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Abstract: NaoMaiTong (NMT: Radix et Rhi-zoma Rhei, Radix Ginseng, Radix Puerariae, and

Rhizoma Ligustici Chuanxiong as 9: 9: 6: 6) is a traditional Chinese medicine prescription
for treating ischemia cerebral apoplexy. In this work, four cell injury models of
ischemic stroke were establish, namely hypoxic injury, glutamate damage, injury of
potassium chloride and hydrogen peroxide damage model. The protective effects of
NMT and its single herbs-containing sera of different time points on PC12 cell
damage were evaluated respectively, and the corresponding efficacy-time curves were
drawn. Cell viability was measured by MTT
(3-(4,5)-Dimethylthiahiazo(-z-y1)-3,5-di-phenytetrazoliumromide) assay.
Furthermore, an statistical methods of support vector machine (SVM) were used to
establish the correlation between concentration-time-efficacy for the first time. These
results revealed that NMT-containing serum has obvious protective effect on the four
injury models and can significantly improve cell viability. The PK-PD correlation
between fifteen ingredients in the NMT compound with four model efficacy indexes

indicated that rhein, puerarin, and 3'-methoxy puerarin might be the most important
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constituents controlling the pharmacological effects of NMT. The study suggested that
these fifteen components are likely to be the material basis of NMT and
recommended to increase the amounts of Pueraria in the NMT compound. That
provided the scientific basis and demonstration for the research of efficacy material

base of Traditional Chinese Medicine (TCM).

Keywords: potential active ingredients; naomaitong; PK-PD correlation; support

vector machines

1. Introduction

Cerebral apoplexy can be divided into ischemic cerebral apoplexy and
hemorrhagic cerebral apoplexy!!l, and ischemic cerebral apoplexy accounts for
eighty-five percent of cases!?. Cerebral apoplexy is a common clinical disease world
wide and seriously endangers human health. It is characterized by its high incidence,
high mortality, high recurrence rate, low cure rate and many complications. Brain
tissue ischemia leading to cell death within a short time is the essence of ischemic
stroke, and it irreversibly damages the brain tissue. In addition, energy depletion,
increased release of excitatory amino acids, free radical damage, intracellular calcium
overload, inflammatory cytokine damage, acidosis, and apoptosis-related gene
activation are the main injuries that occur during ischemic cerebral apoplexy'>*.
There are many research methods to investigate the treatment of cerebral ischemia,
mainly including in vivo animal models and in vitro cell models®®. According to the
pathogenesis of ischemic cerebral apoplexy, we selected appropriate evaluation

indicators and models to validate effective therapeutic substances. The PC12 cells line
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derived from rat adrenal pheochromocytoma cells, which is a widely used neuron-like
cell model for studying neurotoxicity and neuroprotectionis currently internationally
recognized in vitro neurological disease research ideal model and widely used in the

studies of nervous system diseases [&7]

. It has been proven that the model of
Na>S,04-induced hypoxia injury!®® recapitulates the initial stage of injury and that
Glu-induced neurotoxicity damage!'®!, KCl-induced calcium overload injury!!! and
H,0:-induced free radical damage models!'?) reflect the most serious three-steps in
the process leading to cerebral ischemic injury. In China, the use of Compound
Chinese Medicine (CCM) preparations to treat cerebrovascular diseases dates back to
the Han Dynasty!'®!. In recent years, a clinical report!'*! has shown that Chinese
medicine has obvious effects and advantages for the treatment of cerebral apoplexy.
The aim of the current study is to detect the effect of Nao Mai Tong on four damage
models using the PC12 cells line.

NaoMaiTong (NMT), a traditional Chinese medicine prescription, consists of
Rhubarb (Rheum palmatum L.), Ginseng (Panax ginseng C.A.Mey.), Ligusticum
wallichii (Ligusticum chuanxiong Hort.) and Pueraria (Pueraria lobata (Willd.) Ohwi)
in a ratio of 9:9:6:6!'3). NMT was first described by Professor JianSheng Li (Henan
University of Traditional Chinese Medicine, China) during his decades of clinical

(18] In previous studies!'¥, NMT has mainly been used to treat

experience
cardiovascular and cerebrovascular diseases in the clinic; it has exhibited significant

therapeutic effects, which are partly ascribed to its effects on reducing brain cell

damage, and has improved clinical symptoms, signs and quality of life in patients
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with cerebral infarction; it also has been demonstrated effective in treating rats with
stroke, based on metabolomics!'”). In our previous study, of the 65 compounds (25
prototype compounds and 40 metabolites) in rat plasma after oral administration of
NMT were detected!!®! and 15 constituents of NMT in rat plasma were predicted as

the material basis based on molecular docking simulation'”!.

Specifically, a
comparative pharmacokinetic study of the fifteen components in rat plasma were
completed!'>). Furthermore, studies!'®) have shown that the mechanism of NMT in
cerebral ischemia-reperfusion injury may be related to its ability to inhibit the
expression of NF-kB, nNOS, iNOS, TNF-a, VCAM-1 and ICAM-1?% increase the
expression of HSP70, improve blood-brain barrier permeability, and reduce cerebral
edemal®!!,

In recent years, in vitro cell models of ischemic stroke have become a popular
research area. Models of reperfusion after hypoxia and hypoglycemia, glutamate
injury, potassium chloride injury and hydrogen peroxide injury can successfully
mimic cerebral ischemia-reperfusion injury in vivo and have been applied to
pharmacological and pharmacodynamic studies of traditional Chinese medicine*,
providing methodological support for the material foundation of NMT. To provide
further evidence for the material basis and mechanism of action of NMT, in the
present study, HPLC-MS/MS was applied to identify multi-constituents in NMT
extract and its single Chinese herbs extracts. Then, we used an statistical analysis

methods of SVM to establish a multi-drug efficacy index of the PK-PD!?? correlation

mathematical model for the first time. The support vector machine (SVM) algorithm
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is a powerful classification tool for creating a decision boundary between two classes
that enables the prediction of labels from one or more feature vectors, which
originally proposed in 1963 by Vapnik!>>?¥. We synchronous systematic research the
PK-PD correlation between concentration-time-effects, and the correlation between
ingredients in the NMT compound with four model efficacy indexes were obtained.
2. Results
2.1. Analysis of constituents of NMT extract and its single herbs extracts
HPLC-MS/MS was used for the qualitative analysis of the compound
Naomaitong extract and four single herbs extract. Both the negative- and positive-ion
modes were adopted for the detection of constituents in Naomaitong extract samples.
In total, of the 120 constituents were identified, of which 27 components were
confirmed by the reference substance. 18 components derived from rhubarb (one
tannin, 14 anthraquinones and 3 diterpenoids); 51 ingredients are derived from
ginseng (21 protopanaxadiol (PPD) ginsenosides, 15 protopanaxatriol (PPT)
ginsenosides, 5 oleanolic acid (OA) ); 31 components from Pueraria (25 isoflavones;
2 flavonoids; 4 pueraria glycosides ); the 19 components were derived from
Chuanxiong (17 phthalides, one triterpenoid, one phenolic acids). The results are

shown in Fig. 1.A and Fig. 1.B.
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Fig. 1.A. NMT extract and its single herbs extracts base peak ion current map (in

positive ion mode).
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Fig. 1.B. NMT extract and its single herbs extracts base peak ion current map (in
negative ion mode).

NMT: Naomaitong; DH: Rhubarb; RS: Ginseng; CX: Chuanxiong; GG: Pueraria

2.2. Protective effects of five drug-containing sera on PC12 Cell damage
induced by Sodium Dithionite

Cell viability of PC12 cells, measured by MTT reduction assay. By observing the
efficacy-time curve, it was found that the efficacy of NMT-containing serum reached
the first peak within O~1 h and the second peak within 1.5~4 h. The first effect peak
was quickly reached after 15 minutes of drug treatment, and the cell protection rate of

drug-containing serum at 2 h was significantly higher than at 15 min. The results
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showed that the cell viability increased by 10.42 % and 18.99 % at the first and
second effect peaks, respectively, compared with the control group. After 4 h, the
protective effect of NMT drug-containing serum on cells suffering hypoxic injury

gradually decreased to 12 h. The results are shown in Table 1 and Fig. 2.



131

132 Table 1. Plasma concentration of fifteen components of Naomaitong group in normal rats (ng/mL).

Emodin Yang
Rhubarb  Aloe 3'-methoxy
time(h) ether Chrysophanol ~ Rhein Emodin Rgl Rbl Rb3 Rc  Puerarin Daidzein Ligustilide ~ Chuanxiong
glycosides  emodin puerarin
composition glycosides lactone [
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.083 33.49 4145 40.73 41.39 41591 53.66 253 743 387 831 149.74 2566 531.53 29.19 44.66
0.25 36.05 96.27  82.89 63.82 748.48 76.77  7.38 15.55 488 927 72492 4426 124743 173.02 164.12
0.5 27.86 16236 71.71 45.43 676.74 4338  8.63 2730 8.19 12.29 94394 2896 1218.79 213.51 122.49
0.75 22.82 134.60 53.28 33.76 497.82 2995 10.63 3558 10.64 1429 631.92 20.06 891.31 70.86 128.09
1 2323  112.66 38.38 26.83 419.00 25.82 13.51 40.07 16.14 1891 480.87 1749 771.70  81.02 130.64
1.5 20.47 97.11 32.24 24.21 319.74 1552 16.69 4554 2293 22.68 40392 13.62 628.70  58.96 68.84
2 15.14 92.81 17.30 20.78 267.65 1330 20.63 56.31 30.22 29.27 25424 9.64 45731 63.47 30.02
4 9.09 79.63  10.69 14.90 14537 422 2269 66.01 36.86 35.17 300.21 10.53 307.81 30.33 9.94
6 7.10 45.92 8.27 15.01 13498 513 2726 79.08 57.02 47.03 26336 14.80 314.15 35.26 1.99
8 6.43 27.48 7.50 11.65 12948  6.26  98.21 10628 10942 79.65 349.00 14.88  285.97 18.07 1.575
12 5.94 11.54 495 13.48 191.44 11.18 36.50 83.51 36.42 5340 24896 22.89 344.29 12.30 1.71
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Fig. 2. The protective of efficacy-time curve of 5% Naomaitong-containing serum of

different time points on four types damage model (%) .

2.3. Protective effects of five drug-containing sera on PC12 Cell damage
induced by Glu

The cell viability of PC12 cells was, measured by MTT reduction assay. By
observing the efficacy-time curve of anti-neurotoxicity damage effect, it was found
that the efficacy of NMT-containing serum reached a first peak within 0~0.5 h and a
second peak within 0.75 h~1.5 h. The first effect peak was quickly reached after 15
minutes of drug treatment, and the cell protection rate at 1 h was significantly higher

than that at 15 min. The results showed that the cell survival rate increased by 10.07%
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and 12.87% at the first and second peaks, respectively, compared with the control
group. The anti-glutamate neurotoxic effect of NMT-containing serum had a rapid
onset, and the protection rate was maintained at a high level for 8h and gradually
decreased after 12 h. The results are shown in Table 1 and Fig. 2.
2.4. Protective effects of five drug-containing sera on PC12 Cell damage
induced by Potassium chloride

Cell viability of PC12 cells, was measured by MTT reduction assay. By
observing the efficacy-time curve of the anti-calcium overload injury effect, it was
found that the efficacy of NMT-containing serum reached a first peak within 0.5~2 h
and a second peak within 4h~12 h. The cell protection rate at the first effect peak at 1
h was slightly higher than that at the second peak at 8 h. The results showed that the
cell survival rate increased by 28.32% and 21.12% at the first and second peaks,
respectively, compared with the control group. It is worth noting that the drug worked
slightly less rapidly until 1 h. The protection rate was maintained at a high level over
12 h and a weak protective effect persisted after 12h. The results are shown in Table 1
and Fig. 2.
2.5. Protective effects of five drug-containing sera on PC12 Cell damage
induced by Hydrogen peroxide

Cell viability of PC12 cells, was measured by MTT reduction assay. By
observing the efficacy-time curves of the anti-free radical damage effect, it was found
that the efficacy of NMT-containing serum reached a first peak within 0.5~1 h and a

second peak within 1.5h ~4 h. The cell protection rate at the first effect peak at 0.75h
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was slightly higher than that at the second peak at 2 h. However, the results showed
that the cell survival rates at the two effect peaks were not obviousiy increased
compared with the control group. In addition, NMT-containing serum had no
protective effect against free radical damage after 4 h. The results are shown in Table
1 and Fig. 2.
2.6. PK and PD data analysis

As shown in Table 2, UPLC-MS was used to study the pharmacokinetics of the
Naomaitong serum used in the cell pharmacodynamics experiments to obtain the
concentration-time curves of each component of NMT in serum. Each herbal
ingredient in serum has a different pattern of efficacy-time curves for each cell injury
model. As shown in Table 6, the results reflect their own unique relationship between
cell viability and time. The PD-PK binding model can be used study the relationship
between the concentration, time and synergistic effects of multiple components!?>2¢],

The results are shown in Fig. 3~6.

Table 2 .Cell viability of four types damage model protected by
Naomaitong group drug-containing serum (%) .

time (h)

NayS,04 Glu KCl H,0,
group Model group Model group  Model group ~ Model group
0 45.44 52.24 48.44 47.28
0.083 46.40 58.45 49.68 49.37
0.25 47.86 62.31 51.76 47.73
0.5 49.14 55.08 54.36 48.22
0.75 50.17 59.61 54.44 53.58
1 51.54 65.11 76.76 49.69

1.5 48.87 61.15 70.04 54.44



64.43 63.57 63.92 58.21
54.83 62.45 59.52 46.95
49.55 60.62 65.60 42.65

o N BN

52.16 60.17 69.56 47.44

—
\S]

42.29 53.16 58.32 45.89

- 1000

750

- 500

efficacy (%)

- 250

Lo

fiwadin sshor
ipeasidos
[ ——

AP 3 -avrury puvearia
FF Ligus
FE Fang Chwonziong factane §

184 time (h)

185 Fig. 3. Three-dimension graph of time-concentration-effect of Na,S,04 damage model

186 pased on PK-PD modeling.

L 1000
[ —
:-TSO é
F =
[ %)
Fsoo &
E £
[ 7]
- 250
Lo
Hadin other
o e
ipm;.:nnmrm
F Alos swodin B
b F rrsostanel =
1 &
s
{ =
/ =
) -
/ e
F —J
| A £
1 =
/ -
ZE paidroin
AF 3 -meshary pusrarin
FE piuaciisde
——— 7 . - — T AT Fang Chusneiang factoon §
0 2 4 i 8 10 12
188 time (h)



189

190

191

192

193

194

195

196

197

198

199

based on PK-PD modeling.

~ 1000

750

- 500

efficacy (%)

AT Pweraria
ZF paidwole
77 5 wothory puerarin

FH e i
FF Faeur Chuowe o dacto §

time (h)

Fig.5. Three-dimension graph of time-concentration-effect of KCl damage

based on PK-PD modeling.

Fig. 4. Three-dimension graph of time-concentration-effect of Glu damage model
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2.7. SVM for PK-PD Correlation Study

After running the SVM program, the weight coefficient w of each component for
each model pharmacokinetic index was calculated, and the weights of the fifteen
components on the efficacy can be directly seen in the table. According to the weight
coefficient w, the correlation between each component and each model index can be

analyzed. The results are shown in Table 3.
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210  Table 3. The weight coefficient w of each component to the four models by SVM used in the PK - PD correlation study.

211
group 3'-methoxy . Rhubarb Yang Aloe Chryso Emodin
Composition pucrarin Puerarin  Rhein elycosides Ligustilide =~ Chuanxiong emodin phanol ether Rgl Emodin  Daidzein Rbl Rc Rb3
lactone [ glycosides
Na28204
Model 19.6494 8.3769 4.7835 2.3775 1.6930 0.8312 0.4441 0.3337 0.2471 0.1414  0.1081 0.0831 -1.2304  -1.2350 -1.3253
group
Glu
Model 13.4528 5.7142 3.5973 1.9712 0.7771 0.7927 0.2689 0.2736 0.2734 0.4087  0.2538 0.1301 1.7844  -0.1875 -0.1617
group
KClI
Model 10.9959 4.7927 5.1024 2.2129 -0.7450 0.0121 -0.5323 -0.4758 -0.1793 0.8945 -1.5406 -0.1616 143841 5.4839  3.3204
group
H>0;
Model 18.4822 7.8900 5.4022 2.1043 0.9089 0.8333 0.1806 0.2298 0.2962 0.0836  0.3046 0.0689 -1.3702  -1.5871 -1.1441
group
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3. Discussion

By observing the efficacy-time curves of the NMT-containing sera on the
protective effects in four cell injury models, it was found that the drug-containing sera
showed different efficacy-time relationships for different models. For the Na>S>04
injury model, there are two effect peaks, and the second peak was significantly higher
than the first peak. For the Glu injury model, there are two similar effect peaks in the
efficacy-time curve, and the cytoprotection curves of the drug-containing sera in this
model showed a longer protection duration. For the KCI injury model, the protective
effect of drug-containing sera showed a slow onset, with the first effect peak at 1 h,
followed by reduced efficacy but a sustained high cytoprotective effect. For the H>O»
injury model, the efficacy-time curve of the drug-containing serum showed two
weaker effect peaks with a relatively weaker cytoprotective effect. In conclusion, the
NMT-containing serum at different time points showed the most significant effect on
the KCl-induced injury model, followed by an obvious protective effect on Glu- and
NaxS>04-induced injury models, and H»O»-induced injury, although the protective
effect against H2O»-induced injury was not obvious compared to the effects on the
other three models.

By comparing the efficacy-time curves of rhubarb-containing serum at different
time points, it was found that rhubarb-containing serum has a strong cytoprotective
effect on Glu and H>O> injury models, while the protective effect in Na>S>04 and KCI

injury models was weak. This indicated that rhubarb has a better protective effect on
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glutamate neurotoxicity and oxidative stress injury in cerebral ischemia. By
comparing the efficacy-time curves of ginseng-containing serum in different injury
models, it was found that ginseng-containing serum had a stronger protective effect
on the KCl damage model. For the other three injury models, the pharmacodynamic
effects were not significant and were lower than those observed in the KCl damage
model. Our data show that Ginseng mainly has an obvious protective effect on
intracellular calcium overload damage of cerebral ischemia.In the efficacy-time curve
of the protective effect of Pueraria-containing serum on the Na>S>04 damage model,
there are three effect peaks; The drug-containing serum has a rapid onset in protecting
against H2O2 injury, and its efficacy is maintained at a high level within 2 h. However,
the protective effect of Pueraria-containing serum against Glu and KCl injury is not
obvious. It is speculated that puerarin has a better pharmacological effect on ischemic
hypoxia and oxidative stress injury in cerebral ischemia. By comparing the
efficacy-time curves of Chuanxiong-containing serum with different injury models, it
was found that the protective effects of the serum against Na;S>04 and H20> damage
were both obvious, while the efficacy was not obvious for Glu and KCI damage.It is
speculated that Chuanxiong has a better pharmacological effect on the energy failure
and oxidative stress injury in cerebral ischemia.

A comparison of the efficacy-time curves of the compound and the four single
herbs showed that each single herb has obvious protective effects in only one or two
damage models, while the compound has an obvious protective effect on the four

mechanism damage models. The analysis of the overall pharmacodynamic effect
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indicates that the effect of the NMT compound was significantly better than those of
the single herbs in the four types of in vitro cell injury models of ischemic cerebral
apoplexy, consistent with the "multi-component, multi-channel, multi-target"
synergistic effects that exist in Traditional Chinese Medicine (TCM). These results
could be reasonably speculated to be in accordance with the qualities of integrality,
multiple-effects and complexity that are characteristic of traditional Chinese medicine
compounds. In view of the different mechanisms of the injury models, the
drug-containing sera showed different relationships of efficacy and time in PC12 cells,
which reflects the “Jun-Chen-Zuo-Shi” rule of NMT from the perspective of cellular
pharmacodynamics and provides a reference for further study of the material basis of
the compound NMT.

The main injury processes involved in ischemic stroke include energy depletion,
increased release of excitatory amino acids, free radical damage and intracellular
calcium overload™*. These injuries affect, overlap and correlate with each other and
eventually lead to the death of nerve cells. Comprehensive analysis of the
efficacy-time curves revealed that the drug-containing serum showed a more
significant protective effect on NaxS>04and Glu injury within 0~0.5 h, indicating its
rapid onset; this shows that its pharmacodynamic effects may be exerted mainly
during a short period of time to ameliorate energy failure and glutamate neurotoxicity.
In addition, the drug-containing serum has a good protective effect in all four models
within 0.75~2 h, and the efficacy is higher at this time than at 0~0.5 h, indicating that

the pharmacodynamic effects of NMT may have multiple targets during this time.
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NMT can not only improve energy failure and damage due to glutamate neurotoxicity
but also reduce the damage caused by calcium ion overload and excessive free
radicals. The protective effect of drug-containing serum within 4~24 h began to
decline gradually, except for the maximum effect peak at 8 h in the KCl model,
indicating that in the later stages, NMT exerts its effects mainly by reducing the
damage caused by calcium overload. Four types of cell injury models were used to
simulate different injury mechanisms of ischemic stroke. The pharmacodynamic
effects of sera containing NMT and its single constituent herbs on various cell injury
models were comprehensively studied which provided an effective basis to study the
correlation between the PK-PD of the multiple components of NMT. The PD-PK
binding model can be wused to study the relationship between the
concentration-time-effect of organic integration, thereby revealing the synergistic or
antagonistic interactions between the chemical components of prescriptions and
ascertaining the material basis of TCM prescriptions!?7-2],

By using SVM to establish the PK-PD binding model of NMT serum, it was
possible to carry out a correlation analysis to determine the material basis of NMT.
Previous studies have shown that there are significant pharmacodynamic effects of
individual components such as rhubarb glycosides, emodin, chrysophanol, emodin

[29-31

ether, rhein land so on in the treatment of cerebral ischemia. It has also been

shown that monomer components such as the ginsenosides Rgl, Rb1, Rb3 and Rd!****]

were significant in cerebral ischemia; the effects of the Pueraria isoflavones puerarin,

34,35

3'-methoxy puerarin, daidzein***3! and other components of anti-cerebral ischemia



300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

treatments are significant; and Chuanxiong volatile 0il*®37! can play a protective role
in cerebral ischemia. There are fifteen known active ingredients in NMT-containing
serum, including rhubarb glycosides, emodin ether glycosides, rhein, aloe emodin,
emodin, chrysophanol, ginsenoside Rb3, Rb1, Rgl, Re, daidzein, 3'-methoxy puerarin,
puerarin, Yang Chuanxiong lactone I and ligustilide, which have a good correlation
with the four cell models of cerebral ischemia and may be the effect components of
NMT. The efficacy of some of these ingredients has been demonstrated by studies,
and others remain to be validated. In a comparison of the results of the ANN and
SVM methods, the results showed that SVM has a great advantage in dealing with the
nonlinear relationships in experiments with small sample sizes, and our comparison
indicated that SVM is more suitable for PK-PD correlation studies with few samples.
According to the PK-PD fitting results of SVM, for different models, it was
found that the weights of the ingredients on the efficacy indicators are not the same ,
and they also show different positive and negative correlations. For the NaxS>04
injury model, in addition to Rbl, Rc, and Rb3, the remaining components were
positively correlated with drug efficacy, and these components may be the main
pharmacodynamic components. For the Glu injury model, with the exception of Rb3
and Rc, the remaining components were positively correlated with drug efficacy. For
the KCI injury model, the components which positively related to the drug efficacy
are Rb1, 3'-methoxy puerarin, Rc, rhein, puerarin, Rb3, rhubarb glycosides, Rgl, and
Yang Chuanxiong lactone I. These nine components may be the main

pharmacodynamic components that works against intracellular calcium overload
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damage. For the H2O: injury model, with the exception of Rb3, Rbl, and Rc, the rest
of components were positively correlated with drug efficacy, and may be the main
medicinal ingredients for protecting against oxidative stress injury.

In this study, the statistical analysis methods SVM was used for the first time to
study the material basis of the effectiveness of NMT. The correlation of PK-PD
between fifteen components in the compound and the four models indicates that these
fifteen components are likely to be the NMT effect substances. This finding provides
a scientific basis and demonstration of basic research into Chinese medicine
compound pharmacodynamics. It is worth mentioning that Pueraria-containing serum
had three effect peaks in cells suffering hypoxic injury, and the cell viability at 1.5 h
increased by 10.51% compared with that of the control group, while NMT-containing
serum had two effect peaks, and the cell viability at 0.25 h increased by 10.42%. The
Chuanxiong-containing serum had three effect peaks in cells suffering from Glu
damage, and the cell viability at 1 h increased by 20.71% compared with that of the
control group, while NMT-containing serum had two effect peaks and the cell
viability at 1 h increased by only 12.87%. Moreover, the PK-PD correlation study
shown that pharmacodynamic indicators of rhein, puerarin, and 3'-methoxy puerarin
are significant. Therefore, it is recommended to increase the amounts of Pueraria and
Chuanxiong in the NMT compound in order to target treatment. In summary, due to
the complexity of the traditional Chinese medicine compound, the reasons for the
above results and its specific mechanism of action are yet to be studied. To further

support our finding, the specific pharmacological mechanism of action of each
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monomer component remains to be studied. The pharmacodynamics of rhein, puerarin,
3'-methoxy puerarin and NMT can be further validated based on the rat focal cerebral

ischemia models which were prepared according to the modified method of Longal®l.

4. Materials and Methods
4.1.Ethics statement

All procedures had the approval of the Animal Ethics Committee of the
Guangdong Pharmaceutical University.
4.2. Chemicals and Reagents

Sodium hyposulfite was purchased from Tianjin Damao Chemical Reagent
Factory (Tianjin, China). Glutamic acid was prepared by Sinopharm Chemical
Reagent Co., Ltd. (Shanghai, China). Potassium chloride was purchased from Tianjin
Zhiyuan Chemical Reagent Co., Ltd. (Tianjin, China). Hydrogen peroxide (30, %),
was obtained from Guangzhou Chemical Reagent Factory (Guangzhou, China).
RPMI-1640 medium and trypsin were provided by HyClone (Logan, Utah, USA).
3-(4,5)-Dimethylthiahiazo(-z-y1)-3,5-di-phenytetrazoliumromide—MTT and
dimethyl sulfoxide were obtained from Amresco (Radnor, Pennsylvania, USA).
Natural bovine calf serum was purchased from Gibco (California, USA).
4.3. Plant Material

Rhubarb (the root of Rheum palmatum L., batch number: 140,310), Ginseng (the
root of Panax ginseng C.A. Mey., batch number:140,225), Pueraria (the root of
Puer-aria lobata (Willd.) Ohwi, batch number:140,114), and Ligusticum wallichii (the

root of Ligusticum chuanxiong hort, batch number:140,301) were purchased from a
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Chinese herbal medicine market (Bozhou, Anhui, China) and were identified by Li
Shuyuan, Professor of Traditional Chinese Medicine at Guangdong Pharmaceutical
University.
4.4. Cell culture

Well-differentiated PC12 cells provided by the Experimental Center at the
School of Medicine, Sun Yat-sen University, were grown in 25 cm? polystyrene flasks
with 10% calf serum in RPMI-1640 medium. The cultures were maintained at 37 °C
in a humidified atmosphere containing 95% air and 5% CO.. The culture medium was
replaced every 2d, and cultures were split at a ratio of 1: 2 or 1: 3 each time. The cells
were seeded at an appropri-ate density (5x10° cells/mL) in culture dishes and were
inoculated onto 96-well plates when grown to anastomosis. Prior to experiments, cell
viability was assessed by trypan blue dye exclusiontest, and only cell batches
showing >95% viability were used in the study!*”).
4.5. Preparation of liquid medicine

NMT ( rhubarb: ginseng: puerarin: chuanxiong =9 : 9: 6: 6 by mass weight ) was
immersed in a tenfold excess (based on mass weight) of 60% ethanol-water
solution*”) and extracted by refluxing twice at 80°C, one hour each time. The extracts
were filtered separately, and then the two filtrates were combined and concentrated to
0.5 g/mL sample drug. The concentrated solutions of Radix et Rhizoma Rhei, Panax gin-seng
C.A. Mey., Pueraria lobata (Willd.) Ohwi., and Ligus-ticum chuanxiong Hort. were obtained in the
same way.

4.6. Instrument and chromatographic conditions
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Chromatographic separation was performed on a Venusil XBP Cl18
chromato-graphic column (250x4.6 mm, 5 um, Agela Technologies, Tianjin, China) at
30°C by passing through the mobile phase, which was composed of acetonitrile (A)
and 0.1% for-mic acid in water (B). The gradient conditions of the mobile phase were
as follows: 0~5 min, 10% A; 5~18 min, 10%~14% A; 18~25 min, 14%~20% A;
25~35 min, 20%~30% A; 35~50 min, 30%~40% A; 50~90 min, 40%~66% A; 90~95
min, 66%~70% A; 95~100 min, 70% A. The flow rate was maintained at | mL min™"
and the injection volume was 10 pL.

A high-resolution Q-Exactive mass spectrometer (Thermo Fisher Scientific,
Bremen, Germany), specifi-cally a quadrupole-orbitrap hybrid mass spectrometer
cou-pled with a heated electrospray ionization (HESI) source, was operated in both
positive and negative ion modes. The mass conditions were as follows: spray volt-age,
3.50 kV(+), 2.80 kV(-); capillary temperature, 350 °C; auxiliary gas flow rate, 10.0
Lmin'; auxiliary gas heater temperature, 200 °Cscan range, m/z 100-m/z 1500;
stepped NCE, 20, 35 eV. XCalibur 3.0 soft-ware (Thermo Fisher Scientific, USA) was
used to control the instrument and for data acquisition and analysis. Q-Exactive 2.0
SP 2 (Thermo Fisher Scientific, USA) was used to control the mass spectrometer.

4.7. Animal Experiments and Blood Sample Extraction

The animal welfare and experimental procedures were strictly performed

according to the Guide for the Care and Use of Laboratory Animals (US National

Research Council, 1996) and the guidelines of the Committee on the Care and Use of

Laboratory Animals of China. Thirty adult Sprague-Dawley rats, weighing 280-300 g,
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were purchased from the Guangzhou University of Traditional Chinese Medicine
Laboratory Animal Center (Guangzhou, China) , PRC (Certificate no. SCXK
2013-0020)!"'5) and maintained in a 12-h light/12-h dark cycle and a temperature of
20+2°C with a humidity of 50 + 10% for seven days before the experiments!'®]. All
rats were randomly divided into six groups(n = 6 for each group). One group was
selected as control group and administration with saline, and the rest were marked as
the single-drug groups (Da Huang, Ren Shen, Ge Gen, and Chuan Xiong) and the
NMT group. The experimental groups were administered single drug concentrate
solutions (12 g/kg) or NMT (12 g/kg) once per day for three days; the amount of drug
administered to the single-drug groups and the single herb components of the
compound control group were the same. All rats were fasted but allowed water for 12
hours until the last gavage. After the last administration, the drug-containing serum
samples were collected from the fundus venous plexus at 0 min, 5 min, 15 min, 30
min, 45 min, 1 h, 1.5h,2h, 4 h, 6 h, 8 h,12 h and 24 h. Serum was collected from the
blank control group in the same way. Next, the serum samples were left to stand for 2
hours and centrifuged at 4000 rpm for 15 min.Then, the serum of each group was
combined and immersed in a 56 °C water bath for 30 min, filtered with a 0.22 um
microporous membrane and stored at -80 °C until analysis. All protocols and rat care
was performed in accordance with the relevant national legislation and local
guidelines.

4.8. Protective effects of NMT-containing sera against Na,S,04-Induced

Hypoxia damage in PC12 Cells
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The PC12 cells were inoculated onto 96-well plates for experiments after growth
to logarithmic growth phase. All cells were randomly divided into fourteen groups.
Each group was inoculated into four wells, and RPMI-1640 culture solution
containing 5% corresponding serum was added. The groupings were as follows: (1)
blank control group; (2) model control group; (3)~(14): NMT-containing serum
groups. Groups (1) and (2) were incubated with RPMI-1640 medium containing 5%
blank serum, while groups (3)~(14) were incubated with RPMI-1640 medium
containing 5% of the corresponding drug-containing serum at different time points
and preprotected for 2 h. In addition to the blank control group, groups (2)~(14) were
treated with Na>S>O4 solution to a final concentration of 15 mmol/L for 4 h to induce
PC12 cell damage. Subsequently, the original cell culture medium containing Na>S>04
solution was removed, and RPMI-1640 medium without calf serum was added to
every well. The cells were maintained at 37°C in a humidified atmosphere containing
5% CO; for 24 h. Cell viability was determined by MTT reduction assay, and the
efficacy-time curves were plotted. The experiment was repeated three times.

4.9. Protective effects of five drug-containing sera against
Glutamate-induced neurotoxicity damage in PC12 Cells

The groupings in this experiment are the same as those described above. After all
drug-containing serum groups were preprotected for 2 h, in addition to the blank
control group, groups (2)~(14) were treated with Glu solution to a final concentration
of 25 mmol/L for 1 h to induce neurotoxicity damage. Subsequently, the original cell

culture medium containing Glu solution was removed, and RPMI-1640 medium



454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

without calf serum was added to every well. The cells were maintained at 37°C in a
humidified atmosphere containing 5% CO; for 24 h. Cell viability was determined by
MTT reduction assay, and the efficacy-time curve was plotted. The experiment was
repeated three times.
4.10. Protective effects of five drug-containing sera against Potassium
chloride -induced calcium overload injury in PC12 Cells

The groupings in this experiment are the same as those described above. After all
drug-containing serum groups were preprotected for 12 h, in addition to the blank
control group, groups (2)~(14) were treated with KCl solution to the final
concentration of 75 mmol/L for 4 h to induce calcium overload damage. Subsequently,
the original cell culture medium containing KCIl solution was removed, and
RPMI-1640 medium without calf serum was added to every well. The cells were
maintained at 37°C in a humidified atmosphere containing 5% CO: for 24 h. Cell
viability was determined by MTT reduction assay, and the efficacy-time curve was
plotted. The experiment was repeated three times.
4.11. Protective effects of five drug-containing sera against Hydrogen
peroxide-induced free radical damage in PC12 Cells

The groupings in this experiment are the same as those described above. After all
drug-containing serum groups were preprotected for 12 h, in addition to the blank
control group, groups (2)~(14) were supplemented with H>O; solution to a the
concentration of 150 pmol/L for 2 h to induce free radical damage in PC12 cells.

Subsequently, the original cell culture medium containing H,O» solution was removed,
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and RPMI-1640 medium without calf serum was added to every well. The cells were
maintained at 37°C in a humidified atmosphere containing 5% CO: for 24 h. Cell
viability was determined by MTT reduction assay, and the efficacy-time curve was
plotted. The experiment was repeated three times.
4.12. Measurement of Cell Viability

Cell viability was assessed using the MTT assay. The cells were seeded on
96-well plates with 5x10° cells in 200 uL medium per well and cultured 24 h for
stabilization. At the end of the exposure time, MTT solution (5 mg/mL) was added to
each well to a final concentration of 0.5 mg/ml, and the cells were cultured for 4 h at
37°C*, The medium was then removed carefully and 150 pl DMSO was added and
mixed with the cells thoroughly until the formazan crystals were dissolved completely.
The resulting solution was measured in a microplate reader (iMark, Bio-Rad, USA) at
a wavelength of 490 nm. The experiment groups were divided into a zero setting
(blank) group, control group, and experimental group!*?!. Cell viability was expressed
as a percentage of the viability of the control culture. Meanwhile, the viability in the
rest of the injury groups was assessed according to the following formula:

Cell survival rate (%) = [OD (Drug-containing serum group) - OD (blank)] / [OD
(untreated control group) - OD (blank)] x 100%(1)
4.13. Statistical analysis
4.13.1. Establish the efficacy-time curve

The results were expressed as the mean and standard deviation (x = s). One-way

ANOVA was performed for comparisons of multiple groups, and significance was



498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

accepted at p < 0.05. The efficacy-time curves of the compound and its single herbs
on each cell model were drawn using pharmacokinetics software.
4.13.2. Calculate the PK and PD data

Pharmacokinetics software (PKSolver software) was used to calculate the blood
concentration of each component index parameter (according to the individual
components of each final herbal medicine). Pharmacodynamic data for the
NMT-containing serum were obtained in the previous experiment, and the
experimental results were compiled in origin 9.0 software to obtain the change in cell
viability of the injury model over time. The multi-drug efficacy index of the PK-PD
correlation mathematical model was established using origin 9.0 software.
4.13.3. An statistical analysis methods: SVM

SVM is a learning method that specializes in finite sample prediction!**!. It has
great advantages for dealing with complex nonlinear relationships, especially in
experiments with small sample sizes. Using Matlab7.11.0 to program and optimize
related parameters, in contrast to the ANN modeling method, the SVM separately
establishes a nonlinear correlation analysis model of the relation between each influx
component and the four model pharmacodynamic indexes, and then calculates the
contribution of each variable to the total efficacy.In order to comprehensively assess
the correlation between each component and efficacy, the values of each index were
normalized according to the Mapminmax function.The related equation 6 is as

follows:
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X, (i) —Min(x,)
Max(x,) — Min(x,)

x(1) = 2)

Where x¢(i) is the original plasma concentration or cell viability of each group,
Max/Min represents the maximum / minimum value of the plasma concentration or
cell viability of each group.

Using LIBSVM software, selected RBF kernel function for SVM
calculation.Using the weight coefficient w to judge the importance of input variables
to the output variables. The expression is:

w=model.SVs'*model.sv_coef (3)

If w is greater than 0, it indicates that the variable has a positive effect on the
output variable; if it is smaller than 0, it indicates that the variable has a negative
effect on the output variable; if it is equal to 0, it indicates that the variable has no

effect on the output variable.
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MTT 3-(4,5)-Dimethylthiahiazo(-z-y1)-3,5-di-phenytetrazoliumromide
SVM Support Vector Machine

PK-PD  Pharmacokinetic-pharmacodynamic

TCM Traditional Chinese Medicine

CCM Compound Chinese Medicine

DMSO  Dimethyl Sulfoxide
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