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ABSTRACT 

 

Radix Astragali, a traditional Chinese medicine, has been used to 

strengthen the healthy “Qi” and nourish the “Blood” of patients for 

centuries. It has been used as an adjunct to chemotherapy and 

successfully used in clinical applications to reduce chemotherapy-

induced toxicity, especially in immunomodulation and hematopoiesis 

promotion.  

 

Polysaccharide is believed to be the major active ingredient of Radix 

Astragali and has demonstrated its immune-modulatory, anti-tumor, 

anti-virus and inflammatory properties. What is more interesting is 

that Radix Astragali is an edible tonic herb that can be used for a long 

time without toxicity concern. Based on the above considerations, the 

application of RAP, Radix Astragali polysaccharide as a protective 

agent in combination with antineoplastic agents in chemotherapy has 

spark interest. We hypothesized that the effect of RAP was derived 

from its protective effect on normal cells, especially immune cells and 

bone marrow cells. Therefore, in this research, RAP’s effect in 

combined with chemotherapy and its underlying mechanism was 
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proposed in vivo and in vitro. 

 

Firstly, RAP was used in combination with paclitaxel (Taxol), a 

commonly used anti-tumor drug whose side effects limit its clinical 

use, to determine whether RAP protects immune cells from Taxol-

induced suppression in vivo and in vitro. 4T1 mouse breast cancer 

tumor-bearing mice were built and treated with Taxol and RAP plus 

Taxol to verify RAP’s effect. RAW 264.7 murine macrophage cells 

and 4T1 cells co-culture cell model was used to study the protective 

effect of RAP on cells vis-a-vis Taxol. The cell cycle and apoptosis of 

RAP with/without Taxol treated 264.7 cells were checked by flow 

cytometry and Hoechst staining. Proteins involved in the cell cycle 

and apoptosis were tested by Western blot to reveal the probable 

mechanism. The results showed that RAP prolonged the life span of 

mice treated with Taxol in vivo. In vitro experiments also showed the 

protective effect of RAP to Taxol-treated RAW 264.7 cells. RAP’s 

protection in vitro is selective because RAP had no effect on 4T1 cells. 

Furthermore, the mechanism study observed the clearly cell cycle 

arrest at the G2/M phase and significant apoptosis of Taxol-led RAW 

264.7 cells, while RAP blocked G2/M phase arrest and protected cells 

from apoptosis. Cell cycle and apoptosis related proteins in RAP/ 
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Taxol-treated RAW 264.7 cells were detected. Taxol up-regulated the 

levels of Caspase-3, P-H2A, PARP, Chk1, p53 and p21 and down-

regulated Bcl-Xl and Mcl-1, while RAP reversed the expression of all 

those proteins induced by Taxol.  

 

Then, RAP was used to treat myelosuppression to determine if RAP 

could protect bone marrow cells from chemotherapy- induced 

myelosuppression and explore its potential mechanism. 

Myelosuppression mice model was built by cyclophosphamide (Cy). 

Bone marrow cells, peripheral blood cells, serum and groups of 

hematopoietic stem cells of mice were collected to analyze the 

hematopoietic effect of RAP in vivo. Orally administrated RAP was 

labeled with fluorescein isothiocyanate (FITC) to demonstrate its 

uptake and transport to bone marrow. RAP’s protective effect on 

human hematopoietic stem cells was also tested in terms of cell 

morphology, cell proliferation and cell apoptosis. RNA-sequencing 

and shRNA were performed on human hematopoietic stem cells to 

explore the potential mechanism of RAP’s protection effect. The 

results showed that RAP could significantly enhance the recovery of 

Cy-suppressed bone marrow cells, blood cells and serum in vivo. Cell 

morphology, cell number, cell cycle and apoptosis of bone marrow 
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cells from the myelosuppression mice model at day 4 confirmed the 

protective effect of RAP. Further investigation found the protection of 

RAP on the number of groups of mice hematopoietic stem cells. 

Confocal micrographs observed the FITC-RAP in bone marrow cells, 

which prompt that RAP has the opportunity to contact bone marrow. 

In vitro study revealed that RAP has similar protective effect to human 

hematopoietic stem cells in terms of cell morphology, proliferation 

and apoptosis. It was first time to find that RAP could protect both 

mice and human hematopoietic stem cells (HSC). FOS was suggested 

to have an important role in RAP/Cy-mediated apoptosis on human 

hematopoietic stem cells. RAP increased FOS expression and shRNA 

approaches confirmed the role of FOS in RAP related protection to Cy 

in human HSC. 

 

In conclusion, these results suggested the protective effect of RAP on 

chemotherapy-induced toxicity in immune cells and hematopoiesis. It 

provides scientific evidence for RAP’s popular use as an option with 

chemotherapy. Cancer patients will benefit from the improved therapy 

efficacy. And this new option brings lower cost and higher safety due 

to the property of Radix Astragali  polysaccharide as the natural food. 
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