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Metabolism , transformation and distribution of Copfis
chinensis total alkaloids in rat

WANG Liang', YE Xiaoli*, LI Xuegang'*, CHEN Zhu', CHEN Xiaodan® , GAO Ying', ZHAO Zhongqi' ,
HUANG Wenwen', CHEN Xin', YI Jun'
(1. College of Pharmaceutical Sciences, Southwest University, Chongqing 400716, China;
2. School of Life Science, Southwest University, Chongqing 400715, China;
3. Tieling Normal College, Tieling 112000, China)

[ Abstract] Objective: To determine the pharmacokinetics, distribution and mutual transformation of the total alkaloids, jatror-
rhizine , coptisine, berberine and palmatine from Coptis chinensis in rats . Method : After the total alkaloids and berberine were fed into
rats, their contents in plasma, tissues and gastrointestinal tract were determined by reversed-phase HPLC. Result: The peak times of
berberine in blood were 2.0 h (€, 3.7 mg+ L™ )and5.0 h (C

formed into jatrorrhizine. After the rats were fed with the total alkaloids by gavage, the content of berberine was decreased monotonous-

2.8 mg + L™"), respectively. Berberine in rat blood can be trans-

max max

ly, while coptisine, palmatine and jatrorrhizine contents were increased gradually in the stomach, it speculated that berberine may be
transformed into jatrorrhizine in the stomach. Animal experiments showed that berberine and palmatine were mainly distributed in the
lungs of animals, followed by the distribution in the liver, while jatrorrhizine and coptisine was mainly in the liver, then in the lungs.
Conclusion: Berberine could transform into jatrorrhizine. The mechanism on the appearance of two maximum blood concentration of
berberine in blood could be explained with the propulsion of the gastrointestinal tract partly.

[ Key words] Coptis chinensis total alkaloids; reversed-phase HPLC; pharmacokinetics; distribution; transformation

doi: 10.4268/cjemm20101523 [BEERE HKFT]
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Protective effect of effective part of Acanthopanacis senticosus on damage
of PCI12 cells induced by MPP "

AN Lifeng' | LIU Shumin®* |, DONG Yang>, TANG Bo>, DONG Wanru®
(1. Institute of Jiamusi, Heilongjiang University of Chinese Medicine, Jiamusi 154007, China;

2. Institute of Traditional Chinese Medicine, Heilongjiang University of Chinese Medicine, Harbin 150040, China)

[ Abstract |

The purpose of our research was to evaluate the protective effect of the effective part of Acanthopanacis senticosus

(AS) on the damage of PC12 cells induced by MPP* | an in vitro cell model for Parkinson’s disease. Cell viability and apoptosis of

PC12 cells induced by MPP " were assayed by MTT and flow cytometry respectively in the prescence or abhsence of the effective part of
AS. The contents of lactate dehydrogenase (LDH) , nitric oxide (NO), nitric oxide synthase (NOS) and malondialdehyde ( MDA )

were determined by UV spectrophotometer. Our study showed that the survival rate of PC12 cells was markedly increased while cell ap-

optosis was decreased in the range of 200 to 400 mg « L' of the effective part of AS. The contents of LDH, NO, NOS, MDA were re-

duced. Our experimental results indicated that the effective part of AS had the protective effect on the damage of PC12 cells induced by

MPP " . The underlying mechanisms might be the combination of reduction of LDH leakage and decreases in the contents of NO, NOS

and MDA, and finally prevent the apoptosis in PC12 cells and increase the cell survival rate.

[ Key words] Acanthopanacis senticosus; PC12 cells; Parkinson's disease

Parkinson’s disease (PD) is a common neurode-
generative disease of the central nervous system, which
has seriously affected the patient’s mobility and quality
of life. Although PD has been studied for many years,
but there is no effective treatment so far. Traditional
Chinese medicines contain a variety of chemical compo-
sitions which could function at multiple targets of dis-
ease. Thus the traditional Chinese medicines may have u-
nique advantages in the treatment of PD which is a multi-
factorial disease. A large number of clinical and experi-
mental data showed that Chinese medicine had an obvious
therapeutic effect, such as, delaying the process of PD,
improving the efficacy of foreign medicine, reducing the
toxic side-effects, controlling nonmotile symptoms of PD,
and protecting nerve cells, etc [1].

Et Maxim ),

Acanthopanacts senticosus ( Rupr.
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belongs to Araliaceae, is normally used in medicine for
its dry root and rhizome which contains a variety of gly-
cosides. It functions well in nourishment of Qi by in-
vigorating spleen and tonifying kidney and relieving
mental strain . This medicine has been used to cure
symptoms such as ache and faint in waist and knee,
weakness in body, insomnia, multiple-dream, inappe-
tence and so on. The medicine has also been used to
accommodate blood pressure, treat coronary artery dis-
ease , nervous prostration, ect ">/, The effective part of
AS has been selected through pharmacodynamics ex-
periments. The aqueous extract of the crude drug was
firstly eluted with macroporous resin column to obtain
50% ethanol eluate, then a gel silica column chroma-
tography was used to collect the eluate when the ratio
of methylene bichloride and methyl alcohol reach to
10: 1. The protective effect of the effective part of AS
on the damage of PC12 cells induced by MPP* , an in
vitro PD cell model, was investigated.
1 Experimental apparatus and materials

Inverted microscope, philippines Co. ( USA);
ELIASA, Mofeishier equipment Lid. Co. Shanghai
China; Flow cytometer, BD Co. (USA). PCI12 cells
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were purchased from Shanghai Institute of Cell Biolo-
gy, Chinese Academy of Sciences; 1-methyl<4-pheny-
Ipyridine ion (MPP*) , MTT and tetramethyl azo az-
ole were purchased from Sigma Co. (USA); DMEM
medium was purchased from GIBCO corporation; Nor-
mal blood serum (NBS) was purchased from Hangzhou
Sijiging company.
2 Experimental methods
2.1 The culture of cell line

PC12 cells were frozen and stored in liquid nitro-
gen, and recovered before use. Cells were primarily
cultured in DMEM supplemented with 10% NBS, 1%
mycillin mixed liquor and 1% L-gln-glutamine, and
maintained at 37 °C in a humidified 5% C0,-95% air
incubator. Cells were passaged every 2 or 3 days, and
cells used in all the experiments were in the logarith-
mic phase of growth.
2.2 Cell viability assay
2.2.1 The relationship between different concentra-
tions of MPP " and PC12 cells’ survival rate Cell via-
bility was assessed using MTT assay in 5 x 10 * PC12
cells seeded in a 96-well plate. After 24 h incubation,
media was changed and MPP" was added to the final
concentrations of 100, 300, 500, 700 pmol - L.
Further culture of those cells was done at shown time
points. At the end, MTT (20 pL of 5 g - L") was
added and the cells were incubator for 4 h in the tissue
culture incubator. Crystal was dissolved by adding 150
L DMSO after removal of culture medium, and vibra-
ting for 10 min. Absorbance of the samples was meas-
ured at 490 nm and the reference wavelength was set at
630 nm. The cell survival rate was calculated using the
equation; Cell survival rate = Light absorption value of
the treatment group / Light absorption value of the con-
trol group x 100% .
2.2.2 Determination of the effective part of AS on
the damage of PC12 cells induced by MPP*  The ef-
fective part of AS at 25, 50, 100, 200, 400, 800 mg
- L™! were supplemented into the media along with
300 mg -+ L™" MPP*. Cell morphology was observed
and recorded using inverted microscope at 48 h time
point, and cell survival rate was calculated.

- 2022 -

2.3 Analysis of apoptosis by flow cytometry

2 x10° PCI2 cells were cultured in flask in 1 mL
volume. After 24 h incubation, the old media was re-
placed with fresh media contained 300 pwmol - L~
MPP* and 400 pmol - L' of the effective part of AS.
Cells were detached by trypsin at the end of 48 h fur-
ther culture, and cells were collected by centrifugating
at 1 500 r - min~' for 5 min. After twice washing with
PBS, 5 pL Annexin V-FITC (20 mg - L") and 10
L PI staining solution (5 mg + L™") were added to
500 L cell suspension and stained for 5 min at ambi-
ent temperature and protected from light prior to flow
cytometery assay. The obtained data was analyzed by
CellQuest software.
2.4 Assessment of the contents of LDH, NO, NOS,
MDA

0.5 x10° PCI12 cells were seeded in 6-well plate
in a volume of 1 mL. After 24 h culture cells were co-
treated with 300 pmol + L™" MPP* and 400 mg - L.~
of the effective part of AS. At the end of 48 h further
culture, the supernatant of culture medium was collect-
ed and divided into 4 parts which were used for the
measurements of the contents and activities of LDH,
NO, NOS and MDA by UV spectrometer.
2.5 Statistical treatment

The data of all arrays were expressed by x +s, we
adopted SPSS software to carry out t test between every
two groups. Differences with P <0. 05 were considered
statistically significant.
3 Results
3.1 The effect of MPP* and the effective part of AS
on PC12 cells’ morphology

The control group, the MPP* model group and
the treatment group were all observed under light mi-
croscopy. PC12 cells in the control group were shuttle-
type shape and distributed evenly which indicated cells
were in good condition. The PC12 cells induced by
MPP* had morphology changes in the model group.
The number of shuttle-type cells decreased, while
spherical or oval-shaped cells began to appear, as the
action time prolonged and the dose increased, the

quantity of spherical or oval-shaped cells was in-
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creased. These morphology changes indicated that
MPP * had the injury effect on PC12 cells. In the ef-

fective part of AS treatment group, PC12 cells were al-

so in good condition, shuttle-type cells were obviously
to see, spherical or oval-shaped cells were rarely seen,

the cells were relatively well-distributed ( Figure 1).

B

A. control group; B. model group; C. treatment group.

Figure 1

3.2 The effect of MPP " on survival rate of PC12 cells

PCI12 cells were interfered by MPP " at different
concentrations. Incubated for 12 h, the cell survival
rate decreased gradually, but there was no statistical
significance. After the treatment time has been pro-
longed for another 12 h, the cell survival rate decreased
significantly. When the concentrations of MPP™ were
100, 300 pmol - L™, the differences with P <0.05
were considered to be statistically significant. 500, 700
pmol - L' groups had dramatically significant differ-
ence (P <0.01). After being interfered by MPP™ for

Effect of MPP " and effective part of AS on PC12 cells’ morphology

48 h, cell survival rate decreased more obviously, All
groups of MPP ™ at different concentrations had exceed-
ingly significant differences (P <0.001). This showed
that MPP* could decrease PCI2 cells’ survival rate,
with the final concentration ranging from 100 pmol -
L™ t0 700 wmol « L™'. The decrease of P12 cell sur-
vival by MPP" is dose- and time- dependent. As many
relative factors had been taken into consideration , we
chose 300 pmol + L'
MPP*

eling condition in our follow-up experiments(Table 1).

as the final concentration of

, and 48 h as the interaction time to be the mod-

Table 1  The effect of MPP " on the survival rate of PC12 cells and absorbability (x +s5,n=12)
Time
MPP *
12 h 24 h 48 h
/pmol - L -1
Absorbance Survival rate/% Absorbance Survival rate/% Absorbance Survival rate/%
Control 0.346 +0.07 100 0.366 +0.06 100 0.720 £0.06 100
100 0.312 +0.03 90.2 0.319 +0.03" 87.2 0.379 +0.02% 52.6
300 0.303 +0.07 87.6 0.308 £0.03" 84.2 0.376 £0.05% 52.2
500 0.301 £0.06 87.0 0.303 £0.03% 82.8 0.349 +0.04> 48.5
700 0.298 £0.05 86.1 0.293 +0.02% 80.1 0.345 +0.04> 47.9

Note: As compared with the control group,” P < 0.05,2 P < 0.01, P < 0.001.

3.3 The effect of the effective part of AS on the dam-
age of PC12 cells induced by MPP*
After treatments by the effective part of AS at vari-

ous, PC12 cell survival rate was gradually rescued when

compared with the model group. When the final concen-
tration reached 200 mg + L "'or 400 mg - L ™", there was
statistical significant difference with P <0. 05 (Table 2,
3). This showed that the effective part of AS had the

- 2023 -
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protective effect on the damage of PC12 cells induced by

MPP* | and according to these studies, 400 mg - L™'

was chosen as the final work concentration of the effec-

tive part of AS in our further research.

Table 2 The effect of different concentrations of the effective part of AS on the damage
of PCI12 cells induced by MPP* (x +5,n=12)

Group Concentration Absorbance Survival rate/%
Control group - 0.41 +£0.08 100
Model group MPP * 300 pmol + L~ 0.22 £0. 04 54
Treatment group 25 mg - L™' + MPP*300 pmol - I 0.24 £0. 06 59
50 mg + L™' + MPP*300 pmol + 7! 0.25 +0.02 61
100 mg + L.=" + MPP*300 pmol + L.~ 0.26 £0. 04 63

Table 3 The effect of different concentrations of the effective part of AS
on the damage of PC12 cells induced by MPP* (x +5,n=3)

Group Concentration Absorbance Survival rate/%
Control group - 0.41 £0.08 100
Model group MPP * 300 wmol - L 0.22 £0. 03 54
Treatment group 25 mg - L™' + MPP* 300 pmol + L~ 0.24 +0. 06 59
50 mg - L™' + MPP* 300 pmol - L 0.25 £0.02 61
100 mg - ™' + MPP* 300 pwmol - 7! 0.26 +0. 04 63

3.4 The effect of the effective part of AS on apoptosis
rate of PC12 cells induced by MPP”*

In the model group when cells treated with MPP*
the apoptosis rate was (40.9 +£3.9) % which is a sig-
nificant difference (P <0.001) when compared with
the control group (14.8 +1.8)%.
strated that MPP* was able to induce apoptosis in

This result demon-

PC12 cells under the experimental condition. When
PC12 cells were co-treated with MPP ™ and the effective
part of AS the apoptosis rate lowed to (26.7 £3.9) %
in the treatment group which was a transparantly statis-
tical difference with P <0.05. This indicated that the
effective part of AS could inhibit the apoptosis in PC12
cells induced by MPP " ( Table 4).

Table 4 The effect of the effective part of AS on apoptotic rate of PC12 cells induced by MPP* (% +5,n=3) %
Group LV VA NVA Apoptpsis
Control group 85.1+1.9 5.4+1.2 9.4+1.7 14.8 1.8
Model group 58.8 4.0 11.4+3.7 29.5+4.0 40.9 +3.9"
Treatment group 72.9£3.9 7.4+0.8 19.3+4.3 26.7 £3.9%

Note; As compared with the control group 1 P < 0.001 ; As compared with the model group 2 P < 0. 05.

3.5 The effect of the effective part of AS on contents
of LDA, NO, NOS, MDA in PC12 cells induced by
MPP*

The treatment of MPP ™ on PC12 cells significantly
increased the contents of LDH (P <0.01) and NO,
NOS and MDA (P <0.05) when compared with the
control group ( Table 5). The effective part of AS

treatment was able to decrease the high contents of

- 2024 -

LDH (P <0.01) and the contents of NO, NOS, and
MDA (P <0.05) in PCI2 cells induced by MPP*
(Table 5).
4 Discussion and conclusion

Studies have suggested that environmental factors
might play important role in the occurrence of PD. It
had been certified that 1-methyl-4- phenyl-1,2,3,6
tetrahydropyridine ( MPTP ) is a neurotoxin, which
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Table 5 The effect of the effective part of AS on contents of LNA ,NO,NOS,MDA in PCI2 cells induced by MPP* (x +s,n=3)

Group LDH/U - L~! NO/pmol « L~ NOS/U + mL ™! MDA/nmol - L~
Control group 248.8 +48.9 44.3 +8.4 35.1+5.8 9.5%2.2
Model group 569.0 +46.4% 74.1 £11.5Y 57.4+£7.5Y 17.2 +2.8Y
Treatment group 311.1 £31.99 48.6 +7.5% 37.7 £3.2% 10.6 +1.8

Note: As compared with the control group,” P < 0.05,2 P < 0.01 ; As compared with the model group,® P < 0.05,% P < 0.01.

has similar molecular structure as some pesticides and
herbicides had"®' it wouldn't poison cells unless it had
been biotransformed into 1-methyl-4-phenylpyridine ion
(MPP* ) which was toxic to cerebral dopaminergic
neuron selectively and lead to PD. PCI12 cells come
from Adren chromaffin tumor, which had the same func-
tion as mesocephalon dopaminergic neuron in synthesi-

"1 (dihydroxyphenyl ethyl-

7]

zing and excreting DA
amine) DA absorption mediated by DA transporter’
and featured like DA recipient'®’.
tained that the damage of PCI12 cells induced by MPP*
was by far the better cell model for doing research on

PD . Our study confirmed that MPP* could inhibit the

PC12 cells’ survival rate, and this inhibition is dose-

Studies have ascer-

and time dependent. We selected 300 wmol - L™ as
the final concentration, and 48 h as the action time to
be the follow-up experiment modeling condition. MPP*
could strikingly reduce the cell survival rate and result
in cell apoptosis, which was consistent with reports in
the literature .

After the modeling condition had been finally de-
termined, MTT method had been used to detect the
effect of the effective part of AS at different concentra-
tions on the survival rate of PC12 cells induced by
MPP*. we found that the effective part of AS could en-
hance cell survival rate. Many other methods had been
used to study the protective effect of the effective part
of AS on the damage of PC12 cells induced by MPP".
We used flow cytometry method to confirm that the ef-
fective part of AS could inhibit apoptosis in PC12 cells
induced by MPP*. In addition, it also has an impact
on the contents of NO, NOS, MDA. These results sug-

gested that the effective part of AS had the protective
effect on the damage of PC12 cells induced by MPP".
The underlying mechanisms might be the combination

of reduction of LDH leakage and decreases in the con-

tents of NO, NOS and MDA, and finally prevent the

apoptosis in PC12 cells and increase the cell survival
rate.
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