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SALVIANOLIC ACID B PROTECTS
THE MEMORY FUNCTIONS AGAINST
TRANSIENT CEREBRAL ISCHEMIA IN MICE

GUAN-HUA DU*, YUE QIU and JUN-TIAN ZHANG

Institute of Materia Medica, Peking Union Medical College and
Chinese Academy of Medical Sciences, 1 Xian Nong Tan Street,
Beijing 100050, China

{ Received 14 July 1999, Revised 21 August 1999, In final form 30 August 1999)

The objective of this work was to study the protective effects of salvianolic acid B (Sal B) on the
dysfunctions of learning and memory induced by transient cerebral ischemia in mice. The
mechanisms of its actions also were rescarched both i vivo and in vitro. The model of dysfunc-
tion of learning and memory induced by transient cerebral ischemia in mice was used. One trail
passive avoidance tests were used to evaluate the learning and memory functions and experi-
ments in vitro were employed to observe the antioxidative effects of Sal B. Cerebral transient
1schemia would impair the function of memory in mice. In step down test, the error number and
latency were 2.63 and 120.5 in control group and were 1.35 and 234.4 respectively in sham oper-
ated group (p < 0.05). In Sal B treated groups, the error number was less and latency was longer
significantly than those of control group. Meanwhile, 3 and 10mgkg™" of Sal B iv. reduced the
malondialdehyde contents in cortex, hippocampus and striatum of cerebral transient ischemia
rat in vivo. Sal B 10-100 nmol L™ also inhibited lipid-peroxidation and scavenged free hydro-
xyl radicals i vitro. As conclusion, Sal B ameliorated learning and memory dysfunctions
induced by cerebral transient ischemia. Its actions might be related to its antioxidant activity.

Keywords: Salvianolic acid B; Cerebral transient ischemia; Learning and memory;
Lipid-peroxidation

INTRODUCTION

Salvianolic acid B (Sal B, Fig. 1) was isolated from Salvia miltiorrhiza,
which has been used therapeutically in the treatment of cardiovascular
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FIGURE 1 Chemical structure of Sal B.

diseases and neuronal disorders since 20 centuries in traditional Chinese
medicine [1]. In modern Chinese Pharmacopoeias, Salvia miltiorrhiza, is also
recommended for treating disorders of cardiovascular system. Some extracts
of Salvia miltiorrhiza, have been used in clinical practice. Sal B is one of the
water-soluble components in extract of Salvia miltiorrhiza [2].

It has been demonstrated that transient ischemia, e.g. ischemia reperfusion,
in brain could impair the brain tissue and functions of learning and mem-
ory. Although the brain damage caused by ischemian reperfusion related
with a lot of factors such as disorder of energy metabolism, excited amino
acids, the oxygen free radicals generated during ischemia reperfusion play a
very important role in this kind of injuries. Oxygen free radicals induce per-
oxidative reactions with the biochemical components in cells especially the
membrane and cause damage of the tissue and then their functions [4-8].

Previous papers reported that Sal B showed antioxidative effects and
scavenging oxygen free radical effect in vitro [2,3]. In present experiments,
the protective effects of Sal B against impairment of learning and memory
functions caused by transient cerebral ischemia were investigated in mice.
The possible mechanism of its protective actions was also studied by mea-
suring the scavenging hydroxyl radical effect and antioxidant effects of Sal B
in vivo and in vitro.

RESULTS AND DISCUSSION

Improving Effects of Sal B on Impairment of Learning and Memory

In the step down test, the learning trial was performed 24 h after transient
ischemia. The results showed that there was no significant difference in
learning functions between the groups. But in testing trials (performed in
the following day), the latencies in sham operation group and Sal B treated
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TABLE I Effects of Sal B on the latency and error number of step down test in ischemia-
reperfusion mice

Groups n Learning Memory
Reactive time Error number Latency Error number
log(s) log(counts) log(s) log(counts)
Sham 11 1.05+£0.53 0.46+0.16 2.45+0.07** 0.14 £ 0.19%*
Control 12 1.10+0.49 0.5640.19 1.74 £0.67 0.40+£0.20
SalB3 8 1.10£0.40 045+0.16 2.38+£0.27* 011 £0.15%*
Sal B 10 9 1.10£ 043 0.58 £0.27 2.43+0.10%* 0.07 £0.12%*

Sal B 3 and Sal B 10 indicated that the mice were treated with Sal B 3 or 10mg/kg, ip. x+s, *p <0.05,
**5 < 0.01 compared with control group.

groups were longer and the number of crrors were less than those of the
control group (Table I).

In step through test, there was no significant difference in observed
indexes between control and treated groups in the first training (learning).
But in the testing training (second training), the number of errors and accu-
mulated stimulating time were less and the latencies were longer in Sal B
treated groups and sham group than those in control group (Fig. 2). The
results obtained from step down tests and step through tests indicated that
Sal B could improve the functions of memory in transient ischemic mice.

Effects of Sal B on Elevated Malondialdehyde Induced by
Ischemia-Reperfusion in Mice In Vivo

After Smin of ischemia and followed by 10 or 30 min of reperfusion, the
content of malondialdehyde (MDA) in the brain cortex was increased by
29.8% (p < 0.05) and 15.5% respectively. Sal B (3, 10mgkg ', iv.) reduced the
content of MDA in the brain cortex dose-dependently. In hippocampus—
striatum, the contents of MDA were increased by 43.0% (10 min reperfu-
sion, p<0.05) and 25.5% (30min reperfusion) respectively. Sal B also
inhibited the production of MDA in hippocampus—striatum (Table II).

Inhibitory Effect of Sal B on Lipid Peroxidation in Brain Homogenate

In the Vit C—Fe*™ hydroxyl radical generating system, brain homogenate
could generate MDA. After reacting for 10min, Sal B 10-100 nmol L!
decreased the production of MDA. Its ICsy was about 2.8 umolL_l. The
95% confidence interval was 0.55-4.99 ymol L™ (Fig. 3).

It has been demonstrated that transient cerebral ischemia in mice could
induce damage in brain tissue [4,5]. The major regions damaged during
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FIGURE 2 Effects of Sal B on the latency (A, logs), error number (B, logcounts) and
accumulative stimulating time (C, logs) of step through tests in ischemia-reperfusion mice.
(n=8-12, x £5), *p < 0.05, compared with the control group.
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TABLE II Inhibitory effects of Sal B on the production of MDA (nmolgtissue™') in brain
cortex, hippocampus and striatum during cerebral ischemia-reperfusion in mice

Groups n Brain cortex Hippocampus—striatum
Control 4 2922432 30243
Anesthetized 4 288.0+ 34 350+ 45
Ischemia 4 3350437 303 40

Is-Re 10 S 3450+11° 4204+ 48"
Is-Re 10+Sal B3 5 288.0 + 28" 340 + 64

Is-Re 10+ Sal B 10 4 260.0 = 29° 2754.18"
Is-Re 30 5 337.01+40 410+ 18

Is-Re 30+ Sal B3 S 294.0+ 18 403 + 34

1s-Re¢ 30+ Sal B 10 4 292.0412°¢ 403 £ 32

The control, anesthetized and ischemia groups indicate the normal conscious mice, anesthetized mice and
cerebral ischemia mice. [s-Re 10 and Is-Re 30 indicates that the mice ischemia for 5min and followed by 10
or 30 min reperfusion. Sal B 3 and Sal B 10 means the mice were treated with Sal B in 3 or 10 mg/kg iv. x@s.
The a, b, ¢ indicate that p < 0.05 compared with anesthetized group, ischemia Smin and followed by 10 or
30 min reperfusion groups.
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FIGURE 3 FEffects of Sal B on the brain-lipid peroxidation induced by Vit C—Fe?* in vitro.
x+5, n=4, **p <0.05 compared with control.

brain transient ischemia are the forebrain, hippocampus—striatum, as well
as the hippocampus CAl region [6]. As a result, the learning and memory
functional impairment happened during transient cerebral ischemia [7-9].
It has been well known that the impairment of learning and memory func-
tions induced by transient cerebral ischemia were related to many factors,
such as increase of mntracellular calcium, release of excitatory amino acids
and generation of oxygen free radicals [10].
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Our previous experiments demonstrated that Sal B showed potential anti-
oxidant effects [2,3]. In the present experiment it was demonstrated that
ischemia-reperfusion significantly increased the content of MDA and
caused generation of hydroxyl radicals in the brain cortex and hippo-
campus—striatum in vive, while Sal B inhibited both MDA and hydroxyl
radicals formation. So it is suggested that the facilitation of memory
mduced by Sal B might be related to inhibiting of brain-lipid peroxidation
and to scavenging free radicals.

EXPERIMENTAL SECTION

General Experimental Procedures

The mice transient cerebral ischemia model was prepared as described
by Himori et al. with some modification [11]. Briefly, the mouse was
anesthetized with sodium pentobarbital (60 mg/kg, ip.) and both carotid
arteries were carefully exposed. The arteries were wound with ligatures
separately and their 4 ends passed through a 5mm long PE50 tube and
were exteriorized through skin at the back of neck. Another silk suture for
reperfusion was put through the ligature loops and its ends were out of skin
at the cervical part. The skin was closed and the animals housed in 30°C as
described above. Forty-eight hour after the operation, 5 min of ischemia was
performed by pulling the back exteriorized ligatures and then loosing the
artery for reperfusion. Sal B was treated intravenously once a day for 4 days
and the first administration was at the moment of 15 min before ischemia.
Sal B was administrated 3 or 10mgkg ™', iv., 15min before ischemia and
once a day until all tests were finished.

Animals

Male mice of Kunming strain, weighing 19.9 +0.9 g and Wistar rats, weigh-
ing 200—250 g were housed in groups of 6—10 animals with free access of
water and standard food. All animals were supplied by the Experimental
Animal Center of the Chinese Academy of Medical Sciences.

Chemicals

Sal B was isolated from Salvia miltiorrhiza by the Department of Phyto-
chemistry in our institute; mannitol, MDA, cysteine and benzoic acid were
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purchased from the Sigma company; ammonium ferrous sulfate and other
chemicals were of the highest analytical grade available.

Tests of Learning and Memory Functions [12]

After 24 h transient cerebral ischemia, the learning and memory functions
of mouse were tested by the methods of step down test and step through test
with some modification. In brief, the mouse was placed in step down appa-
ratus for 3 min to adapt itself to the environment, and then received electric
stimulation (38 V, 50 Hz) from the grid of bottom for 5min as a learning
trial. Twenty-four hour later, the mouse was again exposed in the apparatus
on a platform (with electric stimulation in the bottom) for Smin as a testing
trial. The latency and number of errors (times of stepping down on the grid
of bottom during S min) were recorded. In the step through test, the mouse
(after operation for 48 h) was placed in the light compartment for 5min.
The latency and error number (counts of the animal moving into the dark
compartment and shocked with electric stimulation, 38V, 50Hz) were
recorded. This process was repeated at the same time the next day (24h
later) to test the animals’ memory acquisition.

Measurement of MDA Content in the Brain

Forty mice were randomly divided into 6 groups: Control group: normal
conscious mice; Anesthetized group: mice anesthetized with sodium pento-
barbital 60 mg/kg; Ischemic group: mice were anesthetized and submitted
to cerebral—ischemia by 5min occlusion of 2 carotid arteries; Ischemia for
5min and reperfusion for 10 min group (ischemia-re 10) and Sal B treated
groups (Sal B 3 or 10mgkg ™" iv. Smin before occlusion). Mice in this group
were anesthetized and their aorta arteries were occluded for S5min
and then loosen for reperfusion; ischemia 5 min—reperfusion 30 min groups
(ischemia-re 30) and Sal B treated groups (Sal B 3 or 10mgkg ™"
before occlusion): mice were treated as above except reperfusion for 30 min.
Mouse was decapitated after treatment and brain was removed immediately
into cold condition. The brain cortex, hippocampus and corpus striatum
were separated as samples and were homogenized at 0°C in 100 mmol L™
phosphorus buffer (PBS). Protein contents in samples were measured by
the method of Lowry et al. [13]. The contents of MDA in brain samples
were measured by TBA method with RF-5000 spectrofluorophotometer
(Shimadzu, Japan) [14].

1v. Smin
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Brain Homogenate Lipid-Peroxidation

Wistar rats were decapitated and their brains were removed immediately
into ice cold 100mmol L' PBS and were homogenated at a concentration
of about 10% (g/v). Vit C—FeSO, peroxidatant system was used to induce
brain homogenate lipid peroxidation and MDA formation was measured
by the TBA fluorescence method [14—16]. The reaction system contained:
Na,HPO, 80 mmol L™}, pH 7.4), Vit C 0.5 mmol L' and proper amount of
brain homogenate.

Statistical Analysis

All results were expressed as mean =+ s except those of learning and memory,
which were expressed in terms of common logarithm. The data were ana-
lyzed by Student’s r-test.
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