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Abstract 

Background: To evaluate the preventive effect and enhance immunity functions of Bu-zhong-yi-qi wan in vivo.  
Materials and Methods: S180 tumor mice model was established by subcutaneous injection a dose of 0.2 ml (1×107/ml) at the right 
oxter. The inhibitory rates, spleen indexes and thymus indexes were calculated. Splenic lymphocyte proliferative activity assay and 
phagocytosis activity of peritoneal macrophages were done. Interferon (IFN-γ), interleukin (IL-2) and tumor necrotic factor (TNF-α) in 
serum were detected.  
Results: In the S180 tumor-bearing mice, Bu-zhong-yi-qi wan with medium-dose (975 mg/kg, 100 mg/l) had potent preventive effect and 
anti-tumor effect, macrophage phagocytosis and Con A-stimulated splenocyte proliferation were increased as compared with model 
control treatment. Bu-zhong-yi-qi wan could take part in the immune response by promoting the proliferation and differentiation of T-
cells, increasing the activity of the macrophages, inducing the generation of cell factor IL-2, TNF-α, IFN-γ.  
Conclusion: It proved that Bu-zhong-yi-qi wan of medium-dose had great preventive effect and could enhance immunity function. 
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Introduction 

        Malignant tumor is one of the major causes of death in the world despite newly developed tools and miracle drugs for treatment 
(Chen, L. et al. 2011) Radiotherapy and chemical therapy are used to treat tumor in clinical treatment, but acute side effects of 
radiotherapy can occasionally be life threatening (Ye, M., et al. 2013). Chemical therapy is one of the most important clinical methods to 
treat carcinoma (Zhao, et al. 2007), the frequently used chemotherapy drugs can kill tumor cells and simultaneously have a certain degree 
of killing effect on normal cells (Huang, D.N., et al. 2004). In addition, serious side effects such as loss of appetite and weight, body 
weakness will be caused (Miko, I., et al. 2005), and the main reason of death caused by malignant tumor is that immune systems were 
damaged in tumor treatment (Chen, Y.T., et al. 2012). In recent years, increasing the human body's immunity in defending against tumors 
has become a hot research area (Hussaina, M., et al. 2012; Wang, M., et al., 2012) Therefore, it is very important to investigate novel anti-
tumor substances with preventive effect and improving immunity potential.  

T cells is a major component of lymphatic cells; it has a variety of biological functions, such as killing target cells directly, 
supporting or inhibiting B cells to produce antibodies, promoting mitogen responses and producing cytokines and so on. It is the body to 
resist disease, tumor and form the heroic fighter. Interleukin 2 (IL-2), by virtue of its in vivo action in autocrine and paracrine manners, 
participates in the induction of both acquired and innate immunity. IL-2 has a stimulatory effect on activated T cells. Among cytokines 
applied as immunomodulators, IL-2 is the most commonly used for antitumor therapy (Jon M. Wigginton, et al. 2015), which indicates 
IL-2 is indirectly related to tumor. So in the experiment of anti-tumor, the determination of IL-2 is very important. TNF-α is a potential 
cytokine which can directly inhibit and kill tumor cells, and it is directly involved in apoptosis of tumor cells (Chen, Y.T., et al. 2012). 
IFN-γ promotes T cell differentiation and plays an important role in specific immunological reactions to tumor cells growth and promotes 
innate and adaptive immune responses (Yang, L., et al. 2003).  

Bu-zhong-yi-qi-Wan (BW) composed of eight commonly used Chinese drugs, Radix Astragali (Astragalus membranaceus (Fisch.) 
Bge), Radix Glycyrrhizae (Glycyrrhiza uralensis Fisch.), Radix Codonopsis (Codonopsis pilosula (Franch.) Nannf.), Pericarpium Citri 
Reticulatae (Citrus reticulate Blanco), Radix Angelicae (Angelica sinensis (Oliv.) Diels), Radix Bupleuri (Bupleurum chinense DC.), and 
Rhizoma Cimicifugae (Cimicifuga foetida L.), was originated from the famous Bu-zhong-yi-qi-Tang (BT). In traditional use, BW is 
mainly used for spleen-qi descending, visceroptosis with hyposplenic qi, uterine prolapse, and rectal prolapse due to chronic diarrhea 
(National Pharmacopoeia Committee. Pharmacopoeia of Peoples Republic of China, 2010) BW and BT are the same composition but 
different dosage form. In traditional Chinese medicine, different dosage forms have different function. There are many reports about BT; 
BT has been used in the treatment of patients with perennial allergic rhinitis (Yang, S.H., and Yu, C.L. 2008), can be used to treat the 
symptoms such as weakness caused by fatigue and weakness after illness (Zheng, X.F., et al. 2014), and can be used for the treatment of 
various immune-related diseases (Yao, H.T., et al. 2012), and so on. However, large dose, long processing time, inconvenience for 
carrying, difficulties in quality control are the familiar disadvantages of medicinal broth in the clinical application (Xue, R., et al. 2011). 
The pill is relatively peaceful, and it is more durable than decoction (Li X.L., et al. 2008). But there are few reports about BW’s 
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pharmacological effects. Because of convenience for storage, transport, carrying and being taken as pills, BW has a large number of uses 
in clinical applications. So the study of BW is very necessary.  

In the present study, we evaluated the effects of BW on S180 tumor mice models. We found that BW has the preventive effect and 
could improve immunity of tumor-bearing mice, and medium-dose of BW significantly inhibited tumor growth. 

 
   

Materials and Methods 
Equipment 

 
BP 211D electronic analytical balance (Sartorius AG, Germany), BS 224S electronic balance (Sartorius AG, Germany), microplate 

reader, desktop electric centrifuge (80-2, Changzhou guohua instrument co., LTD), MIKRO 22 (Germany) were used for the 
pharmacodynamics study. 
 
Materials 
 
       BW (lot no. 12J50), the condensed pills derived from the aqueous extract of a mixture of 8 medicinal herbs, was provided by 
Lanzhou Foci Pharmaceutical Co. Ltd. Cyclophosphamide for injection (0413002) was purchased from Shanxi Pude Biopharmaceutical 
Co. Ltd. (Shanxi, China). Mice interleukin-2 (IL-2) Elisa interferon-γ Elisa and tumor necrosis factor-α (TNF-α) Elisa kits, nylon net 
filters, mouse lymphocyte separation medium (Lot: 33R021307-1) were all purchased from Dakota for biological technology co. Ltd. 
(Shenzhen, China). Chicken red blood cells (CRBCs) used in experiment were purchased from Guangzhou Ruite biological technology 
co. Ltd.   
 
Reagents  
 

Sodium chloride injection (Batch No. 2012092705) was purchased from Gansu Fuzheng pharmaceutical co. Ltd. (Lanzhou, China). 
ConA (Sigma: C-2010). MTT was come from Beijing Biotopped science & Technology co. Ltd. DMSO (20091126) was purchased from 
the Hanlon BoHua (tianjin) pharmaceutical chemical co. Ltd. Nutrient broth (20120509) was purchased from Qingdao high-tech park 
haibo biological technology co. Ltd.  

 
Animals 
 

One hundred and sixteen Kunming mice (58 male and 58 female), with the body weight of 20 ± 2 g, were purchased from 
Experimental Animal Center of Lanzhou University and housed in pathogen-free conditions in accordance with the principles approved 
by animal ethical committee of Lanzhou University and allowed free access to food and water. The animals were kept at 23 ± 2 ℃, with 
the humidity of 55 ± 5%, and cultured in a 12 h:12 h light–dark cycle.  

 
Study Procedures 
 
      We analyzed the main components in BW. The main compositions of BW were analyzed by HPLC-UV-ELSD, the samples were 
ultrasonically treated with methanol, and then was purified using Waters Oasis HLB solid-phase extraction (SPE) column with our 
previous method (Fang H., et al. 2015). 
 
Preparation of S180 Tumor-Bearing Mice   
 
      The grafting of animal with S180 sarcoma was following the method described by Li Wen-ping with some modification (Li, W.P., et 
al. 2006) Six Kunming mice (three male and three female) were intraperitoneally injected with 1 ml (2×106/ml) cell suspension for tumor 
cell proliferation in vivo, respectively. After breeding for 7 d, ascites of the mice under good growth status were gathered and diluted with 
sterile saline to a concentration of 1×107/ml. The S180 tumor cells were inoculated into the 110 Kunming mice by subcutaneous injection 
at the right oxter at a dose of 0.2 ml per mouse. The animals were randomly divided into 11 groups, each consisting of 10 mice. 

Prevention group (PG): 50 animals were randomly divided into the 1 blank control group, 1 model group and three experimental 
groups. Before inoculated the mice in three experimental groups were respectively administrated with BW of low, medium and high dose 
at 487.5, 975 and 1950 mg/kg once daily for continued 10 days; the same volume of vehicle was orally administered to the control mice 
and model mice. At day 11, mice in model control group and three experimental groups were inoculated, and then normal bred for ten 
days without any process. 

Enhance immunity group (EG): Twenty-four hours after inoculation, 60 animals were randomly divided into the 1 blank control 
group, 1 model group, 1 positive control group and three experimental groups. The mice were administrated with BW of low, medium 
and high dose at 487.5, 975 and 1950 mg/kg once daily for continued 10 days, the same volume of vehicle was orally administered to the 
control mice and model mice (Liu, S., et al. 2006) 

 
Evaluation of Preventive Effect and Enhance Immunity Function 
Determination of Tumor Inhibition Rate and Immune Organ Indices 
  

Mice were killed by cervical dislocation on 11th day after inoculation and spleens were removed and weighed in sterile condition.  
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The tumors were separated and weighed, the inhibitory rates were calculated. Thymuses were taken and weighed, and organ indices were 
calculated.  

 
 
 
Preparation of Spleen Cell Suspension 
 

Plug grinding spleen with a syringe, then filter to a petri dish with fine nylon net filters, which with 5 ml of spleen cell suspension in 
advance, then transfer to a 10 ml centrifuge tube, add in 200 μl medium, then centrifuge 20 min with 2800 rpm, take the middle tier to a 5 
ml centrifuge tube, blending, 1500 rpm, centrifuge for 10 min, the cell pellets were suspended in 1 ml medium.  

 
 
 
Splenic Lymphocyte Proliferative Activity Assay 
 

The MTT test was used following the method described by Zhong et al with little modifications (Zhong, K., et al. 2010). The 
concentration of above prepared splenic lymphocyte solution was adjusted to 1×107 cell/ml. Then 100 μl splenic lymphocyte solution 
was placed in a 96-well flat-bottom plate. A 30 μg/ml of Con A as a T-cell mitogen (100 μl) was added to the cell suspension. The 
mixture was incubated at 37 ℃ with 5% CO2 for 24 h, 20 μl 5 mg/ml MTT was added into each well and incubated for 4 h. Subsequently, 
the plates were centrifuged (1400×g, 5 min) and the untransformed MTT was removed by pipetting. DMSO (150 μl) solution (192 ml 
DMSO with 8 ml 1M HCl) was added to each well, and the plates were mixed. After the purple crystal completely dissolved, the 
absorbance at 570 nm was evaluated using the microplate reader. 100 μl samples were incubated without canavalin A (Con A) as controls 
and the other 100 μl were incubated with Con A in a humidified atmosphere with 5% CO2 for 24 h. OD values were measured as 
previously described. 

The rate of cell proliferation (%) = [(T−C)/C] × 100%, where T is the OD value of the test wells and C is the OD value of control 
wells.  
 
Phagocytosis Activity of Peritoneal Macrophages 
 

Phagocytosis of peritoneal macrophages was detected as the method described by Yang (Yang, S.H., et al. 2008). All mice were 
injected with 1 ml Starch broth (2%, v/v, with normal saline) at day 9, 10, 11 after inoculation to active peritoneal macrophages. 
Peritoneal macrophages were prepared from peritoneal exudates of mice after stimulation by intraperitoneally injection of 1 ml 2% (v/v) 
CRBCs 20-30 min before experiment. After mice were euthanized by cervical dislocation, 1 ml of macrophage solution was collected, 
adjusted the concentration to 1×107 cell/ml, took a drop spread onto glass slides, airing in room temperature, the cells were fixed with 1:1 
acetone-methanol for 10 min and stained with Giemsa dye for 5 min. The number of macrophage-ingesting CRBCs in at least 100 cells 
was calculated by direct visual enumeration on light microscopy. 

The phagocytic rate (PR) was calculated as follows: 

 
Measurement of IFN-γ, IL-2 and TNF-α 

 
The blood was collected by eye enucleation and the serum was separated by centrifugation at 3000 rpm for 10 min at 4 ℃. 

Determinations of IFN-γ, IL-2 and TNF-α were performed in accordance with the kit instructions at room temperature. 
 
Statistics Analysis 
 

All data were expressed as mean ± SD. Statistical significance between groups was determined using t-test. The significance of 
difference was considered to be obvious as p < 0.05. 
 
 
Results  
The Main Components in BW  
 

Using our previous method (Fang H., et al. 2015), ten major components: hesperidin, senkyunolide I, senkyunolide H, ligustilide, 
butylene phthalide, ononin, calycosin, formononetin, astragaloside I, astragaloside IV in BW were determined in BW, so the main 
compounds in BW are these three categories: flavonoids, saponins and volatile oils.  

 
Organ Index and Tumor Inhibition Rate 
 

Table 1 showed the organ indexes, inhibition rates of cyclophosphamide of BW at varied dose on the S180 tumor in vivo. BW with  

http://dx.doi.org/10.4314/ajtcam.v3i3.8


Hu et al., Afr J Tradit Complement Altern Med. (2016) 13(3):60-65 
http://dx.doi.org/10.4314/ajtcam.v3i3.8 

63 
 

three doses all had antitumor effect. In experiment PG, tumor inhibition rate of BW at high-dose reached to 64.75%, in experiment EG, 
tumor inhibition rate of BW at medium-dose reached to 75.63%, which was higher than positive group. 

  
 

Table 1: Effects on tumor inhibition rate and organ index of mice with S180 sarcoma ( n=10, mean ± SD） 

 Groups Inhibitory rates 
(%) Thymus index Spleen index 

PG 

Control group  25.85±5.08 61.97±2.12 

Model group  15.06±3.79 53.43±5.41 
High-dose group 64.75   20.52±3.54* 57.72±5.01 

Medium-dose group 59.81 15.60±3.86   60.27±5.25* 
Low-dose group 48.57 17.05±3.95 45.47±1.96 

EG 

Controll group  34.34±6.16 67.58±7.16 
Model group  26.74±5.70 64.60±7.16 

Positive group 74.67 28.81±3.31 65.00±6.40 
High-dose group 49.44 22.75±6.11 55.51±4.89 

Medium-dose group 75.63   29.00±7.60* 54.05±5.16 
Low-dose group 43.41 25.62±7.60 53.66±4.16 

Note: PG: Prevention group, EG: Enhance immunity group. Compared with the model group * p <0.05 
 
 
 
Effects of BW on the Evaluation of Splenic Lymphocyte Proliferative Activity 
 

Data in Figure 1 showed BW treatment in experiment PG had significant effects on the Con A-stimulated splenocyte proliferation as 
compared with model control treatment (p < 0.05). But in experiment EG only high-dose had significant effect on the Con A -stimulated 
splenocyte proliferation as compared with model control treatment (p < 0.05). 

 
 
 

 
Figure 1: Effects of BW on the evaluation of splenic lymphocyte proliferative activity. *: p <0.05 compared with the model group in 

PG group; #: p <0.05 compared with the model group in EG group. PG, Prevention group; EG: Enhance immunity group.  
  

 
 
Effects of BW on the Evaluation of Phagocytosis of Peritoneal Macrophages 
 

The phagocytosis of peritoneal macrophages isolated from mice models was shown in Figure 2. As shown, the phagocytic activity of 
macrophages of treatment groups both in experiment PG and EG all enhanced as compared with that of model control group, and the 
maximum phagocytic rate was obtained (42.00%, 38%) in PG and EG. In the other hand, ANOVA showed the phagocytic rates.   
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Figure 2: The phagocytosis indexes of BW in different groups. *: p <0.05 compared with the model group in PG group; #: p <0.05 

compared with the model group in EG group. PG, Prevention group; EG: Enhance immunity group.   
 

Measurement of IL-2, TNF-α and IFN-γ 
 

Compared with the model group, IL-2, TNF-α and IFN-γ of mice in BW groups and positive control group all increased to varying 
degrees, and which were all close to those of mice in normal group (p < 0.05) except TNF-α both in high-dose BW groups and IL-2 of 
experiment EG in high-dose BW group (Table 2). The results showed that BW of medium-dose had remarkable antitumor activity, but 
BW in high-dose might have a opposite function.   

 
Table 2: The content of IL-2, TNF-α and IFN-γ ( n=10, mean ± SD). 

 Groups TNF-α (pg/ml) IL-2 (pg/ml) IFN-γ (pg/ml) 

PG1 

Control group 43.44±1.46 7.91±1.23 14.09±2.85 
Model group 41.45±1.26 5.16±1.73 11.93±2.17 

High-dose BW group 31.88±1.58   7.62±1.67* 12.72±3.25 
Medium-dose BW group   49.07±2.21* 5.86±2.55   13.25±1.98* 

Low-dose BW group   47.59±2.69*     7.87±1.14** 12.75±1.06 

EG1 

Control group group 55.58±3.87 5.02±1.31 11.59±2.14 
Positive group     59.84±4.56**   4.17±1.44*    7.95±1.46** 
Model group 49.55±4.15 3.70±0.81 6.88±1.75 

High-dose BW group 37.95±3.79 3.58±0.55 7.06±1.67 
Medium-dose BW group    55.98±4.23*   4.96±1.23*   7.19±1.19* 

Low-dose BW group 50.62±4.08   4.20±1.57* 6.90±0.81 
Note: PG: Prevention group, EG: Enhance immunity group. Compared with the model group * p <0.05 

 
 

Discussion 
 

Thymus and spleen are important immune organs of animals. They achieve the purpose of tumor suppression through taking part in 
immune responses, regulating cellular immune and promoting tumor cells apoptosis (Miao J., et al. 2012). Compared with the model 
group, in experiment PG, the thymus indices of mice in varied dose BW group were elevated in different degrees; in experiment EG the 
thymus indices of mice in medium-dose group were elevated. It was worth noting that the thymus indices of mice in experiment PG were 
all elevated than model group, but in experiment EG only medium-dose group were elevated, which might indicate BW have a good 
prevention effect on S180 mice. Additionally, the spleen indices of mice only in experiment PG were significantly different from those in 
model group. The thymus indices and spleen indices of the mice in positive control group in experiment EG were reduced, indicating that 
cyclophosphamide caused a decline in immune function to a certain extent (Yang, Q., et al. 2007).  
 
Conclusion 
 

Effects of BW on immunomodulatory and preventive effect of tumor on mice models inoculated with S180 tumor cells were 
evaluated in this paper. The results showed that BW with medium-dose had potent immunomodulatory and preventive effect on tumor 
properties in mice models, including significantly enhanced on macrophage phagocytosis and Con A-stimulated splenocyte proliferation 
as compared with model control treatment, and BW with experimental doses had extreme antitumor effects, and the maximum inhibition 
rate reached to almost 75.63%. The results of organ indexes, inhibition rates of cyclophosphamide indicated the BW with three doses all 
had antitumor effect. The measurement results of IL-2, TNF-α and IFN-γ of mice showed BW of medium-dose had remarkable antitumor 
activity. Therefore, BW could be explored as a great and potential immunomodulator in the field of pharmaceutical and functional foods 
and further studies are needed to investigate the physiological and pharmacological properties of BW.  

 

http://dx.doi.org/10.4314/ajtcam.v3i3.8


Hu et al., Afr J Tradit Complement Altern Med. (2016) 13(3):60-65 
http://dx.doi.org/10.4314/ajtcam.v3i3.8 

65 
 

Acknowledgements  
 

The study was financially supported by the‘Twelve Five’National Science and Technology Support Program (NO.2011BAI05B02). 
  
 
References 
 

1. Chen, L., Pan, J.Z., Li, X., Zhou, Y., Meng, Q.L., Wang, Q (2011). Endo-polysaccharide of Phellinus igniarius exhibited anti-tumor 
effect through enhancement of cell mediated immunity. International Immunopharmacology. 2011, 11: 255-259. 

2. Chen, Y.T., Cao, W., Wang, S.W., Ye, Q.Y. (2012). The progress in the antitumor effect and mechanism of paeonol. Progress in 
Modern Biomedicine. 2012; 2:4163-4166. 

3. Hu, F., Zhu, R.J., Liu, X.H., Yang, Y.L., Li, C., Feng, S.L. and Li, Y.D. (2015). Simultaneous Determination of 10 Components in 
Bu-Zhong-Yi-Qi Wan by Solid Phase Extraction-High Performance Liquid Chromatography with Diode Array Detection and 
Evaporative Light Scattering Detection. 2015, 53: 736-741.  

4. Huang, D.N., Hou, G., Zhu, Q.F. (2004). Effects of polyporus polysaccharide on activity and mRNA expression of inducible nitric 
oxide synthase inperitoneal macrophages of mice. Journal of Chinese Integrative Medicine. 2004, 2: 350-352. 

5. Hussaina, M., Javeed, A., Ashraf, M. (2012). Non-steroidal anti-inflammatory drugs, tumour immunity and immunotherapy. 
Pharmacological Research. 2012, 66: 7-18. 

6. Jon M. Wigginton, Eilene Gruys, Lisa Geiselhart, Jeffrey Subleski, Kristin L. Komschlies, Jong-Wook Park, Theresa A. Wiltrout, 
Kunio Nagashima, Timothy C. Back, and Robert H. Wiltrout. (2015). IFN-γ and Fas/FasL are required for antitumor and 
antiangiogenic effects of IL-12/pluse IL-2 therapy. The Journal of Clinical Investigation. 2015, 125: 2181-2548. 

7. Li, W.P., Luo, G.L., Ma, M.H. (2006). Induction of Appotosis by Tea Polyphenols Compound in Mice Bearing Neoplasm. Journal of 
Hunan Agricultural University. 2006, Natural Sciences 32:296-299. 

8. Li, X.L., Liu, R.X. (2008). On “Pill, is sluggish”. China Pharmacy. 2008, 24: 1917-1919. 
9. Liu, S., Luo, X.D., Zhang, J., Qiu, D., Liu, W., She, L., Yang, Z. (2006).Tumor inhibition and improved immunity in mice treated 

with flavone from Cirsium japonicum DC. International Immunopharmacology. 2006, 6: 1387-1393. 
10. Miao J., Dong F., Ji Y.B., Ma D.B., Liu Z.F. (2012). Progress of anti-tumor mechanism of polysaccharide. Journal of Hebei Normal 

University of Science & Technology. 2012, 26: 42-45. 
11. Miko, I., Serfozo, J., Kappelmayer, J. (2005). Can the injured spleen be preserved? Results of 20-year experiments. Magy sebeszet. 

2005, 58: 69-73. 
12. National Pharmacopoeia Committee (2010). Pharmacopoeia of Peoples Republic of China. 2010. Beijing: Chemical Industry Press 

Part I: 780-781. 
13. Wang, M., Meng, X.Y., Yang, R.L. (2012). Cordyceps militaris polysaccharides can enhance the immunity and antioxidation 

activity in immunosuppressed mice. Carbohydrate Polymers. 2012, 89: 461-466.  
14. Xue, R., Cao, Y.F., Han, N., Lin, X.W., Liu, Z.H., Yin, J. (2011). Activity of DBXX granules on anti-gastric ulcer and decreasing the 

side effect of chemotherapy in S180 tumor-bearing mice. Journal of Ethnopharmacology. 2011, 137: 1156-1160. 
15. Yang, L., Ng Kylillehei, K. (2003). Cell mediated immunotherapy: a new approach to the treatment of malignant glioma. Cancer 

control. 2003, 10: 138-147. 
16. Yang, Q., Zhang, H., Wang, Q., Wang, W.Q. (2007). Anti-tumor effect of exopolysaccharide from Phellinus igniarius. Journal of 

Beijing University of Traditional Chinese Medicine. 2007, 30: 188-190. 
17. Yang, S.H., Yu, C.L. (2008). Anti-inflammatory effects of Bu-zhong-yi-qi-tang in patients with perennial allergic rhinitis. Journal of 

Ethnopharmacology. 2008, 115: 104-109. 
18. Yao, H.T., Chang, Y.W., Uramaru, N. (2012). Effects of Bu-Zhong-Yi-Qi-Tang on hepatic drug-metabolizing enzymes and plasma 

tolbutamide concentration in rats. Journal of Ethnopharmacology. 2012, 142: 121-128. 
19. Ye, M., Yuan, R.Y., He, YL., Du, Z.Z., Ma, X.J. (2013). Phosphorylation and antitumor activity of exopolysaccharide 

from ?/Lachnum YM120. Carbohydrate Polymers. 2013, 97: 690-694. 
20. Zhao, Dong.L., Li, M.Z., Wang, S.W., Shang, J.Z. (2007). Experimental study on the anticancer effect of curcumin on mouse of 

S180 in vivo. Journal of Medicine Colleges of PLA. 2007, 22: 77-81. 
21. Zheng, X.F., Tian, J.-S., Liu, P., Xing, J. (2014). Analysis of the restorative effect of Bu-zhong-yi-qi-tang in the spleen-qi deficiency 

rat model using 1H-NMR-based metabonomics. Journal of Ethnopharmacology. 2014, 151: 912-920. 
22. Zhong, K., Wang, Q., He, Y., He, X.H. (2010). Evaluation of radicals scavenging, immunity-modulatory and antitumor activities of 

longan polysaccharides with ultrasonic extraction on in S180 tumor mice models. International Journal of Biological 
Macromolecules. 2010, 47: 356-360. 

http://dx.doi.org/10.4314/ajtcam.v3i3.8

