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Abstract
Background: Screening the fractions of traditional Chinese medicine (TCM) medications effective against
a disease without affecting their compatibility is a major challenge. Therefore, the goal of the present
study was to establish a novel methodology for screening the bioactive fractions of Naomaitong (NMT)
utilizing the Support Vector Machine (SVM) model.

Methods: The extract of NMT was separated into 21 fractions using macroporous resin. The different
combinations of elution fractions were selected using the Plackett-Burman method and used as an input
value for SVM. Infarct size in the rat model of cerebral ischemia-reperfusion injury and the content of
selected compounds measured by HPLC were used as output vectors of the SVM training set. Based on
the SVM target model, the optimal combination of elution fractions was predicted and veri�ed in the rat
model of ischemia-reperfusion injury.

Results: The effective compatibility of NMT was screened by SVM simulation: all elution fractions of
rhubarb, 30%, 60%, and 95% ethanol elution fractions of ginseng, and 30% and 60% ethanol elution
fractions of puerarin and chuanxiong. The optimization of compatibility fractions of NMT was found to
have the same protective e�cacy in cerebral ischemia-reperfusion injury in rats.

Conclusions: The performed analysis established a novel SVM-based method for screening the
compatibility fractions of NMT effective against cerebral ischemic stroke injury. The results provide a
new methodology for the optimization of the compatibility of TCM compounds and the discovery of
effective components.

Background
Traditional Chinese medicine (TCM) prescriptions are frequently used in combination with various
medicinal herbs to achieve the therapeutic effect of compatibility[1]. The compatibility of TCM
prescriptions is essential to generate synergistic effects in clinical treatment[2,3]. However, currently, there
are no effective methods for screening fractions of TCM medications effective against a disease, which
would not affect their compatibility. In this study, we have used Naomaitong (NMT) as a model to explore
a novel method for screening the fractions of NMT effective in the treatment of cerebral ischemic stroke
by using the support vector machine model.

Naomaitong (NMT), a Chinese herbal formula, is used clinically in the treatment of cerebral ischemic
stroke[4,5]. NMT contains four herbs: Rheum palmatum L. (rhubarb), Panax ginseng C. A. Mey. (ginseng),
Pueraria lobata (Willd.) Ohwi. (puerarin), and Ligusticum chuanxiong Hort. (chuanxiong)[6–8]. Although
NMT is an effective prescription widely used in China for treating cerebral stroke, its effective fractions
are unknown. A crude preparation process, large dosage, and high impurity content in the original NMT
preparation, negatively affect its compliance with the requirements for in critical patients, limiting clinical
applications of NMT. Therefore, screening and optimizing the effective fraction of NMT is essential to
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develop NMT preparation permitting the use of a lower oral dose and characterized by uniform quality
and stable and controllable fractions.

The support vector machine (SVM) prediction model is a method that relies on statistical learning theory
to provide optimization[9,10]. The advantage of SVM is the small errors obtained using a limited number
of training sets still guarantee small errors in the independent test set[11]. An SVM model is to solve
optimization problems, which can prevent over-learning. However, how the SVM model can be applied to
screening and optimizing the effective fraction of TCM preparations remains unknown. Therefore, the
goal of this study was to develop a new SVM-based approach for screening and optimizing the effective
fraction of TCM medications using NMT as a study case.

Based on previous research, elution fractions of NMT were prepared using a macroporous resin
column[12,13]. To obtain pharmacological data to be used as one of the output vectors of the SVM
training set, cerebral ischemia-reperfusion experiments were performed in Sprague-Dawley (SD) rats. The
content of representative ingredients in the samples, determined by high-performance liquid
chromatography (HPLC), served as another output vector of the SVM training set[9]. Finally, the
effectiveness of the optimized formulation of NMT was veri�ed in animal experiments.

Materials And Methods
Plants

Rheum palmatum L., Panax ginseng C.A.Mey., Pueraria lobata (Willd.) Ohwi. and Ligusticum chuanxiong
Hort. were purchased from Guangzhou Zhixin Pharmaceutical Co., Ltd., and was identi�ed by the expert
of Chinese medicine identi�cation of the Guangdong pharmaceutical university, Professor Li Shuyuan.

Chemicals and reagents

Ethyl acetate, Petroleum ether, trichloromethane, acetic acid, ethyl formate were purchased from Tianjin
Zhiyuan Chemical Reagent Co.,Ltd. All the other reagents were of analytic grade. Macroporous resin (AB-
8) were purchased from Donghong Chemical Co.,Ltd.

Preparation of elution fractions of Naomaitong

Samples of rhubarb, ginseng, pueraria, and chuanxiong were prepared, with a weight ratio of 9:9:6:6.
Chuanxiong medicinal material was immersed in water for 12h, and steam distilled to extract 4h ~ 8h to
obtain the volatile oil of chuanxiong[14,15]. The chuanxiong residue and the remaining three fractions
were extracted twice by mixing 60% ethanol for 1 hour. The extracts were combined, �ltered, and
concentrated to 0.12g/ml. Subsequently, the extracts were puri�ed using an AB-8 macroporous resin. The
eluents were water, 30% ethanol, 60% ethanol, and 95% ethanol. A total of 17 elution fractions were
collected.

Animal grouping
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Male (SD) rats weighing 250-280 g were purchased from Guangdong Medical Laboratory Animal Center.
The animals were maintained in speci�c pathogen-free grade chambers at 22°C with a relative humidity
of 50±5%. According to the prescription principle of the NMT compound, the Plackett-Bueman Design
method was used to design the table of each group of NMT[16–18], and the method was numerically
coded for 17 elution fractions. The factors obtained for each elution fraction are listed in Table 1 and the
experimental table (Table 2). According to the following Table 2 for compatibility, in which level 0
indicates “not used” and level 1 indicates “used”, 19 experimental groups were designed. Thus, the table
contains 21 experimental groups, with one group serving as a model group (“0” for all fractions), and one
group treated with all NMT fractions (“1” in all cases).

Table 1 NMT factor level table of each compatibility group g / 100 g

Elution parts Amount of dry paste added

Rhubarb 9g Ginseng 9g Chuanxiong 6g Pueraria 6g

Water 0.301(1) 2.274(5) 1.892(9) 0.966(14)

30% Ethanol 1.92(2) 0.294(6) 0.09(10) 1.014(15)

60% Ethanol 0.256(3) 0.25(7) 0.065(11) 0.138(16)

95% Ethanol 0.085(4) 0.073(8) 0.0012(12) 0.022(17)

Volatile oil μ / / 0.0026(13) /

 

Dose unit: g (0.3085 g/100g according to the raw dose).The unit of volatile oil of ligusticum chuanxiong
is mL/100 g. The numbers in brackets represents the coding sequence number of elution fraction.

Table 2 Each compatibility group codes
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Compatibility group Coding

A 11010100001101100

B 10100001101100111

C 00111101010000110

D 10011110101000011

E 01111010100001101

F 11001111010100001

G 01010000110110011

H 00110110011110101

I 11110101000011011

J 10000110110011110

K 01000011011001111

L 10110011110101000

M 11101010000110110

N 01101100111101010

O 00011011001111010

P 01100111101010000

Q 10101000011011001

R 11011001111010100

S Model 00000000000000000

T 00001101100111101

Naomaitong 11111111111111111

 

The coding order is according to the number of the elution fractions in Table 1. Level 0 means not used,
level 1 means used.

The rats were randomly divided into 22 groups, 10 rats each. The groups included a sham operation
group, model group, nimodipine (1.234 mg/kg) group, group treated with all NMT fractions
(corresponding to the crude herb dosage of 3.085 g/kg), and 19 groups treated with combinations of
NMT (equal to NMT dosage 3.085 g/kg). The drugs were administered for 5 consecutive days before the
operation, with the last dose given 2 hours before the surgery[19].
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The rat model of cerebral ischemia-reperfusion injury

A modi�ed method of Longa[20,21] was used to establish the Middle cerebral artery occlusion (MCAO)
cerebral ischemia-reperfusion rat model. For this purpose, animals were anesthetized by intraperitoneal
injection of 7% chloral hydrate (300 mg/kg) and placed in the supine position on the operating table. The
right common carotid artery (CCA) and external carotid artery (ECA) were separated, making sure that the
separation was complete. A small incision was made in the common carotid artery, and a nylon suture
was inserted into the CCA and advanced along the internal carotid artery (ICA) for approximately 18-20
mm until a slight resistance was present at the bifurcation of the CCA. After 2 h of ischemia, the suture
was removed, and the reperfusion was continued for 24 h. For the sham operation, the suture was not
inserted.

Infarct area evaluation[22,23]

After 24 h of perfusion, rats were anesthetized with 7% chloral hydrate. The brain was isolated and cut
into 2-mm-thick slices. The slice were immersed in a 0.5 % tetrazolium chloride (TTC) solution and
incubated at 37°C for 15 min. Subsequently, the stained slices were photographed, and the infarct area
was measured using Image J software.

Evaluation of neurological de�cits[24,25]

The neurological de�cit test was conducted at 24 h after the onset of MCAO. The neurological score was
evaluated as previously described, and utilized the following scale: grade 0, no observable de�cit; grade 1,
forelimb �exion; grade 2, circling to the left; grade 3, circling to the left in situ; and grade 4, inability to
walk.

Content determination of samples

In accordance with the Chinese Pharmacopoeia (2015 Edition) recommendations for the quantitative
evaluation of rhubarb, ginseng, pueraria root, and chuanxiong, HPLC was performed to determine the
content of active ingredients in each elution fraction, which included physcion, aloe-emodin, parietic acid,
emodin, chrysophanic acid, ginseng Rg1, ginseng Rb1, ginseng Re, puerarin, ferulaic acid and volatile oil.

Data preprocessing

The different combinations of 21 elution fractions were selected by the Plackett-Burman method as an
input value X (Table 3). They were composed of random combinations of all elution fractions of NMT for
a total of 17 factors at 2 levels, generating 512 combinations, which constituted the prediction set
(Appendix Table 1).

Table 3 X-matrix composed of different elution fractions
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Group Different elution fractions

A 1 1 0 1 0 1 0 0 0 0 1 1 0 1 1 0 0

B 1 0 1 0 0 0 0 1 1 0 1 1 0 0 1 1 1

C 0 0 1 1 1 1 0 1 0 1 0 0 0 0 1 1 0

D 1 0 0 1 1 1 1 0 1 0 1 0 0 0 0 1 1

E 0 1 1 1 1 0 1 0 1 0 0 0 0 1 1 0 1

F 1 1 0 0 1 1 1 1 0 1 0 1 0 0 0 0 1

G 0 1 0 1 0 0 0 0 1 1 0 1 1 0 0 1 1

H 0 0 1 1 0 1 1 0 0 1 1 1 1 0 1 0 1

I 1 1 1 1 0 1 0 1 0 0 0 0 1 1 0 1 1

J 1 0 0 0 0 1 1 0 1 1 0 0 1 1 1 1 0

K 0 1 0 0 0 0 1 1 0 1 1 0 0 1 1 1 1

L 1 0 1 1 0 0 1 1 1 1 0 1 0 1 0 0 0

M 1 1 1 0 1 0 1 0 0 0 0 1 1 0 1 1 0

N 0 1 1 0 1 1 0 0 1 1 1 1 0 1 0 1 0

O 0 0 0 1 1 0 1 1 0 0 1 1 1 1 0 1 0

P 0 1 1 0 0 1 1 1 1 0 1 0 1 0 0 0 0

Q 1 0 1 0 1 0 0 0 0 1 1 0 1 1 0 0 1

R 1 1 0 1 1 0 0 1 1 1 1 0 1 0 1 0 0

S 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

T 0 0 0 0 1 1 0 1 1 0 0 1 1 1 1 0 1

Z 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

 

From the perspectives of pharmacodynamic indicators and known active ingredients, infarct size in rats
subjected to cerebral ischemia-reperfusion and the content of active ingredients were used as output
vectors of the SVM training set. To express the difference in the dimension and range of the
pharmacodynamic indicators and content of representative ingredients, the data must be normalized.
Data normalization eliminates the effect of different measurement units and dimensions on variables,
and was performed using the following formula:
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Where X represents the infarct size of cerebral ischemia-reperfusion rats or the content of representative
ingredients. And Y represents the data after normalization, which the vector after normalization was in [0,
1]. Normalization was achieved by the Matlab software using the programming language,
Y=mapminmax(X,0,1).

The content of each elution fraction was normalized and then weighted utilizing the following formula:

Where nt is the result of normalization of the content of the active ingredient in the sample to be
administered; na, total anthraquinones; nb, total saponins; nc, puerarin; nd, ferulic acid; ne, volatile oil.

The non-infarct area was used as the drug e�cacy index and contributed to the calculation. Y was
calculated using the following formula:

In which m represents the result after normalization of non-infarct size, and nt represents the result of
normalization of the content of the active ingredient.

Establishment of the SVM algorithm model

The SVM algorithm was calculated using the PLS-SVM toolkits of the Matlab version 13.0. The RBF
kernel function was selected, in which the kernel parameter (γ) and the penalty parameter (C) had to be
optimized and determined[26,27]. Parameter optimization was performed in the range from 2-10 to 210

using a grid search. To verify the reliability and prediction ability of the mathematical model, the leave-
one-out cross-validation method was used, so each sample was used once as a test sample, and n-1
times as a training set sample. Fig. 1 roughly demonstrates the process of SVM screening optimizing
combination.

Statistical analysis

Statistical analysis was performed using Prism software version 6.0 (Graphpad Software, San Diego,
California, USA). The data are expressed as the mean ±S.D. from at least three independent experiments.
Statistical signi�cance was determined by one-way analysis of variance (ANOVA). Differences with p <
0.05 were considered statistically signi�cant.
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Results
Pharmacological Activity of Various Fractions of Naomaitong

Cerebral infarct size is the most important indicator in the model of cerebral ischemia-reperfusion, and
the size of the white area re�ects the extent of death of brain nerve cells. In comparison with the sham
operation group, the model group had evident infarct (Fig. 2C). Infarct size in the sham operation group,
nimodipine group, groups treated with various fractions of NMT was signi�cantly different from the
model group (p<0.05) (Fig.2A). The treatment with nimodipine and with combined NMT fractions had
protective effects against ischemia-reperfusion injury. Except for the O and T groups, all groups treated
with NMT fractions had a signi�cantly smaller size of the cerebral infarct (p <0.05), indicating that
different fractions and different compatibility affected the outcome of the ischemic stroke.

Determination of the content of effective components in various fractions of Naomaitong

Content results measured in the liquid phase (Fig. 3) that the water elution fractions of each herb do not
contain the ingredients to be tested. Aloe-emodin and rhein were detected in 30% and 95% ethanol elution
fractions. Chrysophanol and emodin methyl ether were present mostly in the 60% ethanol elution fraction.
Chrysophanol was mainly concentrated in the 95% ethanol elution fraction. Ginsenosides Rg1, Re, and
Rb1 were most enriched in the 60% ethanol elution fraction. Puerarin was concentrated predominantly in
the 30% ethanol elution fraction, and ferulic acid in the 60% ethanol eluent.

Support vector machine algorithm for the screening of effective compatibility fractions of Naomaitong

The results of Y-normalization, calculated according to the Y-normalization formula, are listed in Fig. 4.

By assigning Table 3 to X and the normalized results in Fig. 4 to Y, X and Y formed the training set. Using
the leave-one-out cross-validation method, the SVM function of the PLS toolkit was applied. The R1

2 of

the training set of the model was equal to 0.9891, and the R2
2 of the prediction set was equal to 0.6182.

The 512 possible combinations were used as the input vector, X-predicted, of the prediction set to obtain the
predicted value, Y-predicted (Appendix Table 1).

Optimized compatibility fractions

The results listed in Appendix Table 1 (predicted values of 512 combinations of 17 factors) were
processed. Each factor was divided into two levels according to the value of the code, level 1 or level 0,
and sorted to obtain two levels of each part. The weight coe�cient (Y’) of each fraction at the two levels
was obtained, respectively (Fig. 5).

The color indicates the weight coe�cient of eluting components at two levels, and tends to be blue,
indicating that the eluting component plays a more important role in compatibility. A, water elution site; B,
30% ethanol elution site; C, 60% ethanol elution site; D, 95% ethanol elution site; E, volatile oil.
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If the average value of level 1 is greater than the average value of level 0, the effective part contributes to
compatibility; otherwise, the part is invalid. Therefore, the optimized compatibility fractions are comprised
of all fractions of rhubarb, 30%, 60%, and 95% ethanol elution fractions of ginseng and chuanxiong, and
30% and 60% ethanol elution fractions of pueraria.

Experimental veri�cation of the optimization

Rats were divided into the sham operation group, model group, nimodipine group, NMT group, and
optimization groups with high (0.617 g/100 g), medium (0.3085 g/100 g), and low (0.1543 g/100 g)
doses. The experimental protocol was the same as used above.

As shown in Fig. 6, in comparison with the model group, infarct size was signi�cantly reduced in the NMT
group, the nimodipine group and the groups treated with low and medium doses (p<0.05) (Fig. 6B). These
�ndings indicate that optimal compatibility fractions were appropriate and effective. However, the infarct
size in the optimization groups treated with the high dose was close to the infarct size of the model
group, in which diarrhea of adverse reaction occurred. Therefore, based on the determination of the
content of individual components (Fig. 3 and Table 4), the results of the SVM optimization are as follows:
rhubarb free anthraquinone 221 mg/kg, ginsenoside 688 mg/kg, and ferulic acid 1.06 mg/kg, 643 mg/kg
(medium optimized group the dosage is calculated according to the crude herb of NMT 3.085 g/kg)

Table 4 NMT factor level table of each compatibility group g/100 g

Elution parts Amount of  dry extract powder of different herbs

Rhubarb 9g Ginseng 9g Chuanxiong 6g Pueraria 6g

Water 0.301 2.274 1.892 0.966

30% Ethanol 1.92 0.294 0.09 1.014

60% Ethanol 0.256 0.25 0.065 0.138

95% Ethanol 0.085 0.073 0.0012 0.022

Volatile oil μ / / 0.0026 /

Total dry paste 2.562 2.891 2.048 2.14

Dose unit: g.The unit of volatile oil of chuanxiong is mL/100 g

Discussion
Screening the effective fractions of traditional Chinese medicine (TCM) formulations is an important part
of modernization of TCM. However, to date, there are no effective methods for screening the effective
fractions of TCM prescriptions. In the present study, the SVM model was used to identify the fraction of
NMT, a representative TCM medication, effective against cerebral ischemic stroke. The result
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demonstrated that the SVM model combining a pharmacological index and the index of the content of
effective ingredients could successfully detect effective components of the fractions of TCM
formulations.

Chinese herbal compound formula is an important part of TCM and generally comprises two or more
types of Chinese herbal medications. Due to their extremely high complexity[28], modern medical
therapies continue to face numerous obstacles. SVM screening can be used as a new method to solve
this problem. SVM optimizes the effective fraction by analyzing and predicting active components in the
Chinese herbal compound formula. The composition of NMT is complex, and its quality is di�cult to
control. The effective fractions of NMT are not only based on the material basis of the active ingredient,
but also re�ects its medicinal effect. Therefore in the present analysis, we had considered both the
pharmacological effect and the content of the active ingredients at the same time. Compared with the
previous single-index screening methods, the active ingredients can be screened more comprehensively.
In addition, the effective fractions screening follow the theory of traditional Chinese medicine, so as to
achieve the purpose of optimizing without changing the pharmacological effect of the original
prescription. So NMT fractions were eluted with different concentrations of ethanol separately from
different herbs in the guidance of monarch, minister, assistant and guide theory[29,30]. Subsequently, it
leads to many experiments to screen the effective fractions. Therefore, the SVM model was combined
with Plackett-Burman method to greatly reduce the number of trials, thereby improving the e�ciency of
screening. Experiments have demonstrated that the main effective ingredients of plants were enriched in
the puri�cation process of macroporous resin . According to the published research, the free
anthraquinone of rhubarb, both have an effect of treating stroke[31], which is consistent with the
experimental results reported here. Ginsenosides and ferulic acid are many reports on the treatment of
cerebral bleeding with ginsenoside[32,33], ferulic acid, and chuanxiong volatile oil[34]. The
polysaccharide components of the four herbs were mainly eluted in the water, and their effects on stroke
rarely reported. The validation experiment documented showed that infarct size was signi�cantly reduced
in the low- and medium-dose of the cerebral ischemia-reperfusion group, the nimodipine group, and the
NMT group were signi�cantly improved (p<0.05), indicating that the optimized group was assigned
reasonable and effective.

Moreover, the creaming rate of polysaccharide of the ginseng, puerarin, and chuanxiong parts constituted
more than 50%, and after removing these parts, the creaming rate and the dosage can be markedly
reduced. Considering the dry paste conversion data (Table 6), it can be estimated that removing the
eluted fractions of ginseng, puerarin, and chuanxiong can reduce the creaming rate by 53%. Elimination
of these components would decrease the amount of medication and improve compliance. Together, this
study used NMT as an example to screen the effective fractions by the SVM model and demonstrated the
model is feasible and adequate. There are still lots of TCM formula that need to be screened for effective
fractions, which have many impurities and complicated compatibility. In this way, the SVM model is also
suitable for the screening of active ingredients of other TCM, so that provide a new pattern for the
optimization of TCM.
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Conclusion
The effective compatibility of NMT was screened by SVM simulation, which included all elution fractions
of rhubarb, 30%, 60%, and 95% ethanol elution fractions of ginseng, 30% and 60% ethanol elution
fractions of puerarin, and 30% and 60% ethanol elution fractions of chuanxiong. In this study, we used
the SVM model established by pharmacological index and content of active ingredients index to screen
out the effective compatibility of NMT, and the results were veri�ed by animal e�cacy. Based on the
novel pattern, the active ingredients of effective compatibility fractions are signi�cantly enriched.
Veri�cation experiments demonstrated that the effective fractions have the same pharmacological effect
on the protection against ischemia-reperfusion injury of the brain in rats as the original prescription.
Moreover, in the case of equivalent e�cacy, the dosage can be reduced. The �ndings indicate that the use
of the SVM model to screen the effective compatibility of NMT is effective and feasible, providing a rapid
and convenient new technology for the development of novel compound drugs.
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SVM        support vector machine

NMT        Naomaitong

TCM        traditional chinese medicine
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Figure 1

The process of SVM screening optimizing combination.
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Figure 2

Results of cerebral infarction and neurological scores in each experimental group. Group A-T, the different
combinations of elution fractions were selected by Plackett-Burman, S, model group; ALL, NMT total
factor group; Nimo, Nimodipine (positive group); Sham, sham operation group. * p < 0.05, ** p < 0.01,
compared to the model group; #### p < 0.001, compared to the Sham group. (A) Results of cerebral
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infarction in each experimental group, (B) Results of neurological scores in each experimental group, (C)
The TTC staining of brain slices in experimental group.

Figure 3

The content of effective components in the elution fraction Support vector machine algorithm for the
screening of effective compatibility fractions of Naomaitong
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Figure 4

Normalized results of infarct size.
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Figure 5

Heatmap of the weight coe�cient at two levels for each elution component. The color indicates the
weight coe�cient of eluting components at two levels, and tends to be blue, indicating that the eluting
component plays a more important role in compatibility. A, water elution site; B, 30% ethanol elution site;
C, 60% ethanol elution site; D, 95% ethanol elution site; E, volatile oil.
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Figure 6

Veri�cation of the brain tissue staining of each group in the experimental experiment. (A)The TTC
staining of brain slices in experimental group, (B) The statistics of infarct size. ALL, NMT total factor
group; L, low does gruop; M, medium does group; H, high does group. #### p < 0.0001, compared to the
sham operation group. * p < 0.05, ** p < 0.01, compared to the model group.
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