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Abstract

Ginkgo biloba leaf is the leaf ofGinkgo hiloba L. in the genus Ginkgo of family Ginkgoaceae. It
has the actions of benefiting heart, astringing lug, resolving dampness and stopping diarrhea,
which can be used in the treatment of chest distresand pain, palpitation, phlegm panting and
cough, diarrhea, dysentery, leucorrhea and other sgptoms. Main active constituents ofsinkgo
biloba leaves are lactones and flavonoids. To investigatee extraction process of lactones from
Ginkgo biloba leaves. To study the effects @inkgo biloba leaf extract on serum levels of super-
oxide dismutase (SOD), malondialdehyde (MDA), nitd oxide (NO) and protein kinase C (PKC)
in rat model of schizophrenia. With the total contats of three types of lactones iinkgo biloba
leaves as the indicators, the influences of four ¢tors, extraction time (A), extraction tempera-
ture (B), ethanol concentration (C) and ethanol amunt (D), on the extraction yield ofGinkgo
biloba leaves were investigated. Schizophrenia model wastablished, SD rats were randomly
divided into five groups: normal group (A), model goup (B), Ginkgo biloba leaf extract high-
dose group (C),Ginkgo hiloba leaf extract medium-dose group (D) andsinkgo biloba leaf ex-
tract low-dose group (E), changes in serum SOD, MDAnd NO levels were determined by bio-
chemical methods, and serum PKC level by avidin-btsm complex-ELISA (ABC-ELISA). The
optimal extraction process of lactones fronGinkgo biloba leaf was determined to be A3B1C3D1.
Compared with the model group, eachGinkgo biloba leaf extract group was all able to improve
the general condition of rats in different degreesand significantly lower serum MDA, NO lev-
els (P<0.05 or P<0.01), increase SOD activity (P€8. or P<0.01), and reduce the pathological
damage caused by oxygen free radicals. Ea€Binkgo biloba leaf extract group could signifi-
cantly lower serum PKC level (P<0.05 or P<0.01). Thprocess was capable of effectively ex
tracting lactones from Ginkgo biloba leaves.Ginkgo biloba leaf extract can reduce pathological
damage in schizophrenic model rats, and plays a prective role in the damage caused by oxy-
gen free radicals; it can decrease serum concentiah of PKC, and thus plays a regulatory role
in the gap junctional intercellular communication (GJIC) functionality.

Keywords: Ginkgo bilobaleaf, lactone, orthogonal design, protein kinasedBizophrenia.

Accepted September 13 2014

Introduction Ginkgo bilobaleaves have a high boiling point, so steam

distillation method is not suitable. In this studplvent
Ginkgo bilobaleaf is the leaf ofSinkgo bilobalL. in the  extraction method was used for simultaneous ekbract
genusGinkgo of family Ginkgoaceae. According to the of three major lactone constituents @inkgo biloba
records of Chinese materia medi¢ainkgo bilobaleaf leaves: ginkgolide A, ginkgolide B and ginkgolide C
has the actions of benefiting heart, astringinggJuesolv-  Meanwhile, the influences of extraction time, egti@n
ing dampness and stopping diarrhea, which cané@ins temperature, ethanol concentration and ethanol atrau
the treatment of chest distress and pain, palpitati the extraction yield oGinkgo bilobaleaves were investi-
phlegm panting and cough, diarrhea, dysentery, leugated by orthogonal design with the total contarfitthe
corrhea and other symptoms. Main active constituefit above three types of lactones as the indicators.prbc-
Ginkgo bilobaleaves are lactones and flavonoids. In theess is simple, rational, and easy to operate, which
literature, lactones are often regarded as volatileand vides a reference for the industrial production tio¢
extracted by steam distillation, but most of lae®rin  Ginkgo bilobaleaf lactone compounds.
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Based on preliminary experiment, we found thatdhzle
extract ofGinkgo bilobaleaves has some role in schizo-
phrenia. Schizophrenia is a common chronic melitaisis
mainly characterized by highly uncoordinated meativ-
ity and the environment. The onset of schizophrenis-
sociated with various factors and is relatively pter, it
has been reported in the literature that the pathegis of
schizophrenia is neurotransmitter dysfunction [dhich
results in the abnormality of GJIC that regulateveeell$.
Studies have confirmed that cell injury mediatedkiga-
tive stress is involved in the pathophysiology ofiigo-
phrenia, and can lead to cell GJIC dysfunction.

Traditional Chinese physicians believe that qi is&dipn
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Ginkgo bilobaleaf extract was self-prepared. Ginkgolide
A, B, C reference substances were provided by the N
tional Institute for Control of Pharmaceutical aBb-
logical Products, lot No.: 20130623, 20130415, 2&42,
purity: 98.98%, 99.69%, 99.90%, respectively. Water
used was self-purified water, chromatography retsgen
were of HPLC grade, and separation reagents oftanal
cal grade.

I nstruments

Electronic balance (Shanghai Gaoneng Precisiomuist
ment Co., Ltd.); UV-2100 UV-Vis spectro-photometer
(Shanghai Kenilong Instrument Co., Ltd.); MULTISKAN
FC microplate photometer (Thermo), WELLWASH 888

and phlegm coagulation are potential pathogenekis oicroplate washer (Thermo) . Waters HPLC dual wave-
schizophrenia, treatment starts mostly with "phlégend  length UV-Vis detector. Millipore water purifier.

Ginkgo bilobaleaves have such effect. In the present ex-

periment, through the detection of superoxide diss®i Experimental methods

(SOD), malondialdehyde (MDA), nitric oxide (NO) and Study on the extraction process of5inkgo hiloba leaf
protein kinase C (PKC) in the schizophrenic model S lactones

rats, the protective role oBinkgo bilobaleaf extract

against oxidative damage and its GJIC regulatoncfu Chromatographic conditions

tionality through PKC are explored, providing thasts
for novel drug development.

Materials

Animals and grouping

50 SD rats of clean grade, 180-220 g, animal deatié
No.: SDYK 2013-09230, were provided by the SPF Labo
ratory Animal Center of Chengdu College of TCM.

Drugs and reagents

Dizocilpine maleate (Ligva, Germany); SOD kit (lgo.
20130723), MDA test kit (lot No. 20130920), NO tk#t
(lot No. 20130211) were all provided by Chongqing
Yuanchengxiang Biological Agents Co., Ltd.; PKC
ELISA kit (Cusabio Biotech, LTD. lot No. A21307224)

Table 1. Regression equat

Chromatographic column: KromasilgX4.6 mm X 150
mm); gradient elution mobile phase: methanol: 1%tiac
acid aqueous solution (50:50100:0); flow rate: 0.8
mL/min; detection wavelength: 280 nm.

Plotting of standard curves

Appropriate amounts of ginkgolide A, B, C reference
substances were precisely weighed, and preparest sep
rately into stock solutions with a concentratioowad 1

g/L with methanol. The ginkgolide A, B, C stock ol
tions were prepared into a series of mixtures éint
concentrations with methanol, 4@ of samples were
injected, linear regression was performed with eesipe
peak area and concentration, and regression egsatio
were obtained as shown in Table 1.

ions for ginkgolides A, B, C

Constituent Regression equation Regression coefkcit Linear range (ug/mL)
Ginkgolide A Y=54.956X 0.999 0.44~2.20
Ginkgolide B Y=7.526X 0.998 0.44~4.36
Ginkgolide C Y=12.365 0.990 2.60~7.80

Table 2. Factors and levels of orthogonal test

A Extraction time B Temperature

C Ethanol concentration

D Extraction solvent volume

Level (min) () (%) (mL/g)
1 60 40 60 8
2 90 50 70 10
3 120 60 80 12
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Table 3. Results and analysis of orthogonal test normal saline once per day 20 mL/kg, each group was
administered for 21 consecutive days. 2 h afterlaisé
A B c D Lactone Extrac- administration, rats in the groups B, C, D, E wgken ip
tion yield (mg/g) with 0.6 mg/kg MK-801 in the left abdominal cavi#o
1 1 1 1 1 14.46 induce SD rat model of schizophrenia, normal groeqp
2 1 2 2 2 15.20 ceived an equivalent volume of saline injection.
3 1 3 3 3 15.74 I ndex measurement
4 2 1 2 3 13.81 After model establishment, the behavioral actisitiap-
5 5 5 3 1 14.21 pearance signs, and stool and urine propertieatsfin
' each group were observed, 3 d later, the rats sars-
6 2 3 1 2 14.19 ficed, and sera were collected for determinatiols0D,
7 3 1 3 2 13.69 MDA, NO and PKC levels.
8 3 2 1 3 11.42 Statistical analysis
9 3 3 ) 1 11.89 Statistical analysis was performed using SPSS fd4ck-
X1 1512 1400 1342 1356 age, all data were expressed as & means of groups
were analyzed by one-way ANOVA, and pairwise com-
X2 1423 1361 1363 14.32 parison between groups was performed by LSD test;
X3 1236 1396 1451 13.65 P<0.05 was considered statistically significant.
R 284 032 120 0.89
Results

Test sample determination method .
Test samples were filtered through 0% membrane, Orthogonal test and data analysis

and 10uL were injected, regression equations were introlt ¢an be seen from the experimental data and range
duced, and quantification was carried out by extern @nalysis results that extraction time (A) and ethaon-
standard method. centration (C) were important factors influencihg &x-

traction yield of Ginkgo bilobaleaf total lactones, fol-
lowed by the solvent volume (D), while the influenaf

Selection of factors and levels for extraction process of ) X
extraction temperature (B) was comparatively small.

Ginkgo biloba |eaf lactones

The range of factors and levels being investigaiedhe

orthogonal test was determined based on the restilts Thus, the extraction time (A) was selected to be &tBa-

preliminary experiment, design scheme and anabsis nol concentration (C) was selected to be C3; tffierdi

shown in Tables 2, 3 ence in extraction temperature (B) among variouslée
was not significant, and Bl was selected in ordeetiuce

Study on anti-schizophrenic effect of ginkgolides €nergy consumption; extraction solvent volume (Lsw
selected to be D1. Hence, the optimal extractimtess

The preparation of drug of Ginkgo bilobaleaf lactones was: A3B1C3D1.

The Ginkgo biloba extraction is prepared accordnthe

best extraction process. After freeze dried, thteaekdi-  General condition of rats

lutes with saline. The drug is prepared into higisedof No rat died during the model establishment, ratghi
ginkgo biloba lactone (100 mg/ml), meddle dose ohormal group were lively and active, with shiny sfur
ginkgo biloba lactone (200 mg/ml), low dose of gok smooth breathing, and normal stool and urine; irathe

biloba lactone (400 mg/ml). model group presented mental restlessness, withiuiny
tary shaking of the head, torso twisting, uneasyd, ex-
Grouping, administration and model establishment [3] cessive sensitivity to stimuli, and visible furdiling; urine

Rats were randomly divided into five groups: normalincreased, while stool was normal; rats in Bakgo
group (A), model group (B)Xsinkgo bilobaleaf lactone biloba leaf lactone groups had conditions similar to that
high-dose group (C), medium-dose group (D) and lowthe model group. But with the extension of time, tondi-
dose group (E), n=10 in each group. Before modabes tion of rats in eacksinkgo bilobaleaf lactone group mark-
lishment, rats in th&inkgo bilobaleaf lactone high-, me- edly improved compared with the model group. Itvehio
dium- and low-dose groups were continuously administhat mental restlessness ease obviously, involurstaak-
tered ig at a dose of 20 mL/kg, once per day; nbrmang of the head, torso twisting and the wave ofbknne-
group and model group were given ig with equivalentuced, urine was back to normal, stool was normal.
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Changesin serum SOD, MDA, NO, PKC levelsin rats group ofGinkgo bilobaleaf lactones all decreased serum
Compared with the normal group, serum levels of MDAMDA, NO, PKC levels, and elevated SOD activity, @i
NO, PKC were significantly increased and SOD aigtivi were significantly different compared with the mbde
was significantly decreased in the model group,diie  group (P<0.05, P<0.01). The results are shown lii€Ba
ferences were significant (P<0.05, P<0.01). Eadedo 4,5,

Table 4. Effects of Ginkgo biloba leaf lactones on serunDSKIDA, NO levels in schizophrenic rats

(>_< +s,n=10)
Group Dose (mg/ml) SOD (U/ml) MDA (nmol/ml) NO (umd/L)
Normal - 242.88+21.90 5.77+0.89 15.02+6.76
Model - 130.21+15.20 10.60+1.38 42.32+13.2%
Ginkgo bilobaleaf lactone 400 194.66+35.78 ¢ 6.84+0.45. C 24.87+9.86°
200 193.56+36.88 € 7.02+1.26- P 27.32+9.55°
100 190.32+35.2%. € 7.72+1.59. P 30.75+9.2%¢

Note: Comparison with the normal group A: P<0.05, B<0.01; comparison with the model group C: P<0,.@:
P<0.01.

Table 5. Effects of Ginkgo biloba leaf lactones on serunrats are similar to the gi stagnation and phlegagata-
PKC level in schizophrenic rats fxs, n = 10) tion in the theory of TCM.

It has been reported in the literature that thedlievels

Group (rr?g;)lsrﬁ) (ES/E) of various antioxidant substances and lipid perezidre
Normal - 78,002 69C abnormal in patients suffering from schizophrénila

can be simply inferred that the excessive genaratifo
Model - 85.99+1.82B free radicals in the brain or weakened physioldgica
clearance function in patients leads to increasgid |
Ginkgo bilobaleaf lactone 400 80.31+1.66- © peroxidation and enhanced neurotoxicity. This miay p
some role in the occurrence of the disease. A shady
200 81.39+1.35. ¢ shown that some therapeutic drugs can affect the me-
c tabolism of free radicals. These indicate that tiieat-
100 83.56+1.55 ment of schizophrenia can be achieved by reguldtieg
Note: Comparison with the normal group A: P<0.05, B metabolism of free radicals in the body.

P<0.01; comparison with the model group C: P<0.05, . . . .
P<0.01. P group Superoxide dismutase (SOD) plays a vital role ia th

body's oxidative-antioxidative balance, it can srae
) . superoxide anion radicals (¢), and thus protects cells

Discussion from damage, which reflects protective capacityirsta

cell damage in some extent. Malondialdehyde (MDA)
Etiology hypothesis of schizophrenia believes thlat  level is an important index reflecting the degrédipmd
tamate N-methyl-D-aspartate (NMDA) receptor funetio peroxidation and level of free radicals within thedy
plays an important role in the pathophysiology.d2i  [6,7], MDA can indirectly reflect the severity ofele
pine maleate (MK-801) can highly selectively antago radical attack to body cells. In this study, SODiaky
nize NMDA receptors, and thus is widely used in then the model group was significantly lower while MD
study of animal models of schizophrenia. MK-801 carwas significantly increased compared with the ndrma
cause a range of behavioral changes in rodentsidinc group andginkgo bilobaleaf lactone groups. The ex-
ing increased locomotor activity, stereotyped bébrav perimental results showed significant inter-groiiffed
ataxia, sensorimotor gating disorders, social dystion, ences (P<0.05 or P<0.01), which were consistent wit
etc. MK-801-induced lesions in schizo-phrenic modebther reports [5,8].
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NO is an important regulatory substance in intéu¢a
transfer of information, which participates broadiythe
pathophysiological processes of cardiovasculaoer

The results of the present experiment showed that t
serum PKC level of rats in the model group wasifiign
cantly higher than the normal group, and the déifee

and immune systems [9]. was statistically significant (P<0.05 or P<0.01grn8n

PKC level of rats in eaclsinkgo bilobaleaf lactone

Relevant studies have shown that NO has both nemrop group significantly lowered compared with the model
tective and neurotoxic effects in the central nesveys-  9roup, and the differences were statistically digant
tem. Oxidized NO (NO) reacts with thiol (-SH) of N- (P<0.05 or P<0.01). The results showed tankgo
methyl-D-aspartate receptor (NMDAR) to lower biloba leaf lactones can reduce serum PKC concentra-
NMDAR activity, inhibit C&" influx, block glutamate tion in model rats, PKC may upregulate GJIC funetio
acid (Glu) conduction, and avoid €averload-induced ality through the above mechanisms, however, how
toxicity in cells, and thereby plays a neuroprdtectole. Ginkgo bilobaleaf lactones regulate GJIC functionality
Reduced NO (NO) combines with O to form per- by reducing serum PKC concentration needs further

oxynitrite anion (ONOO) [10], ONOO enables nitra- study.
tion of amino acids such as tyrosine and tryptophen
sulting in inactivation of tyrosine hydroxylase, B@nd References

other important enzymes, and thus affects cell bweta
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this study, NO level in the model group increasied s
nificantly compared with the normal group and the
Ginkgo bilobaleaf lactone groups, showing significant
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