GSH in whole blood
compared with diabetes model control
group (P<0.01).
Rats are randomly divided into quiet
contr(_)l group, quietin treatmfent group, A. sinensis polysaccharide can obviously A sinensis .
exercise control group, exercise false - s . - polysaccharide can
feeding group and exercise in treatment improve rats’ exercise ability, The improve rats’
Angelica sinensis (Oliv.) g group activities of SOD, GSH-Px and CAT for P . .
- A group. After 30 days, all rats conduct . o exercise ability and [65]
Diels polysaccharide . . . the rats in exercise in treatment group are )
treadmill and acute exhaustive exercise, . the mechanism may
L enhanced and the content of MDA is .
then take rats’ blood determination of . be related to its
. significantly reduced. L
the contents of superoxide SOD, MDA, antioxidant effect.
GSH - PX and CAT.
Compared with model group, P. P. 5|b|r|cum.
L ] polysaccharide has
S . sibiricum polysaccharide group could . .
Establish diabetic mouse model induced - certain protective
- obviously decrease blood sugar of L
Polygonatum sibiricum by alloxan. Determination of the diabetic mouse (P<0.05) and significantl effect to diabetic
¥o - contents of T-SOD, GSH-Px and MDA . ; X g y mouse induced by [66]
Red. polysaccharide . ) . . increase the index of thymus, spleen and
in serum and liver using chemical - . alloxan and the
colorimetr liver and can improve the contents of T- mechanism may be
y: SOD, GSH-Px and MDA in serum and n may
. related to its
liver. L
antioxidant effect.
Table4. The Functions of Flavonoids in TCM on Antioxidation
TCM Names and their Experimental Methods Experimental Results Conclusions References
Active Components
In Fenton system, when the
concentrations of L. chinense flavonoids . .
. L. chinense flavonoids have
By means of the system of are 7.5-200mg/L, the scavenging rate for strona ability of scavenain
Lycium chinense Mill. Xan/XO and Fenton reaction, -OH is 20%-72%; in Xan/XO system, g Y 9ing
. - L . - ‘OH and O, and the [72]
flavonoids determine the ability of when the concentrations of L. chinense - .
. . - . scavenging rate for -OH is
scavenging O, and -OH. flavonoids are 0-217mg/L, the scavenging stronger than that of for O
rate for O, - are 0% -51%. There is dose 9 2
effect relation.
Establish rats’ peroxidation
damage model induced by
adriamycin (ADR). Determination | After rats take TFFC, the activities of .
of SOD with VB2-Met-NBT SOD, GSH-Px and CAT in erythrocyte STC';'\:/thTIS] tifef:?gé'i‘;gfs";n ]
TFFC method, GSH-PX with DTNB gradually rise and the content of MDA ging [73]

method, MDA with TBA method,
CAT with ammonium molybdate
method and the hemoglobin

with K;Fe (CN)s method.

gradually declines, meanwhile existing
dose dependent.

restraining peroxidation
damage.
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Fisch. flavonoids

MDA, SOD, NO and NOS in
serum and brain tissue, then rats
are irrigated with G. uralensis
flavonoids.

obviously decrease the content of MDA
and NO in serum and brain tissue and
enhance the activity of SOD.

have antioxidation activity.

(Table 4) contd....
TCM Names and their . . .
- Experimental Methods Experimental Results Conclusions References

Active Components

Establish artery ischemia-

reperfusion model by suture G. uralensis flavonoids can promote the

method in rats’ brain and recovery of rats’ neurological function for
Glycyrrhiza uralensis determination of the activities of ischemia-reperfusion model and G. uralensis flavonoids [74]

Cuscuta chinensis Lam.

Determination of the index of
MDA, total antioxidant capacity
(T-AOC) and ROS, further detect

Different doses of C. chinensis flavonoids
can restrain rats’ oxidative damage and
apoptosis of testicular cells induced by

As an effective antioxidant,
C. chinensis flavonoid can

Hort. flavonoids

effect on the activity of
lipoxygenase and the effect on
mice oxidation hemolysis induced
by HzOz.

ability of scavenging ROS in vitro and
can reduce the generation of MDA in
mouse liver homogenate and inhibit
erythocytes oxidation hemolysis.

ability.

flavonoids testicular apoptosis by TdT- serum-free culture and_ its role has dos_e resist oxidation, and [75]
- - dependent. The effect is the most obvious, -
mediated dUDP-Xnick end - apoptosis.
labeling (TUNEL) method when the concentration of dodder
9 : flavonoids is 500 mg-L™.
Establish hepatic stress
injury !n_mlce. Dete_rmmatlon of Compared with restraint model group,
the activity of ALT in plasma by . - . .
: - The ALT level in stress injury mouse Tanshinone has certain
Reitman, the content of MDA in . . - .
S plasma is obviously reduced; the protective effect on hepatic
plasma and hepatic tissue by S L - . S
. . antioxidant capacity index in liver tissue stress injury in mouse and
Tanshinone TBARS method, oxygen radical Lo - [76]
- homogenate and the content of vitamin C the mechanism may be
absorbance capacity by ORAC ; ) - . S
L and GSH are improved; the content of partially from its antioxidant
method and the content of vitamin - - ; L
. - MDA is reduced after irrigated tanshinone | activity.
C and GSH in plasma and liver for stress iniury mouse
tissue homogenate by HPLC Jury '
method.
Health menopausal female SD
ritjuarigévi:?es 'rr:: d?:j?: I;:g?:;zl Compared with blank control group, the
group o, . contents of serum MDA for rats in P. lobata isoflavone has
doses groups. Rats’ in the - . - S
experimental arous are irrigated medium and high doses groups obvious antioxidant effect
Pueraria lobata (Willd.) P - group L 9 significantly lower; the vigor of SOD in and can effectively improve
- P. lobata isoflavones in different : . : [77]
Ohwi isoflavones . — high, medium and low dose groups all learning and memory
concentrations. Determination of 2 . -
: - significantly increases and the serum capacity of menopausal
learning and memory capacity by R - .
. GSH-Px vigor improves in medium and female SD rats.
experimental platform method hiah doses arouns
and the vigor of MDA, SOD and 9 groups.
GSH-Px by kits.
Culture rats’ liver tissue in vitro The total flavonoids of E. brevicornum
The total flavonoids of apd es_tabllsh perox@e model of have good |nh|b|to_ry f_unctlon _for hepatlc The total flavonoids of E.
N ; vitro tissue. Determination of homogenate autoxidation and inductive -
Epimedium brevicornum . Lo . L . brevicornum have good [78]
. scavenging effect of the total oxidation and for mitochondrial inductive L -
Maxim. - - S - - antioxidant function.
flavonoids of E. brevicornum on oxidation. It also has certain scavenging
free radicals. effect to DPPH:, :OH and O
Respectively by the Fenton In the range of selected concentrations,
system and pyrogallol when P. oleracea flavonoids .
- I S P. oleracea flavonoids have
Portulaca oleracea L. autoxidation and Na,S,0; titration | concentration is 0.56 mg/ml, the -
- A ] . good scavenging effect on [79]
flavonoids for determination of the maximum scavenging rate to-OH reachs OH and O
scavenging ability of P. oleracea 68.33% and the scavenging rate to O, 2
flavonoids to - OH and O™ -also reaches maximum, that is 82.26%.
Determination of the effect of When the cpncentratl(?ln of L cl?u_a_nxmng
- flavonoids is 2.00 g-L™, the inhibition rate
flavonoids on serum ROS, the o . -
. - to the activity of lipoxygenase is over
influence of generation of MDA - . .
Liqusticum chuanxion for mice liver homoaenate. the 50%; when the concentrations of L. chuanxiong flavonoids
9 g 9 ' flavonoids at 0.5-10.0 g-L™, it has strong have strong antioxidant [80]
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Fig. (3). The structures of some representative types of antioxidant compounds in TCM.
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Table 5.

The Functions of Saponins in TCM on Antioxidation

Liu and Jiang

TCM Names and their

GSH-Px in serum and the content of
MDA in liver homogenate by
spectrophotometry.

of SOD and GSH-Px and alleviate
hepatocyte damage.

the mechanism is
probably related to its
antioxidant effect.

. Experimental Methods Experimental Results Conclusions References
Active Components
TSPJ in the concentrations of 75, TSPJ has obvious
150, 300 mg-kg™ all can antioxidation and
Total saponins of Panax Determination of the activity of GSH- o 9 . g .
. . . significantly increase the content of | differences are [81]
japonicus (TSPJ) PX, SOD and MDA in mouse serum.
GSH-PX and SOD and reduce the remarkable compared
content of MDA in serum. with blank control group.
Establish subacute aging mouse model Bitter gourd saponin can
by D-galactose and give two different Bitter gourd saponin can obviously improve the activity of
doses of bitter gourd saponin to mouse. improve the activity of SOD and body’s antioxidant
Bitter gourd saponin Six weeks later, determination of the GSH-Px and reduce the content of enzymes, scavenge free [82]
content of MDA and the activity of MDA in serum, liver and brain for radicals and reduce the
SOD and GSH-Px in serum, liver and aging mouse. generation of lipid
brain. peroxide.
Male SD rats are randomly divided into .
. . . The resistance effect of
ginsenoside Rg-1group, model group Compared with model group, the exercise-induced fatique
and blank group. Rats in ginsenoside contents of MDA in serum and for ginsenoside R 1gis
Rg-1 group and model group will skeletal muscle significantly lower rogabl related tg its
. . run with medium workload after gastric | (P < 0.01); the activity of SOD in P - v - .
Ginsenoside Rg-1 L functions of increasing [83]
irrigation 1h. Then test the content of erythrocyte, skeletal muscle and . S
. . e ) fatigue rats’ antioxidant
MDA in serum and skeletal muscle and liver significantly increases for rats ability. scavenain
the activity of SOD in erythrocyte, in ginsenoside Rg-1group y,. g g
. ] excessive free radicals
skeletal muscle and liver for exercise- (P <0.01). L .
. ) and lipid peroxide.
induced fatigue rat model.
Establish hyperlipidemia rats model
induced by high fat emulsion and rats C. pilosula saponin can reduce the C. pilosula saponin has
Codonopsis pilosula are given C. pilosula saponin in content of TC, TG and LDL-C and the functions of [84]
(Franch.) Nannf. saponin different concentrations. Then it also can enhance the content of regulating blood lipid and
determination of the content of NO and NO and HDL-C. antioxidation.
lipid in rats’ serum.
Establish oxidative damage model of
. 9 ; ASS 600 mg-L? can reduce ASS takes a protective
myocardium cells for suckling rats L . . -
. ; oxidative damage of myocardium role in oxidative damage
. induced by H,0,. Give rats ASS 600, . -
Acanthopanax senticosu 3 L cells induced by H,0, and also can of myocardium cells
. 300 mg-L™~, determination of cell . . [85]
saponins (ASS) survival rate. the activity of LDH and increase the content of GSH and the | induced by H,0, and can
' y activity of GSH-Px, SOD and CAT increase antioxidant
the content of MDA, SOD, CAT, GSH- - -
. in cells. ability for cells.
Px and GSH in cells.
Establish acute lung injury induced by
oleic acid for rats. Rats are injected by . PNS can decrease the
. . PNS can alleviate lung
different concentrations of PNS after . . degree of acute lung
. L . inflammation, decrease the W/D, L
Panax notoginseng oleic acid injection15 minutes. Then . injury in rats and that
. - MPO, MD, NO, NOS and increase . . [86]
saponins PNS determination of lung wet dry (W/D) . may be involved in
. SOD and exist a dose-response . .
ratio and the content of NO and MDA relationshi increasing lung
and the activity of MPO, NOS and SOD P antioxidant action.
by biochemistry method.
Establish acute liver injury mouse L SQDG has protective
. L SQDG can significantly reduce the ) .
model induced by CCl,. Determination content of ALT AST and MDA in function for acute liver
of the activity of ALT, AST, SOD and . . injury mouse model and
SQDG mouse serum, increase the activity [87]
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(Table 5) contd....
TCM Names and their . . .
. : Experimental Methods Experimental Results Conclusions References
active Components
F:ultlvate rats I|ver_ce_lls apd e.thanoI. SS-D has obvious
induces hepatocyte injury in vitro. With . . .
. . SS-D can evidently improve protective effect to
different concentrations of SS-D - S
rotecting them. determination of the hepatocyte survival rate and inhibit hepatocyte damaged by
Saikosaponin-D(SS-D) P o 9 ' the activity of ALT, the reduction of | ethanol and the [88]
activity of ALT and GSH-Px and the - . Lo
- . GSH-Px activity and the generation | mechanism is probably
content of MDA in culture solution, . L
; . of MDA. related to its antioxidant
meanwhile test hepatocyte surviva rate effect
by MTT method. '
The scavenging ability to ABTS
increases with the concentrations of
saponin increasing; low
concentrations of alligator
alternanthera saponin have
Determination of the scavenging ability | stimulative effect to -OH, but with
. of alligator alternanthera saponin for concentrations of saponins Alligator alternanthera
Alligator alternanthera i . . - Lo . - -
saponin ABTS, -:OH and O, respectively in increasing, it begins to have some saponin has certain [89]
P ABTS system, Fe**-H,0, system and scavenging ability and its antioxidant effect.
pyrogallol autoxidation system. scavenging ability and saponins
concentration have dose effect
relationship; but for O,™,
scavenging ability first increases
and then decreases along with the
concentrations increasing.
Establish mouse subacute aging model The antiaging function of
by D-galactose, meanwhile give them D. opoosita can obviously improve D. opoosita may involve
Dioscorea onoosita Thunb D. opoosita. Six weeks later, the activity of SOD and GSH-Px that it can improve the
saponin P " | determination of the content of MDA and reduce the content of MDA in activity of antioxidant [90]
P and the activity of SOD and GSH-Px in serum, liver homogenate and brain enzymes, scavenge free
serum, liver homogenate and brain homogenate for aging mouse. radicals and reduce lipid
homogenate. peroxide.

3.5. Alkaloids

Some TCM contain alkaloids, such as strychnine in
Strychnos nux-vomica L., demethylcoclaurine in Aconitum
carmichaeli Debx., tetrahydroberberine in Coptis chinensis
Franch. and aloperine in Sophora alopecuroides L. etc. with
antioxidative activity similar to BHA and BHT in linoleic
acid air oxidation [91]. Pharmacology experiments show that
anisodamine can obviously inhibit RBC hemolysis caused by
H,0, or oxidation hemolysis and restrain the formation of
MDA caused by liver, brain homogenate spontaneity or
induced by Fe?*-VC for mice [92]. The structures of these
substances are shown in Fig. (3).

3.6. Terpenes

Laurencia extracts (LET) are rich in natural terpenoids.
Appropriate dosage of LET can obviously inhibit blood
lymphocyte DNA oxidative damage induced by H,0,. In
addition, LET can also reduce the content of MDA in blood
[93].

3.7. Phenolic Acids Compounds

Phenolic acid compounds are a class of compounds that
have several phenol hydroxyl in the same benzene ring.

Some phenolic acid compounds and their derivatives have
good function of scavenging free radicals, so they are a kind
of good natural antioxidants [94]. For example, the
molecular structure of ferulic acid drugs contains conjugate
big = bond that can increase electronegativity of center atom,
carboxyl groups that can increase water solubility and
hydroxyl that can provide hydrogen proton. It can scavenge
free radicals, restrain lipid peroxidation induced by -OH and
protect the structure and function of biological membrane
due to its strong oxidative stability [95]. There are mainly 3
kinds of phenolic acids compounds Fig. (3) found in the
nature plants with oxidative ability: (1) CsC; type, such as
proto-catechuic acid, gallic acid (Macrocarpium officinale
(Sieb. Et Zucc.) Nakai); (2) C¢C, type, such as 3 -
hydroxyphenyl acetic acid, (3) C¢C; type, such as
chlorogenic acid (Lonicera japonica Thunb.), ferulic acid
(Angelica sinensis (Oliv.) Diels, Ligusticum chuanxiong
Hort.), caffeic acid, rosemary acid (Perilla frutescens (L.)
Britt. Var. arguta (Benth.) Hand.-Mazz.) and meson acid
(Propolis) etc [96].

Catechin is a kind of polyphenol riched in Camellia
sinensis, which has antioxidative activity. Its antioxidative
activity is better than a-tocopherol with the same
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concentration and is also 4-6 times as active as synthetic
antioxidants like butylated hydroxytoluene (BHT), butylated
hydroxyanisole (BHA). If used together with the vitamin C
and vitamin E, their antioxidative activity has the synergy
[97]. The polyphenols such as resveratrol [98], gallic acid
and proanthocyanidins that extracted from grape seeds and
pine bark have also been proved to have strong oxidative
stability [99]. A water-soluble ingredient contained in Salvia
miltiorrhiza Bunge is salvianolic acid that has strong
inhibitory effect on lipid peroxidation of brain, liver and
liver microsomal. It also has been reported that determined
by FRAP and TEAC reagent for the antioxidative ability of
23 kinds of TCM, the result shows Sargentodoxa cuneata
(Oliv.) Rehd. et Wils., Fraxinus szaboana Lingelsh.,
Paeonia lactiflora Pall., Paeonia suffruticosa Andr. and
Scutellaria baicalensis Georgi have strong antioxidant
capacity. So they are important sources of nature antioxidant
[100].

3.8. Tannins

Tannins generally have antioxidative activity. 25 kinds of
tannins and its related compounds were studied and found
that 23 kinds of tannins among them had antioxidant effect
in different degree. It has been reported that the inhibition
rates of Polygonum cuspidatum Sieb. et Zucc. Tannins with
0.05, 0.1, 0.5 mg/ml to MDA are 75.0%, 82.6% and 85.0%,
respectively [101].

4. FUTURE TRENDS

Over the last decade many scientific researches have
focused on antioxidants in delaying or preventing oxidative
stress and many compounds have already been evaluated for
their antioxidant profile. However, a wide range of in vitro
and in vivo assays do exist to characterize antioxidant
activity, which requires a profound knowledge of the
limitations and pitfalls of each of these methods, including
appropriate corrective measures [102].

So far, the researches about antioxidation of TCM have
made a lot of exciting achievements and many research
findings among them are related to anti-aging studies. Many
scholars agree that the function of free radicals lipid
peroxidation and the activity of free radical scavenging
agents are closely related to the degree of body aging.
Furthermore, the function of free radicals is not only related
to physiological aging but also linked with some
pathological processes. At present, people think the reaction
of free radicals may be one of intrinsic mechanisms for body
aging. So inhibiting the peroxidation of free radicals and
strengthenning body’s antioxidative ability may be an
important way for antiaging [103].

With the merits of wide source, strong antioxidative
activity, good body affinity and high safety, etc., plant
antioxidant will still be the focus in the future research. For
TCM containing abundant constituents of scavenging free
radicals, convenient method of screening free radical
scavenging agents is in favour of quickly finding effective
TCM and reasonable formula. With the progress of science
and technology and the deepening research of TCM, believe
that more TCM with antioxidation will be found. The
antioxidation property of TCM will be got good

Liu and Jiang

development and utilization in mang aspects, such as
senescence delay, radioresistance, beauty supplies and health
protection and so on. In the future, people should broaden
their minds and make single TCM combined with complex
medicines, which makes the research on the antioxidation of
TCM up to a new step. Further let large system of TCM
make better service for people.
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