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Abstract:  Objective  To optimize the extract technology of active lignins from the fruits of Schisandra chinensis. Methods  The 

content of schizandrin, gomisin A, and deoxyschizandrin were selected as standards to evaluate the efficiency of 
smashing tissue extraction (STE). Solid-liquid ratio, extracting times, ethanol concentration, and extracting time were 
investigated through orthogonal test. Results  The optimized conditions for STE were ten times amount of 80% EtOH, 
extracting for three times, and 2 min for each time. Conclusion  STE could obtain relatively higher yield, simplicity of 
operation, and benefit for environment protection. It could be better choice for the extraction of S. chinensis.  
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Introduction 
Extraction is a very fundamental and necessary 

step in full utilization of active ingredient from crude 
drug, whatever for manufacturing formulated patent 
medicines, such as tablet, pill, paste, capsule, instant 
powder, and tincture, etc, or preparing any single herbal 
extract for pharmacological, phytochemical, and 
analytical researches. To make clinical decoction, 
herbal tea, and herbal wine also needs the extraction 
process. Traditionally to finish an extraction procedure 
needs hours to days, e.g., boiling extraction, refluxing 
extraction, Soxhlet extraction, soaking extraction, and 
so on. Even for ultrasonic extraction, 30 min once for 
several times is usually required. Recently developed 
extraction technology called smashing tissue extraction 
(STE) significantly improved the efficiency by 
shortening the time to seconds to minutes, and achieved 
quite success in several herbal cases (Han et al, 2011; 
Dai, Tan, and Zhou, 2006; Li and Liu, 2011; Sun et al, 
2011; Liu et al, 2011; Tang, Liu, and Zhao, 2012). 

Another remarkable advantage is that STE is operated 
under room temperature. So, further investigations on 
STE for different herbal medicines containing different 
types of active compounds are very interesting and 
attractable. 

Schisandra chinensis (Turcz.) Baill, an important 
traditional Chinese medicine and edible product, has 
been used for 2000 years and has the effects of 
convergence and astringency, benefiting vital energy 
and promoting the production of body fluid, 
invigorating the kidney, and calming down the mood 
(Dai, Tan, and Zhou, 2006). It was reported that 
lignanoids had apparent effect on tranquilizing nerve 
centre. Therefore, in Chinese Pharmacopoeia 2010 
(Pharmacopeia Committee of P. R. China, 2010), 
HPLC was established to determine the content of 
schisandrin which was the marker component of S. 
chinensis fruits. 

STE could finish the extraction within seconds or 
minutes, which is just one tenth to one hundredth of  
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ordinary methods, such as refluxing extraction. STE not 
only avoids the decomposition of heat-sensitive 
ingredients, but also supplies relatively higher yield, 
simplicity of operation, and benefit to environment 
protection (Liu, 2007). 

For the first time this study reports the utilization 
of STE to optimize the extracting technology of S. 
chinensis fruits by orthogonal test. The data presented 
here provide the reference for manufacture. 
 
Materials and methods 

Chemicals and reagents 
Schizandrin reference substance (110857-200406) 

and deoxyschizandrin reference substance (0764-200107) 
were obtained from National Institute for Food and 
Drug Control; Gomisin A reference substance was 
prepared in the laboratory (purity > 99%); Schisandra 
chinensis (Turcz.) Baill was purchased from Liaoning 
Benxi Third Pharmaceuticals and identified by Prof. 
SUN Qi-shi in Shenyang Pharmaceutical University; 
Methanol was of chromatographic grade, water was 
ultrapure water, and other reagents were of analytical 
grade. 

Apparatus 
JHBE―50S Herbal Blitzkrieg Extractor (Henan 

Jinnai Sci-Tech Development Co., Ltd., China); 
BS―124S Precise Electronic Balance (Sartorius 
Corporation); RE―52A Rotary Evaporator (Shanghai 
Yarong Shenghua Instrument Factory); Germany 
Knauer high performance liquid chromatogram (UV 
Detector K-2501 and attemperator); Eurochrom for 
windows chromatography work station; Eurospher 
100-5 C18 (250 mm × 4 mm, 5 μm) chromatographic 
column with precolum. 

Chromatographic conditions and system suitability  
The mobile phase was methanol-water (73:27); 

The flow rate was 1.0 mL/min; The detection 
wavelength was 250 nm; The column temperature was 
30 . ℃ Mixed reference substances solution and sample 
solution were injected to HPLC, respectively, under the  

chromatographic conditions described above, the 
resolution > 1.5, number of theoretical plates > 3500, 
tailing factor between 0.95 － 1.05, and HPLC 
chromatograms are shown in Fig. 1. 

 

Fig. 1  HPLC chromatograms of mixed reference 
substances (A) and sample (B) 
1: schizandrin  2: gomisin A  3: deoxyschizandrin 

Preparation of standard solution 
Schizandrin reference substance (5.2 mg), gomisin 

A reference substance (5.0 mg), and deoxyschizandrin 
reference substance (5.2 mg) were respectively 
dissolved in methanol and adjusted to 5 mL in 5 mL 
volumetric flasks; Gomisin A (1 mL) and 
deoxyschizandrin (1 mL) solutions were dissolved in 
methanol and adjusted to 5 mL in a 5 mL volumetric 
flask. The reference solution was filtrated separately 
with 0.45 µm filter before injection to HPLC, 
separately. 

Sample preparation 
The L9(34) orthogonal test was adopted (Table 1). 

Nine samples of S. chinensis fruits were extracted by 
STE according to the orthogonal design. Ethanol 
solution obtained by filtration was concentrated to dry 
under reduced pressure. The residue was dissolved in 
methanol and diluted to 100 mL in a volumetric flask, 
and the sample solution was filtrated with 0.45 µm 
filter before injecting to HPLC. 

Linear correlation 
Reference solutions of schizandrin (2, 4, 6, 8, 10, 

and 13 μL) were determined by HPLC, respectively, 

Table 1  Factors and levels of L9(34) orthogonal test 

Factors Levels 
Solid-liquid ratio Extracting times Extracting time / min Ethanol concentration / % 

1 6 1 1 75 
2 8 2 2 80 
3 10 3 3 85 
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and the standard curve of peak area as vertical 
coordinate and the corresponding content as abscissa 
were prepared. A good linear correlation (peak area vs 
injected amount) was observed in the range of 2.08－
13.52 μg of schizandrin. The equation of calibration 
curve was Y = 33.507X + 2.8493 (R2 = 0.9991); 
Reference solutions of gomisin A (3, 6, 9, 12, 15, and 
18 μL) were determined by HPLC, separately, and the 
standard curve of peak area as vertical coordinate and 
the corresponding content as abscissa were prepared. 
A good linear correlation of gomisin A (peak area vs 
injected amount) was observed in the range of 0.6－
3.6 μg. The equation of calibration curve was Y = 
26.038X－0.078 (R2 = 0.9993); Reference solutions of 
deoxyschizandrin (2, 4, 6, 8, 10, and 12 μL) were 
determined by HPLC, respectively, and the standard 
curve of peak area as vertical coordinate and the 
corresponding content as abscissa was prepared. A 
good linear correlation of deoxyschizandrin (peak area 
vs injected amount) was observed in the range of 
0.416－2.496 μg. The equation of calibration curve 
was Y = 41.885X－2.0494 (R2 = 0.9992). 

Precision 
The precision of the assay was determined by five 

injections of 20 μL No. 7 STE sample, repeatedly. RSD 
values of peak area for schizandrin, gomisin A, and 
deoxyschizandrin were 1.63%, 1.53%, and 0.92%, 
respectively. The results indicated that the standard 
curve had a high precision. 

Stability 
The stability of the assay was determined by six 

consecutive injections (every 2 h) of No. 7 STE 
sample. RSD values of peak area for schizandrin, 
gomisin A, and deoxyschizandrin were 0.55%, 0.50%, 
and 1.31%, respectively. The results showed that this 
method had an excellent stability within 10 h. 

Repeatability 
Five batches of S. chinensis fruits were extracted 

by using STE according to the same method as No. 7 
STE sample. These samples were analyzed under the 
conditions described above. RSD values of peak areas 
for schizandrin, gomisin A, and deoxyschizandrin were 
0.26%, 0.88%, and 0.80%, respectively, with a good 
repeatability. 

Recovery 
A certain amount of schizandrin, gomisin A, and 

deoxyschizandrin reference solution was mixed with the 
sample with known contents of schizandrin, gomisin A, 
and deoxyschizandrin at high, medium, and low 
concentration. Then, the mixed samples were analyzed 
under the conditions described above. The contents of 
schizandrin, gomisin A, and deoxy- schizandrin 
reference solution were calculated through one point 
external standard method. Average recovery was 99.06%, 
101.5%, and 101.4% respectively, and RSD values were 
1.81%, 2.06%, and 2.45%, respectively. 
 
Results  

The results of L9(34) orthogonal test were in Table 
2. The optimum STE conditions for S. chinensis fruits 
were obtained as follows: solvent-to-feed ratio 10, 80% 
ethanol, three times, 2 min for each time.  

Table 2  Results of L9 (34) orthogonal test 

No. Solvent-to-feed ratio Extracting times Extracting time / min Ethanol concentration / % Content / (mg·g−1)
1 6 1 1 75 2.639 
2 6 2 2 80 4.822 
3 6 3 3 85 3.419 
4 8 1 2 85 1.865 
5 8 2 3 75 3.784 
6 8 3 1 80 4.300 
7 10 1 3 80 4.160 
8 10 2 1 85 5.089 
9 10 3 2 75 6.044 
K1 10.88 8.664 12.03 12.47  
K2 9.949 13.70 12.73 13.28  
K3 15.29 13.76 11.36 10.37  
R 5.344 5.099 1.368 2.909  
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Verification test  
S. chinensis fruits (10 g) were extracted at the 

optimum STE conditions. The contents of schizandrin, 
gomisin A, and deoxyschizandrin were 3.688, 1.138, and 
0.6412 mg/g. And the total content was 5.467 mg/g. 
 
Discussion  

STE has been successfully applied to the 
extraction of active ingredients in S. chinensis fruits for 
the first time. The optimized conditions for STE 
extraction were 10 times amount of 80% EtOH, 
extracting for three times, 2 min for each time. These 
data demonstrate that STE could efficiently extract 
materials in a few minutes, which is impossible for 
other extraction methods; STE is running at room 
temperature, so it is more suitable for extracting 
heat-sensitive ingredients. 

Overall, it proved that STE combining smash, soak, 
stir, and vibration together is an effective and 
practicable extraction technology. 
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