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In the present work, we report efficient production of ginsenoside M1 (G-M1) from ginsenoside Rd (G-Rd)
by snailase hydrolysis using response surface methodology (RSM). During investigation of the hydrolysis
of ginsenoside Rd by various glycoside hydrolases, snailase showed a strong ability to transform G-Rd into
G-M1 with 100% conversion. RSM was used to optimize the effects of the reaction temperature, enzyme
load, and reaction time on the conversion process. Validation of the RSM model was verified by the good
agreement between the experimental and the predicted values of G-M1 conversion yield. The optimum
preparation conditions were as follows: temperature of 41.0°C; enzyme load of 17.5 %,; reaction time of
18 h. The determined method may be highly applicable for the enzymatic preparation of G-M1 for medicinal
purpose. Furthermore, the effect of G-M1 on insulin secretion in MING pancreatic 3-cells was investigated.

1. Introduction

Ginseng (the roots of Panax ginseng C. A. Meyer) has been
considered as one of the most famous traditional medicines
in Asian countries (Qi et al. 2011). The pharmacological
properties of ginseng are mainly attributed to ginsenosides,
which are classified into protopanaxadiol-type ginsenosides
and protopanaxatriol-type ginsenosides based on sapogenins
(Wan et al. 2008). It is well known that protopanaxadiol-type
ginsenosides such as ginsenoside Rd (G-Rd), Rbl and Rc
are metabolized by intestinal bacteria after oral administration
into their final derivative, 20-O-B-D-glucopyranosyl-20(S)-
protopanaxadiol (also called ginsenoside M1 or Compound K)
(Wakabayashi et al. 1997; Akao et al. 1998). Ginsenoside M1
(G-M1) is the genuine active form of protopanaxadiol-type gin-
senosides, and it has received increasing attention in view of
various biological activities against-cancer (Lee et al. 2010;
Kim, et al. 2009), inflammation (Joh et al. 2011), and diabetes
(Yoon et al. 2007; Kim et al. 2009).

Several reports have shown that efficient production of minor
ginsenosides including Rh1l, Rg2, and FI1 is reliable and
feasible (Ko et al. 2003). Among preparation methods such as
enzymatic conversion (Liu et al. 2010), mild acid hydrolysis
(Han et al. 1982) and microbial conversion (Bae et al. 2002;
Wang et al. 2011), enzymatic preparation (EP) has been
implicated as the most efficient transformation technique for
minor ginsenoside production. EP was used for the preparation
of active constituents via the selective hydrolysis of the sugar
moieties, owing to its high specificity, yield and productivity.
Recently, snailase (a complex of cellulase, hemicellulase,
pectinase and 3-glucuronidase), extracted from the digestive
tract of snails (You et al. 2011), have received increasing
attention due to strong hydrolysis ability (Liu et al. 2005). In
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our previous paper, we have employed snailase to transform
crude protopanaxadiol-type ginsenosides to G-M1 with great
success (Li et al. 2011). In the present study, we report efficient
preparation of G-MI1 using snailase hydrolysis from G-Rd,
a main ginsenoside of protopanaxadiol-type ginsenosides.
Response surface methodology (RSM), an effective statistical
technique, can be used to evaluate multiple parameters and
their interactions by establishing a mathematical model (Liu
et al. 2013). Prior to this study, we have widely employed RSM
to optimize the extraction of natural components from herbal
medicines (Li et al. 2011; Zhao et al. 2012).

In this work, we investigated the feasibility of using snailase
hydrolysis to preparing G-M1 via biotransformation of G-Rd.
The effects of reaction temperature, enzyme load, and reaction
time on the snailase hydrolysis efficiency and their interactions
were also systemically analyzed for the first time with RSM
method. Furthermore, the effect of G-M1 on insulin secretion in
MING pancreatic 3-cells was investigated.

2. Investigations and results
2.1. Selection of glycolytic enzymes

To select enzymes for the concurrent bioconversion of G-Rd into
G-M1, the hydrolyzing ability of several glycolytic enzymes
including snailase, [3-glucanase, cellulase and amylase, were
evaluated. Individual kinetics of hydrolysis of 20 mg/mL G-Rd
were investigated incubating each glycolytic enzyme at 37 °C
for 24 h. In addition to cellulase and amylase, snailase and (3-
glucanase gave the same hydrolysis ability. However, complete
hydrolysis of Rd was only achieved in 24 h by snailase (data not
shown). Therefore, snailase was selected to carry out the next
investigation.
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Table 1: Box-Behnken experimental design with the independent variables

Run Coded variables levels Y G-M1 (mg/mL)

X1, Reaction temperature (°C) X», Enzyme load (%) X3, Reaction time (h) Actual Predicted
1 —-1(35) —1(5.0) 0(14) 2.55 3.47
2 1 (50) —1(5.0) 0(14) 245 2.36
3 —-1(35) 1(20) 0(14) 9.89 9.99
4 1 (50) 1 (20) 0(14) 8.86 7.95
5 —1(35) 0(12.5) —1(4) 2.55 1.94
6 1 (50) 0(12.5) —1(4) 2.78 3.18
7 —1(35) 0(12.5) 1(24) 9.66 9.26
8 1 (50) 0(12.5) 1(24) 4.26 4.87
9 0(42.5) —1(5.0) —-1(4) 2.17 1.86
10 0(42.5) 1(20) —-14) 5.37 5.88
11 0 (42.5) —1(5.0) 1(24) 4.84 433
12 0 (42.5) 1 (20) 1.(24) 12.11 12.42
13 0 (42.5) 0(12.5) 0(14) 12.54 12.50
14 0 (42.5) 0(12.5) 0(14) 12.48 12.50
17 0(42.5) 0(12.5) 0(14) 12.39 12.50

2.2. Model fitting

After the preliminary ranges of the preparation variables
were determined by one-factor-at-a-time experiment, the three
independent variables, the reaction temperature (X;, 35-50°C),
enzyme load (X;, 5-20 %) and reaction time (X3, 4-24h),
were fixed to optimize the yields of G-M1. The whole design
consisted of 15 experimental points as listed in Table 1, and
three replicates (run 13-15) at the center of the design were
used for estimating the experimental error sum of squares. The
triplicates were performed at all design points in randomized
order.

As Table 2 showed, the analysis of variance (ANOVA) of con-
version yield of G-M1 indicated that experimental data had
a determination coefficient (R?) of 0.9881 with the calculated
model with no significant lack of fit (P=0.00038). That means
that the calculated model was able to explain 98.81 % of the
results. The results indicated that the model used to fit response
variables was significant (P <0.0001) and adequate to represent
the relationship between the response and the independent vari-
ables. F-test suggested that the model had a very high model
F-value (F=64.65), indicating high significance. R*,5; value
(adjusted determination coefficient) is the correlation measure
for testing the goodness-of-fit of the regression equation (Li
et al. 2011; Zhao et al. 2012). The Rzadj value of this model is
0.9728, which indicated only 2.72 % of the total variations were
not explained by model. Meanwhile, a relatively lower value
of coefficient of variation (CV =4.35) showed a better preci-
sion and reliability of the experiments carried out (Zhao et al.
2012) SS, sum of squares; DF, degree of freedom; MS, mean
square

It can be seen in Table 3 that conversion yield of G-M1 was
affected most significantly by enzyme load (X;) and reaction
time (X3) (P<0.0001), followed by reaction temperature (X;)
(P=0.0175). It was evident that all the quadratic parameters

(X2 1, X2 2, X2 3) were significant at the level of P<0.0001,
whereas all the interaction quadratic parameters were insignif-
icant (P>0.0001). Predicted response Y for the yield of G-M1
could be expressed by the following second-order polynomial
equation in term of coded values.

Y=—-143.3+6.16X; + 1.56X, + 1.90X3—4.133E—003X;
X>—0.019X, X3 +0.0136X,X3—0.7X7 —0.047X3—0.04X3
Where Y is the yield of G-M1 (mg/mL), and X;, X, and X3 are
the coded variables for reaction temperature, enzyme load and
reaction time, respectively.

2.3. Analysis of response surface

The regression equation was graphically represented by 3D
response surface and 2D contour plots. From three dimensional
response surface curves and contour plots shown in Figs. 1-3, the
effects of the independent variables and their mutual interaction
on the yield of G-M1 can be seen.

Figure 1 shows the interaction between reaction temperature
(X1) and enzyme load (X;) on the yield of G-M1. Increase in
reaction temperature from 35 to 50 °C with enzyme load from
5 to 20 % enhanced the conversion yield of G-M1. While with
increase of reaction temperature over 40 °C there was a grad-
ual decline in the response and enzyme load over 20 % did
not show any obvious effect on the yield of G-M1. It could
be explained that, increasing reaction temperature may enhance
snailase activity in preparation process (Liu et al. 2010).
Figure 2 depictes the effect of reaction temperature (X;) and
reaction time (X3) on the yield of G-M1. As shown Fig. 2, it may
be also observed that increase of reaction temperature from 35
to 50 °C and reaction time from 4 to 19h, gradually increased
the yield of G-M1. However, there was also a decrease in G-
M1 yield over a reaction temperature of 40 °C and reaction time
more than 19 h.

Table 2: Analysis of variance for the fitted quadratic polynomial model

Source SS DF MS F-value Prob>F

Model 302.05 9.00 33.56 64.65 <0.0001 significant
Residual 3.63 7.00 0.52

Lack of fit 3.47 3.00 1.16 28.05 0.0038 insignificant
Pure error 0.16 4.00 0.04
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Table 3: Estimated regression model of relationship between response variables (Y) and independent variables (X3, X;, X3)

Variables DF SS MS F-values p-value

X 1 4.96 4.96 9.56 0.0175
.€) 1 73.33 73.33 141.25 <0.0001
X; 1 40.50 40.50 78.01 <0.0001
X1 X5 1 0.22 0.22 0.42 0.5393
X1 X3 1 7.92 7.92 15.26 0.0058
X2 X5 1 4.14 4.14 7.98 0.0256
X2 1 65.27 65.27 125.73 <0.0001
X2, 1 29.06 29.06 55.98 <0.0001
X2; 1 59.28 59.28 114.19 <0.0001

Yield (mg/mL)
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B: Enzyme load(%)
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Fig. 1: Response surface plot and contour plot of reaction temperature and enzyme load.

Figure 3 indicates the interaction of enzyme load (X;) and reac-
tion time (X3) on the yield of G-M1. The highest conversion
yield could be achieved when using about 17 % of enzyme load
and 19 h of reaction time. However, the conversion yield did not
increase with the enzyme load over 17 %. Moreover, 19h of
reaction time is enough for enzymatic preparation to convert all
Rd to G-M1.

2.4. Optimal conditions and model verification

The optimal conditions obtained from the model were as fol-
lows: reaction temperature of 41 °C, enzyme load of 17.5 % and
reaction time of 18.3 h, respectively. The software predicted the
yield of G-M1 was 14.07 mg/mL. In order to compare the pre-
dicted result with the practical value, as shown in Table 4, three

parallel experiments were carried out using the optimal con-
ditions. In average value of 13.89 mg/mL was observed from
real experiments, which is in close agreement with the value
predicted by the model equation. This indicated that the opti-
mization is reliable in the present study.

2.5. HPLC analysis of the bioconversion process

HPLC analysis of the bioconversion of G-Rd to G-M1 was in
accordance with our pervious report (Li et al. 2012). In brief,
analysis was performed with a HPLC instrument (Agilent 1100,
USA) equipped with a quaternary solvent delivery system, a
column oven and UV detector. A HPLC method was devel-
oped using a reversed-phase C18 column (Hypersil ODS2, 250
mm X 4.6 mm [.D., 5 um). The column temperature was set at
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Fig. 2: Response surface plot and contour plot of reaction temperature and reaction time.
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Fig. 3: Response surface plot and contour plot of enzyme load and reaction time.

Table 4: Optimum conditions and the predicted and experimental value of response at the optimum conditions

Reaction temperature (°C)

Enzyme load (%)

Reaction time (h) Yield of G-M1 (mg/mL)

41.02
41.0

Optimum conditions
Modified conditions

17.51
17.5

18.27
18.0

14.07 (predicted)
13.89 (actual)

room temperature and detection wavelength was set at 203 nm.
The mobile phase consisted of 25 % acetonitrile and 75 %
water with a flow rate of 1.0 mL/min. The 20 pL of sample
solution was directly injected into the chromatographic column
manually. A HPLC chromatogram is shown in Fig. 4.

2.6. Isolation and purification of G-M1

After termination of the enzymatic reaction, the reaction mix-
tures were evaporated in vacuo, suspended in water, and then
partitioned between ethyl acetate and n-butanol. The n-butanol

layer was loaded onto a silica gel column (80 cm x 3cm, I.D.;
solvent, CHCl3: MeOH =10:1) to give crude G-M1. The crude
G-M1 was then separated and purified by semi- preparative lig-
uid chromatography (mobile phase of 30% acetonitrile) to give
G-M1 with purity more than 98.0%.

2.7. Cytotoxicity of G-M1 on MING pancreatic B-cell

The G-M1 obtained as described in section 2.6 was used for
cell experiments. To avoid excessive cytotoxicity at high doses,

G-Rd—

Glc—0

+—G-M1

Glc—-0

Fig. 4: HPLC analysis of the bioconversion of G-Rd to G-M1.
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Fig. 5: Effect of G-M1 on cell viability of MIN6 Cells. MING6 cells were treated with
G-M1 for 24 h. Data was expressed as means = SEM (n=3), * p<0.05,
Compared with G-M1-0 pM group.

we firstly evaluated the possible cytotoxicity of G-M1 on MIN6
cells at various concentrations (2, 4, 8, 16, and 32 uM) for 24 h.
The cell viability, expressed as percentage of the untreated con-
trol (100% cell viability), was investigated by MTT assay. As
shown in Fig. 5, at the concentration 16 uM, G-M1 had little
effect on the viability of MING6 cells. However, when the con-
centrations reached 32 pM, G-M1 decreased the cell viability to
around 83 %. Hence, we chose 8 uM of G-M1 for the following
experiment.

2.8. Effect G-M1 on insulin secretion in MIN6
pancreatic B-cells

After incubation with G-M1 for 24 h, MING cells were exposed
to the low (3 mM) and stimulatory (30 mM) glucose concen-
trations. As shown in Fig. 6, G-M1-8 uM enhanced insulin
secretion under both conditions, and the stimulation of insulin
secretion of G-M 1 under stimulatory glucose concentrations was
significantly higher than that of control (p <0.05). The result
shows that G-M1 enhances glucose-stimulated insulin secretion
in MING6 pancreatic 3-cells.

3. Discussion

Ginsenosides, the saponins from the roots of Panax ginseng,
are the principal components responsible for the pharmacolog-
ical and biological activities of ginseng. The pharmacological
activities of ginsenoside are based on its metabolites formed
by intestinal bacterial deglycosylation after oral administration
(Hasegawa et al. 2004). Ginsenoside M1, referred to as com-
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Fig. 6: . Effect of G-M1 on insulin secretion in MIN6 pancreatic 3-cells. MING cells
were treated with G-M1 for 24 h. Data was expressed as means + SEM
(n=3), * p<0.05, Compared with Control group.
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pound K or IH901, was deemed as the major intestinal bacterial
metabolite absorbed into the blood (Kang et al. 2013; Kim et al.
2014). So far, many investigations have shown that it is neces-
sary for more effective in vivo physiological activities to convert
ginsenosides into deglycosylated ginsenosides (Bae et al. 2002;
Wang et al. 2011). Among many described methods, enzymatic
bioconversion has been implicated as the most promising for
minor ginsenosides via the selective hydrolysis of the sugar
moieties of ginsenosides (Noh et al. 2009; Quan et al. 2011).
The results showed that snailase can easily hydrolyze the sugar
moiety of ginsenoside Rd with higher conversion rate.
Response surface methodology (RSM), an effective statistical
technique, has been found to be a useful aid for studying the
effect of several factors that influence the response of a system
as well as optimizing the variables of a wastewater treatment pro-
cess (Jentzer et al. 2015). Furthermore, it is essential to choose
an appropriate experimental design method that will evaluate the
effects of the major parameters involved in the treatment method
and their probable interactions, through the minimum number
of experiments. Box-Behnken design (BBD) as one of RSM is
more efficient and easier to arrange and interpret experiments
in comparison with others and widely applied to many studies
(Lahlali et al. 2008). Our research team has employed this tech-
nology for the extraction processes (Li et al. 2011; Zhao et al.
2012). Here, the conditions for enzymatic preparation of G-M1
from G-Rd were optimized by using RSM and BBD. The results
demonstrated that the change at reaction temperature, enzyme
load and reaction time could significantly affect the yield of
G-M1.

In our previous study, we have confirmed that G-M1 treatment
increased the plasma insulin levels in the HFD/STZ mouse
model (Li et al. 2012). Moreover, others have reported G-M1’s
insulin secretagogue effect on HIT-T15 cells (Han et al. 2007).
Therefore, we further investigated the long-term effect of G-M1
on the insulin secretion by glucose-stimulated insulin secretion.
In comparison with the Han’s results, ginsenoside G-M1 with
long-term action may also benefit the improvement on type 2
diabetes. In other words, G-M1 may ameliorate the function of
pancreatic [3-cells during the exposure to high glucose.

In a word, in the present study, ginsenoside Rd was converted
into ginsenoside M1 by snailase hydrolysis for the first time.
The conditions for enzymatic preparation of ginsenoside M1
were optimized by using response surface methodology. The
estimated models were able to indicate preparation conditions,
allowing superior conversion yield. The highest yields predicted
for G-M1 could be attained under optimal conditions including
41 °C of reaction temperature, 17.5 % of enzyme load and 18 h
of reaction time. Moreover, the present work indicates that G-
M1 exerts prominent stimulatory effects on insulin secretion in
MING pancreatic (3-cells.

4. Experimental
4.1. Materials and chemicals

G-Rd was isolated and purified with the method described previously (Hou
et al. 2010) and its structure was elucidated on the basis of spectroscopic
method including UV, IR, MS, and '>C-NMR. Standards of Rd and G-M1
were obtained from our lab. Snailase was purchased from Beijing Biodee
Biotechnology Co., Ltd (http://www.biodee.net). B-Glucanase, cellulase
and amylase were supported by Ningxia Xiasheng Group Co., Ltd.
HPLC-grade acetonitrile and methanol were purchased from Fisher Chem-
icals (USA). Other chemicals were all of analytical grade from Beijing
Chemical Factory.

4.2. Enzymatic preparation of G-M1 from G-Rd

Snailase was incubated with G-Rd in a pH 4.5 sodium acetate buffer with
agitation at different temperature (varying reaction temperature from 35 to
50°C) and different enzyme load (varying from 5 to 20 %) for a certain time

Pharmazie 70 (2015)
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(varying reaction time from 4 to 24 h). The mixture was subsequently placed
in a water bath at 90 °C to terminate the enzymatic reaction. The reaction
mixtures were individually evaporated, dissolved in methanol, and filtered
through a 0.45 pm nylon filter membrane prior to injection into the HPLC
system. The chromatographic peaks of G-Rd and G-M1 were confirmed
by comparing their retention times with those of the reference standards.
Quantification was carried out by the integration of the peak using external
standard method.

4.3. Experimental design

In the present investigation, we employed the software Design Expert (Trial
Version 7.1.6, Stat-Ease Inc., Minneapolis, MN) for experimental design,
data analysis and model building. A Box-Behnken design (BBD) with three
variables was used to determine the response pattern and then to establish a
model.

Experimental data were fitted to a quadratic polynomial model and regres-
sion coefficient obtained. The non-linear computer-generated quadratic
model used in the response surface was as follows:

k k
Y =B+ Z,B_,’Xj + Z,Bij? + Z Zﬁin,-Yj
J=1 j=1

i<j

where Y is the estimated response, By, B;, B;; and B;; are the regression coef-
ficients for intercept, linearity, square and interaction, respectively, while
X;, X; are the independent coded variables.

4.4. Cell culture

MING cell line was purchased from Xiangya Medical College of Central
South University. The cells were grown in Dulbecco’s modified Eagle’s
medium (DMEM 25 mmol/L glucose, GIBCO) equilibrated with 5 % CO2
and 95 % air at 37 °C. The medium was supplemented with 10 % fetal calf
serum, 100 U/ml penicillin sulfate and 50 pg/mL gentamycin. All experi-
ments were performed when the cells reached 80% confluence.

4.5. Insulin secretion assays

For insulin secretion experiments, MING cells were seeded in 6-well plates.
After 24 h incubation with G-M1-8 uM (the safe dose according to a pre-
liminary experiment), the cells were pre-incubated at 37°C for 0.5h in
Krebs-Ringer bicarbonate Hepes buffer (KRB; 129 mM NaCl, 4.8 mM KCl,
2.5mM CaCly, 1.2 mM MgSOy, 1.2 mM KH,PO4, 5 mM NaHCO3, 10 mM
Hepes, and 0.2% BSA). Cells were then treated in Krebs-Ringer bicarbonate
Hepes buffer containing 3 mM or 30 mM glucose for 1 h. Cell supernatants
were collected and centrifuged at 1000 rpm, 4 °C for 5 min. Insulin was
measured by radioimmunoassay (RIA) (Tianjin Nine Tripods Medical &
Bioengineering Co., Ltd, Tianjin, China).

4.6. Data analysis

Data were expressed as standard errors of the means (SEM) of three repli-
cated determinations. The response obtained from each set of experimental
design (Table 1) was subjected to multiple non-linear regressions using the
Design Expert software. The quality of the fit of the polynomial model equa-
tion was expressed by the coefficient were checked by F-test and P-value.
The significance level for all comparisons was P <0.05.
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