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Effect of polygonum multiflorum on the fluidity of the mitochondria
membrane and activity of COX in the hippocampus of rats with
A 1-40-induced Alzheimer’s disease
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Abstract: Objective To explore the effect of polygonum multiflorum on the fluidity of mitochondria mem-
brane and activity of cytochrome oxidase ( COX) in Alzheimer’s disease (AD) model rats. Methods Forty-five
SD rats were randomly divided into 3 groups: an AD model group, a control group, and a treatment group (n =
15). AD model was established by injecting beta-amyloid protein ( AB) 140 into the hippocampus of rats. The
learning and memory abilities of rats were tested with the Y-electrical maze. The coefficient of viscosity of the hipp-
ocampal mitochondria membrane was determined by a spectrofluorometer, and the activity of COX was measured by
an ultraviolet spectrophotometer. Results Compared with the control group, the learning and memory ability of the
AD model group was significantly lower (P <0.01) , while the coefficient of viscosity of the hippocampal mitochon-
dria membrane of the AD model group rats was significantly higher (P <0.01) , and COX activity was lower (P <
0.01). Compared with the AD model group rats, the coefficient of viscosity of the hippocampal mitochondria mem-
brane of the treatment group was significantly lower (P <0.05) , and COX activity was significantly improved ( P <
0.05). Conclusion Polygonum multiflorum could improve the fluidity of mitochondria membrane and the activity
of mitochondrial COX in the model of Alzheimer’s disease.
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Alzheimer’ s disease ( AD) is a neurodegener-
ative disease with unknown causes and is related to
shown that oxidative

Recent studies have

aging.
damage of the neuronal mitochondria plays important
roles in the genesis and development of AD''?. Mi-
tochondria are not only the main site of energy me-
tabolism of cells, but also the principal organelle
generating oxygen free radicals. Suitable fluidity of
the mitochondria membrane plays vital roles in the
maintenance of mitochondrial functions. Cytochrome
oxidase ( COX) is a rate-limiting enzyme and is the
terminal enzyme of the mitochondrial electron trans-
port chain and thus plays key roles in regulating
energy metabolism in cells. Our previous studies
have shown that polygonum multiflorum thunb can
improve the learning and memory abilities, and the
mechanism is probably related to its antioxidant pro-
perty and reducing the damage of cell membrane®’ .
In this study, we further explored the effect of poly-

gonum multiflorum thunb on the fluidity of the mito-

chondria membrane and activity of COX in rats with

AD.
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1 MATERIALS AND METHODS

1.1 Reagent and laboratory apparatus Be-
ta-amyloid protein 1-40 ( AB 1-40) was purchased
from the Sigma Company in USA, diluted with phy-
siological saline (10 g/L), incubated at 37 C to
form an aggregation, and then stored at 4 °C. The
SN -3 stereotaxic apparatus was made in Japan, and
the Y -electrical maze was made as described else-
where'*! .

1.2 Animals and groups Sprague Dawley
(SD) rats, of random gender, weighing 220 ~
250 g, were provided by the Laboratory Animal Cen-
ter of the Central South University. We housed them
in the animal room of the laboratory for 3 days before
the experiment. Learning ability and memory were
tested by the Y -electrical maze as follows; We con-
sidered a correct reaction to be an escape from the
primary region to a safe one directly after electric
stimulation. We measured the times as a marker of

learning and memory. Smaller values corresponded
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with better learning ability and memory. We placed
the rats in the Y-type electrical maze for 5 minutes
prior to testing to allow them to become familiar with
the internal construction comprising 3 paths, and
then began the test from one direction, which was
selected randomly. An electric current ( 30 ~ 70
voltage , 0.5 ~0.7 mA) was applied in each test.
There was a resting interval of 30 seconds between
every two tests, and 5 minutes between every 10
tests. The learning ability and memory of rats were
considered if the rats escaped directly to the safe re-
gion 9 times in 10 sequential tests. Rats that did
not correctly choose the safe region 9 times in any
10 sequential tests of 30 tests were excluded from
the study. We screened 45 rats ( not including rats
excluded from the study ) and randomly divided them
into 3 groups : a control group, an AD group, and a
treatment group.

1.3 Establishment of AD model Rats were

anesthetized by of 10%
chloral hydrate (0. 35 mg/kg) and fixed in the

intraperitoneal injection
stereotactic frame. The skin was incised according to
the midline to reveal the front fontanelle. The target
coordinate of the right hippocampus was 3. 0 mm
posterior to the front fontanelle , 2. 0 mm right to the
midline, and 2.9 mm ventral to the surface of the
cortex , as described elsewhere™’ . The skulls of all
rats were drilled and AR 1-40 was slowly injected
(over a 5-minute period of time ) into the coordi-
nate point of rats in the AD group and the treatment
group , while physiological saline was injected to the
control group in the same manner. The needle was
slowly removed after being kept in place for another
5 minutes, and then the incision was carefully su-
tured. Aseptic physiological saline (1 mL) was ad-
ministered twice daily into the stomachs of rats in the
control and AD groups, while rats in the treatment
group were given polygonum multiflorum  thunb
(1 mL) dissolved in saline.

1.4 Preparation of the hippocampal mitochon-

dria The rats were sacrificed with intraperitoneal

10% chloral hydrate (3.5 mL/kg) 40 days after

the establishment of AD. The hippocampus on both
sides was removed and placed on ice, and then ho-
mogenized at 4 °C after the addition of 5 mL sucrose
(0.25 mmol/L). The homogenate was placed in
0. 34 mmol/L sucrose, centrifuged at 700 r/min
for 10 minutes, and the resulting supernatant was
centrifuged at 5 000 r/min for 10 minutes. The
precipitate  was added to 2 mL
(0.25 mmol/L) and centrifuged at 5 000 r/ min for

sucrose

20 minutes. The resultant precipitate contained the
mitochondria and was centrifuged again and immersed
in sucrose (0.25 mmol/L).

1.5 Determination of the fluidity of mitochon-
We added 2 mlL DPH liquid
(2 x10° mol/L) to a 2 mL suspension of the mi-
C  for

30 minutes after mixing, and then centrifuged the

dria membrane
tochondria , incubated the samples at 25

samples for 10 minutes at 5 000 r/min at 4 °C.
The supernatant was removed and 3. 5 mlL PBS
(0.1 mol/L) was added to the precipitate .

AHITACHI F-4000 Fluorescence Spectropho-
tometer ( excitation wavelength: 362 nm; emission
wavelength ; 432 nm ) was used to measure: (1)
IVV — the fluorescence intensity when both the opti-
cal axes of the polarizer and the analyzer were verti-
cal ; (2) IVH—the fluorescence intensity when the
optical axis was vertical and the analyzer was hori-
zontal ; (3 ) IHV—the fluorescence intensity when
the optical axis was horizontal and the analyzer was
vertical, and (4 ) IHH—the fluorescence intensity
when both the optical axis and the analyzer were ver-
tical. m, the representation of the value of coeffi-
cient of viscosity of the mitochondria membrane , was
calculated according to the formula .
G = IHV/IHH
P=(IVV -G IVH)/(IVV + G IVH)
m=2P/(0.46 -P).

The higher the value of 7, the lower the fluidi-
ty of the mitochondria membrane.
1.6 Determination of COX activity The ac-
tivity of COX was determined as previously de-

scribed'®”' . In brief, 0.5 mL KH,PO, (pH 7. 4,
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200 mmol /L) was mixed with 0. 375 mL H,O0, ,
25 pL Triton X-100 ( volume/volume: 2% ),
67 pL mitochondria (20 ~ 30 pg), 33 uL cyto-
chrome C (20 mg/mL, deoxidized by Vitamin C at
A550/A565 > 12 before use ). An ultraviolet
spectrophotometer was used to determine the absorp-
tion value of COX at 550 nm.
1.7 Statistical analysis Data are expressed as
x £ s and were analyzed by SPSS 11. 0. Compari-
sons between groups were performed by one-way a-
nalysis of variance ( ANOVA ) and evaluated by the
least significant difference test ( LSD-¢). Data were

considered significant if the P < 0.05.

2 RESULTS

2.1 Learning and memory abilities of the AD
model rats Before the induction of AD, there
was no significant difference in learning and memory
abilities between the groups ( F = 0. 311, P >
0.05).
learning and memory abilities were significant differ-

ent between the groups ( F =28.01, P <0.05).
The difference was highly significant between the AD

As expected , after induction of AD, the

model group and the control group (¢ = 12. 60,
P<0.01), which showed that injection of AB 1I-
40 into the hippocampus could simulate the pathology
of AD, as reflected by the regressed learning and
memory abilities of these rats. In addition, there
was a significant difference between the treatment
group and the AD model group (P <0.05) , which
demonstrated that polygonum multiflorum could atten-

uate the affects on learning and memory abilities as-

sociated with AD (Tab. 1).

Tab. 1 Comparison of learning and memory abilities
among the 3 groups (x £s, n=15)
Group Before AD induction After AD induction
Control 13.4 +£3.3 13.1+2.9
Model 12.9£2.4 25.2+£3.3""
Treatment 12.0£2.6 18.6 £2.8"

Compared with the control group, # #* P <0.01; compared with the

model group, #P <0.05.

2.2 Coefficient of viscosity of mitochondria mem-
brane in the hippocampus Overall, there was a
significant difference in membrane viscosity between
groups (F=6.397, P <0.05). This was partly due to
the difference between the model group and the control
group (P <0.01), as the viscosity of the mitochondria
membrane in hippocampus was greater in the AD
group. In addition, the coefficient of viscosity of mito-
chondria membrane was significantly lower in the treat-

ment group compared with the model group (P <0.05)
(Tab. 2).

Tab.2 Effect of polygonum multiflorum on the fluidity of

mitochondria membrane (x +s, n =15)

Group Viscous coefficient of mitochondrial membrane( )

Control group 1.4951 +£0.4351

Model group 3.3055 +1.3867 *

Treatment group 1.8228 +0.7113*

Compared with the control group, # # P <0.01; compared with the
model group, #P <0.05.
2.3 Mitochondrial COX activity There was sig-
nificant difference in the absorbance value between
eroups ( P <0.05). Compared with the control group,
the absorbance value was significantly lower in the
model group (P <0.01). Compared with the model
group, the absorbance value was significantly higher in

the treatment group (P <0.05) (Tab. 3).

Tab.3 Effect of polygonum multiflorum on the activity of
COX in the mitochondria of the hippocampus (x +
s, n=15)

Group COX activity

Control group 0.33468 +0.08106

Model group 0.21794 £0.05322* *

0.29616 +0.02266"

Treatment group

Compared with the control group, * * P <0.01; compared with the

model group, #P <0.05.
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3 Discussion

Previous studies have indicated that suitable fluidi-
ty of the biomembrane is essential for the maintenance
of physiological function of its receptors, ion channels
and calcium pumps. The mitochondrial membrane com-
prises a large proportion of unsaturated fatty acid and so
is vulnerable to oxygen free radical. As the membrane
plays important roles in regulating glycometabolism and
biological oxidation, any changes in structure and/or
fluidity, will interfere with glycometabolism and
biological oxidation. Previous studies have found that
AB may alter the structure and function of the
mitochondrial membrane with changes in membrane vis-
cosity, deprivation of energy, reactive oxygen species

production, and cytochrome C release'®’.

It has been
found that the metabolism of tissue in the brain of AD
patients decreases, which indicates that damage to the
structure and impaired function of the mitochondria may

9-10
' In our

play vital roles in the development of AD'
present study, we found that the coefficient of viscosity
of hippocampal mitochondrial was significantly greater
in the model group. This will inevitably lead to de-
crease mitochondrial membrane fluidity and interfere
with its normal function. Compared with the model
group , the coefficient of viscosity in the treatment group
was significantly lower, which indicates that polygonum
multiflorum thunb may help protect the mitochondrial
membrane fluidity and lessen damage to the structure
and function of the mitochondria. We have found in our
previous studies that polygonum multiflorum thunb may
reduce the content of malonaldehyde of hippocampus in
rats and increase the activity of superoxide dismutase in
the AD model, which indicates that polygonum multi-
florum thunb may help protect the brain from oxidative

damage'®’.

Therefore, we suggest that polygonum mul-
tiflorum thunb maintains the fluidity of mitochondria
membrane and protects it from being damaged through
its role as an antioxidase.

COX is the terminal enzyme and the rate-limiting

enzyme in the mitochondrial electron transport chain,

and thus plays key roles in the regulation of energy
metabolism. The maintenance of normal physiological
function, metabolism and structural integrity of neurons
relies on the energy obtained from energy-rich phos-
phate compounds. Under normal conditions, there is
only a small reserve of high-energy phosphate and car-
bohydrates in neural tissue, so the brain is extremely
sensitive to change in energy metabolism. In this
sense, we can conclude that the level of energy metabo-
lism in the brain tissue indirectly reacts to the activity
level of neurons. Therefore, the function of neurons is
intimately related to the activity of COX, which is a
biomarker for the degree of neuronal endogenous metabo-
lism. In the present study, COX activity in the AD rats
was significantly lower compared with the control
group, while COX activity in the treatment group was
significantly higher than that in the AD model group.
These results indicate that polygonum multiflorum thunb
may increase the activity of mitochondrial COX. It has
been reported that the mammalian COX enzyme consists
of 13 subunits. The longest 3 are COX I, II, and IIT,
which comprise the main structure of the active core of
the enzyme, and are all encoded by mtDNA. Damage
to the structure and function may lead to the change of
shown

COX activity, as has been

L]

in  previous
studies Mitochondria are not only the main site of
metabolism, but also an important cell organelle where
oxygen free radicals are produced. Therefore, the inter-
nal structure of mitochondria, such as mtDNA, is the
primary target of the oxygen free radicals'>’. We con-
clude that polygonum multiflorum thumb may play a
role in maintaining the function of mitochondria by re-
ducing the damage of mtDNA and by maintaining COX

activity. Further studies are needed to better elucidate

the molecular mechanism involving mtDNA.
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