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Abstract

Total flavonoids are the main pharmaceutical components of Trollius chinensis Bunge, and orientin
and vitexin are the monomer components of total flavonoids in Trollius chinensis Bunge. In this
study, an aged mouse model was established through intraperitoneal injection of D-galactose for
8 weeks, followed by treatment with 40, 20, or 10 mg/kg orientin, vitexin, or a positive control
(vitamin E) via intragastric administration for an additional 8 weeks. Orientin, vitexin, and vitamin E
improved the general medical status of the aging mice and significantly increased their brain
weights. They also produced an obvious rise in total antioxidant capacity, superoxide dismutase,
catalase, and glutathione peroxidase levels in the serum, and the levels of superoxide dismutase,
catalase and glutathione peroxidase, Na*-K*-ATP enzyme, and Ca®*-Mg?*-ATP enzyme in the liver,
brain and kidneys. In addition, they significantly reduced malondialdehyde levels in the liver, brain
and kidney and lipofuscin levels in the brain. They also significantly improved the neuronal
ultrastructure. The 40 mg/kg dose of orientin and vitexin had the same antioxidant capacity as
vitamin E. These experimental findings indicate that orientin and vitexin engender anti-aging effects
through their antioxidant capacities.
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Research Highlights

(1) Because orientin and vitexin have the same chemical constitution, we compared these
antioxidants in vivo to determine the optimal structure-activity relationship for anti-aging
compounds.

(2) Orientin and vitexin have a high content of the total flavonoid Trollius chinensis Bunge, and they
improved the general medical conditions and increased the brain weights of mice with
D-galactose-induced aging.

(3) Orientin and vitexin clearly increased the activity of the antioxidase system and the levels of
ATPase in the serum and tissue of D-galactose-aged mice.

(4) Using advanced light and electron microscopy, we observed neuronal cell injuries in mice with
D-galactose-induced aging, and improvements in neuronal cell structure and function in these mice
following treatment with orientin and vitexin, which at the 40 mg/kg dose of orientin and vitexin was
similar to the antioxidant effects of vitamin E.
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INTRODUCTION

Aging is a process whereby body functions degenerate
as organs mature™™, The free radical damage doctrine
proposed by Harman'? in 1956 has the most influence on
many aging theories. This doctrine proposes that aging is
a phenomenon of accumulating macromolecular damage
that destroys balance in the system, and leads to loss of
life-maintaining abilities. Free radicals produce oxidative
damage on active molecules®. Excessive reactive
oxygen species can cause oxidative damage to DNA,
proteins, or lipids™.

In recent years, anti-aging drugs from plants have shown
great potential and have provided a unique chemical
structure to research new anti-aging drugs®™. Flavonoids
have a complex structure, are signaling molecules in
plants, and have significant anti-aging effects. Trollius
chinensis, dried flowers of Trollius chinensis Bunge, has
been used as an important traditional Chinese medicine
for a long time. This plant grows widely in the southwest,
northwest, northeast, and Taiwanese areas'. It is used
for the treatment of aphtha, laryngitis, light fever, atrophy
of the gums, ear ache, ophthalmalgia, and for eyesight
improvements and as an anti-miasma drug. It has been
used widely to treat colds, fever, chronic tonsillitis, acute
tympanitis, urinary tract infections, and other
inflammations!”®. The main chemical compositions of
Trollius chinesis are flavonoids, organic acids, aetherolea,
and polycosel®*®. Modern pharmacological studies show
that the total flavonoids in Trollius chinensis Bunge
possess antiviral, antioxidant, anticancer and other
pharmacological activities™®?. Previous studies?* %’
show that the content of orientin and vitexin is higherin
the Flavone of Trollius chinesis, and these flavonoids
belong to the flavone c-glycoside class. Orientin
possesses antithrombus and antioxidation properties,
and protects against myocardial ischemic-anoxic
injuries®?%l. Vitexin has antiviral, antioxidant, and
anticancer effects, and it protects against ischemic
myocardial injuries. It may produce these effects by
coronary and myocardial blood flow, reducing plasma
viscosity, enhancing erythrocyte deformability, and
inhibiting thrombosis®®® ?"?%. Orientin and vitexin have
better effects than resveratrol in suppressing growth and
inducing apoptosis in human esophageal carcinoma
EC109 cells, which is another Flavone of Trollius
chinesis®”. However, the underlying mechanisms remain
unclear. The flavonoids orientin and vitexin scavenge O,
*OH, and 1,1-Diphenyl-2- picrylhydrazyl radical
2,2-Diphenyl-1-(2,4,6- trinitrophenyl)hydrazyl free
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radicals in vitro and protect red blood cells®32,

Pharmacokinetic studies show that orientin and vitexin
occur at the highest concentration in the kidney in
rabbits®*3%. As such, we hypothesized that orientin and
vitexin have marked antioxidant capacities in vivo.
Through a search of the literature, we found that orientin
and vitexin have the same chemical constitution as
cyanidenon and pelargidenon®® (Figure 1).
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Figure 1 Chemical structures of orientin and vitexin.

The chemical structures of orientin (1) and vitexin (3) are
similar to those of cyanidenon (2) and pelargidenon (4),
which are strong antioxidants. All of these structures have
an Aring and a B ring.

Fiavone-Cglycosides have strong anti-inflammatory
effects, which are related to structure-function
relationships®®. Similar to vitexin and pelargidenon, a
C-8 ring is more common in orientin than cyanidenon.
The difference in the antioxidant effects of orientin and
vitexin in vivo is that orientin has a phenolic hydroxyl
group, which sparked our interest. There is currently no
report regarding the antioxidant effects of orientin and
vitexin in vivo. In this study, we adopted a D-galactose-
induced aging mouse model to compare the effects of
orientin and vitexin with those of vitamin E, in a broad
attempt to investigate their antioxidant capacities.

RESULTS

Quantitative analysis of experimental animals

A total of 90 animals were randomly chosen from

120 Kunming mice, then assigned equally into nine groups:
the control, model, high-, medium-, and low-dose orientin,
and high-, medium-, and low-dose vitexin groups, as well
as a vitamin E group. Except for the control group, each
mouse was intraperitoneally injected with D-galactose for
8 weeks to establish the aging model. After the model was
successfully established, the vitamin E group was given
20 mg/kg vitamin E, and the high-, medium-, low-dose
groups of orientin and vitexin were treated for additional
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8 weeks with 40, 20, or 10 mg/kg of orientin or vitexin. The
remaining 30 mice were used to verify the successful
establishment of the aging model, then equally divided
into a control group and a model group. The total levels of
superoxide dismutase and malondialdehyde in the serum
of the mice were measured to verify the successful
establishment of the aging model.

Orientin and vitexin improved the appearance of
D-galactose-aged mice

The mice in the model group were dispirited and
exhibited less activity, loss of hair, and yellowish
withered hair, especially in the abdomen, compared with
the mice in the control group. After orientin, vitexin, or
vitamin E treatments, the appearance, activity, and hair
color and luster of aged mice all improved, and the
improvement was more obvious in high-dose orientin
and vitexin groups. The medium- and low-dose orientin
and vitexin treatments were significantly different than
the vitamin E treatment, whereas the high-dose
treatment was not (Figure 2).

Figure 2 General condition of mice.

(A) The mice in the control group had smooth and thin fur,
favorable spirits, and flexible actions.

(B) The mice in the model group were gloomy and had
coarse fur, severe hair loss, thin bodies, and weary spirits.

The mice in the low- (C), medium- (E), and high- (G) dose
orientin groups exhibited some improvements in their hair
color and luster.

The mice in the low- (D), medium- (F), and high- (H) dose
vitexin groups exhibited an improved appearance, activity
level, and hair color and luster.

() Vitamin E also improved the appearance, activity, and
hair color and luster of the treated mice.

Orientin and vitexin increased the brain weights of
D-galactose-aged mice

Compared with the mice in the control group, the brain
weights of the aged mice in the model group were lower

(P < 0.01). The mice in the high- and medium-dose
orientin or vitexin groups, as well as the mice in the
vitamin E groups, had higher brain weights than the mice
in the model group (P < 0.05, P < 0.01). The mice in the
low-dose group did not exhibit any statistically significant
effects. High, medium and low doses of orientin
produced no significant differences compared with the
same dose of vitexin. The mice in the medium- and
low-dose orientin or vitexin groups had less delayed
encephalatrophy than those in the vitamin E (P < 0.05).
Otherwise, the high doses of orientin or vitexin were not
significantly different than vitamin E treatment (Table 1).

Table 1 The influence of orientin and vitexin on lipofuscin
(Mg) levels and brain weights (g) in D-galactose-aged mice

Group Lipofuscin Brain weight
Control 18.2+1.6 0.49+0.03
Model 26.5+1.2° 0.41+0.04°
Vitamin E 21.4+1.2% 0.46+0.03%
Orientin high-dose 21.1+1.3% 0.45+0.04°
Orientin medium-dose 22.8+0.9% 0.44+0.02%
Orientin low-dose 23.6+0.8% 0.42+0.03°
Vitexin high-dose 22.0+1.0% 0.45+0.02%
Vitexin medium-dose 23.4+0.9% 0.43+0.02%
Vitexin low-dose 24.3+0.6% 0.42+0.03°

Data are expressed as mean = SD of 10 mice in each group. °P <
0.05, vs. model group; °P < 0.05, vs. vitamin E group; °P < 0.01, vs.
control group (least significant difference t-test).

Orientin and vitexin increased the activity of the
antioxidase system and levels of ATPase in the
serum and tissue of D-galactose-aged mice
Compared with the mice in the control group, antioxidase
activity in mouse serum was significantly lower in mice in
the model group (P < 0.01). Compared with the mice in
the model group, mice treated with orientin or vitexin at all
doses exhibited significantly increased total antioxidant
capacities, levels of superoxide dismutase, catalase, and
glutathione peroxidase in serum, and levels of superoxide
dismutase, catalase, glutathione peroxidase, Na*-K*-ATP,
and Ca*-Mg?*-ATP in their liver, brains, and kidneys (P <
0.05 or P < 0.01). The medium and low doses of orientin
increased antioxidase and ATPase levels in serum and
tissue more than the same dose of vitexin (P < 0.05).
Compared with the mice in the vitamin E group, the
orientin- and vitexin-treated mice exhibited higher
antioxidase and ATPase levels in serum and tissue (P <
0.05). The high doses of orientin or vitexin were not
significantly different than vitamin E (Tables 2-5).

Orientin and vitexin reduced the content of
malondialdehyde in the tissue and lipofuscin in the
brains of D-galactose-aged mice

Compared with the mice in the control group, the
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contents of malondialdehyde in tissue and those of
lipofuscin in the brain were significantly higher in the
mice in the model group (P < 0.01). Compared with the
mice in the model group, all orientin or vitexin treatments
significantly decreased malondialdehyde and lipofuscin
content (P < 0.05, P < 0.01). The medium and low doses
of orientin had stronger effects on the content of
malondialdehyde than the same dose of vitexin (P < 0.05;
Table 1). The high doses of orientin or vitexin were not

significantly different regarding changes in
malondialdehyde content. However, the same doses of
orientin or vitexin had similar effects on decreasing
lipofuscin content. Compared with vitamin E, all
orientin- or vitexin-treated groups significantly
decreased the content of malondialdehyde in tissue and
lipofuscin in the brain (P < 0.05). The high doses of
orientin or vitexin were not significantly different than
vitamin E (Tables 1, 4).

Table 2 Effects of orientin and vitexin on T-AOC (U/mL), SOD (U/mL), CAT (U/mL), and GSH-PX (uM) levels in the serum of
mice following D-galactose-induced aging

Group T-AOC SoD CAT GSH-PX
Control 16.70+3.82 53.32+8.10 72.15+16.42 1.23+0.08

Model 8.91+1.12° 29.65+9.00" 36.38+10.54' 0.62+0.10'

Vitamin E 15.06+1.39% 44.56+8.00% 60.20+12.48° 1.05+0.09°
Orientin high-dose 15.91+1.25% 46.81+6.70%° 61.28+13.56" 1.08+0.07°
Orientin medium-dose 14.23+1.70" 41.10+6.40" 57.47+11.24° 0.92+0.06™
Orientin low-dose 11.81+2.15% 39.92+6.20%° 48.39+12.75% 0.81+0.08%
Vitexin high-dose 14.76+1.14> 42.37+7.00% 56.20+13.91% 0.97+0.072

Vitexin medium-dose
Vitexin low-dose

12.04+1.67%%
10.62+2.67%

36.84+5.00°
33.26+9.61%°

48.34+10.27°
42.15+11.20%¢

0.81+0.06%
0.71+0.08%°®

Data are expressed as mean + SD of 10 mice in each group. P < 0.05, °P < 0.01. vs. model group; °P < 0.05, vs. vitamin E group; %P < 0.05, vs.
orientin medium-dose group; °P < 0.05, vs. orientin low-dose group; ‘P < 0.01, vs. control group (least significant difference t-test). T-AOC: Total
antioxidant capacity; SOD: superoxide dismutase; CAT: catalase; GSH-PX: glutathione peroxidase.

Table 3 Effects of orientin and vitexin on superoxide dismutase (U/mg) and catalase (U/mg) in various tissues of mice
following D-galactose-induced aging

Superoxide dismutase Catalase
Group

Liver Brain Kidney Liver Brain Kidney
Control 92.17+8.26 110.2+9.08 104.0+9.15 6.62+0.82 6.02+0.90 8.20+0.91
Model 34.40+7.59° 41.02+6.07° 45.21+7.05° 2.94+0.75° 2.80+0.61° 4.52+0.70°
Vitamin E 68.36+8.24% 88.36+6.97° 80.36+6.68° 6.13+8.20% 5.73+0.69% 7.23+0.66%
Orientin high-dose 71.24+7.82% 67.36+7.12° 89.76+6.02° 6.20+0.78% 5.83+0.71% 7.47+0.60%°
Orientin medium-dose 60.23+7.06%° 54.36+7.04%° 80.36+7.59% 5.23+0.70%° 4.93+0.70% 6.23+0.76%
Orientin low-dose 50.14+8.07%° 43.36+6.89%° 68.32+6.34%° 3.71+0.81% 4.16+0.68% 5.13+0.63%
Vitexin high-dose 64.01+7.72% 58.36+8.01%° 72.24+6.86%° 5.92+0.67% 5.53+0.80% 7.02+0.68%°
Vitexin medium-dose 56.68+7.91%%° 48.36+5.98%° 66.36+7.06°" 4.06+0.79%° 4.43+0.59%° 5.23+0.71%°
Vitexin low-dose 42.68+8.12% 43.36+6.13% 60.36+6.59°% 3.26+0.81%™ 3.63+0.61% 3.83+0.66%™

Data are expressed as mean + SD of 10 mice in each group. P < 0.01, vs. model group; °P < 0.05, vs. vitamin E group; °P < 0.05, vs. orientin

medium-dose group; °P < 0.05, vs. orientin low-dose group; °P < 0.05, vs. control group (least significant difference t-test).

mice following D-galactose-induced aging

Table 4 Effects of orientin and vitexin on glutathione peroxidase (uM) and malondialdehyde (nmol/mL) in various tissues of

Glutathione peroxidase Malondialdehyde
Group
Liver Brain Kidney Liver Brain Kidney
Control 32.46+1.10 16.58+2.05 34.56+1.12 14.52+3.26 8.48+2.37 15.17+3.64
Model 17.98+1.15' 8.37+1.43' 18.39+1.65' 24.25+2 54! 15.97+3.36' 29.68+2.36'
Vitamin E 30.51+1.67° 14.25+2.07° 32.10+2.04° 17.5243.14% 10.26+2.01° 18.53+3.27°
Orientin high-dose 29.88+1.16" 13.34+1.69" 33.42+1.96" 16.35+2.58" 11.22+3.76" 19.10+3.09"
Orientin medium-dose 26.32+1.18"° 12.40+1.37° 30.24+1.04° 18.71+2.02% 12.25+2.63% 21.56+2.54%
Orientin low-dose 22.93+1.20" 10.56+2.14"° 26.21+1.94" 20.32+4.01%° 13.69+3.59%° 24.65+3.65%
Vitexin high-dose 27.57+0.94° 13.02+2.03" 32.46+1.02° 17.34+3.61° 11.97+3.24° 20.46+2.58%
Vitexin medium-dose 23.16+1.06° 11.93+1.97* 25.26+1.65°¢ 19.24+2.97% 13.01+3.06° 22.87+3.52%
Vitexin low-dose 19.94+1.68%° 10.96+1.21%° 20.64+1.29°° 21.04+2.43% 13.89+2.52%° 25.36+2.83%

Data are expressed as mean + SD of 10 mice in each group. P < 0.05, °P < 0.01, vs. model group; °P < 0.05, vs. vitamin E group; %P < 0.05, vs.
orientin medium-dose group; °P < 0.05, vs. orientin low-dose group; ‘P < 0.01, vs. control group (least significant difference t-test).
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Table 5 Effects of orientin and vitexin on Na'-K"-ATPase (U/mg) and Ca*"-Mg*"-ATPase (U/mg) levels in various tissues of
mice following D-galactose-induced aging

Na*-K*-ATPase Ca*"-Mg?*-ATPase

Group

Liver Brain Kidney Liver Brain Kidney
Control 4.53+0.62 10.25+0.79 9.23+0.45 5.18+0.64 11.25+0.79 9.83+0.85
Model 2.32+0.77" 5.02+0.96' 4.89+0.53' 2.66+0.78 6.03+0.86' 5.89+0.93'
Vitamin E 4.12+0.63° 9.12+0.54° 7.96+0.97° 4.14+0.56° 10.12+0.94° 7.96+0.97%
Orientin high-dose 4.05+0.52° 8.65+0.60% 7.86+1.30° 4.19+0.38° 8.65+0.89" 7.86+0.80%
Orientin medium-dose 3.97+0.32° 8.42+0.76" 7.65+0.51° 3.84+0.83% 8.42+0.76" 7.72+0.79°
Orientin low-dose 3.42+0.66% 7.23+0.63% 6.35+0.42% 3.60+0.89% 7.23+0.93 6.79+0.85"
Vitexin high-dose 3.61+0.82° 8.02+0.47° 7.73+0.67° 3.81+0.64° 8.59+0.87° 7.52+0.86°
Vitexin medium-dose 3.09+0.42° 7.81+0.58% 7.64+0.56" 3.41+0.44% 8.35+0.77%¢  7.00+0.98"
Vitexin low-dose 2.86+1.32% 6.80+0.73%° 6.14+0.65%° 3.04+0.60%° 7.09+0.89%°  6.21+0.89°°°

Data are expressed as mean + SD of 10 mice in each group. P < 0.05, °P < 0.01, vs. model group; °P < 0.05, vs. vitamin E group; %P < 0.05, vs.
orientin medium-dose group; °P < 0.05, vs. orientin low-dose group; ‘P < 0.01, vs. control group (least significant difference t-test).

Orientin and vitexin improved the histopathological
changes and microstructure of D-galactose-aged
mice

Under the light microscope, the fewer brain cells,
disordered ranking, reduced cell sizes, nuclear shape
changes, and vacuolar degeneration were visible in the

mice in the model group compared with those in the
control group. Compared with the mice in the model
group, each group treated with orientin, vitexin, or
vitamin E had apparent improvements in the number and
arrangement of brain cells, which were not significantly
different among the groups (Figure 3).

Figure 3 Effects of orientin and vitexin on pathological changes in the brains of D-galactose-aged mice (hematoxylin-eosin
staining, x 400).

(A) The mice in the control group appear with intact and neatly arranged cells and no cell degeneration.

(B) In the mice in the model group, the number of brain cells was lower, disorderly arranged, part of the cell size was reduced,
and the nuclear shape was changed.

The mice in the groups that received the low- (C), medium- (E), and high- (G) doses of orientin, the low- (D), medium- (F), and
high- (H) doses of vitexin, or vitamin E (I) showed recovery that was not significantly different under the light microscope.
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Under the transmission electron microscope, the
ultrastructure of the brain cells in the mice in the control
group exhibited clearer neuronal structures and more
mitochondria than in those in the model group.
Compared with the mice in the control group, the number
of mitochondria was higher in the mice in the model
group, with extended or vacuolar mitochondria and
cristae vague. Their mitochondria were swollen and
exhibited vacuolization. Compared with the mice in the
model group, the ultrastructure of the mice in the treated
groups was significantly better, especially at the high and
medium doses as well as in the vitamin E group. These
treatments can clearly improve corpuscular ultrastructure,
up to the normal level (Figure 4).

DISCUSSION

Evidence of the successful establishment of an
aging model
The aging model caused by subacute D-galactose is

based on sugar metabolic disorder of inner cells, leading
to eventual destruction of the antioxidant defense system
of the body, free radical accumulation, rising lipid
peroxide and lipofuscin, and eventual aging-like
changes®”. Continued administration of D-galactose for
6-8 weeks produces aged animals, whose physical
characteristics are equivalent to mice at two years of age.
This method was gradually adopted for use in studies of
aging mechanisms and diseases and antioxidant
drugs®®®.

In these experiments, the aged condition of the mice
caused by long-term administration of large amounts of
D-galactose were assessed through measuring
antioxidase changes, ion transport capacities of cell
membrane, the weight of the brain, the accumulation of
lipofuscin in the brain, and the morphology of the brain
tissue. As previously described®, this aging model
has been validated, which allows for the rigorous and
reliable study of the anti-aging effects of orientin and
vitexin.

microscope, x 15 000).

corpuscular ultrastructure significantly.

Figure 4 Effects of orientin and vitexin on the ultrastructure of brain tissue in D-galactose-aged mice (transmission electron

(A) The mice in the control group have clear neuronal structures, with abundant mitochondria.

(B) In the mice in the model group, the number of mitochondria was higher, with extended or vacuolar, mitochondria ridge
vagues. The mitochondria were swollen and exhibited vacuolization.

The low- (C), medium- (E), and high- (G) doses of orientin and the low- (D), medium- (F), and high- (H) doses of vitexin improved
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Effects of orientin and vitexin on antioxidase activity
in D-galactose-aged mice

Total antioxidant capacity has an important role in the
defense system of the body, which mainly maintains the
dynamic balance of active oxygen free radicals in the inner
environment, clears high density active oxygen free
radicals, and makes the body relatively stable. It can
delegate the changes in the antioxidase system and
nonenzyme system“”. Therefore the determination of the
total antioxidant capacity of the body is very important.

Superoxide dismutase is an important organic enzyme
for clearing inner superoxide anion free radicals, and can
catalyze disproportional reactions of superoxide anion
free radicals to produce H,0O, with a lower potential for
cellular damage. Catalase and glutathione peroxidase
can generate H,O, from water and oxygen, reduce or
block lipid peroxidation, protect the body from hydrogen
peroxide, delay cellular aging, and prevent free radicals
from causing disease!*".

Our experimental results show that orientin or vitexin at
each dose can improve the total antioxidant capacity of
superoxide dismutase, catalase, and glutathione
peroxidase in the serum, brain, liver, and kidneys of aged
mice. These effects were significantly different compared
with the model group. This is evidence that orientin and
vitexin may increase antioxidant enzyme activity, remove
excessive oxygen free radicals, and reduce or stop the
destruction of cells and tissues, thus protecting the
normal function of cells and tissue and delaying the
aging process induced by D-galactose. These findings
are consistent with the literature!*?*3,

Effects of orientin and vitexin on ATP enzyme levels
in D-galactose-aged mice

The function of Na*-K*-ATP depends on the existence of
lipid membranes and normal membrane liquidity; the
adjustment of enzyme activity gives necessary vitality to
cells. The reduced activity of Na™-K*™-ATP will affect the

whole functioning of cells™.,

Ca*-Mg*-ATP is an important and ubiquitous
membrane-bound enzyme. It allows intracellular Ca**
escape from the cell to maintain a relatively low
intracellular Ca** concentration*. The reduced activity
of Ca?*-Mg*"-ATP leads to higher intracellular Ca®*
concentrations“®, which can lead to increased
membrane permeability and eventually to severe cycling
in neurons™’,

The present study showed that orientin or vitexin at each

dose improved the antioxidant enzyme levels of Na*-K*-
ATP and Ca**-Mg®*-ATP in mice aged by D-galactose,
and these levels were significantly different compared
with those in the mice in the model group. These
experimental findings imply that orientin and vitexin can
protect neurons by maintaining the stability of cell
membranes, protecting the functions of cell membranes,
and reducing neuronal intracellular Ca®* concentrations.
These results are consistent with those previously
described™?,

Effects of orientin and vitexin on malondialdehyde
content in tissue, lipofuscin content in the brain, and
brain weights in D-galactose-aged mice

Lipid peroxide is the main means for oxygen radicals to
induce cell damage, through which malondialdehyde can
connect with proteins and nucleic acids, and cause
denaturation and even inactivation and decrease tissue
elasticity. Conjugates having abnormal hydrogen bond
cannot be dismantled as they are subsumed by
lysosomes and accumulate in lipofuscin. Lipofuscin is
deposited largely in cells, which leads to cell metabolic
disorders, thus causing cell atrophy and apoptosis*®. As
far as we know, lipofuscin levels are an index of aging®™.
Aging is an inevitable result of the body's metabolic
processes. Brain aging is the largest factor in the
degeneration of various organs®®*.

Our experimental results show that orientin and vitexin
reduce the amount of malondialdehyde in the brain, liver,
and kidneys and the content of lipofuscin in the brain,
and improve the brain weights of aged mice. These
effects were significant in comparison with the mice in
the model group. This indicates that orientin and vitexin
decrease the accumulation of lipofuscin in brain cells,
maintain normal metabolism in nerve cells, prevent or
alleviate atrophy in nerve cells, and increase the brain
weight of aged mice by stopping lipid peroxidation
caused by oxygen free radicals, reducing the amount of
malondialdehyde, decreasing cross-linking reaction
products produced by contact between malondialdehyde
and proteins or nucleic acids, reducing the production of
lipofuscin, and finally reducing the accumulation of
lipofuscin in the neurons of aged mice. These results are
consistent with the literature!*24% #81,

Effects of orientin and vitexin on brain morphology
in D-galactose-aged mice

The morphology observations showed that compared
with the mice in the model group, the number of cells in
brain tissue was higher in the mice in each treated group,
and the cell structure and nuclear membranes of the
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hippocampus recovered gradually, and the nuclear
quality was better. This implied that orientin and vitexin
can delay aging by maintaining normal cell structures,
reducing the aging of brain nerve cells, and thus allowing
them to function normally, which could be the
mechanism for its anti-aging effects. These results are
consistent with the literature®?>%,

In summary, orientin and vitexin improve antioxidant
activity in D-galactose-aged mice, and their effects were
not different from those of vitamin E. The antioxidant
effects of orientin were better than those of vitexin. This
is in line with the view that antioxidant activity is best
when there is an O-phenolic hydroxyl in the B ring of the
flavonoid rather than a phenolic hydroxyl®*.

MATERIALS AND METHODS

Design
A randomized and controlled animal experiment.

Time and setting

The experiment was performed at the Laboratory Center
of Pharmacy, Hebei North University, China between
June 2010 and June 2011.

Materials

Animals

Healthy Kunming mice of a clean grade, aged 6—8 weeks,
half female and half male, and weighing 20 + 2 g were
provided by the Animal Center of Hebei North University
(certification No. SCXK (Ji) 2004-0001). All mice were
housed in several cages at 23°C under a 12-hour
light/dark cycle at 40% humidity, with fresh air and
ventilation, and were allowed free access to food and
water. The protocols were conducted in accordance with
the Guidance Suggestions for the Care and Use of
Laboratory Animals, formulated by the Ministry of
Science and Technology of China®®.

Drugs

Wild Trollius chinensis was identified by Professor
Shulan Ma who works in the Institute of Materia Medica
of Hebei North University, China. Dried flowers of
Trollius chinensis Bunge were collected from Guyuan,
Zhangjiakou city, Hebei Province, China. Orientin and
vitexin were prepared according to a reference®. First,
a high performance liquid chromatography method was
developed for the determination of the purity of orientin
and vitexin. The column was a Hypersil BDS C18

(4.6 mm x 150 mm, 5 ym) column using an acetonitrile:
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acetic acid (15:85) solution as the mobile phase and a
flow rate of 1.0 mL/min. The column temperature was
set to 30°C. The detection wavelength was 340 nm.
Second, a preparative high performance liquid
chromatography method was established for purifying
orientin and vitexin. The column was a ZORBAX
SB-C18 (21.2 mm x 250 mm, 7 pm) column using an
acetonitrile:acetic acid (15:85) solution as the mobile
phase and a flow rate of 20 mL/min. The column
temperature was set to 25°C. The detection wavelength
was 340 nm. A fraction was collected based on the peak,
with a minimum threshold of 2.2. Both nuclear magnetic
resonance and high performance liquid
chromatography were used for the structural and
guantitative analysis of orientin and vitexin. The purities
of orientin and vitexin were 98.9% and 98.6%,
respectively (Figure 5).

Figure 5 Chromatographic analysis of orientin and
vitexin.

Compared with standard orientin (A), the purity of the
orientin sample (B) was 98.9%. Compared with standard
vitexin (C), the purity of the vitexin sample (D) was 98.6%.

Methods

Establishment of the aging model

In our subacute aging method®®, each animal was
intraperitoneally injected with D-galactose (Shanghai
Chemistry Co., Ltd., Shanghai, China) at 200 mg/kg per
day for 8 weeks. The mice in the control group were
injected with 0.1 mL of physiological brine for 8 weeks.
The amount administered was adjusted to the weight of
each mouse. At the end of the 8" week, total antioxidant
capacity and superoxide dismutase and



An F, et al. / Neural Regeneration Research. 2012;7(33):2565-2575.

malondialdehyde levels in the mice in the model group
were significantly different compared with those in the
mice in the normal group. Accordingly, we deemed the
model successfully established®"..

Administration

The dose administered was calculated according to the
ratio of mouse to the human body surface area. All drugs
were delivered by intragastric administration every
morning from the 9" week. The mice in the vitamin E
group received 20 mg/kg of vitamin E per day. The mice
in the control and model groups received
N-dimethylformamide:tween-80:normal saline (1:1:20).
For 8 weeks, the mice in the high-, medium-, and
low-dose orientin or vitexin groups received were given
40, 20, or 10 mg/kg per day, respectively, of each drug
dissolved in N,N-dimethylformamide:tween-80:normal
saline (1:1:20).

General observation

We observed the general conditions of the mice, such as
their ingestion of food and water, body weights, activity,
fur color, and fur glossiness.

Measurement of mouse brain weights

Under ether anesthesia, the head of each mouse was cut.
We accurately measured the whole brain weight of each
mouse following freezing using an electronic balance
(Sartorius, Gottingen, Germany).

Measurement of antioxidant enzyme system in the
blood serum of mice

Ten mice in each group were observed, and a 1 mL blood
sample was collected from each mouse. Their heads were
cut. Blood was extracted and centrifuged at 4 000 r/min for
10 minutes. Then, we tested the total antioxidant capacity,
and the superoxide dismutase, catalase, and glutathione
peroxidase levels according to instructions provided with
the assay kit (Nanjing Jiancheng Biological Co., Ltd.,
Jiangsu Province, China)®? %2,

Measurement of antioxidant enzyme system and
malondialdehyde content in the mouse brain, liver,
and kidneys

We accurately measured the mouse brain, liver, and
kidneys, by making a 10% tissue homogenate using
normal saline. The specimen was centrifuged at

8 000 r/min for 10 minutes. Then, the levels of
superoxide dismutase, catalase, glutathione peroxidase,
and malondialdehyde were determined according to
instructions provided with the assay kit (Nanjing
Jiancheng Biological Co., Ltd.)"* %%,

Measurement of ATPase levels in mouse brain, liver,
and kidneys

We accurately measured the mouse brain, liver, and
kidneys, by making a 10% tissue homogenate using
normal saline, and diluting a 99-fold volume of normal
saline into a 0.1% tissue homogenate. 0.1 mL of the
0.1% tissue homogenate was collected. At the same time,
Coomassie Brilliant Blue (batch number: 20100918;
Nanjing Jiancheng Biological Co., Ltd.) was applied to
determine the tissue protein levels and levels of Na*-K*-
ATPase and Ca®-Mg*"-ATPase®.

Determination of lipofuscin levels in the mouse brain
After the mouse heads were cut, brain tissues were
immersed in normal saline and the surface blood was
absorbed by filter paper. A mixture of chloroform and
carbinol (v:v = 2:1) was added using to a 20:1 ratio to
body weight. This provided a 10% tissue homogenate,
which was added to the same volume of distilled water
and fully shaken for 3 minutes. The sample was
centrifuged for 10 minutes at 3 000 r/min. The chloroform
layer was absorbed and 5 mL of chloroform was added.
We measured fluorescence intensity by a fluorescence
spectrophotometer (at excitation wavelength 360 nm and
emission wavelength 420 nm, slit 10 nm; Hitachi High-
Technologies Corporation, Tokyo, Japan). The
fluorescence intensity of a standard solution of quinine
sulfate (1 pg/mL) was defined as 50, to calculate the
micrograms of each fluorescent substance in each gram
of cerebral cortex tissue, which is the amount of
lipofuscin®.

Brain morphology in mice

After mice were anesthetized with 10% chloral hydrate
(0.3 mL/100 g), the thoracic cavity was opened and the
abdominal aorta was closed. This was followed by
catheterization through the left ventricle and perfusion of
100-150 mL of normal saline. After the blood was rapidly
rinsed, brain tissue was fixed with PBS (pH 7.2-7.4)
containing 4% paraformaldehyde. The head was cut and
the brain tissue was harvested, and 0.1 cm sagittal slices
were fixed with 4% paraformaldehyde. After fixing, the
specimen was dehydrated with gradient alcohol for
hematoxylin-eosin staining. Pathological changes in the
brain tissue were observed under the light microscope
(Olympus, Tokyo, Japan; type CX21, x 40).

Using the same isolation methods, the hippocampus of
each mouse was also harvested®, and then fixed with
2.5% glutaraldehyde. The ultramicro-structure of nerve
cells in hippocampus of mice was observed under the
transmission electron microscope (x 15 000, 120 kV
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Transmission Electron, Hitachi, Tokyo, Japan).

Statistical analyses

All data are expressed as mean + SD, and were
analyzed using SPSS 17.0 software (SPSS, Chicago, IL,
USA). Intergroup differences were compared using least
significant difference t-tests. A P < 0.05 was considered
statistically significant.
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