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Abstract: A method for determination of amino acids in the traditional Chinese 

medicine (TCM) formula Sheng-Mai-San (SMS) by capillary electrophoresis (CE) with 

detection of ultraviolet (UV) have been developed. Thirteen amino acids in the formula 

Sheng-Mai-San (SMS) of the Chinese traditional medicine which derivatized with OPA 

were finely separated and determinated by CE with borate buffer containing 

acetonitrile as buffer additive. The separation parameters were investigated to give 

an optimal experimental conditions: borate buffer (70 mmol/L, pH 9.5) containing 45 

mmol/L α -cyclodextrin and 15% acetonitrile; applied voltage, 20 kV; column 

temperature, 25℃. All amino acid-OPA derivatives is linear in the concentration range 

from 50 to 1000 mmol/L (r2＝0.9913～0.9987). The relative standard deviations (n＝

6) of the method were 3.0%～6.7%. The detection limits for amino acids were 

determined in the range from 19 to 37 umol/L at a signal-to-noise ratio of three. This 

method allows to determining the amino acids in formula of SMS with high sensitivity. 
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1. Introduction 

Sheng-Mai-San (SMS), a traditional Chinese formula, containing Radix Ginseng (Panax 

ginseng C.A. Mey., Araliaceae), Radix Ophiopogonis (Ophiopogon japonicus (Thunb.) 

Ker-Gawl., Liliaceae) and Fructus Schisandrae (Schisandrachinensis (Turcz.) Baill., 

Magnoliaceae), is officially recorded in Chinese Pharmacopoeia[1]. It has long been 

used as a cardiotonic, antishock, antiarrhythmia[2]. It is well known that saponins、

flavonoids and polysaccharides are the major bioactive components in SMS. Recent 

research showed that the amino acids in SMS also present bioactivity [3]. The amino 

acids are indispensable for the efficacy of the treatment of viral myocarditis with SMS 
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[4]. They are also responsible for the recovery of the patient from viral myocarditis 

treated with SMS.  

Amino acids can be analyzed by both liquid chromatography and capillary 

electrophoresis[5-6]. Some of the liquid chromatography methods, e.g. the standard 

method using the amino acid analyzer, have drawbacks such as the lengthy cleanup 

and preparation steps. CE, a relatively new method, has several advantages over HPLC 

due to its speed, high efficiency and low consumption of chemicals. It is found to be 

an alternative of HPLC and may be used as a complementary method in the routine 

analysis of pharmaceuticals, being especially useful for multicomponent sample 

analysis [7]. 

The determination of amino acids is generally accomplished by a combination of 

derivatization and separation of amino acids using a pre- or postcolumn derivatization 

method. OPA has been commonly used as a precolumn derivatization agent for the 

separation of amino acids by CE. Some chiral thilos, including N-isobutyryl-l-

cysteine(AC), Boc-l-cysteine,N-isobutyryl-l-cysteine(IBC), 2,3,4,6-tetra-o-acetyl-l-thio-

ß-D-glucopyranose(TATG), were used in the derivatived reaction of amino acids with 

OPA and the derivatives formed with most of these chiral thiols are quite stable[8-10]. 

This method has been applied to the analysis of amino acid standards but no validation 

of the method for these types of crude herb and market products. 

N-isobutyryl-l-cysteine(AC),Boc-l-cysteine,N-isobutyryl-l-cysteine(IBC),2,3,4,6-tetra-

o-acetyl-l-thio-ß-D-glucopyranose(TATG), In this paper, a CE method was developed 

for the separation and determination of amino acids in SMS and SMS formulas. It may 

be used to distinguish the quality of the relative crude herbs and market formulas. 

High performance capillary electrophoresis with UV detection only in minority groups 

containing aromatic amino acids separation of inspection reports, separation of amino 

acids in excluding aromatic group testing has not reported. High performance capillary 

electrophoresis with UV detection has been used to study the 13 kinds of excluding 

aromatic groups in the separation and determination of amino acids, in this paper a 

new method was proposed for the determination of amino acids, and applied to the 

Chinese native medicine preparation, and satisfactory results were achieved. 

In recent years, with CE for the analysis of amino acid has a lot of reports, but not 

now, used for the analysis of the amino acid content in the Chinese native medicine 

preparation. In this article SMS was choosed as the research object, research to 

establish a simple, effective and reliable method of determination of amino acid 

composition in Chinese native medicine preparation for traditional Chinese medicine 

preparation of hydrophilic components of a reliable basis for quality control. 
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2. Experimental 

2.1 Production  Reagents and materials 

Thirteen kinds of amino acids were received from Huixing Biochemical Reagent CO., 

LTD, China. OPA and TATG were from Sigma. Boric acid, anhydrous sodium tetraborate 

(borax) and sodium hudroxide were from Nanjing Chemical Reagent CO., LTD. SDS 

was purchased from Serva. Deionized water was from a Milli-Q system. 

2.2 Apparatus 

The analysis was carried out on a Beckman P/ACE MDQ CE system equipped with a 

photodiodearray detector，operated under Version 7.0 system software for control, 

data acquisition, and analysis(Beckman Co., USA). Separation was performed on a 

60.2 cm total length (50 cm to the detector) and 75 um id uncoated capillary (Yongnian, 

Heibei, China). Prior to first use, the capillary was conditioned sequentially by 1M 

sodium hydroxide, 0.1M sodium hydroxide, and finally water (10 min each). The 

capillary was equilibrated (10 min) at the beginning of the day with the running buffer. 

After the last run of each day, capillaries were washed with 0.1 mol/L sodium hydroxide 

(8 min) and then with deionized water (10 min). Sample and standard solutions were 

voltage-injected into the capillary column at 10 kV for 10 s. Separations were carried 

out using an electrical voltage of 20 kV; the temperature of capillary was maintained 

at 25℃, while 340 nm was selected as the detection wavelength. 

2.3 Buffers 

Borate buffer (pH 9.5, I = 40 mmol/L) was prepared by mixing 37.5 mL of 40 mmol/L 

borax stock solution and 10.6 mL of 0.1 mol/L sodium hydroxide stock solution and 

diluting to 100 mL with deionized water. The separation buffer ( borate with 45 mmol/L 

SDS and 15% acetonitrile ) was prepared by dissolving 1.75 mmol SDS in a small 

portion of borate buffer (pH 9.5, I =40 mmol/L), adding 3.75 mL acetonitrile and 

diluting up to 25 mL with borate buffer. Finally, the buffer was treated in an ultrasonic 

bath for 5 min before use. The electrolyte was filtered through a 0.45 mm syringe 

filter before use.  

2.4 Amino acid solutions and derivatization of amino acids with OPA 

Standard solutions of amino acid were prepared from 10 umol/L stock solutions in 40 

mm borax. OPA/thiol solutions (60/120 mmol/L, respectively) were prepared by 

dissolving the reagent chemicals in acetonitrile. Fresh reagent solution and separation 

buffer were prepared on a daily basis. When preparing reaction mixtures of varying 

solvent concentration, any changes in total volume when mixing the organic solvent 

with aqueous buffer were neglected. Precolumn derivatization was performed by 

mixing 30 uL reagent solution with 180 uL buffered sample. The reaction was allowed 

to proceed for 6 min before injection. 
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2.5 Preparing sample of SMS and SMS formulas 

The sample of SMS was prepared by combining Radix Ginseng (2 g), Radix 

Ophiopogonis (6 g), Fructus Schisandrae (3 g) was decocted by 110 mL，88ml and 

66ml water for 60min,separately. The total extracts were combined and concentrated 

by a Buchi rotavapor (Flawil, Switzerland) to approximate 10 ml. The residue (1ml) 

was extracted by 1ml methanol and then contrifugated at 8000 rpm for 5 min, the 

supernatant was collected and derivated as method mentioned above in 2.4.  

The sample of SMS formulas was concentrated 2.0 fold and the resulting solutions 

were prepared as method mentioned in 2.4. 

 

3. Results and discussion 

3.1 Establishment and optimization of CE separation method 

In this study , the electrophoresis conditions was improved relative to the method of 

Kathleen[8], in order to suitable for the separation of Chinese medicine preparations. 

For derivatization reactions, the establishment and optimization of separation 

conditions of amino acid standard solution consists of 13 kinds of amino acids. Borate 

buffer is a commonly used buffer system in capillary electrophoresis, the addition of 

α-cyclodextrin can effectively improve the effect of the separation of amino acids. In 

addition, the pH value of buffer solution will affect the separation selectivity of each 

composition. Therefore, this experiment from the concentration of borax and the pH 

of buffer solution, the respect such as α-cyclodextrin type of background electrolyte 

was optimized. Adjust the concentration of borax was 20～80 mmol/L, analyze the 13 

kinds standard amino acid compound sample. Concentration of borax was 20 mmol/L, 

the time required of the separation to below 20 min, but part number was less and 

the peak unrealized baseline separation. With the increase of concentration of borax, 

the time required of the separation to also will increase, but the effect of separation 

also gradually improve. Increased to 80 mmol/L , most of the implementation of the 

baseline separation of amino acids, and the separation time for the relatively short, 

less than 1 h. Used to get the best separation effect of borax solution (70 mmol/L), 

regulate the pH value of 8.4~9.6, mixed sample analysis. With the pH value increased 

from 8.4 to 9.5, some parts of overlapping peaks can be separated, When pH was 9.6, 

the separation efficiency was lower relative to the pH 9.5, obviously with pH 9.5 borax 

solution separation effect was best. 
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Fig. 1 Influence of borate buffer pH on separation of 13 standard amino acids 

Conditions: fused silica capillary 50 µm i.d., 350 µm o.d. with effective (total length) 

of 50.0 (60.5) cm; running buffer, 70 mmol/L borate; applied voltage, 20 kV; column 

temperature, 22 ℃. (a) pH 8.4; (b) pH 8.8; (c) pH 9.5; (d) pH 9.6 

In selected borax solution (70 mmol/L, pH 9.2), respectively, join 10 mmol/L，β-CD，

γ-CD，to study their effects on separation of components. It can be seen from the 

figure 2: the separation effect of joining β-CD background electrolyte was poorer, and 

join α-CD background electrolyte in the peak number and degree of separation was 

better than to join γ-CD background electrolyte. Therefore this study choose to join  

α-CD as modifier of electrophoresis conditions. Respectively add 30, 45, 60 mmol/L α-

CD into buffer solution, the influence of α-CD concentration on the separation degree 

of components, can be seen from figure 3: when the concentration of α-CD  for 45 

mmol/L, various amino acids were baseline separation. Eventually used background 

electrolyte was containing 45 mmol/L α-CD, 70 mmol/L borax buffer (pH 9.5), and the 

separation voltage 20 kV. 

       

 

Fig. 2 Influence of additive to the buffer on separation of 13 standard amino acids  

Conditions: fused silica capillary 50 µm i.d., 350 µm o.d. with effective (total length) 

of 50.0 (60.5) cm; running buffer, 70 mmol/L borate (pH 9.2) containing various 

kind of CDs; applied voltage, 20 kV; column temperature, 22 ℃. (a) 10 mmol/L α-

CD, (b) 10 mmol/L β-CD, (c) 10 mmol/L γ-CD  

 



Volume 8 Issue 12 2021 
 

   6 

        

Fig. 3  Effect of α-CD concentration on separation of 15 standard amino acids  

Conditions: fused silica capillary 50 µm i.d., 350 µm o.d. with effective (total length) 

of 50.0 (60.5) cm; running buffer, 70 mmol/L borate (pH 9.2) containing α-CD; applied 

voltage, 20 kV; column temperature, 22 ℃. (a) 30 mmol/L α-CD, (b) 45 mmol/L α-

CD, (c) 60 mmol/L α-CD 

3.2 Effect of buffer concentration 

Buffer concentration could influence the electroosmotic flow (EOF) and the viscosity 

of the electrolyte. In order to achieve the optimum resolution of the amino acid 

derivatives, the effect of the borate concentration at pH 9.5 on these separations was 

studied in the range from 60 to 80 mmol/L. The change of migration of each amino 

acid derivatives is shown in Fig.4. Varying the buffer concentration did not result in 

changes in the migration orders of the amino acid derivatives it had, however, a 

significant effect on the resolutions and migration times. The resolution was poor at 

low buffer concentration and increased with increasing buffer concentration. However, 

increasing buffer concentration caused long separation times and large current. In 

order to obtain a higher resolution, while avoiding the generation of excessive Joule 

heating, a buffer concentration of 70 mmol/L was considered to be a good compromise 

between migration time and resolution. 

     

Fig. 4 Effect of the buffer concentration on migration time 

3.3 Effect of organic modifier 

Many articles presented that the addition of an organic modifier in a running buffer 

improves the peak shape and, as a result, the separation efficiency in electrophoresis. 

The organic solvent slows electroosmotic flow by interacting with the capillary wall 

and thereby extents the micelle migration time and thus the elution windows.  

In our work, the influences of the organic modifiers, isopropanol menthol and 
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acetonitrile, on simultaneous separation of 13 amino acid derivatives were investigated. 

The results show that the migration times of amino acid derivatives are prolonged with 

the addition of organic modifier into the buffer than those obtained without organic 

modifier. To certain extend，the addition of methanol and isopropanol will result in the 

decrease of the current, while the increase the migration time. Also the organic 

modifier of isopropanol makes the amino acids derivatives migration in couple. 

We studied the impact of concentration of acetonitrile on the migration time of each 

amino acid derivatives was investigated over a concentration range from 10% (v/v) to 

15% (v/v). The results are shown in Fig.6. We can see, as the concentration of 

acetonitrile increases, the migration time decrease. 

   

Fig. 5  Effect of the organic modifier on migration time 

 

 

 

 

 

 

 

 

 

Fig. 6 Effect of the concentration of acetonitrile on migration time 

3.4 Effect of applied voltage 

The effect of the applied voltage on the separation of OPA/TATG derivatives was 

examined by varying the applied voltage from 15 to 25 kV (in three steps) was 

investigated under the conditions selected above. As with buffer concentration, varying 

the applied voltage did not give any changes in the migration order of the amino acid 

derivatives. Under such conditions the migration time and resolution increased with 

increasing separation voltage. Although it can be got the best resolution with the 

voltage of 25 kV, it also can provide the shortest migration time and the largest current. 

Taking into consideration of the migration time, resolution and current, borate with 70 

mmol/LSDS were selected as the optimum conditions for the separation of amino acid 

derivations. 
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Fig.7 Effect of the applied voltage on migration time 

3.5 Analytical reproducibility, linearity, quantitation limit and detection limit 

Thirteen different standard solutions with different concentrations of both the free 

amino acid standards were prepared. Concentrations ranged from 50–1000 mmol/L. 

The calibration plots were obtained, representing the ratio of the corrected areas 

versus concentration. The detection and quantization limits were calculated as the 

analyte concentrations that give rise to peak heights with a signal-to-noise ratio of 3 

and 10, respectively.  

Table 1 Regression equation, limit of detection, limit of quantitation and 

reproducibility 

Peak 

number 

Amino 

acid 
Parameters Parameters     

  a b R2 LOQ(umol/L) 

R.S.D. 

(%) (n 

= 6) 

LOD(μmol 

L) 

1 His 50292 1584.6 0.998 64 3.3 32 

2 Ser 24407 22466 0.9973 56 4.6 28 

3 Ala 122404 -2870 0.9936 58 4.4 29 

4 Thr 39183 1598.3 0.9954 50 5.1 25 

5 Gly 15814 10748 0.9913 38 5.7 19 

6 Asp 42370 2825.5 0.9966 74 6.7 37 

7 Glu 73418 -7212.4 0.9957 67 6.1 34 

8 Val 94682 3168.5 0.9963 68 3.5 34 

9 Met 194952 -6691.2 0.9987 52 3.2 26 

10 Phe 303626 4454.5 0.9924 60 3.0 30 

11 Ile 96891 -1070.2 0.9981 38 4.3 19 

12 Leu 119285 2499.2 0.9948 38 4.3 19 

13 Arg 220605 10218 0.998 56 4.1 28 

a Calibration curve: y = ax+b, where x is the analyte concentration, expressed as u 

mol l−1 and y the peak area, expressed as arbitrary units; R2 is the linear correlation 

coefficient. 
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3.6 Determination of amino acids in SMS 

The amino acids content in crude herb and commercial formulations was quantified 

by the CE method described above. The typical electropherograms for the separation 

of OPA/TATG derivatives are illustrated in Fig. 8. Under the optimum condition 

described above, we had determinate OPA/TATG derivatives from SMS and the five 

brands SMS commercial products, and a typical electropherogram is shown in Fig.8. 

 

Fig. 8 Electropherogram of thirteen standard OPA/TATG derivatives 

1-His, 2-Ser, 3-Ala, 4-Thr, 5-Gly, 6-Asp, 7-Glu, 8-Val, 9-Met, 10-Phe, 11-Ile, 12-Leu, 13-

Arg. Conditions: 70 mmol/L SDS on borate buffer (pH 9.5, I = 40 mmmol/L) with 15% 

acetonitrile, the applied voltage used for 20kV, temperature was at 25℃ and with 

detection at 340 nm. 

   

Fig. 9 Electropherogram of SMS pharmaceutical formulas (HR).  

Conditions: 70 mmol/L SDS on borate buffer (pH 9.5, I = 40 mmmol/L) with 15% 

acetonitrile, the applied voltage used for 20kV, temperature was at 25℃and with 

detection at 340 nm. 

Free amino acids are part of the active components in SMS. For this reason, sample 

solution extracted from SMS raw materials and some market formulas of different 

bands were selected,  and then analyzed using a 70 m mol/LSDS on borate buffer (pH 

9.5, I = 40 mmol/L) with 15% acetonitrile. It is different clearly while comparing the 

contents of the amino acids in SMS raw materials and the market formulas. 

Fig.8 shows a typical chromatogram of SMS amino acids at 340 nm obtained by the 

method mentioned above. The most abundant free amino acid in SMS was Glu，with 

a concentration of 10.3 mg/g (Table 2). Next was Ser, with a concentration of 7.5 

mg/g (Table 2). Other amino acids, such as Ile, Val, Thr and Ser, were present at 

concentrations ranging from5.8 to 7.5 mg /g. (Table 2).  

The results obtained from the analysis of the five SMS market formulas revealed that 

HR samples presented the highest concentration of total free amino acids, HR samples 
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had the highest concentrations of Leu, Asp, Ile, Ala and Ser. In TQ samples, despite 

those four kinds of amino acids could not be detected, it still had the relatively higher 

concentrations of Val, Met, Thr, Leu, Ile and Asp. In samples of TRT, the most 

abundant amino acid was Thr (11.3), followed successively by Ile, Val and Ala. XF and 

FY samples presented lower average concentrations of free amino acids than those of 

HR, TQ and TRT samples，yet XF samples presented the highest concentrations of 

Glu (12.1) than the other four kinds of samples.   

It was hard to tell which kind of amino acid was playing a dominant role in these  

samples and the concentration of different amino acids varied evidently, the reasons 

may be related to the growth of the crude herbs under different geological and 

meteorological conditions, such as air-temperature, precipitation, sunshine-time, e.g. 

However, the content of Thr, Val, Met, Phe, Ile and Leu, which are essential amino 

acids, are relatively higher in SMS.  

Table 2 Comparison of the content of amino acids (mg/g) in SMS and five kinds of 

SMS market formulas. 

n.d. = not detected; values represent means (±relative standard deviation %) of five 

determinations. 

 SMS FY XF TQ HR TRT 

His 3.8 ±0.21 2.1±0.14 5.5±0.17 n.d. 4.7±0.08 0.1±0.05 

Ser 7.5±0.3 n.d. 3.6±0.05 n.d. 6.1±0.23 1.5±0.05 

Ala 2.9±0.14 2.3±0.05 4.4±0.14 2.6±0.04 7.0±0.16 6.8±0.12 

Thr 7.2±0.35 2.5±0.05 3.8±0.09 8.5±0.13 5.0±0.13 11.3±0.14 

Gly 3.9±0.21 3.7±0.12 1.5±0.04 n.d. 2.5±0.06 2.3±0.03 

Asp 2.0±0.07 2.4±0.07 0.4±0.03 6.3±0.14 9.8±0.17 n.d. 

Glu 10.3±0.21 n.d. 12.1±0.17 4.2±0.09 5.1±0.19 n.d. 

Val 7.0±0.2 0.8±0.04 4.1±0.15 10.8±0.17 2.3±0.07 8.4±0.18 

Met 4.1±0.08 1.8±0.13 2.5±0.04 9.3±0.29 5.1±0.22 4.2±0.12 

Phe 0.8±0.03 0.4±0.03 0.9±0.03 2.3±0.05 3.6±0.07 3.4±0.24 

Ile 5.8±0.16 0.7±0.03 2.1±0.08 7.5±0.09 8.8±0.28 10.3±0.26 

Leu 3.5±0.08 1.0±0.03 2.4±0.09 7.7±0.12 11.5±0.24 0.9±0.02 

Arg 3.3±0.06 2.4±0.11 n.d. n.d. 5.2±0.18 1.7±0.05 

 

4. Conclusion 

In the present study, a simple analytical method by using a CE for identifying 13 amino 

acids in SMS and SMS market formulas was established. Furthermore, in order to 

obtain optimal separation conditions four experimental parameters, i.e. buffer 

concentration, organic modifier, concentration of acetonitrile and applied voltage were 

studied. The results demonstrated that this method was a simple and practical method 

and could be used for determining amino acids in other SMS market formulas. 
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