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Introduction

Oxidativestressisbdieved to be aprimary factor both in
neurodegenerative diseases and in the normal process of
aging!>3. Reactive oxygen species (ROS) , such as superox-
ideanion (O; ) and hydroxyl radical (-OH), are ascertained to
exert some detrimental effects, including lipid peroxidation
of cell membranes, ateration of lipid-protein interactions,
enzyme inactivation'¥, and DNA breakage”. High oxygen
consumption, relatively low antioxidant levels and low re-
generative capacity result in brain tissue being susceptible
to oxidative damage. Thus, antioxidants and free radical
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Abstract

Aim: Toinvestigate and compare the antioxidant activities of salvianolic acid B
(SalB) and Ginkgo biloba extract (EGb 761) in aqueous solution, rat microsomes
and the cellular system. M ethods: Superoxide anion (O, ) was generated using
xanthine/xanthine oxi dase system and phenazine methosulate/NADH system, and
the effects of SalB and EGb 761 on the generation of O, wereachieved by spectro-
photometric measurement of the product formed on reduction of nitro blue
tetrazolium. Two different methods were used to assess the scavenging effects of
the extracts on hydroxyl radical (-OH): HPLC method was used for quantitation of
-OH by oxy-radical trapping of 5,5-dimethyl-1-pyrroline-N-oxide (DMPO) toform
DMPO-OH adductsin Fe*-EDTA-H,0,system. To confirm the HPLC data, -OH
was also measured by spectrophotometry using a commercial detection kit. The
anti-lipid peroxidation effects of the extractsin microsomes of rat brain, liver and
kidney induced by ascorbate-NADPH were determined by thiobarbituricacid (TBA)
method. The protective effects of the extracts on peroxide hydrogen (H,O,)-
induced oxidative damagein SH-SY5Y cdlswere investigated by assessing cell
viability assay, thelevel of lipid peroxidation, and the lactate dehydrogenase
(LDH) release. Results: Both SalB and EGb 761 were able to scavenge O; and
-OH, inhibit lipid peroxidation of microsomes, and protect SH-SY5Y cells against
H,O,-induced oxidative damage. However, the concentration of SalB wasfar lower
than that of EGb 761 when asimilar effect was obtained. Conclusion: Theantioxi-
dant efficiency of SalB was greater than that of EGb 761. These results suggest
that SalB, like EGb 761, has promising potential in treating oxidative damage-
derived neurodegenerative disorders.

scavengers might have therapeutic applicationsin treating
ROS-initiated neurodegenerative di seasessuch asParkinson’s
(PD) and Alzheimer’s diseases (AD).

Recently, natural antioxidants have received consider-
ableinterest owing to their potential health benefits®. Salvia
miltiorrhiza, commonly known as Danshen, isawell-known
Chinesetraditiona herbal medicine, which hasbeen widely
used in oriental medicinefor thetreatment of heart and brain
diseases, hepatitis, hemorrhage, and menstrual abnormalities.
Total salvianolic acids are water-soluble components ex-
tracted from salvia miltiorrhiza. They contain approximatdy
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1% savianolicacid A (SalA), 57% salviandic acid B (SalB),
35% rosmarinic acid and other polyphenolicacidd®. Clearly,
SalB (Figurel) isthe greatest congtituent of total salvianolic
acids. Our previous study showed that SalB possesses
strong antioxidant activities™. It was also demonstrated
that SalB could ameliorate learning and memory dysfunc-
tionsinduced by transient cerebral ischemiain mice?, ale-
viate ischemic damagein rats®, and prevent cytotoxicity
induced by amyloid b protein (Ab)™®. Although the mecha-
nism of action of SalB is not fully understood, some investi-
gatorsbelievethat the antioxidant activity of SalB isinvolved
in its pharmacol ogical actions®?.

OH

OH o OH

Figure 1. The structure of salvianolic acid B.

Ginkgo biloba is another Chinese plants widely used
for itsmedicinal propertiesfor several thousand years. The
standardized extract of ginkgo biloba leaves, named EGb
761, contains specific percentages of ginkgo-flavone glyco-
sides (24%) and terpenoids (6%0)!*. During the past decade,
many experiments have demonstrated that EGb 761 exhibits
arange of biochemical and pharmacological effectd'?. It
possesses antioxidant and neuroprotective properties, im-
proves blood rheology and tissue metabolism, opposes the
detrimental effect of ischemia, attenuates apoptosis in neu-
ronal cultures and inhibits the formation of Ab aggregates.
Recently, EGb 761 has been marketed as a therapeutic di-
etary supplement to counteract a variety of neurological
disorders, including AD. Most of the effects of EGb 761
have been attributed to its antioxidant properties, probably
because of the presence of flavonoid or terpenoid constitu-
entsin the extract!*3*4,

Although salvia miltiorrhiza has been used in traditional
medicinefor over 1000 years, itsantioxidant activity gill lacks
convincing evidence. Moreover, comparative eval uation of
the antioxidant activities of SalB and EGb 761 has not as yet
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been conducted. The goal of the present study was toin-
vestigate antioxidant and free radical scavenger activity of
SalB, and compare the effects of SalB with those of thewell-
known natural antioxidant EGb 761.

Materials and methods

Drugsand reagents SalB (purity >99%) was purchased
from theNational Pharmaceutical and Biological Product In-
spection Ingtitute Of China (Beijing,China), and EGb 761 was
obtained as dry powders from IPSEN (Paris, France). 5,5-
dimethyl-1-pyrroline-N-oxide(DMPO), 2,5-dihydroxybenzoic
acid (2,5-DHBA), L-ascorbic acid, NADH, NADPH, phena-
zinemethosulate (PMS), and 3-(4,5-dimethylthiazol-2-y1)-2,
5-diphenyl tetrazolium bromide (MTT) was obtained from
Sigma Chemical (St Louis, MO, USA). High performance
liquid chromatography (HPLC) grade acetonitrile were ob-
tained from Merck (Darmstadt, Germany). Other reagents
madein Chinawere of analytical grade. SalB and EGb 761
were freshly dissolved in sterilized doubl e deionized water
and filtered through a 0.22-um filter (Millipore, CA, USA)
before each experiment.

In our pilot studies, increasing concentrations of SalB
(0.00072,0.0072,0.072,0.72,and 7.2 mg/L) and EGb 761 (1, 5,
10, 50, and 100 mg/L) were studied in scavenging ROS and
inhibiting lipid peroxidation in order to select the effective
doses for further use in experimental studies.

Superoxide anion assay Two sources were used for the
production of the superoxidefreeradical. Thexanthine/xan-
thine oxidase system!™!: superoxide anion was detected by
spectrophatometry with acommercia kit (Nanjing Jancheng
Bioengineering Institute, Nanjing, China) according to the
manufacturer’sinstructions. O, was generated enzymati-
cally using the xanthine/xanthine oxidase system in the
absence and presence of different concentrations of SalB or
EGb 761. Then theyied of O; could reduce Nitro Blue Tet-
razolium (NBT), becoming a colored substance. After reac-
tion, each sample was detected and the absorbance was read
at awavelength of 550 nm using a SpectraMax microplate
reader (Molecular Devices, Sunnyvale, CA, USA). Prior to
performing the study, we examined whether these two plant
extracts inhibited xanthine oxidase activity by monitoring
uric acid formati on spectrophotometrically at 200 nm™, The
PMS/NADH system: superoxide radical was generated in a
non-enzymic system described by Nishimiki et al*” with
dight modifications. The reaction mixturecontained 15 pmol/L
PMS, 78 umol/L NADH, 30 pmol/L NBT, and various con-
centrations of extracts in phosphate buffer (0.1 mol/L, pH
7.4). After being incubated at ambient temperaturefor 5min,
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the color was read at 560 nm againgt blank.

Hydroxyl freeradical assay Thefollowing two methods
were used to assess the scavenging effect on hydroxyl
radicals. High performanceliquid chromatography with elec-
trochemical detection (HPLC-ECD): a Fenton-type reaction
(Fe"-EDTA+H,0,® Fe*-EDTA+OH+OH") wasused totest
the ability of SalB and EGb 761 to scavenge -OH, according
to a previous study™ with sight modifications. The reac-
tion mixture contained 5 mmol/L DMPO, 500 umal/L FeSO,,
500 umol/L EDTA, and 2 mmol/L H,0,, in the absence and
presence of the extractsin a final volume of 0.5 mL. After
incubation at 37 °C for 5 min, 50 uL 2,5-DHBA sol ution was
added at afinal concentration of 0.5 pumol/L. Then 20 uL of
the mixture wasinjected into HPLC and analyzed by using
an e ectrochemical detector. The -OH wasmeasured by oxy-
radical trapping of DMPO to form DMPO-OH adductsin the
system. HPLC was carried out on a Spherisorb ODS-2 re-
versed-phase column (250 mmx=4.6 mm, 5 um), with amobile
phase of citric acid/sodium acetate (30 mmol/L citric acid-50
mmol/L sodium acetate-3% acetonitrile, pH 5.1), at a flow
rate of 1.2 mL/min and detection potential of 0.6 V with Ag/
AQCl asareferencedectrode. Thequantitation of the DMPO-
OH adducts was expressed as the ratio of its peak area to
that of 2,5-DHBA used asaninternal sandard. Spectrophoto-
metry: hydroxyl radicals were al so measured by spectropho-
tometry usng acommercially avail able detection kit (Nanjing
Jiancheng Bioengineering Institute) according to the
manufacturer’sinstructions. Thekit uses a chromatogenic
substrate, which reacts with the product of -OH, yielding a
stable color substance with maximum absorbance at 550 nm.

Assay of lipid per oxidation in microsomesof rat brain,
liver and kidney MaleWistar rats (Gradell, Certificate No
SCXK 2004-0001), weighing 180-200g each, werepurchased
from the Experimental Animal Center, Chinese Academy of
Medical Sciences. The animalswere maintained with free
accessto food and drinking water under constant tempera-
tureand humidity conditionsfor 1 week beforetheexperiment.
Microsomes were prepared according to the method de-
scribed in a previous study™. Wistar rats were killed by
cervical dislocation. Their brains, livers and kidneys were
removed and homogenized in 0.25 mol/L sucrose, 0.05 mol/L
Tris, 0.025 moal/L KClI, 0.003 mol/L MgCl, buffer (pH 7.5).
Microsomal fractionswere obtained by centrifuging thewhole
homogenate at 10 000xg for 30 min and then centrifuging the
supernatant at 105 000xg for 60 min. Microsomal pellets
were suspended in 0.1 mol/L phosphate buffer (pH 7.4) to
yield afinal concentration of 10 mg microsomal protein/mL.
Protein concentration was determined by the Lowry method
using bovine serum albumin as the standard.

Thelevel of malondiadehyde (MDA), a secondary prod-
uct of lipid peroxidation, is often used as an index of lipid
peroxi dation by reacting thelipid peroxideswith thiobarbituric
acid (TBA). In the present study, lipid peroxidation in mi-
crosomes prepared from brain, liver and kidney wereinduced
by ascorbate-NADPH® and determined as TBA-reacting
products as described in a previous study'®?. The reaction
mixture, containing 1 mg of microsoma proteinin 0.1 mol/L
phosphate buffer (pH 7.4), 200 pmol/L NADPH, 50 pmol/L L-
ascorbic acid, and various concentrations of the tested
extracts, was incubated at 37 °C for 30 min (final volume=1
mL). Thereaction was terminated by the addition of 2 mL of
0.53% TBA (w'v) and 20% trichloroacetic acid (TCA). This
mixture was heated at 100 °C for 30 min, cooled in ice and
centrifuged at room temperaturefor 10 min at 3000xg. The
absorbance of each supernatant at 532 nm was then mea-
sured and 1,1,3,3-tetraethoxypropane (TEP) was used as a
standard. Theresultswere expressed as percent of control.

Hydr ogen per oxide (H,0,)-induced oxidativedamagein
SH-SY5Y cdls Human neuroblastoma SH-SY5Y cellswere
obtained from Institute of Basic Medical Sciences, Chinese
Academy of Medical Sciences. The cellswere cultured in
DMEM with 10% FBS, 100 U/mL penicillin, 100 mg/L strepto-
mycin, and maintained at 37 °C in ahumidified atmosphere of
95% air and 5% CO,. All experimentswerecarried out 48 h
after cellswere seeded at adensity of 1.0x10° cells'om? H,O,
was added into the cultures from freshly prepared stock so-
lutions with a final concentration of 150 umol/L. The ex-
tracts were added to cells 15 min before the treatment with
H,0,. Assay for cdl viability, lipid peroxidation and enzyme
activity were performed 24 h after incubation with H,0..

MTT isan indicator of the mitochondrial activity of liv-
ing cellsand is generally used as an index of cell survival®.
After different treatments, 10 uL of the5 g/L MTT stock
solution was added in 96-well culture platesand maintained
for 4 h. Subsequently, the medium was aspirated and 100 pL
DM SO was added. The absorbance was measured at 570
nm. The SH-SY5Y cdlswerewashed twotimeswith PBSfor
harvesting, then scraped from the platesinto ice cold PBS
(0.1 mal/L, containing 0.05mmoal/L EDTA) and homogeni zed.
The homogenate was centrifuged at 4 °C at 10 000xg for 30
min. The resulting supernatant was stored at -20 °C until
MDA assay. The content of MDA was measured as de-
scribed above. LDH, an indicator of cell injury, was detected
with an assay kit (Beijing BHKT Clinical Reagent, Beijing,
China). Culture medium (50 uL) was gently aspirated and
saved for LDH determination. LDH could catalyze the syn-
thesisof pyruvicacid from lactic acid, and pyruvic acid then
reacted with 2,4-dinitrophenyl hydrazineto form aderivative
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of phenylhydrazone. Thelatter showed abrownish-red color
in basic solution. After reaction, each sample was detected
and the absorbance wasread at a wavelength of 440 nm.

Statistical analyss All results are expressed as meanst
SD. Comparisons between groupswere made using an analy-
sisof variance (ANOVA), followed by aleast significant dif-
ference multiple range test. The differences were consid-
ered significant when P<0.05.

Results

Selectingtheeffective dosesof SalB and EGb 761 1n our
pilot studies, graded concentrationsof SalB (0.00072, 0.0072,
0.072,0.72,and 7.2 mg/L) and EGb 761 (1, 5, 10, 50, and 100
mg/L) were studied on ROS formation and lipid peroxidation.
It was not observed that the lower doses of SalB (0.00072
and 0.0072 mg/L) and EGb 761 (1 and 5 mg/L) produced any
significant effect compared to the contral, although slight
reductions appeared (data not shown). Therefore, in the
following experimentsthe higher doses of SalB (0.072, 0.72,
and7.2mg/L) and EGb 761 (10, 50, and 100 mg/L) were used
to compare the antioxidant activities between them. The
concentrations0.072, 0.72, and 7.2 mg/L of SalB used in the
following were equivalent to 0.1 pmol/L, 1 pmol/L, and 10
pwmol/L in molarity, respectively.

Effectsof SalB and EGb 761 on super oxide anion radical
Theability of extractsto scavenge the superoxide anion radi-
cal wasmonitored in two different systems. In Figure 2, the
effects of these extracts on superoxide anion radical gener-
ated in the xanthine/xanthine oxi dase system was presented.
Before testing the inhibitory effects of SalB and EGb 761
towards superoxide generation, we examined whether these
extractsinteract with xanthineoxidase. It was observed that
SalB at the concentrations tested here did not exhibit asig-
nificant influence on xanthine oxidase, sothereduction in
the generation of superoxide anion was the direct effect of
SalB on superoxide anion. However, EGb 761 at concentra-
tionsabove 50 mg/L sgnificantly inhibited xanthine oxidase
activity (data not shown), indicating the actual superoxide
scavenging action of EGb 761 was lower than that shown in
Figure2. AsshowninFigure 2, both of these extractsinhib-
ited O, generation in adose-dependent manner. At the con-
centration of 7.2 mg/L, SalB caused 36.6% inhibition of O,
generation, and EGb 761 at the concentration of 10 mg/L
could achieve asimilar inhibitory effect. Although thein-
hibitory effect strengthened with an increase of the concen-
tration of EGb 761, the result was partly associated with its
interaction with xanthine oxidase.

The ability of extractsto scavenge the superoxide anion
radical was also assayed in the PMS/NADH system (Figure 3).
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Figure 2. Effects of SalB and EGb 761 on superoxide anion radical
generated by xanthine/xanthine oxidase system. n=8. Mean+SD.
bP<0.05, °P<0.01 vs control group.
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Figure 3. Effects of SalB and EGb 761 on superoxide anion radical
generated by PMS/NADH system. n=8. Mean+tSD. °P<0.01 vs con-
trol group.

It isobvious that SalB exhibited dose-related inhibitory ac-
tivity towards O, generation, and that the highest concen-
tration (7.2 mg/L) tested here caused about 40% inhibition of
O; generation. EGb 761 inhibited the O; generation by 40%
at concentrations above 10 mg/L, and theinhibitory activity
remained constant at higher EGb 761 concentrations, indi-
cating that the maximal effect of EGb 761 is obtained at ap-
proximately 10 mg/L. Theseresults obtained from the two
systems indicate that both SalB and EGb 761 are capabl e of
inhibiting O, formation, andtheinhibitory activity of SalBis
more potent.

Effectsof SalB and EGb 761 on hydroxyl freeradical
The ability of extractsto scavenge the hydroxyl freeradical
was evaluated by two different methods. Figure 4 showsa
typical HPLC chromatograph of DMPO-OH adduct in Fe*-
EDTA-H,O,system. In Figureb, the effects of these extracts
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DMPO-OH

2.39 2,5-DHBA

0.00 4.00 8.00 12.00 min

Figure 4. HPLC chromatograph of DMPO-OH adduct in Fe*-EDTA-
H,O, system.
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Figure 5. Effects of SalB and EGb 761 on hydroxyl free radical
generated by Fe?*-EDTA-H,0, system and monitored by HPLC-ECD.
n=5. Mean+SD. "P<0.05, °P<0.01 vs control group.

on hydroxyl radical monitored by HPL C-ECD was presented.
All the concentrations of the two extracts significantly
inhibited the formation of DMPO-OH and exhibited dose-
rdatedinhibitory activity. SalB exerted amaximal inhibitory
effect of 40% at alevel of 7.2 mg/L, and EGb 761 could not
achieve the same inhibitory effect even at the highest con-
centration (100 mg/L) tested here.

The ability of extracts to scavenge the hydroxyl radical
was al so assayed by spectrophotometry using a commercial
detection kit. All the concentrations of the two extracts sig-
nificantly inhibited -OH generation and theinhibition profile
was consistent with the results obtained by HPLC-ECD.
These results obtai ned from the two methods indicate that
both SalB and EGb 761 are capable of inhibiting -OH forma-

tion, and the inhibitory activity of SalB is much more potent
(Figure®6).
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Figure 6. Effects of SalB and EGb 761 on hydroxyl free radical
measured by spectrophotometry. n=8. MeantSD. PP<0.05, °P<0.01
vs control group.

Effectsof SalB and EGb 761 on lipid peroxidation in
microsomes The effects of these two extracts on microso-
mal MDA formation areshown in Table 1. SalB and EGb 761
at all the concentrations tested here significantly decreased
the formation of MDA and had a dose-dependent inhibitory
activity. Consistent with the ROS scavenging activity pre-
sented above, SalB was moreefficient than EGb 761 in inhib-
iting lipid peroxidation in microsomes.

Table 1. Effects of SalB and EGb 761 on lipid peroxidation in
microsomes of the rat brain, liver and kidney induced by ascorbate-
NADPH. n=6. Mean+SD. PP<0.05, °P<0.01 vs control group.

Content of MDA (%)
Treatment

Brain Liver Kidney

Untreated (control)  100.0+1.2  100.0+1.8 100.0+2.1
SalB (mg/L)

0.072 86.3+1.5° 80.4+1.2°  73.0+1.8°

0.72 68.4+1.2° 36.8+0.6° 50.5+2.1°

7.2 31.4+0.4¢ 24.8+0.2° 35.3+1.8°
EGb 761 (mg/L)

10 71.9+1.7° 43.4+0.3° 62.9+3.1°

50 62.7+1.6° 31.2+0.9° 42.5+1.9¢

100 57.4+0.6° 27.8+0.4°  37.1+2.4°

Effectsof SalB and EGb 761 on viability of SH-SY5Y
cellsinduced by H,O, Theeffects of SalB and EGb 761 on
the cytotoxicity induced by H,O, in SH-SY5Y cells were
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evauated in thisstudy (Figure7). Treatment with 150 pmol/L
H,O, for 24 h resulted in a significant inhibition of MTT
reduction (the cell viability decreased to 65.2% with respect
tountreated cells). However, pre-treatment of cellswith SalB
(0.072-7.2mg/L) or EGb 761 (10-100 mg/L) concentration-
dependently protected cells againgt the toxicity induced by
H,O,. Thelowest concentration of SalB or EGb 761 tested
heredid not enhance sgnificantly viability, although adight
increase was found. In addition, the concentration of SalB
was far lower than that of EGb 761 when the similar protec-
tive effect was obtained.
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Figure 7. Effectsof SalB and EGb 761 on H,0,-induced decrease in
SH-SY5Y cell viability when added 15 min prior to H,O, treatment.
Cell viability was estimated by MTT assay after cells were pretreated
with indicated concentrations of SalB or EGb 761 prior to incubation
with H,0O, (150 pmol/L). n=6. MeantSD. °P<0.01 vs untreated
group. °P<0.05, 'P<0.01 vs group treated with H,O, alone.

Effectsof SalB and EGb 761 on the content of M DA and
theactivity of LDH in SH-SY5Y cellsinduced by H,O, The
treatment of SH-SY5Y cellswith 150 umol/L H,O, caused an
increaseintheintracelular MDA level by 137.2%. However,
preincubation of cellswith SalB or EGh 761 markedly attenu-
ated the increase in the MDA level in a dose-dependent
manner, and SalB at a lower concentration could achieve a
similar inhibitory effect (Figure 8).

The effects of these two extracts on LDH activity in-
duced by H,O,are shown in Figure 9. There was a marked
increase of LDH leakage after the addition of H,0O, to the
culture media, and thisresponse was attenuated by EGb 761
in adose-dependent manner. Although SalB markedly at-
tenuated theincrease in the LDH activity only at the highest
concentration, this effective concentration of SalB was far
lower than that of EGb 761 when asimilar inhibitory effect
was obtained.
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Figure 8. Effects of SalB and EGb 761 on H,0,-induced lipid peroxida-
tion in SH-SY5Y cells. Cells were pretreated with indicated concen-
trations of SalB or EGb 761 prior to incubation with H,0, (150 umol/
L) and lipid peroxidation was assessed by TBA method. n=4.
Mean+SD. °P<0.01 vs untreated group. °P<0.05, ‘P<0.01 vs group
treated with H,0, alone.
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Figure 9. Effects of SalB and EGb 761 on H,0,-induced LDH activ-
ity in SH-SY5Y cells. Cells were pretreated with indicated concentra-
tions of SalB or EGb 761 prior to incubation with H,O, (150 pmol/L)
and LDH activity was assessed according to the manufacturer’s
instructions. n=6. Mean+SD. °P<0.01 vs untreated group. °P<0.05,
P<0.01 vs group treated with H,O, alone.

Discussion

Oxidative stress, defined as the imbalance between the
formation of reactiveoxygen species (ROS) and antioxidative
defence mechanisms, has been suggested to be involved in
the pathogenesis of most of the neurodegenerative disor-
dersincluding AD™. Antioxidants that react preferentially
with ROS to inactivate them have excited great interest be-
cause of their potential for therapeutic use. In thissudy, we
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investigated and compared the antioxidant activities of SalB
and EGb 761 in aqueous solution, rat microsomes and the
cellular system. Our results showed that SalB is more effi-
cient than EGb 761 in scavenging ROS, especially hydroxyl
radical (-(OH). For lipid peroxidation inhibition activity in
microsomes, we al so obtained similar results. Furthermore,
both SalB and EGb 761 protected SH-SY5Y cdlsagainst H,O,-
induced oxidative damage, while the concentration of SalB
wasfar lower than that of EGb 761 when asimilar protective
effect was obtained.

Superoxide anion (O, ) has been of intense interest ow-
ing toits increased dominance in vivo in different disease
conditions. Although O; isfar less activethan -OH, it can
generate -OH by superoxide dismutase (SOD) in the biol ogi-
cal system. EGb 761 has been previously reported to scav-
enge O, generated by using the water radiolysis method,
and at concentrations above 100 mg/L completely scavenge
superoxide™¥. But in the present study, our data showed
that EGb 761 only inhibited O; formation by approximately
40% at a concentration of 100 mg/L. The great difference
between them may be the result of different systems used
for the production of O; . Our data also showed that SalB
inhibited O, formation by approximately 40% at concentra-
tionsaslow as7.2 mg/L, suggesting that SalB isan efficient
scavenger for O, . However, EGb 761 inhibited the activity
of xanthine oxidase (XOD), an important biological source of
O; radical, whereas SalB did not exhibit such inhibitory
activity at the concentrations tested here. In addition, EGb
761 appears to have a SOD activity!™. Whether SalB pos-
sesses enzyme activity requires further investigation.

-OH isthemost activeradical causing lipid oxidation and
enormous biological damage. Fenton reaction (Fe*+H,0,
® Fe*+OH+OH"), awell known -OH generator, was often
used to test the ability of antioxidants to scavenge this free
radical. When catalysed by iron-EDTA, thisreaction occurs
morerapidly®, and moreimportantly, EDTA isabletoweaken
the interference effects from some compounds that chelate
or bindtoiron ions. For these reason, we generated -OH-
radicals from a Fenton system containing EDTA. Theradi-
cals formed were scavenged and quantified by oxy-radical
trapping of DMPO to form DMPO-OH adducts using the
HPLC method. The DMPO-OH adduct peak was separated
successfully and identified by HPLC-ECD. To confirm the
HPL C data by an aternative method, -OH was also measured
by spectrophotometry. Our results are consistent with the
previous reportsthat EGb 761 could scavenge -OH-radical$™,
and demonstrate that SalB is more potent than EGb 761 in
scavenging thisradical, because EGb 761 even at the high-
est concentration (100 mg/L) could not achieve the same

level of inhibition ascould SalB at alevel of 7.2 mg/L.

Lipid peroxidation is one of the reactions induced by
oxidative stress and is especially active in those tissues
having membranesrich in polyunsaturated fatty acid. The
microsomal fraction has been shown to be particularly sen-
sitiveto peroxidation and assuch has been used extensively
to investigate the antioxidant activity of many naturally
occurring and synthetic compounds®!, EGb 761 has been
reported to reduce thefreeradical -induced lipid peroxidation
generated by NADPH-Fe* systemsin rat microsomes, and
to protect human liver microsomes from lipid peroxidation
induced by cyclosporin A, In the present study, we
investigate theanti-1ipid peroxidation effect of SalB and EGb
761 in microsomes of rat brain, liver and kidney induced by
ascorbate-NADPH. The results presented here confirmed
theinhibitory effect of EGb 761 on lipid peroxidation and
showed that SalB was more efficient than EGb 761, which
was consistent with their greater ROS scavenging ability.
Therefore, the ability of these plant extracts to inhibit lipid
peroxidation seemsto berelated to their ability of scaveng-
ingROS.

Human neuroblastoma SH-SY5Y cdlswereused in this
study because thisis awidely used cell line for modeling
neuronal characteristics. H,0O,is one of the major compo-
nents of ROS which has been extensively used as an inducer
of oxidative stressin an in vitro model®. Moreover, asa
hydroxyl radical donor, H,O, has been reported to mediate
Ab toxicity™™. Theexposureof cultured cellstofreeradicals
resultsin an imbalance in energy metabolism in addition to
the deleterious effects of hydroxyl and peroxyl radicals on
membranelipidsand proteins. Therefore, cdlular functionis
impaired, which finaly causes cell death. Our present stud-
ies confirmed that cdlls treated with H,O, caused a marked
decrease in cdll survival and elevation of oxidative stress
characterized by accumulation of MDA production and LDH
reeasse. Lipid peroxidation may cause the damage of the cdl
membrane, which alters the biophysical characteristics of
the cell membrane such asmembranefluidity and the confor-
mation of protein sulphydryl groups. The release of LDH
into the culture medium was regarded as an indicator of
odlular damageand cytotoxicity!®. However, when SH-SY5Y
cells were preincubated with SalB or EGb 761, the H,O.-
induced increasein thelevel of MDA and therel ease of LDH
was remarkably attenuated as well as H,O,-induced reduc-
tion in cel survival. Our results are consistent with a previ-
ous study on EGb 761 obtained in rat cerebdllar granule od15%,
and show that SalB ismore efficient than EGb 761 in protect-
ing SH-SY5Y cdls against H,O,-induced oxidative damage.
However, EGb 761 could upregul ate the activity of SOD, the
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key antioxidant enzymein the brain®®”, and thusenhancethe
antioxidant capacity of the neuronal system. However, the
influence of SalB on antioxidant enzyme activitiesin H,O,
trested SH-SY5Y cdlsremainsunclear.

SalB is awater-soluble single compound isolated from
thetraditional Chinese drug Salvia miltiorrhiza. Our previ-
ous studies suggested that SalB has strong antioxidative
activity™. Analysis of the molecular structure of SalB also
indicated that it possesses a potent capacity for scavenging
freeradicals. The phenolic hydroxyl group in the structure
of the SalB may be related to its antioxidant activity. The
EGb 761 extractisardativey complex mixturethat contains
flavonoid and terpene components. EGb 761 displays, mainly
viaits flavonoid constituents, free radical scavenging and
antioxidant antionsthat could account for much of the phar-
macol ogical effects of thetotal extract!™®, Interestingly,
EGb 761 is becoming one of the most popular dietary supple-
mentsin the USA for enhancing memory. In European coun-
triesit isacommonly prescribed drug for treatment of age-
related disorders, including AD. Kose and Dogan™® have
shown that the antioxidant potency of EGb 761 appears to
be greater than that of ascorbic acid, glutathione and uric
acid, and comparable with that of lipid-soluble antioxidants
such asretinol acetate and a-tocopherol. Our results pre-
sented herein demonstrated that SalB is more potent than
EGb 761 in scavenging O, and -OH, inhibiting lipid peroxida-
tion of microsomes, and protecting SH-SY5Y cells against
H,O,-induced oxidative damage. Moreover, for drugsto be
the effective treatment of neurodegenerative diseases they
must be capabl e of penetrating the blood-brain barrier, and
SalB can satisfy the requirement. These data suggest that
thereispromising potential for the natural antioxidant SalB
to be used in treating neurodegenerative diseases that in-
volve freeradical and oxidative damage.
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