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Abstract 

 
Cancer chemotherapy drugs cause severe side effects that can necessitate postponement of 

treatment between cycles, may severely affect quality of life for patients, and can even worsen 

their overall prognosis. Chinese herbs are well-known to be able to alleviate some of these side 

effects, but frustratingly for patients and practitioners, oncologists often discourage or even 

forbid the use of herbal treatment during chemotherapy because of fear of adverse interactions. 

There is a scarcity of evidence about the actual herb/drug interactions that may take place. The 

purpose of this study was to investigate the existing literature on the use of one Chinese herb, 

Astragalus membranaceus (Huang Qi), to alleviate, prevent or treat immunosuppression from 

such chemotherapy drugs. Methods: Thirty research studies were analyzed for evidence on the 

use of Huang Qi in cancer chemotherapy treatment. Results were analyzed and tabulated as to p 

values and effect sizes. Results: Significant evidence was found to exist in human, animal and in 

vitro studies that Huang Qi can mitigate damage caused to blood components during cancer 

chemotherapy. This investigator suggests that Huang Qi should be tested further in large, 

controlled, well-designed human clinical trials so that the community of cancer patients, 

oncologists and Chinese medicine practitioners can be better informed about the concurrent use 

of Chinese herbs and cancer chemotherapy. 
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Note 

 
A note on the use of gender in this paper: I have used the pronoun “he” throughout this paper, 
simply because I was not able to determine the gender of the researchers whose work I was 
reviewing. I mean no disrespect to researchers of any gender. 
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Chapter 1: Introduction 

 The purpose of this paper is to investigate the role of Astragalus membranaceus (Huang 

Qi) in alleviating bone marrow suppression caused by cancer chemotherapy drugs. If, as 

hypothesized, Huang Qi could be shown to be effective in treating the consequences of bone 

marrow suppression, then cancer treatments would not have to be postponed or discontinued in 

the event of severe anemia, leukopenia or thrombocytopenia. Cancer patients could experience 

less fatigue, fewer bleeding problems and infections, and better quality of life if they could safely 

use Huang Qi (and other Chinese medical treatments that will be mentioned in this paper) along 

with chemotherapy. Many oncologists in the U.S. discourage or prohibit their patients from using 

any herbal treatment concurrently with chemotherapy, because of the fear of unknown, and 

potentially harmful, interactions. If it could be proven that Huang Qi alleviates bone marrow 

suppression and increases recovery time of blood components, without compromising efficacy of 

the chemotherapy treatment, patients could benefit greatly.   

 Ample evidence exists in the literature to support Huang Qi’s beneficial effects on the 

immune system. Cho (2010) reports that “In Western countries, the most common use of 

Astragalus is as an immune support supplement to the daily diet and as an immunostimulant to 

counteract the immune suppression associated with cancer chemotherapy and radiotherapy,” and 

that “apart from the effects on macrophages, Astragalus also enhances the activity of natural 

killer cells.” K. C. Cheng, Li, and J. T. Cheng (2012) report that “Astragalus can help the 

activation of T-cells and natural killer (NK) cells.” Yeung, Gubili, and Cassileth (2011) cite 

numerous studies in which Huang Qi has been shown to enhance and restore immune function in 

tumor-bearing mice and in mice treated with cyclophosphamide, and, with Angelica sinensis, to 
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increase the production of red blood cells and platelets by promoting the growth of bone marrow 

megakaryocytes. These actions will be explored in more detail in Chapters 2 and 4. 

 Cancer is one of the most common causes of death worldwide, second only to heart 

disease and in some states of the U.S., surpassing heart disease. The Centers for Disease Control 

report that “The mortality burden of cancer has surpassed that of heart disease in several states. 

In 2000, there were only two states where cancer was the leading cause of death; in 2014, there 

were 22” (Centers for Disease Control and Prevention). Cancer resulted in 585,710 deaths in the 

US in 2014 (Siegel, Miller, & Jemal, 2016). Lung cancer is the leading cancer cause of death for 

both males and females, with prostate and breast cancer the second leading causes. Standard 

treatment for many cancers includes surgery, chemotherapy and radiation. Chemotherapy drugs 

can effectively kill many types of cancer cells, but have severe and unacceptable toxicities. Some 

of the toxic effects are severe enough to limit the continued use of the cancer drug, with a 

resulting decrease in patient survival. Therefore, there is an urgent need to investigate safe and 

effective treatments to prevent, alleviate or reverse the toxic effects of cancer drugs.  

Research Question and Objective 

 The main hypothesis of this study is that Huang Qi may be effective in preventing, 

improving, or reversing damage to bone marrow caused by cancer chemotherapy drugs. It is 

well-established that Huang Qi has beneficial effects in cancer treatment (promoting 

improvements in immune function, assisting in tumor shrinkage, alleviating fatigue and other 

cancer-related symptoms), but this paper is specifically concerned with its effects on bone 

marrow suppression. The objective of this literature synthesis is to bring together as much 

published research as possible on the topic of Huang Qi and bone marrow suppression, and to 
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analyze its combined findings. In this way, an objective, quantified argument can be presented 

that will inform patients, oncologists and future researchers on the benefits of this herb in cancer 

treatment. 

Definition of Terms 

Adaptive immune system: the part of the immune system that relies on antigen receptors in T 
and B lymphocytes  

Antigens: substances that are recognized by the immune system and induce an immune reaction. 
Human leukocyte surface antigens are classified according to the CD (cluster of differentiation) 
system and are numbered (as CD3, CD4) 

Astragalus membranaceus compounds: 

 Flavonoids: plant metabolites with antioxidant effects; give plants yellow color 

 Isoflavones: polyphenolic compounds that are classified as phytoestrogens; 
 formononetin is one of the prominent ones 
  
 Lectin: carbohydrate-binding proteins 
  
 Polysaccharides: carbohydrates whose molecules contain linked monosaccharides;  
 starch, inulin, cellulose 
  
 Saponins: amorphous glycosides of terpenes and steroids that can form emulsions and  
 can foam (soap-like); Astragaloside IV is one of the most-studied saponins in Huang Qi. 
  
B cells: immune cells that are derived from bone marrow and are concerned with humoral 
immunity 
 
Bone marrow: the major site of maturation of B cells, monocytes/macrophages, dendritic cells, 
and granulocytes, and contains pluripotent stem cells that, under the influence of various colony-
stimulating factors, give rise to all hematopoietic cell types (Harrison's Principles of Internal 
Medicine, 2015)   

Bcl-2 (B cell lymphoma 2): an oncogene that regulates cell death by either inducing or 
inhibiting apoptosis  

Botanicals: in complementary and alternative medicine, botanicals refer to various non-drug 
products such as plant parts including fruits, leaves, roots, rhizomes, and seeds 
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CD4/CD8 Ratio (T helper and T suppressor lymphocytes): ratio of T-lymphocytes that 
express the CD4 antigen and the CD8 antigen. A normal CD4/CD8 ratio is 2.0, with CD4 
lymphocytes equal to or greater than 400/mm3 and CD8 lymphocytes equal to 200 to 
800/mm3. If the ratio is higher than 2, it means the immune system is strong. If the ratio is 
lower than 1, it may be due to bone marrow problems related to chemotherapy (University 
of Rochester Medical Center, 2016). 

Cachexia: general ill health, malnutrition, loss of muscle mass, weakness and weight loss in 
chronic disease, especially late-stage cancer 

Caspase: an enzyme that plays a role in inflammation; activation of caspases is central to the 
execution of apoptosis ("Dorland's Illustrated Medical Dictionary," 2012). 

Cytokines: proteins secreted by inflammatory leukocytes (such as macrophages, B and T 
lymphocytes). Examples are TNF, IL-1 and IL-12. They make “cells move.”  

Dendritic cells: formed from monocytes, these act as messengers between the innate and the 
adaptive immune systems.  

 
 

Figure 1-1. A dendritic cell showing its tree-like surface 
 

Dysplasia: an abnormality in size, shape and organization of adult cells (Zou & Liu, 2003) 

Effect size: in statistical analysis, an objective finding calculated using the mean and standard 
deviation of two groups of results. Effect size shows the magnitude of significance. 

Immunosuppression: suppression of the body’s immune system and its ability to fight infection 
and other diseases, and commonly caused by cancer chemotherapy 

Innate immune system: the system consisting of macrophages, dendritic cells and natural killer 
(NK) lymphocytes that is responsible for recognizing and destroying a wide variety of 
pathogens, microbes and foreign bodies 

IL-3 (Interleukin 3): a hematopoietic growth factor produced by activated T-cells and others; it 
regulates hematopoiesis by controlling production and differentiation of macrophages and 
granulocytes 

Jadad Score: a system to evaluate the methodological quality of a clinical trial by looking at 
randomization, blindness and reporting of dropouts 
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Lewis Lung Cancer: a transplantable carcinoma discovered by Dr. Margaret Lewis of the 
Wistar Institute in 1951, and commonly used in mouse cancer studies 

MTT Method: also called MTT assay (“methyl thiazolyl tetrazolium,”) is a colorimetric assay 
for assessing cell metabolic activity and proliferation. In this assay, a yellow tetrazole turns 
purple in the presence of living cells. Four studies in this review used MTT Method (Huang, 
2007; Jiang, 2016; Song, 2011; Zhuge, 2012). 

Megakaryocytes: large cells in the bone marrow that are precursors to platelets, but that also 
play a role in hematopoiesis 

Mitogenic agents: encourage cell division; LPS (lipopolysaccharide) is a mitogenic agent for B-
cells; ConA (concanavalin) is a mitogenic agent for T-cells 

Monocytes: leukocytes that arise from precursor cells in the bone marrow; when they leave the 
blood and enter tissues, they are macrophages 
 

 
 

Figure 1-2. A monocyte (left) and a macrophage (right) 
 
Myelosuppression: suppression of bone marrow activity, resulting in fewer red blood cells, 
white blood cells and platelets, and commonly caused by cancer chemotherapy 
 
NK (natural killer cells): also called large granular lymphocytes, they arise in bone marrow and 
thymus and they slate cells for killing via proteins called granzymes; they reject tumor and 
virally infected cells 
 
Neutrophil/neutropenia: a type of white blood cell responsible for fighting infection. 
Neutropenia is an abnormally low number of neutrophils 
 

Pearson’s correlation coefficient: in statistical analysis, a measure of effect size that shows the 
strength of relationship between two variables 

Pharmacodynamics: the study of a drug’s pharmacological effect on the body 

Pharmacokinetics: how the body affects a specific drug after administration through the 
mechanisms of absorption and distribution, and the effects and routes of excretion of the 
metabolites of the drug, including absorption, distribution, metabolism and excretion 
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Supernatant: the clear fluid above a sediment after precipitation (centrifugation) of a solid 
component 

T lymphocytes: cells formed in the thymus that are responsible for cell-mediated immunity. 
When exposed to an antigen, they rapidly reproduce to create new cells specific to that antigen. 

 

Cancer Cell Biology 

  Cancer can be seen as a disturbance in the homeostatic balance between cell growth and 

cell death. Cancers originate as normal cells that are disrupted by alterations in their DNA, 

possibly in the presence of viral, chemical or physical agents. These transformed cells abandon 

their usual pattern of differentiation and apoptosis (programmed death), and begin to form 

tumors (Rakel, 2003). Cancer arises when a cell undergoes uncontrolled proliferation.  When an 

unregulated mass of cancer cells invades surrounding tissue, this is a malignant tumor, as 

opposed to a benign one that does not invade. Genetic alterations (mutations) are responsible for 

most cancers, since normal cells have a number of safeguards against uncontrolled proliferation. 

Most cancers progress from hyperplasia to dysplasia to invasiveness, with the ability to 

metastasize if not stopped. Chemotherapy drugs work by interrupting or preventing the cancer 

cells from proliferating, and thus the drugs cause death of the cancer cells. The unfortunate side 

effect of the drugs is that they have similar effects on normal cells and thus create the kind of 

damage and injury that form the serious adverse effects associated with their use. 

Bone Marrow Physiology 

 Because this review specifically looks at the damage to bone marrow caused by cancer 

chemotherapy, this section will present an overview of normal bone marrow activity. The main 

function of bone marrow is to produce blood cells (red, white and platelets) from its stem cells. 

All blood cell types develop and differentiate from the basic hematopoietic stem cell, seen at the 
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top of the diagram in Figure 1-1. From this stem cell, two other types of stem cells differentiate: 

myeloid progenitor and lymphoid progenitor cells. The myeloid cells become the red blood cells, 

the megakaryocytes (which further develop into thrombocytes or platelets), the granulocytes 

(basophils, neutrophils, esosinophils) and the monocytes. The lymphoid cells become the natural 

killer cells and the T and B lymphocytes. 

 

Figure 1-3. Diagram of blood cell development from stem cells, https://en.wikipedia.org/wiki/Blood_cell 
 

White blood cells (leukocytes) function mainly to attack foreign bodies invading the system, 

(such as bacteria, viruses, and cancer cells) and consist of granulocytes (neutrophils, eosinophils 

and basophils), and agranulocytes, which consist of lymphocytes and monocytes. Lymphocytes 

give rise to the immune cells: B cells, T cells, and natural killer cells, while monocytes 

differentiate into macrophages and dendritic cells. All of these cells play roles in recognizing and 
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destroying invading cells, and therefore are crucial in fighting infection. Any process that 

reduces or damages white blood cell numbers and activities is therefore a potential threat to the 

health and survival of a human being. 

Red blood cells RBCs (erythrocytes) act to bring oxygen to body cells and assist in moving 

carbon dioxide to the lungs. They contain hemoglobin, which gives them their red color. Their 

biconcave shape increases their surface area and allows them flexibility and elasticity to pass 

through narrow capillaries (Curtis, 1994). 

 
Figure 1-4. Red blood cell 

Platelets (thrombocytes) aid in blood clotting, and are derived from megakaryocytes in the 

marrow. When bleeding occurs due to damage to blood vessels, circulating platelets activate and 

adhere to one another and to blood vessel surfaces to prevent leakage of blood. Any process that 

can promote or recover megakaryocyte hematopoiesis when bone marrow is damaged will be 

crucial to platelet activity (Zhu, 2001). 

Common Adverse Effects of Cancer Chemotherapy Drugs 

Neurotoxicity. Some drugs, including oxaliplatin and vincristine, are known to cause severe, 

painful neurotoxicities such as painful cold-induced paresthesia, cramps, and formication 

(Mannelli, 2015). 

Myelosuppression (bone marrow suppression). Many drugs cause myelosuppression, resulting 

in leukopenia, thrombocytopenia and anemia (Guo, 2012). 
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Cardiotoxicity. Anthracycline drugs, such as doxorubicin and daunorubicin, can cause severe, 

life-threatening cardiotoxicity, often necessitating discontinuation of the drugs (Luo et al., 2009). 

Gastrointestinal effects. Nausea, vomiting, diarrhea, stomatitis, loss of appetite, and xerostomia 

are common side effects of many cancer drugs. 

Hepato- and nephrotoxicity. Liver and kidney damage are common with many drugs. 

Fatigue and cachexia. Cancer-related fatigue and cachexia, as well as chemotherapy-induced 

fatigue, are among the most common and debilitating complaints experienced by cancer patients 

(K. C. Cheng, Li, & Cheng, 2012). Quality of life, as measured by the Karnofsky Performance 

Status questionnaire, can be significantly reduced in cancer treatment. 

Reproductive injury. Sperm count and motility, as well as testis size and weight, can be 

irreversibly damaged by cyclophosphamide, resulting in infertility (Kim, 2012). 

Multidrug resistance. Cancer cells can become resistant to multiple chemotherapy drugs, as 

they devise ways to pump out or reject the drug, rendering the treatment ineffective (Q. E. Tian 

et al., 2012). 
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Table 1-1. Common Chemotherapy Drugs and their Side Effects 

Drug name Branded as Type Used in Common Side Effects 
Doxorubicin Adriamycin Anthracycline Solid tumors 

hematologic 
malignancies 

Acute and chronic cardiotoxicity; 
cardiomyocyte loss replaced by fibrotic 
tissue leads to heart failure 
 

Daunorubicin Cerubidine Anthracycline Acute leukemia Cardiomyopathy 
Epirubicin Ellence Anthracycline Breast  Cardiomyopathy 
Cyclophosphamide Cytoxan Alkylating agent Breast, lung, 

myeloma, 
lymphoma, 
leukemia 

Anemia due to bone marrow cell 
toxicity; hemorrhagic cystitis 

Cisplatin Platinol Alkylating agent, 
metal salt 

NSCLC, 
testicular, head, 
neck, bladder, 
cervical 

Renal and neurotoxicity, 
myelosuppression, fatigue 

Oxaliplatin Eloxatin Alkylating agent, 
metal salt 

Gastric, colorectal Myelosuppression, N/V/stomatitis, 
neurotoxicity; peripheral neuropathy 

Carboplatin Paraplatin Alkylating agent, 
metal salt 

Ovarian, small 
cell lung 

Nausea/vomiting, myelosuppression 

Methotrexate Trexall Antimetabolite 
antifolate 

Head, neck, 
breast, leukemia, 
lymphoma 

Hepatotoxicity, low WBC 

Fluorouracil (5-FU) Adrucil Antimetabolite 
antifolate 

Anal, breast, 
esophageal, 
colorectal, 
stomach, 
pancreatic 

Diarrhea, neutropenia, 
myelosuppression, fatigue 

Vinblastine Velblan Mitotic inhibitor Hodgkin’s, lung, 
bladder, testicular 

WBC and platelet damage, GI problems, 
hypertension, muscle cramps, vertigo 

Vincristine Oncovin Mitotic inhibitor 
(vinca alkaloid) 

Acute leukemia, 
Hodgkin’s, small 
cell lung, 
neuroblastoma 

Neurotoxicity (peripheral neuropathy), 
constipation 

Vinorelbine Navelbine Mitotic inhibitor 
(vinca alkaloid) 

Breast, NSCLC Peripheral neuropathy, anemia, 
constipation, nausea, diarrhea 

Docetaxel Taxotere Mitotic inhibitor Breast, lung, 
head, neck, 
prostate, stomach 

Myelosuppression, fatigue, nausea, 
vomiting, palmar/plantar syndrome, 
neuropathy 

(Cao, 2014; Chang, 2009; Liu, 2013; http://www.cancerresearchuk.org) 

  



ASTRAGALUS AND BONE MARROW SUPPRESSION IN CANCER 18 

Chapter Two: Literature Review 

 This chapter presents an overview and discussion of the published literature establishing 

the rationale and supporting the hypotheses of this review: namely, that Huang Qi has a useful 

role to play in mitigating the harmful effects of chemotherapy drugs on bone marrow, and that 

there may be evidence of beneficial interactions between Huang Qi and such drugs, that can 

support their use by cancer patients.  

Huang Qi in the Literature for Cancer Chemotherapy 

 Meta-Analyses and Literature Reviews. Several large meta-analyses and literature 

reviews identified Huang Qi as a viable herbal treatment for chemotherapy side effects. K.C. 

Cheng et al. (2012) stated that Huang Qi “can help the activation of T-cells and natural killer 

(NK) cells,” and that it “has also been shown to be an adjunct anticancer agent that increases 

resistance to the immunosuppressive effects of chemotherapy drugs while stimulating 

macrophages.” Yeung et al. (2011), cite many studies (Lee, 2003; Rittenhouse, 1991; Cho & 

Leung, 2007) that are also included in this review, showing that Huang Qi reduced the 

suppression of beneficial immune system cell proliferation induced by methotrexate in mice, 

reversed suppression of macrophage function, and restored immune function in mice treated with 

cyclophosphamide. S.G. Li et al. (2013) conducted a meta-analysis on the efficacy of Chinese 

herbal medicine as adjunctive treatment for advanced non-small cell lung cancer, and Huang Qi 

was reported to be the single herb most commonly prescribed among the 24 randomized 

controlled trials with Jadad scores of at least 3/5 that were included. The results of this meta-

analysis included improvements in quality of life, nausea/vomiting, hemoglobin decline, and 

inhibition of white blood cells . 
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 Qi et al. (2015) performed a review summarizing current evidence for using traditional 

Chinese medicines (TCMs) throughout the course of cancer treatment. They reported that Huang 

Qi “ameliorated bone marrow suppression in colorectal cancer patients with chemotherapy, and 

increased the proportions of T-lymphocyte subsets”.  

 

Chart 2-1. Distribution of Studies in This Review by Type 

 
  

Literature on White Blood Cell Recovery 

 The largest number of studies analyzed in this review (27) concerned the recovery of 

white blood cells (WBC) that were damaged in chemotherapy. Several experimental approaches 

were used: 

• Drug-induced suppression of WBC in mice/rats, followed by measurement of WBC 

recovery using Huang Qi and/or Huang Qi plus one or two other herbs  

Distribution of Studies in This Review by 
Type 

White blood cell 

Red blood cell 

Platelet 

Bone marrow 
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• Measurement of total leukocyte counts in peripheral blood after treatment with Huang Qi 

in post-chemotherapy patients 

• Measurement of phagocytic activity of peritoneal macrophages after treatment with 

Huang Qi in tumor-bearing and drug-induced mice 

• Measurement of mouse spleen cell proliferation after treatment with Huang Qi in 

methotrexate-treated mice 

• Measurement of thymocyte count improvement in drug-damaged mice after treatment 

with Huang Qi and Polygonum multiflorum, both separately and combined 

• Measurement of CD3 and CD4 lymphocyte subsets after treatment with Huang Qi in 

Adriamycin-treated mice 

• Measurement of reversal of macrophage suppression  by Huang Qi in urological tumor-

bearing mice (Rittenhouse, Lui, & Lau, 1991) 

• Measurement of healthy hamster spleen lymphocytes after treatment with Astragalus 

corniculatus 

• Increase in WBC counts after treatment with Huang Qi and Angelica sinensis (Dang Gui 

Bu Xue Tang) in radiation-damaged mice 

 Appendix 3 displays a complete table of the WBC studies discussed in this review, along 

with their specific results and p values. Appendices 7 and 8 show the effect size of all studies, 

expressed by Pearson’s correlation coefficient (r). 

Literature on Red Blood Cell and Platelet Recovery 

 Investigating anemia caused by chemotherapy and radiation therapy, several studies 

showed evidence that Huang Qi increased red blood cell production by stimulating erythroid 
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differentiation (Yeung, Gubili, & Cassileth, 2011). Several studies showed that a combination of 

Huang Qi and Dang Gui (Dang Gui Bu Xue Tang) in a 5:1 ratio increased the production of red 

blood cells and platelets by promoting the growth of megakaryocytes and stromal cells in the 

bone marrow (Gao et al., 2008; M. Yang et al., 2009). In Gao’s study, the combination of Huang 

Qi and Dang Gui was greatly more effective when the two herbs were cooked together, 

compared to when they were simply used together, suggesting a synergistic effect of cooking the 

two together (Gao et al., 2008). Results in that study also showed that the combination of Huang 

Qi and Dang Gui in the traditional 5:1 ratio was 97.81% stronger than a 1:1 ratio in promoting 

colony-forming units of the granulocyte-macrophage and erythroid types. 

 In a phase II, double-blind, randomized, placebo-controlled study, a purified extract of 

Huang Qi was tested in 45 patients with cancer-related fatigue (CRF) against 45 patients in the 

placebo control group. The study found a significant improvement in fatigue-improvement 

response rate in the treatment group, and the authors concluded that Huang Qi was able to 

stimulate hematopoiesis to improve CRF (H. W. Chen et al., 2012). 

Literature on Bone Marrow Imaging Studies 

 While all research on immunosuppression must address the bone marrow in one way or 

another, some literature exists that specifically measured changes in the actual bone marrow 

tissue in order to demonstrate damage and recovery. These studies generally show that cancer 

chemotherapy drugs cause changes in the adiposity of the bone marrow, with large fat cells 

occupying a higher percentage of the tissue than normal control tissue. A key study of this type 

showed early recovery of developing hematopoietic stem cells of the myeloid, erythroid and 

megakaryocyte series in subjects treated with Huang Qi along with cyclophosphamide (Ismail, 



ASTRAGALUS AND BONE MARROW SUPPRESSION IN CANCER 22 

Amin, Yacoub, & Mohamed, 2014). Histological analyses of three such studies are shown 

visually in Appendix 5. 

Traditional Chinese Medicine View of Cancer 

Causes 

Endogenous causes. Traditionally, the seven emotional states (anger, grief, fear, worry, overjoy, 

shock and melancholy) can be seen as the way that stress, worry, overwork, and emotional grief 

can suppress the immune system and allow predispositions for cancer growth to take hold (Yu, 

2012). So, while it can seem simplistic to attribute cancer to normal emotions such as sadness, 

worry, fear, etc., the TCM view is that when these emotions are excessive, prolonged or 

unresolved, they can cause disease. The concept of Jing in TCM (the inherited essence of a 

human being from its mother, father and ancestors) can be likened to the role of genetics in 

cancer, which is an important factor indeed.  

Exogenous causes. The six exogenous causes for all illness, including cancer, are climatic 

factors of wind, cold, dampness, dryness, summerheat and fire). 

Miscellaneous causes: 

Environmental causes. Environmental toxins such as pollutants, chemicals in ground water, 

contaminants in the food supply, radiation, plastics, herbicides, pesticides, insecticides, etc. 

(Environmental Working Group). 

Dietary causes. Soiled food, a diet too high in processed food, burned meat, hormone-

contaminated food, a diet low in whole foods, nutrient-rich foods and fresh foods, can all 

contribute to increased cancer risk. Processed meats, such as hot dogs, cured meats, salami, etc 
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and red meats in general have recently been implicated in higher risk for colon cancer (American 

Cancer Society, 2016). 

Drugs. Smoking, overuse of marijuana and excessive alcohol consumption are all included in 

miscellaneous cancer causes. 

 These factors correspond to modern science’s understanding of many of the causes of 

cancer. The TCM concepts of yin/yang balance, the need for calmness of mind, absence of strife, 

the practice of health promotion through movement, all support modern ideas on the role of 

psychological, neurological and immunological health in cancer prevention. 

Patterns and Their Manifestations 

 Traditional Chinese medicine treats disease by pattern differentiation. A pattern is an 

imbalance in factors that should normally be in balance. The most common patterns seen in 

cancer are the following. 

Qi/blood stagnation. This imbalance is commonly seen in the early stages of cancer 

development when groups of cells proliferate abnormally. This stagnation can come from 

emotional depression, which causes the liver to fail to circulate qi and blood, and from inactivity. 

Symptoms include pain, distention, and stuck or stubborn emotional states (Maciocia, 1989). 

Damp/phlegm accumulation. This pattern arises from obesity, dietary imbalance, alcohol, 

spleen deficiency, or damp climatic environments. It is well known that adipose tissue 

abnormally and excessively converts adrenal precursors to estrogens (estrone and estradiol), and 

that excess fat is a factor in estrogen-sensitive cancers (L. M. Chen, 2016). People with this 
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pattern will appear bloated, sluggish and soft, and may have mental fogginess or clouded spirits. 

Diets high in sugar, starch, greasy, fatty, fried foods and fermented foods contribute to 

damp/phlegm accumulation (Flaws, 1991; Pitchford, 1993). 

Heat toxin. In this pattern, infection and inflammation are prevalent, manifesting in lesions, 

lumps, nodules and swellings. An example of a heat toxin leading to cancer is human papilloma 

virus (HPV) causing cervical cancer. Smoking can also lead to heat toxin accumulating in the 

lung and other tissues. When this pattern is advanced, there will be evidence of infection such as 

purulent discharges and even tumors invading to the outer surface of the body, as in advanced 

breast cancer.  

Yang deficiency. This is an imbalance in which yang energy, the motivating, metabolic, 

warming, functional energy, is deficient. The person will be cold, pale, and sluggish and have 

organ hypofunction. An example of yang deficiency leading to cancer is polycystic ovary 

syndrome, causing anovulation and raising the risk for endometrial cancer.  Hypothyroidism is 

another common imbalance related to yang deficiency. 

Qi/yin deficiency. This combination pattern is often seen in advanced stages of cancer, when the 

disease has depleted the body of fluids and operating energy. It can also be a contributor to 

developing cancer, due to depression of the immune system. The qi and yin deficient patient will 

be severely exhausted, have night sweats and low-grade fever, and may enter and leave 

consciousness as the disease advances.  

Blood deficiency. Blood deficiency is the most important pattern to treat when dealing with 

bone marrow suppression caused by cancer chemotherapy. Anticancer drugs damage the bone 



ASTRAGALUS AND BONE MARROW SUPPRESSION IN CANCER 25 

marrow cells, affecting the body’s ability to produce all types of blood cells. Whether the white 

blood, red blood, or platelet cells are diminished, all are considered blood deficiency. In this 

pattern, the patient will feel fatigued, be more susceptible to infections, may have bleeding 

problems, and may possibly have to delay chemotherapy treatment or receive a blood 

transfusion. This issue is the driving idea behind this literature review: whether Astragalus 

membranaceus can alleviate the serious and common adverse blood damage caused by cancer 

treatments.  

TCM Prevention and Treatment 

Plant-Based Medicine to Treat Bone Marrow Adverse Effects of Cancer Drugs 

 Herbal medicine has been used for centuries in China to treat cancer. Some of the most 

frequently used herbs are Panax ginseng, Astragalus membranaceus, Ligustrum lucidum, 

Angelica sinensis, and Curcuma longa (Qi, 2010). Other herbs that appear in this review are: 

Polygonum multiflorum, Codonopsis pilosula, Salvia miltiorrhiza, Zizyphus jujube, and 

Glycyrrhiza uralensis. Most of the important herbs in cancer treatment are classified as either 

“tonic” herbs, which supplement the blood, qi (energy) and immune system, or “anti-toxin” 

herbs, which attack cancer cells. The purpose of this study is to investigate the role of one tonic 

herb, Astragalus membranaceus, in preventing, treating or reversing bone marrow suppression 

caused by cancer chemotherapy drugs. The principal investigator will analyze published studies 

to determine the validity of the research on this herb in bone marrow suppression. The quality of 

the studies will be assessed using standard criteria, including Jadad scores where appropriate. 

The value of this review will be in assembling the recent research on protecting bone marrow so 

that patients, TCM practitioners and oncologists can make reasonable and informed decisions on 
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cancer care. Recommendations for future research will be suggested by weaknesses or gaps 

discovered in the literature.  

 Although Astragalus membranaceus is the main species of Astragalus used in traditional 

Chinese medicine, four of the studies in this review concern related, alternative plants. The 

Taiwanese herb used as Huang Qi is called Hedysarum polybotrys, and it is botanically distinct 

from Astragalus. However, it is the form of Huang Qi used in much research from Taiwan, and 

since it is chemically similar to Astragalus, and used interchangeably with it, two studies 

featuring it are included here (G.-C. Huang, Wu, Chen, Yang, & Wang, 2007) (G. C. Huang et 

al., 2013). Two other studies used a European species of Astragalus called A. corniculatus, and 

they conducted their experiments using the aerial parts of the plant, while all other studies have 

used the traditional root (Toshkova, Krasteva, & Nikolov, 2008; Toshkova, Krasteva, 

Wesselinova, & Nikolov, 2007). 

Herbal Cancer Prevention with Fu Zheng Pei Ben Theory 

 Fu Zheng Pei Ben (“support the righteous, shore up the root”) therapy refers to herbal 

treatment to boost the normal qi and support the root cause of disease. It can be used 

preventively or therapeutically, to treat side effects of chemotherapy, such as bone marrow 

suppression and fatigue. Fu Zheng therapy can be used as pre-treatment prior to radiation to 

strengthen the body so that radiation is less damaging and more effective (Pan, 1987). Typical 

herbs used for prevention, pre-treatment or concurrently with Western treatment are: 
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Table 2-1. Fu Zheng Herbs for Pretreatment, Concurrent Treatment, or Prevention of Cancer (Pan, 1987) 
 
Qi Tonics Blood Tonics Yin Tonics 
Huang Qi, Astragalus membranaceus He Shou Wu, Polygonum multiflorum Nu Zhen Zi, Ligustrum lucidum 
Dang Shen, Codonopsis pilosula Shu Di Huang, Rehmannia glutinosa Bei Sha Shen, Glehnia littoralis 
Bai Zhu, Atractylodis macrocephala Gou Qi Zi, Lycium barbarum Mai Men Dong, Ophiopogon japonicus 
Fu Ling, Poria cocos Ji Xue Teng, Spatholobus suberectus Qian Shi, Euryale ferox* 
Shan Yao, Dioscorea opposita  *an astringent herb that holds in fluids 
Gan Cao, Glycyrrhiza uralensis   
Huang Jing, Polygonatum sibiricum   
  

 According to Subhuti Dharmananda, Ph.D., several yang tonics are also used in Fu Zheng 

therapy, such as Rou Gui, Lu Rong, Xian Mao, Tu Si Zi, and Gou Ji. Polysaccharides from 

mushrooms such as Coriolus versicolor, are also used (Dharmananda). 

 

Figure 2-1. Coriolus versicolor 

Herbal Treatment to Directly Fight Cancer 

 As discussed above, there are many TCM patterns that manifest in cancer, and each one 

has its herbal treatments. It is not the intent of this paper to outline all possible herbal treatments, 

but there is one category of herbs, known to treat heat and toxin, that are primarily used in TCM 

cancer treatments. These herbs have demonstrated cancer-fighting properties and actions, and are 

detailed in the table below. The herbs in this table have been described as having antineoplastic 

effects, and research has been cited for each one, except for the ones attributed to Penner. 
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Table 2-2. Traditional Clear Heat and Toxin Herbs for Cancer Treatment (J. Chen, 2009) 
 
Herb Pinyin Name Herb Botanical Name Type of Cancer/Action 
Bai Hua She She Cao Oldenlandia/Hedyotis Various 
Ban Zhi Lian Scutellaria barbata Acute leukemia; inhibits tumor growth 
Da Qing Ye Isatis tinctoria (leaves) Leukemia, sarcoma, lung 
Dong Ling Cao Rabdosia rubescens Esophageal, liver (rat); inhibits stomach 

cancer cells 
Ku Shen Sophora flavesens Antineoplastic; non-specific 
Qing Dai Isatis tinctoria (indigo) Lung and breast (mice) 
Shan Dou Gen Sophora subprostrata Throat, lung, breast (Penner) 
Tu Fu Ling Smilax glabra Urinary bladder, liver 
Ya Dan Zi Brucea javanica Esophageal, stomach, rectal, cervical 
Zhu Ling Polyporus umbellatus Lung (Penner) 
 
 
Table 2-3. Other Herbs with Proven Mechanisms Against Cancer (Deng, 2012) 
 
Herb pinyin name Herb Botanical name Action 
Yu Jin Curcuma aromatica Promotes apoptosis of colorectal cancer cells 
 Ji Xue Teng Spatholobus suberectus Promotes apoptosis of colorectal cancer cells 
Bai Hua She She Cao Houtuynia cordata Promotes apoptosis of colorectal cancer cells 
Bai Hua She She Cao Hedyotis diffusa Promotes apoptosis of colorectal cancer cells 
Chuan Lian Zi Melia toosendan Suppresses proliferation 
Chan Shu Venenum bufonis Induces autophagy, mediates colon cancer 

cell death 
Ling Zhi Ganoderma lucidum Inhibits cell proliferation 
Huang Lian Coptis chinensis Inhibits colon cancer cell migration 
Huang Bai Phellodendron amurense Inhibits colon cancer cell migration 
Rou Cong Rong Cistanches deserticola Reduces mucosal hyperplasia and stimulates 

immune system 

 

Integration of Western and TCM Treatment of Cancer and Myelosuppression 

 The integration of Western and traditional Chinese medicine in cancer treatment is a 

subject too vast for all but a brief discussion here. In many parts of the world, especially China 

and Germany, the combined use of herbal treatment and conventional cancer treatment is far 

more widespread than in the U.S. A recent study estimated that 66.44% of cancer patients in 

China combined the use of herbal medicine with Western treatment (Liu et al., 2011). In 

Hamburg, Germany, the Breast Center Hamburg of the Jerusalem Hospital offers a variety of 



ASTRAGALUS AND BONE MARROW SUPPRESSION IN CANCER 29 

integrative oncology methods to their breast cancer patients, including acupuncture, dietary 

counseling, Qigong and Chinese herbs. Herbal medicine is given postoperatively until the start of 

chemotherapy, and in between cycles of chemotherapy, especially when the patients suffer 

hematological toxicity (Dobos, Kirschbaum, & Choi, 2012). 

 In the U.S., many oncologists discourage the combination of herbal medicine and 

chemotherapy because of the fear of harmful interactions. However, two meta-analyses yielded 

evidence that herbal medicine is beneficial in the care of cancer patients (McCulloch et al., 2006; 

Taixiang, Munro, & Guanjian, 2005). Taixiang et al. (2005) found that Astragalus 

membranaceus reduced nausea, vomiting, diarrhea, bone marrow suppression, hepatotoxicity 

and other chemotherapy-related side effects, with no adverse effects on the conventional 

treatment. McCullogh et al. (2006) evaluated 34 studies representing 2,815 patients and 

concluded that Huang Qi may increase the effectiveness of platinum-based chemotherapy. 

 A 2016 study showed that Panax quinquefolius (American ginseng) and Panax 

notoginseng potentiated the cancer-fighting action of fluorouracil (5-FU) (C. Z. Wang, 

Anderson, Du, He, & Yuan, 2016).  This study concluded that the use of these ginsengs could 

allow 5-FU to be decreased, thereby reducing toxic damage to patients. The Astragalus 

compound Astragaloside II was found to have a reversing effect on multi-drug resistance of 

cancer cells (C. Huang et al., 2012), thereby increasing patient survival time. 

 A prospective, controlled study conducted in Israel (Yaal-Hahoshen et al., 2011) found 

significant improvement in anemia and neutropenia in breast cancer patients who were given an 

herbal mixture containing Huang Qi and other Chinese herbs. The herbal treatment was given 

starting two weeks before chemotherapy and continued throughout chemotherapy. The results 
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were significant compared to the placebo control group. The authors concluded that the herbal 

treatment was safe and well tolerated and did not interact with the chemotherapy treatment. 

These conclusions were later criticized in a letter to the editor of the journal Oncologist, due to 

the lack of pharmacodynamic and pharmacokinetic analyses performed (Mooiman, Goey, 

Meijerman, Beijnen, & Schellens, 2012). This issue will be discussed further in Chapter 5. 

 Whether or not individual oncologists, researchers or patients will be persuaded that it is 

safe and effective to use herbal medicine during cancer chemotherapy, there are other ways to 

integrate Western and TCM treatments for immunosuppression. Because erythropoietin (EPO) is 

produced in the human kidney and liver, the TCM strategies for tonifying these organs can be 

used to improve anemia pre- or post-chemotherapy (Chang et al., 2009b). And because EPO also 

protects against ischemia/reperfusion injury, blood movers such as Salvia miltiorrhiza (Dan 

Shen) and blood tonics such as Angelica sinensis (Dang Gui) can be used to build and move the 

blood if bone marrow is compromised. 

 Acupuncture. In the U.S., acupuncture is used far more often than herbal medicine in an 

integrated Western/TCM approach, because it is perceived to be safer than herbal medicine. The 

opposite is true in China, where in Liu’s 2011 review of cancer patients in China, only 1.8% of 

the reports dealt with acupuncture (Dobos et al., 2012). There is much evidence that acupuncture 

improves chemotherapy-induced nausea, vomiting and fatigue, and breast cancer patients who 

suffer from joint pain related to aromatase inhibitors (for example, anastrozole) find that 

acupuncture significantly relieves the joint pain (Crew et al., 2010). 

 A 2011 review of acupuncture studies on the effects of acupuncture on natural killer cell 

(NK) activity found that NK levels in peripheral blood were significantly elevated at Day 1, Day 
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2 and Day 8 after acupuncture stimulation at ST36 and other acupuncture points (Johnston, Ortiz 

Sanchez, Vujanovic, & Li, 2011). These findings suggest that regular acupuncture could be used 

as a cancer preventive intervention in an overall program of Western/TCM integration. 
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Chapter Three: Methods 

Study Design 

 This study is a mixed method, quantitative and qualitative study. Certain data in the 

reviewed articles are quantifiable: for example, the p values in the experiments, the specific 

numbers of WBCs in the treatment and control groups, and the bone marrow histologies with and 

without treatment with herbs. Pearson’s correlation coefficient values (r) will be calculated when 

possible. Other aspects of the studies will have to be assessed using qualitative measures, due to 

the heterogeneity of the selected studies. Several studies investigate erythropoietin production 

with and without herbal treatment, but one is an animal study (Chang, 2009), while another is an 

in vitro study (Gao, 2008). Leukocyte levels may be shown to be restored more quickly in 

treatment versus control groups of humans (Chen, 2005), whereas total leukocytes are measured 

in vitro in another study (Ismail, 2014). In a literature review, mixed method research is the 

preferred way to validate conclusions when the studies require two different approaches 

(Creswell, 2002; Roberts, 2010). Roberts (2010) states, “Numerical data may be included in a 

qualitative study, and narrative data may be included in a quantitative study,” and “Qualitative 

and quantitative approaches in a single study complement each other by providing results with 

greater breadth and depth.” 

Literature Search Methods 
 
 Searches were conducted in the following databases: Pub Med, Web of Science, 

Cochrane Library, Scopus, Biomedcentral, Access Medicine, Medline Plus, Google Scholar, and 

the UCLA Center for East-West Medicine.  The following journals were searched: American 

Journal of Chinese Medicine, Shanghai Journal of Traditional Chinese Medicine, Chinese 

Journal of Integrative Medicine, Journal of Clinical Oncology, and Journal of 
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Ethnopharmacology. Websites consulted were the UCLA Center for East-West Medicine; Tang 

Center for Herbal Medicine Research, University of Chicago; Memorial Sloan-Kettering Cancer 

Center, New York; and Block Center for Integrative Cancer Treatment, Skokie, Illinois.  

 The following search terms were used: Astragalus cancer chemotherapy, oncology 

Chinese herbs, cancer chemotherapy Chinese herbs, Astragalus cancer care, Huang Qi cancer 

chemotherapy, Astragalus chemotherapy adverse effects, bone marrow suppression Astragalus, 

Astragalus immunosuppression, Huang Qi immunosuppression, Astragalus leukopenia, huang qi 

leukopenia, Astragalus bone marrow, huang qi bone marrow, myelotoxicity, leukocytes, 

erythrocytes, thrombocytes, erythropoeisis, neutropenia. 

 The initial searches using the above terms produced 165 articles in a broad range, 

including articles on Astragalus as an adjunct treatment for cancer; Astragalus in complementary 

and alternative medicine; phytochemical composition of Astragalus, etc. Narrowing the search to 

concentrate on chemotherapy side effects/immunomodulatory effects left 40 plus articles 

covering many side effects, including nausea/vomiting, fatigue and cachexia, kidney and liver 

damage, and myelosuppression. These proved too heterogeneous for a logical analysis and 

comparison, so the search was narrowed further to include only articles on bone marrow 

suppression and immune system function. Further exclusion of articles that used herbal 

interventions of more than three herbs, where Astragalus was not the primary herb, left 30 

articles that remained for this analysis (see Appendix 2 for a table of all 30 articles).  

 Final inclusion criteria for articles were: articles in English only, articles include the 

study of Astragalus membranaceus or equivalent species, animal, human or in vitro studies, 

articles study adverse effects of bone marrow suppression and/or immunosuppression; articles in 
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Chinese were eligible if they could be translated within the investigator’s time and financial 

resources. Four articles qualified in this way (Duan, 2002; Lv, 2005; Zhang, 2011; Zhu, 2001). 

 Exclusion criteria were articles not in English, or unavailable translation; articles 

studying Astragalus membranaceus with drugs other than cancer drugs; articles published prior 

to 1990. 

 Full text articles were obtained through remote access to the UCLA library system 

through a proxy server, or if unavailable there, through the Yo San University librarian’s inter-

library loan capability.  

 Of the 30 final studies, 19 used Astragalus membranaceus (Huang Qi) alone, nine  

utilized Huang Qi with one other ingredient, one used Huang Qi with two additional ingredients, 

and one used Huang Qi as the major ingredient in a commonly used formula of 11 herbs (Zhang, 

2011). This study will assess, when possible, the significance of Huang Qi aside from any other 

substance with which it was combined. The majority of studies were animal studies (mostly rat 

and mice), and some were laboratory studies measuring cell proliferation, bone marrow histology 

and organ size (spleen and thymus). The chemotherapy drugs that were involved in the studies 

are included in Table 1-1, Chapter 1. 

 Articles that met inclusion criteria were organized into a table (see Appendix 2, Data 

Extraction Table Overall Study Results) sorted by author name, date of publication, cancer drug 

studied, herb(s) studied, component of bone marrow, main findings, and p values. Next, articles 

were divided into four groups for comparison: 1) white blood cell studies, 2) red blood cell 

studies, 3) platelet studies, and 4) bone marrow histology studies. The purpose of this review was 

to determine the relevance and validity of the studies so that conclusions could be drawn as to 
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their clinical usefulness to oncologists, patients, practitioners of traditional Chinese medicine, 

and other researchers.  

 
Table 3-1. Journals from which Studies were Retrieved 
 
Journal Title Author, Year 
African Journal of Traditional, Complementary, and Alternative Medicines Tian, 2014 
American Journal of Chinese Medicine Wei, 2005 
Carbohydrate Polymers Guo, 2012 
Chinese Journal of Integrated Western and Chinese Medicine  Duan, 2002; 

Weng, 1996 
Glycoconjugate Journal Jiang, 2016 
Immunopharmacology and Immunotoxicology  Li, 2008 
International Journal of Biological Macromolecules B. Yang, 2013 
International Journal of Clinical and Experimental Medicine Zhao, 2015 
International Journal of Stem Cells  Ismail, 2014 
Journal of Chinese Medicinal Materials  Lv, 2005 
Journal of Ethnopharmacology  Cho, 2007; 

Huang, 2007; 
Lee, 2003; 
Toshkova, 2007-
08; 
J. Wang, 2012; 
M. Yang, 2009 
 

Journal of Medicinal Food  Chang 2009 
Journal of Traditional Chinese Medicine   Chen, 2005 
Journal of Urology  Rittenhouse, 1991 
Journal of West China University of Medical Sciences  Zhu, 2001 
Molecules Huang, 2013 
Phytotherapy Research  Song, 2011; 

Zhu, 2007 
 

Planta Medica Gao, 2008 
Public Library of Science (PLOS ONE) Zhuge, 2012 
Shanghai Journal of Traditional Chinese Medicine Zhang, 2011 
Singapore Medical Journal  Khoo, 1995 
World Journal of Gastroenterology  Shin, 2008 
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Chart 3-1. Studies in This Review by Type 

 

Instrumentation and Data Analysis 
 
 

 For each study possible, Cohen’s d values for effect size were calculated using the 

Institut für psychologische Diagnostik’s psychometrica online calculator. Cohen’s d values were 

then converted to Pearson’s correlation coefficient, r, using a conversion formula derived from 

The Handbook of Research Synthesis (Cooper, 1993 p. 239). The resulting r values are shown in 

Appendix 6.The author believes that r values provide a more specific measure of the significance 

of findings than p values. This is because an r value falls between 0 and .99, so it is easy to 

interpret. 

 The studies that were not able to be assigned an r value are shown in Appendix 9. Some 

of these studies presented their data in slide format (mostly the bone marrow histological 

studies). One additional study (Duan, 2002) reported a quite significant increase in the CD4/CD8 

ratio of Huang Qi treated tumor patients, pre- and post-trial, compared to a decrease in the ratio 

Studies in This Review by 
Type 

Animal 

Human 

In Vitro 
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of the control group, pre- and post-trial. These data did not lend themselves to the assignment of 

an r value, as will be discussed in Chapter 4. 

Ethical Concerns 
 
 

 Since this paper is a research review, and does not involve human subjects, no consent 

was required of any party. The author states that she has no conflicts of interest with regard to 

this research. 
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Chapter 4: Results 

 This chapter will present in detail the results yielded by the studies in the four categories. 

White Blood Cells 

 Animal studies using chemotherapy drugs as control. Eleven of the fifteen studies on 

white blood cells and their related components were animal studies (mice and rats), and they 

used one of the four following common chemotherapy drugs: cyclophosphamide (CY), 

fluorouracil (5-FU), doxorubicin (adriamycin, AMD) or cisplatin (DDP). All but one study 

(Khoo, 1995) showed significant results in the following areas. 

 Recovery of normal WBC values. Huang (2007) demonstrated that CY-treated mice in 

the Huang Qi/Gan Cao/Da Zao (6:1:1) group experienced a significant delay in the decline of 

WBC, and a faster recovery than the control group (p<0.05). Cho (2007), Ismail (2014), Li 

(2008), Shin (2008), Song (2011), and Wei (2004) all reported significant increases in 

splenocytes, thymocytes, leukocytes, T lymphocytes and other lymphocyte subsets in the Huang 

Qi-treated groups compared to the drug-only control animals.  

 In Shin’s (2008) study, three groups of 10 mice were treated with fluorouracil (5-FU), 

and the treatment groups were additionally treated with a low-dose or high-dose of the 

combination of Huang Qi and Salvia miltiorrhiza. At Day 14 after treatment, only 30% of the 

control group mice had survived, compared to 70 - 80% (based on low or high dose) of the 

treatment group. In a second part of the experiment, three groups of 20 mice were treated with 

the same protocol. At Day 13, white blood counts were measured, and the low-dose treatment 

group showed a white blood count increase almost two-fold over the control group. This is one 

of three studies in the present review that showed better results with a lower dose of the herbal 

treatment. The authors did not postulate a reason for this finding, but they justified the use of 
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Huang Qi plus Salvia with references to this combination’s effects on platelet aggregation and 

atherosclerosis. In traditional Chinese medicine, Salvia is considered a “blood invigorator,” 

which supports its use in these two conditions, but it might be that Salvia alters or reduces the 

“tonic” effects of Huang Qi. All other herbs combined with Huang Qi in this review are tonic 

herbs and not invigorating herbs. It might be that the higher dose of Huang Qi plus Salvia 

lessened the effect on white blood cell recovery in this experiment. 

Table 4-1. Results from Shin, 2008 
 
Title: Myelophil, a mixture of Astragali Radix and Salviae Radix extract, moderates toxic side 
effects of fluorouracil in mice 
Author/Year Control group Astragalus Groups p value 
Shin, 
2008 

5-FU 
n=10 

Low dose Huang Qi + 
Salvia + 5-FU or not 
 n= 10 

High dose Huang Qi + 
Salvia 
n=10 

 

Survival at 14 d 30% 70-80%  
 n=20 n=20 n=20  
WBC at 13 d x103 
cells/µL 

3.7 ± 1.5 6.4 ± 1.6 4.2 p<0.05 

Shin, 2008: Results showing % mouse survival at 14 days and WBC counts at 13 days after treatment with Huang Qi + Salvia 
miltiorrihiza in 5-FU-induced myelosuppressed mice 
 

 Wang (2012) used as one of his control groups the standard treatment to stimulate bone 

marrow, which is pharmaceutical recombinant human granulocyte-stimulating factor (rhG-CSF), 

known as filgrastim or lenograstim. Five groups of 10 mice each were injected with 

cyclophosphamide (CY) on Day 4 of 10 consecutive days of treatment with either rhG-CSF, or 

low, medium or high dose of Huang Qi plus Codonopsis pilosula. On Day 6, peripheral white 

blood cell counts showed that the high-dose herbal treatment group had a greater recovery than 

any of the other groups, including the rhG-CSF group.  
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Table 4-2. Results from Wang, 2012 
 
Title: Immuno-enhancement effects of Shenqi Fuzheng Injection on cyclophosphamide-induced 
immunosuppression in Balb/c mice 
Author/Year Control Groups Astragalus Groups p value 
Wang, 
2012 

Normal 
saline 
n=10 

CY + saline 
n=10 

CY + rhG-
CSF 
n=10 

CY + low 
dose 
SFI 
n=10 

CY + 
medium 
dose SFI 
n=10 

CY + high 
dose SFI  
n=10 

 

PWBC x109/l on 
Day 6 

9.26 2.51 3.08 ± .57 3.36 4.28 4.89 ± .52 p<0.01 

Wang, 2012: Results showing recovery of peripheral white blood counts on Day 6 after treatment with SFI on CY-induced 
immunosuppressed mice; rhG-CSF = recombinant human granulocyte-stimulating factor; SFI = Shenqi Fuzheng Injection (Radix 
Codonopsis + Radix Astragali) 
 
 M. Yang (2009) caused myelosuppression in mice using radiation, after which he treated 

six mice using standard thrombopoietin (TPO) and six with Huang Qi plus Angelica sinensis (a 

combination known as Dang Gui Bu Xue Tang, DBT). On Day 21 after treatment, white blood 

counts showed significant increases in both the TPO and the DBT groups, almost double the 

counts of the water control group. 

Table 4-3. Results from M. Yang, 2009 
 
Title: An herbal decoction of Radix astragali and Radix angelicae sinensis promotes hematopoiesis 
and thrombopoiesis 
Author/Year Control Groups Astragalus Group p value 
M. Yang, 
2009 

Water 
n=6 

TPO 
n=6 

DBT (Astragalus membranaceus 
+ Angelica sinensis, 5:1) 
n=6 

 
 

WBC counts on Day 
21 x 106/ml 

3 ± 1.5  6 6 ± .2 p<0.01 

M. Yang, 2009: Results showing increased WBC recovery after treatment with Huang Qi and Angelica sinensis (DBT) compared 
to treatment with thrombopoietin (TPO) in radiation-induced myelosuppressed mice 

 Increase in CD4/CD8 ratio. The ratio of CD4/CD8 lymphocyte subsets is often used as 

a measure of the strength of the immune system. A ratio below 2:1 indicates immune suppression 

due to HIV, cancer chemotherapy and other causes. Li (2008) and Song (2011) both 

demonstrated significant increases in the ratio of CD4/CD8 after treatment with Huang Qi, which 

indicated recovery of normal immune system function (p<0.05 in both studies). One of the few 

human studies in this review (Duan, 2002) showed an increase in the CD4/CD8 ratio in patients 



ASTRAGALUS AND BONE MARROW SUPPRESSION IN CANCER 41 

who were treated with Huang Qi injection by IV drip compared to the control group, who 

received chemotherapy only. The treatment group was given the IV drip once per day for 21 

days as one course, and four courses were given successively. Compared to the control group, 

whose CD4/CD8 ratio actually decreased after treatment, the Huang Qi group’s ratio increased 

significantly (p<0.01). 

 Effect on tumor growth and phagocytic function. B. Yang, Xiao, and Sun (2013) 

showed that hepatocarcinomas in mice were inhibited in their growth by the cancer drug  

fluorouracil (5-FU) and by a high-dose of Huang Qi, with the former showing an inhibition rate 

of 64.96% and the latter of 50.59%. In the same study, they also measured the phagocytic 

function of intra-abdominal macrophages in the same mice, and found a highly increased 

phagocytic rate in the Huang Qi group over the 5-FU group (46.92% compared to 19.56%). The 

authors concluded that Huang Qi inhibited tumor growth via improving immune function and 

therefore “seems to be safe and effective for the use of anti-tumor therapy” (B. Yang, Xiao, & 

Sun, 2013). 

 Spleen lymphocyte proliferation. One in vitro study (Zhao, 2015) investigated the 

effect on spleen lymphocyte proliferation in cyclophosphamide-treated mice using a standard 

traditional Chinese medicinal herb Chuanminshen violaceum, in the Apiaciae/Umbelliferae 

family. In this study, Astragalus polysaccharide was used in one group of mice as a positive 

control, and therefore, proliferation in the Astragalus group could be compared to the negative 

control group. The results showed a significant increase in lymphocyte proliferation in the 

Astragalus group compared to the negative control group. 

 Increase in proliferation of dendritic cells to reduce tumor growth. (Y. Tian et al., 

2014) used a mouse model to show how Huang Qi injection could precipitate the maturation of 
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dendritic cells to promote macrophage activity and reduce tumor growth. Dendritic cells are a 

powerful link between the innate and adaptive immune system, and therefore play a great role in 

promoting tumor death.  

 

Figure 4.1. The difference in size of tumor cells from Huang Qi-treated mice (top) compared to control mice 
(bottom), from Y. Tian (2014) 

  

 Studies using controls other than chemotherapy drugs. Chen (2005), one of the three 

human studies in this review, injected Huang Qi into the acupuncture point ST36 in 45 cancer 

patients with post-chemotherapy leukopenia. The control group of 38 similar patients was treated 

with Leucogen, lithium carbonate and Gan Xue Bao, a TCM preparation that was not described, 

but that is likely a formula for tonifying liver blood. He reported results of marked effect 

(restoration of the total and differential leukocyte counts in peripheral blood to the normal range) 

and improvement (increase but not reaching the normal range) in 82.22% of the patients, 

compared to 51.51% for the control group.  

 Rittenhouse (1995) used mice with immunosuppression caused by urological tumors as 

the treatment group with Huang Qi and Ligustrum lucidum against normal non tumor-bearing 

mice as controls. He proved that there was a significant reversal of macrophage suppression 

(p<0.05) in the treatment group. This was an in vitro study assessing macrophage function by 

measuring chemiluminescent oxidative burst, which was markedly depressed in both groups of 

cells, but completely or partially restored in the Huang Qi and Ligustrum groups, and slightly 

more so in the combination group. Chemiluminescence is the emission of light as the result of a 
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chemical reaction. One limitation of this study might be that the researchers used cells from an 

unspecified number of mice. 

 

Figure 4.2. Chemiluminescence after a reaction of luminol and hemoglobin 

 Weng (1996), in another human study, administered Huang Qi in a high and low dose 

(control) to 115 leucopenic patients (from various causes, not necessarily chemotherapy drugs), 

with results of 82.65% “markedly effective” in the high-dose group and 47.35% “effective” in 

the low-dose group. The standard for judgment of effectiveness was the increase in total WBC 

numbers, combined with alleviation or improvement of clinical symptoms.  

 The three studies discussed above (Chen, 2005; Rittenhouse, 1991; Weng, 1996) were 

substantially different from the other WBC studies, presenting difficulty in comparing their 

results to one another and to the overall group. They also showed some weakness in design or 

execution; however, their results contribute support to the general thesis of Huang Qi’s 

contribution in alleviating myelosuppression. 

 Several studies used Huang Qi and Angelica sinensis (Dang Gui) together, which is a 

common combination known as Dang Gui Bu Xue Tang (DBT). Classically, the ratio of Huang 

Qi to Dang Gui should be 5:1. These studies also contribute to the understanding of the thesis, 

since clinicians almost always use a combination of herbs rather than one single herb.  
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Red Blood Cells 

 Five studies are included in this section, two of which used the DBT (Huang Qi/Dang 

Gui) combination (Chang, 2009; M. Yang, 2009). Shin used the Huang Qi/Dan Shen 

combination, and two others used Huang Qi alone (Lv and Weng). All but one study (Weng, 

1996) showed significant increases in peripheral red blood cells, erythropoietin gene expression, 

or increased erythrocyte lineage in bone marrow colony-forming units. M. Yang et al. (2009) 

found that Huang Qi/Dang Gui (5:1) significantly increased RBC recovery time after irradiation, 

even greater than the control mice treated with thrombopoietin, which is known to stimulate the 

production of red blood cells as well as platelets. This result is similar to his findings regarding 

white blood cells, discussed in the prior section.  

Table 4-4. Results from M. Yang, 2009 
 

Title: An herbal decoction of Radix astragali and Radix angelicae sinensis promotes hematopoiesis 
and thrombopoiesis 
Author/Year Control Groups Astragalus Group p value 
M. Yang, 
2009 

Water 
n=6 

TPO 
n=6 

DBT   
n=6 

 
 

RBC counts on Day 
21 x 109/ml 

6 ± .5 9 10 ± 1 p<0.001 

M. Yang, 2009: Results showing increased RBC recovery after treatment with Huang Qi and Angelica sinensis (DBT, 5:1) 
compared to treatment with thrombopoietin (TPO) in radiation-induced myelosuppressed mice 
 
 
 Chang (2009) induced anemia in five groups of rats by injecting cyclophosphamide (CY); 

then the rats were treated for 14 days with either Huang Qi alone, Angelica sinensis alone, or a 

combination of the two herbs. RBC enhancement results were reported only for the control (CY 

alone) and combination herbal groups, and the latter showed significantly higher RBCs than the 

control.  
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Table 4-5. Results from Chang, 2009 
 

Title: Treatment with Astragali radix and Angelicae radix enhances erythropoietin gene expression 
in the cyclophosphamide-induced anemic rat 
Author/Year Control Groups Astragalus Groups p value 
Chang, 
2009 

Normal rats 
 

Control 
(CY alone) 

AMW 
(Astragalus + 
CY) 

AGW 
(Angelica + 
CY) 

AAC 
(Astragalus + 
angelica + CY) 

 

RBC count 
x106 

 
 

5.7 ± .32   6.1 ± 0.2 p<0.05 

Chang, 2009: Results of RBC enhancement after treatment with Astragalus membranaceus and Angelica sinensis in CY-induced 
anemic rats 
 
 
 Lv (2005) investigated the effect of low and high-dose Huang Qi treatment on anemic 

mice and found significant improvement in both RBCs and in colony-forming units of the 

erythroid line (CFU-E) in bone marrow cells. Interestingly, the largest increases of both were 

found in the low-dose Huang Qi group, compared to the high-dose group. The same result held 

true for all cell types in Lv’s experiment: white blood cells, red blood cells, platelets and bone 

marrow cells. The low dose was 500 mg/kg and the high dose was 1,000 mg/kg. 

Table 4-6. Results from Lv, 2005 
 

Title: Study on effect of Astragalus membranaceus injection on hematopoiesis in anemic mice with 
myelosuppression 
Author/Year Control Group Astragalus Groups p value 
Lv, 
2005 

Anemic mice 
n=12 

Low-dose Huang Qi 
n=12 

High-dose Huang Qi 
n=12 

 

RBC on Day 7 x 
1012/L 

8.44 ± .54 8.98 ± .43 8.76  p<0.05 

CFU-E 47 ± 15 78 ± 25 64 p<0.01 
Lv, 2005: Results showing increase in RBC and in colony-forming units of erythroid line (CFU-E) after treatment with Huang Qi 
on myelosuppressed mice 
 

Platelets 

 Six studies investigated the effect of Huang Qi on platelets. Both Chang (2009) and M. 

Yang (2009) used Huang Qi and Dang Gui together. Chang divided cyclophosphamide-induced 

anemic rats into groups treated with three herbal variations: Huang Qi alone, Dang Gui alone, 

and a combination of the two. He then performed hematological evaluations of testis tissue, 
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using polymerase chain reaction (PCR), a technique used to detect RNA. He found that 

erythropoietin mRNA levels in rat kidneys were highest in the group treated with the 

combination compared to the control group, which received no herbal treatment. Huang Qi used 

singly achieved enhanced blood results, but the combination treatment yielded the most 

significant results. 

 M. Yang (2009) also tested the combination Huang Qi and Dang Gui in radiation-induced 

thrombocytopenic mice, against a control group treated with thrombopoietin (TPO). He found 

that platelet recovery on Days 7, 14, and 21 after irradiation was significant in the herb-treated 

mice, and was similar to the TPO-treated group. He also found that bone marrow in the herb-

treated mice had significantly increased recovery of megakaryocytes, colony-forming units and 

bone marrow stromal cells compared to the water control (mice not treated with herbs or EPO).  

Table 4-7. Results from M. Yang, 2009 
 

Title: An herbal decoction of Radix astragali and Radix angelicae sinensis promotes hematopoiesis 
and thrombopoiesis 
Author/Year Control Groups Astragalus Group p value 
M. Yang, 
2009 

Water 
n=6 

TPO 
n=6 

DBT  
n=6 

 
 

Platelet counts on 
Day 21 x 106/ml 

350 ± 100  500   500 ± 60 p<0.01 

M. Yang, 2009: Results showing increased platelet recovery after treatment with Huang Qi and Angelica sinensis (DBT, 5:1) 
compared to treatment with thrombopoietin (TPO) in radiation-induced myelosuppressed mice. Note: Numbers not reported, only 
shown on graph. Author had to estimate. Huang Qi-treated group was similar to TPO group. 
 

 Two studies (Zhu, 2001; Zhu, 2007) used Huang Qi injection to test for platelet recovery 

in CY-induced mouse myelosuppression, with significant platelet and CFU increase in the 

treatment groups, compared to the control group (CY alone).  
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Table 4-8. Results from Zhu, 2001 
 

Title: Effect of Astragalus membranaceus injection on megakaryocyte hematopoiesis in anemic 
mice 
Author/Year Control Groups Astragalus Group p value 
Zhu, 
2001 

Normal control Anemic control AMI + CY  
 

Platelet count day 11 x 
1012/L 

207.5  101 ± 25.4 159.4 ± 33.6 p<0.05 

Platelet count day 14 x 
1012/L 

207.5  167.4 ± 32.7 180.1 ± 35.1 p<0.05 

Zhu, 2001: Results showing platelet recovery on days 11 and 14 after Huang Qi treatment in CY-myelosuppressed mice 
 
 Two studies reported no effect on platelets: Khoo (1995) found that the combination of 

Huang Qi and Ligustrum lucidum (Nu Zhen Zi) in CY-induced myelosuppressed mice did not 

result in increased platelets, and Weng (1996) studied a high-dose and a low-dose Huang Qi 

concentration given orally to leucopenic patients twice a day for eight weeks, and found no 

platelet improvement (although he did report significant WBC improvement, which is discussed 

above).  

Bone Marrow Histology 

 Four studies fell into this category, all with similar results. Shin (2008) demonstrated that 

Huang Qi and Dan Shen caused moderate improvement in bone marrow cellularity compared to 

the control group, when damage was induced by fluorouracil (5-FU). Yang (2009) demonstrated 

a 70% increase in bone marrow cellularity (colony-forming units) when using Huang Qi and 

Dang Gui (5:1), compared to the control mice, which were given standard drug treatment 

thrombopoietin (TPO), with a p<0.01. Ismail (2014) showed a significant increase in 

hematopoietic stem cells and improved bone marrow cellularity using Huang Qi alone in 

cyclophosphamide-damaged mice compared to controls with variations in treatment and drug. 

Representative images of bone marrow histology are shown in Figure 4-1. These images 

demonstrate the marked damage indicated by an increase in bone marrow fat cells in the rats 

treated with CY alone (B), compared to the group treated with Huang Qi alone (E). Picture C 
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shows early recovery of normal bone marrow cells in the group that was treated with both CY 

and Huang Qi. 

 

Figure 4-3. Example of bone marrow histology photomicrographs from Ismail (2014). 
A: control group, B: CY-only, C: CY + Huang Qi extract-treated for one week, D: CY + Huang Qi for three days, E: 
Huang Qi for one week, F: Extra three days of CY 
 

 

 

Figure 4-4. Another image from Shin (2008) showing bone marrow cellularity. The control group shows extensive 
fat cells while the two treatment groups show return to normal. 
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Chapter 5: Discussion 

Discussion 

Bone marrow suppression in cancer patients undergoing chemotherapy treatment is a 

serious problem that often necessitates disruption of treatment while the patient recovers. 

Reduction of white blood cells raises the risk of serious infections that may themselves be life-

threatening. Anemia due to red blood cell damage is a quality-of-life problem because patients 

can experience debilitating fatigue and depression. Lowered platelet counts can lead to 

unacceptable bleeding problems.  

Based on traditional Chinese medicine’s understanding of the properties and actions of 

Huang Qi, and widespread modern research on its immunoprotective properties and actions, this 

review hypothesized that Huang Qi could be a useful herbal intervention to prevent, treat or 

reverse bone marrow suppression. The findings of the 30 studies reviewed here show strong 

evidence supporting Huang Qi’s beneficial effects on white blood cells, red blood cells, platelets 

and bone marrow composition. 

Clear, quantifiable evidence exists in these studies that Huang Qi alone and in 

combination with one or two other herbs exerts a rapid and potent effect on various cell types 

and immune system activities. All three cell types (white, red, platelet), as well as macrophage 

activity; lymphocyte subsets CD3, CD4, CD8 and CD4/CD8 ratio; natural killer cells; and 

colony-forming units in bone marrow were positively affected by pre-treatment or concurrent 

treatment with Huang Qi and anti-cancer drugs. Only Khoo (1995) and Weng (1996) found no 

effect on white blood count, red blood cell and platelet recovery.  
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 The majority of the studies were animal (70%), and only three were human trials. The 

animal studies were designed to test shorter term results than most human studies, with the 

shortest study period being one day and the longest being 28 days. Therefore, is it reasonable to 

assume these effects would be clinically replicable in humans?  It is not possible to make this 

assumption. Abundant animal research studies over the past 25 years, as reported in this review, 

have shown the effects of Chinese herbs to improve immunosuppression, and almost all conclude 

that the results are promising, but that larger, better-quality human trials need to be conducted. 

Yet, the number of human clinical trials performed to date is exceedingly small, according to the 

extensive searches described in Chapter 3.  

 It has been suggested by Mooiman et al. (2012), in criticizing the study by Yaal-

Hahoshen (2012), that counting erythrocytes, leukocytes, neutrophils, lymphocytes, and 

thrombocytes in peripheral blood only secondarily reflects bone marrow function, and that a 

more accurate measure would be to evaluate the growth of progenitor cells such as colony-

forming unit-granulocytes, erythroids, megakaryocytes, etc. These authors also conjectured that 

the lower levels of bone marrow damage in studies such as are discussed in the Yaal-Hahoshen 

paper may have been the result of the herbal substances interacting with the chemotherapy drugs 

and lessening their effects. But, if this second conjecture were likely, then we should expect to 

see less tumor response, and most of the studies in this review showed better tumor response. 

Also, we would expect non-hematological side effects to also be reduced, and in the Yaal-

Hahoshen study that Mooiman et al. criticized, that was not the case. The authors suggest that 

pharmacodynamic and pharmacokinetic analyses be performed in order to definitively conclude 

whether herbs are protecting bone marrow. Mooiman et al. also suggest that a much larger 

sample size (~1,200) would be required to achieve a “noninferior study design.” 
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 Interestingly, the cell type that resulted in the largest effect size in this review is the 

CFUs in bone marrow (see Appendix 7). The bone marrow histology results that are shown 

visually in Chapter 4 (Ismail, Shin, and M. Yang) could not be assessed as to effect size, so they 

are not included in Appendix 6 nor 7.  

Implications for Theory 

 Confirmation of Huang Qi’s ability to improve bone marrow damage in cancer 

chemotherapy patients. Huang Qi has been used for hundreds of years throughout Asian and 

some European countries as a qi tonic with proposed abilities to improve the body’s general 

immunity, counteract fatigue, build blood and improve longevity. As stated in the introduction, 

66.44% of cancer patients in China use herbal medicine along with Western treatment (Liu et al., 

2011). The theory of qi tonification is unique to traditional medicines such as TCM, and does not 

exist in conventional Western medicine theory. If we look, however, at the evidence for bone 

marrow enhancement presented in this paper, we can more easily reconcile the TCM and 

Western views on blood cells and the relationship between blood health and vitality. 

 Evidence for Huang Qi’s ability to positively interact with anti-cancer drugs. Several 

studies in this review have shown evidence that Huang Qi, when used concurrently with anti-

cancer drugs, improves the cytotoxic effects of the drugs. For example, in one study 

Swainsonine, an extract from Astragalus membranaceus, significantly inhibited the growth of 

human hepatocellular carcinoma in the presence of paclitaxel (You et al., 2012). It is 

hypothesized that Huang Qi improves the cytotoxicity of cancer drugs by improving the host’s 

immune response, increasing macrophage proliferation, and reversing multi-drug resistance in 

the cancer cells (P. P. Wang, Xu, Huang, Wang, & Xu, 2014), all of which contribute to tumor 
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shrinkage. At the same time, there was little evidence that concurrent use of Huang Qi with anti-

cancer drugs lessened the effect of the drug. In one study of the pharmacokinetics of cisplatin 

(CDDP) in combination with Zengmian Yiliu (a traditional combination of Chinese herbs with 

Astragalus membranaceus as the chief herb) granules in tumor-bearing mice, it was found that 

“ZMYL…did not disturb the pharmacokinetics fate of CDDP significantly” (Gong et al., 2015). 

Cassileth (2009) concluded that an Astragalus-based herbal formula for non-small cell lung 

cancer, “Jinfukang [Astragalus membranaceus, Cornus officinalis, Ligustrum lucidum and 

Epimedium sagittatum] did not alter the pharmacokinetics of docetaxel nor appear to affect 

survival in this study.” In a review of herb/drug interactions by the Block Center for Integrative 

Cancer Care, Skokie, IL, the authors stated that “it is notable that no actual herb-drug 

interactions have been reported clinically in cancer treatment, and their potential for interaction 

still must be regarded as theoretical” (Block & Gyllenhaal, 2002). In a review article of 

evidence-based management of herb-drug interaction in cancer chemotherapy, the authors stated 

that “…the evidence we do have suggests that herbs can do more good than harm,” and that “it 

appears that herbal medicine may be particularly valuable in helping the body cope with the side 

effects of chemotherapy agents,” and that “relevant, high-quality studies must be performed and 

the results of these studies disseminated to frontline healthcare providers and their patients” (C.-

W. Cheng, Fan, Ko, Song, & Bian). 

 White blood cell response is shown to be greater than platelet response. By far, many 

more of the studies in this review were concerned with white blood cells, versus red blood cells 

and platelets. This could be because leukopenia causes more serious, life-threatening adverse 

events than anemia and thrombocytopenia do. Or it could be that Huang Qi exerts a greater 
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influence over the white blood cells than the other cells, and this effect is therefore more likely to 

be studied.  

Implications for Practice 

Patient/Oncologist Education. Practitioners of TCM have a much greater challenge 

convincing patients of the safety and efficacy of Chinese herbs in the U.S. than in China. U.S. 

oncologists are much more likely to forbid the use of herbs during cancer treatment, fearing 

harmful interactions. The lack of large-sample, well-designed herb/drug interaction studies 

makes it difficult to convince patients and oncologists alike that the benefits may outweigh the 

risks. While no study can prove the non-existence of harmful interactions of Huang Qi with 

cancer chemotherapy drugs, there is support in the findings of this paper for the view that 

interactions are more likely to be positive than negative. The problem of patients concealing 

from oncologists their use of herbal supplements will be lessened when we have clear, 

quantitative evidence for the benefit of such products. Publishing consolidated review 

information on the use of herbs with drugs will make patients more likely to discuss the use of all 

of their CAM treatments with their doctors. In this way, we can move toward true collaboration 

between Western medicine and TCM.  

Increased Survival Rates. The severe and unacceptable side effects experienced by many 

chemotherapy patients lead to interruptions in treatment that delay, or even prevent, recovery 

from the disease. In some cases, treatment fails because the toxic effects could not be tolerated. 

Herbs like Huang Qi can prevent this occurrence in two major ways. One, if Huang Qi enhances 

a drug’s cytotoxic effect, then less drug may be required, thereby lessening toxic side effects. 

Two, if Huang Qi can relieve side effects of cancer chemotherapy, including nausea, fatigue, 
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immunosuppression, myelosuppression, neuropathy and decreased quality of life, patients will be 

able to tolerate the drug treatment longer, with improved outcomes. Even in advanced terminal 

cancer cases, survival may be increased and quality of life improved through the combination of 

Huang Qi and drug treatment.  

Quantitative Evidence. In this review, quantitative evidence is presented that Huang Qi 

improves bone marrow cells and related immune system components.  

Implications for Future Research 

 More human studies are needed. The majority (70%) of the published research 

presented in this paper on Huang Qi and bone marrow suppression consists of animal studies 

(mouse and rat primarily). Animal research from the past 25 years is presented in this review, 

and almost all authors concluded that future studies should include randomized, double-blind, 

placebo-controlled human clinical trials. The groundwork has been laid to prove the promising 

importance of Huang Qi in cancer treatment, yet the human studies on this topic are quite scarce. 

Blinding and placebo control are difficult to achieve when the treatment intervention consists of 

Chinese herbs, with their distinctive taste and smell, yet novel and innovative methods must be 

developed to overcome this obstacle. 

 Study the bone marrow directly. Only a few articles in this review studied actual 

changes in the bone marrow in control and treatment subjects. Instead, most measured peripheral 

counts of white and red blood cells, lymphocytes, macrophages and thrombocytes. As Mooiman 

(2012) pointed out in her response to the Yaal-Hahoshen (2012) study, measuring progenitor 
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cells in the bone marrow that differentiate to other blood cell types would provide a more direct 

measure of bone marrow damage and recovery. 

 Herb/drug pharmacodynamics and pharmacokinetics studies are urgently needed if 

Huang Qi is to be shown safe to use in cancer chemotherapy.  Herb companies should lead the 

way in conducting large, high-quality and consistently-designed studies. 

Limitations of the Study 

1. There is a scarcity of human clinical studies on the specific topic of Huang Qi and bone 

marrow/immune function in cancer chemotherapy. 

2. Some studies are old (studies date from 1991 to 2016) 

3. Some studies do not meet acceptable study design standards, such as blinding or effective 

controls. For example, Weng (1996) used a high dose of Huang Qi as the treatment method, and 

a low dose for the control. 

4. There is a lack of homogeneity in study methods, treatment herbs, control drugs and 

many other factors in the studies. It was therefore challenging for the investigator to analyze 

results. 

5. Many studies in Chinese are not translated into English and were not available through 

this researcher’s search methods. Several promising literature review studies by Chinese authors 

cited tantalizing references in their bibliographies, most of which were not available in English. 
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Conclusions 

 The studies that are analyzed in this paper vary considerably in their objectives, methods, 

and materials, presenting some difficulties in drawing definitive conclusions. It is especially 

difficult to translate animal and in vitro laboratory studies to human populations. The studies also 

range in the quality of their design, as discussed above. It is fair to say, however, that the 

majority of results show unmistakable evidence that the compounds in Huang Qi have direct and 

immediate actions on the components of blood and bone marrow that are most damaged by the 

toxicities induced by chemotherapy agents. Of the 30 studies presented here, all but two show 

significant evidence that Huang Qi, used alone or in combination with one or more other Chinese 

herbs, exerts a rapid and powerful protective effect against such toxicities. The majority of 

studies present evidence related to white blood cells, compared to red blood cells and platelets. 

This could be because damage to white blood cells is a more serious problem, resulting in 

infection and dangerous immune deficiencies. This author therefore concludes that: 

1. Huang Qi protects white blood cells, red blood cells, and platelets against damage caused 

by toxic chemotherapy drugs 

2. Huang Qi helps bone marrow recovery when it is damaged by chemotherapy drugs 

3. Huang Qi exerts a rapid recovery action on damaged blood components, allowing 

chemotherapy treatment in cancer patients to continue uninterrupted, thereby improving patient 

outcomes 

4. From limited study, there is no evidence that Huang Qi interacts unfavorably with 

chemotherapy drugs in a way that would reduce their efficacy against tumor growth 
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Appendix 2: Data Extraction Table Overall Study Results 

Author/ 
Study type 

Year Herb(s) Drug Bone Marrow Component Main Findings p-value 

Chang, MS 
Animal 
 
 

2009 Huang Qi 
Dang Gui 
1:1 

CY Erythropoietin (EPO) RBC, WBC, platelet, Hct and Hb were all increased in the treatment group vs 
control 

p<0.001 
to 0.01 

Chen, L 
Human 
 
 

2005 Huang Qi 
Injection at 
ST 36 

None Leukocyte, NK cells Leukocyte levels were restored by Day 7 vs Day 15 in control group; 
NK cells were activated, sIL-2R was inhibited in treatment group vs control 

p<0.01 to 
0.05 

Cho, WCS 
In vitro 
Animal 
 
 

2007 Huang Qi CY Splenocytes Mitogenic activities of splenocytes were restored in treatment group vs control, 
especially T-cell depletion 

p<0.001 
to 0.05 

Duan, P 
Human 

2002 Huang Qi Various WBC, 
platelets, 
CD4/CD8 ratio 

Huang Qi drip infusion therapy during chemotherapy inhibited tumor 
progression, reduced toxicity and enhanced efficacy 

p<0.01 to 
0.05 

Gao, QT 
In vitro 
 

2008 Huang Qi  
Dang Gui 
5:1 

None EPO in cultured Hep3B cells DBT significantly elevated production of erythropoietin, and the 5:1 ratio of 
Huang Qi to Dang Gui was 97% stronger than 1:1 
 

p<0.01 

Guo, LW 
Animal 
 
 

2012 Huang Qi and 
Epimedium  
 

CY Lymphocytes Huang Qi significantly improved lymphocyte proliferation in CY-induced 
immunosuppressed chickens 

p<0.05 

Huang, GC 
In vitro  
 
 

2007 Huang Qi 
Gan Cao 
Da Zao 
6:1:1 

CY WBC 
NK cells 
Splenocytes 

WBC decline was reduced in treatment group and recovery was faster vs control 
group 

p<0.005 

Huang, GC 
Animal 
 
 

2013 Huang Qi 
Hedysarum 
polybotrys 

Daunoblastina WBC WBC damage recovered significantly in mice treated with Huang Qi 
(Taiwanese species) 

p<0.05 

Ismail, ZM 
In vitro 
Animal 

2014 Huang Qi CY Total leukocytes\lymphocytes, 
hematopoietic stem cells, 
bone marrow cellularity 

Total leukocytes, lymphocytes and CD34+ve cells and bone marrow cellularity 
were enhanced in treatment group vs control 

p<0.05 

Jiang, YP 
In vitro   
 

2016 Huang Qi  Spleen lymphocytes Huang Qi was able to significantly increase spleen lymphocyte activity 
compared to control 

p<0.01 

Khoo, KS 
Animal 

1995 Huang Qi 
Nu Zhen Zi 

CY WBC, neutrophils, platelets Huang Qi and Nu Zhen Zi had no effect on neutropenia p>0.01 
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Author/ 
Study type 

Year Herb(s) Drug Bone Marrow Component Main Findings p-value 

 
Lee, YS 
Animal 

2003 Huang Qi Methotrexate Mouse spleen cells Huang Qi increased the proliferation of mouse spleen cells after treatment with 
Methotrexate to induce immune suppression 
 

p<0.05 

Li, J 
Animal 
 
 

2008 Huang Qi 
Polysaccharo- 
Peptides 
(PSP) 

AMD 
(Adriamycin) 

CD3, CD4, CD4/8 ratio Huang Qi resisted immunosuppression caused by AMD and protected thymus 
vs control 

p<0.01 to 
0.05 

Lv, Y* 
Animal 
 
 

2005 Huang Qi 
injection 

Radiation Bone marrow cells Huang Qi lessened bone marrow cell death compared to control; RBC and CFU-
E were both improved 

p<0.01 to 
0.05 

Rittenhouse, 
JR 
In Vitro 
 
 

1991 Huang Qi 
Nu Zhen Zi 

None Macrophage activity  Macrophage suppression caused by tumor cells was reversed or reduced by 
either herb, slightly higher result in combination group 

p<0.05 

Shin, JW 
Animal 
 
 

2008 Huang Qi 
Dan Shen 

5-FU Leukocytes, 
bone marrow cellularity 

Leukocyte recovery enhanced, IL-3 was quadrupled in splenocytes vs control p<0.01 

Song, Y 
Animal 
In Vitro 
 

2011 Huang Qi DDP 
(cisplatin) 

Lymphocytes CD3, 4, 8 
CD4/8 ratio 

Thymus index increased, Bax, Caspase were increased, Bcl-2 was decreased in 
treatment group vs control; lymphocyte subsets and CD4/CD8 ratio were 
increased in treatment group vs control 

p<0.01 to 
0.05 

Tian, Y 
Animal 
 
 

2014 Huang Qi None Dendritic cells Huang Qi inhibited tumor growth rate and precipitated the maturation of 
dendritic cells 

p<0.05 

Toshkova, 
RA 
Animal 
In Vitro 
 
 
 
 

2007 Huang Qi 
Astragalus 
corniculatus 

None Phagocytic cells Huang Qi exerted a significant increase in phagocytic activity of peritoneal 
macrophages in tumor-bearing hamsters compared to control 

None 
given; see 
Appendix 
6 

Toshkova, 
RA 
Animal 
In Vitro 
 

2008 Huang Qi 
Astragalus 
corniculatus 

None Spleen lymphocytes (T and B) Huang Qi exerted a significant and continuous increase in healthy hamster 
spleen lymphocytes 

None 
given; see 
Appendix 
6 
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Author/ 
Study type 

Year Herb(s) Drug Bone Marrow Component Main Findings p-value 

Wang, JX 
Animal 
 
 

2012 Huang Qi 
Dang Shen 
(SFI) 

CY Peripheral WBC, 
bone marrow cells, 
T&B cells, NK cells 

SFI promoted recovery of PWBC greater than standard drug treatment; spleen 
was protected vs control 

p<0.01 

Wei, XY 
Animal  
 
 

2004 Huang Qi 
He Shou Wu 

CY Thymocytes, 
thymus morphology 

Thymus index and lymphocytes were highest in treatment group vs control p<0.01 

Weng, XS 
Human 
 
 

1996 Huang Qi Various 
causes of 
leukopenia 

WBC, RBC, platelets, Hg WBC significantly increased in treatment group, other components not affected p<0.001 

Yang, B 
Animal 
 
 

2013 Huang Qi None Spleen and thymus index,IL-2, 
12, TNF, phagocytic function 

Increased spleen and thymus index, phagocytic function in treatment group vs 
control 

p<0.05 

Yang, M 
Animal 
 
 

2009 Huang Qi 
Dang Gui 
5:1 

Irradiated 
mice 

Platelets, WBC, RBC, spleen 
size 

Treatment group showed increased bone marrow megakaryocytes, and faster 
platelet recovery vs control; faster WBC recovery similar to TPO 

p<0.01 

Zhang, QH 
Animal 

2011 Zengmian 
Yiliu  

Cisplatin WBC, RBC, platelets, CD4, 
CD8, CD4/CD8 ratio 
 

Significant improvement in WBC in high and medium dose Huang Qi-based 
formula after damage by cisplatin, less significant findings in other cell types 

p<0.01 

Zhao, XH 
Animal 

2015 Huang Qi CY Spleen lymphocyte Huang Qi significantly increased spleen lymphocyte proliferation in CY-
induced immunosuppressed mice 
 

p<0.05 

Zhu, X 
Animal 
 
 

2001 Huang Qi 
injection 

Anemic mice Megakaryocyte hematopoiesis Recovery of megakaryocyte hematopoiesis occurred markedly earlier in 
treatment group vs control 

p<0.05 

Zhu, XL 
Animal 
 
 

2007 Huang Qi 
injection 

CY CFU-F bone marrow formation, 
bone marrow stromal cells 

Increased CFU (colony-forming units) in bone marrow, increased cytokines in 
bone marrow stromal cells, increased protein and mRNA expression of Bcl-2 in 
treatment group vs control 

p<0.01 to 
0.05 

Zhuge, ZY 
In Vitro 
 

2012 Huang Qi None; 
PRRSV and 
CSFV virus 
were used 

Tumor necrosis factor, alpha in 
cultured cell 

TNFɑ was increased in Huang Qi versus control groups in porcine peripheral 
blood mononuclear cells exposed to porcine reproductive and respiratory 
syndrome virus (PRRSV) and classical swine fever virus (CSFV) 

p<0.001 

30 studies: 1991 – 2014 
*Lv is a version of the Chinese surname Lu   
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Appendix 3: White Blood Cell Study Results 

Author/Year Control Groups Astragalus Groups p value 
Chang, 
2009 

Normal rats 
 

Control 
(CY alone) 

AMW 
(Astragalus + 
CY) 

AGW 
(Angelica + 
CY) 

AAC 
(Astragalus + 
Angelica + CY) 

 

WBC count x 
103 

9.9  
 

4.0 ± 1.3 4.7  4.8  4.9 ± 1.1 p<0.05 

Chang, 2009: Results of WBC enhancement after treatment with Astragalus membranaceus and Angelica sinensis in CY-induced 
anemic rats 
 
 
Author/Date Control Group (standard drug 

treatment) 
Astragalus Group p value 

Chen, 
2005 

Control 
(n=33) 

Treatment  
(n=45) 

 

Effective rate of 
leukocyte recovery 
 

51.51% 82.2% p=0.01 
 

Natural Killer cell 
activity (%) 

30.2 ±15.5 36.3 ± 16.4 p<0.01 

Chen, 2005: Results of recovery of total and differential leukocyte counts in peripheral blood to normal range after point injection 
of Astragalus membranaceus in 78 post-chemotherapy anemic patients; comparison of natural killer cell activity 
 
Author/Year Control Group Astragalus Groups p value 
Cho, 
2007 

Normal (PBS) 
n=4 

Huang Qi injected on 
Day 1 
n=4 

Huang Qi injected on Day 3 
n=4 

 

Phagocytic activity 
 

7.59 ± .94 11.66 ±.85 8.66 ±.98 p<0.05 

Cho, 2007: Results of phagocytic activity of peritoneal macrophages (defined as average number of yeast cells ingested by one 
macrophage) after treatment with Astragalus membranaceus in tumor-bearing and CY-treated mice  
 
 
Author/Year Control Group Astragalus Group p value 
Duan, 
2002 

Chemotherapy only (various 
drugs) 

Chemotherapy plus Astragalus injection by IV 
drip 

 

CD4/CD8 Ratio 
 

Ratio decreased from 1.13 to 
1.04 pre- and post-treatment 

Ratio increased from 1.14 to 1.39 pre- and post-
treatment 

p<0.01 

Duan, 2002: Results showing increase in CD4/CD8 ratio in Astragalus-treated chemotherapy patients compared to control group 
 
 
 
Author/Year Control Groups Astragalus Group p value 
Huang, 
2007 

Control 
n=5 

CY + water 
n=5 

CY + HQLYT 
n=5 

 

WBC counts on day 5 
x 103 
 

4.38 2.64 ± .19 3.93 ± .6 p<0.01 

Huang, 2007: Results showing WBC recovery on Day 5 after treatment with Huang Qi, Gan Cao, Da Zao (6:1:1) in CY-induced 
leucopenic mice 
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Author/Year Control Groups Astragalus Groups p value 
Huang, 
2013 

Control (Daunoblastina-treated) 
n=5 

High-dose Huang Qi + Daunoblastina 
n=5 

 

WBC counts on day 5 
x 103/µL 
 

3.5 ± .25 4.8 ± .4 p<0.05 

Huang, 2013: Results showing WBC recovery on Day 5 after treatment with Huang Qi, Taiwanese species, in Daunoblastina-
induced leucopenic mice 
 
 
Author/Year Control Groups Astragalus Groups p value 
Ismail, 
2014 

Control 
(saline) 
n=6 

CY only 
n=6 

CY + Huang Qi 
7 days 
n=6 

CY + Huang Qi 
3 days 
n=6 

Huang Qi 
8 days 
n=6 

CY+ Huang 
Qi 3 more 
days 
n=6 

 

Total 
leukocyte 
count x 103 

4.8 0.6 ± .18 3.4 4.2 6.7 4.5 ± .19 p<0.05 

Lymphocyte 
count x 103 

3.3 0.4 1.9 2.8 5.4 2.9 p<0.05 

Ismail, 2014: Results showing total leukocyte and lymphocyte recovery after Huang Qi treatment in CY-induced 
myelosuppressed rats 
 
Author/Year Control Group Astragalus Group p value 
Khoo, 
1995 

Control (CY) 
n=12 

CY + Huang Qi + LL 
n=12 

 

WBC count at nadir Day 6 x 
109/L 

.96 .97 p=0.93 

WBC count Day 12 x109/L 17.36 ± 4.5 23.82 ± 13.73 p=0.14 
Khoo, 1995: Results showing no significant improvement of WBC on Days 6 and 12 after treatment with Huang Qi and 
Ligustrum lucidum on CY-induced myelosuppressed rats 
 
Author/Year Control Group Astragalus Group p value 
Lee, 
2003 

0 concentration of Huang Qi 1500 µg/ml of Astragalus 
 

 

Absorbance at 490 nm 0.16 ± .02 0.275 ± .03 p<0.05 
Lee, 2003: Results showing increase in mouse spleen cell proliferation in control and after culture with 1500 µg/ml of Astragalus 
extract in Methotrexate-treated mice 
 
 
Author/Year Control Groups Astragalus Groups p value 
Li, 
2008 

Control 
(saline) 
n=11 

Adriamycin 
n=11 

PSP 
n=11 

PSP + Huang 
Qi 
n=11 

Adriamycin + PSP + 
Huang Qi 
n=11 

 

% CD3 75 65.4 ± 1.6 84.4 86.2 78.3 ± 3.23 p<0.05 
% CD4 45 38 ± 3.78 60.9 65 52.5 ± 5.2 p<0.05 
Li, 2008: Results showing % CD3 and CD4 improvement in peripheral blood mononuclear cells (PBMC) 30 days after treatment 
with Huang Qi and polysaccharopeptide (PSP) in adriamycin-treated mice  
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Author/Year Control Groups Astragalus Groups p value 
Rittenhouse, 
1991 

J774 cells J774 + MBT-2 
cells 

J774 + MBT-2 
+ 
Huang Qi 

J774 + MBT-2 
+ 
LL 

J774 + MBT-2 
+ 
Huang Qi + 
LL 

 

Integrated photon 
emission 
measurement 
(chemiluminescent 
oxidative burst) 
x 106 

17.5    22.5 
(higher than 
baseline) 

p<0.05 

Rittenhouse, 1991: Results showing reversal of macrophage suppression by Huang Qi and Ligustrum lucidum (LL) in urological 
tumor-bearing mice; J774 = murine macrophage cell line; MBT-2 = mouse bladder tumor cells 
 
 
Author/Year Control group Astragalus Groups p value 
Shin, 
2008 

5-FU 
n=10 

Low dose Huang Qi + 
Salvia + 5-FU or not 
 n= 10 

High dose Huang Qi + Salvia 
n=10 

 

Survival at 14 d 30% 70-80%  
 n=20 n=20 n=20  
WBC at 13 d x103 
cells/µL 

3.7 ± 1.5 6.4 ± 1.6 4.2 p<0.05 

Shin, 2008: Results showing % mouse survival at 14 days and WBC counts at 13 days after treatment with Huang Qi + Salvia 
miltiorrihiza in 5-FU-induced myelosuppressed mice 
 
Author/Year Control Groups Astragalus Groups p value 
Song, 
2011 

Saline 
n=10 

Cisplatin + 
Saline 
n=10 

Huang Qi  
n=10 

Cisplatin + Huang Qi 
n=10 

 

% CD3 67.64 61.21 ± 1.01 71.94 68.75 ± .97 p<0.05 
% CD4 40 31.85 ± 1.68 45.36 38.60 ± 1.72 p<0.05 
% CD8 28.59 29.88 ± 1.10 27.59 30.78 ± 1.44 p<0.05 
CD4/CD8 ratio 1.41 1.21 ± 0.06 1.58 1.23 ± 0.09 p<0.05 
Song, 2011: Results showing % in peripheral blood of CD3, CD4 T-lymphocytes and CD4/CD8 ratio after treatment with Huang 
Qi in cisplatin-damaged mice 
 
 
Author/Year Control Group Astragalus Group p value 
Tian, 
2014 

Tumor only 
n=10 

Tumor + Astragalus membranaceus 
n=10 

 

Tumor diameter in cm 1.46 ± 0.12 .7± 0.14 p<0.05 
Tumor weight in grams 24.5 ± 0.31 10.5 ± 0.25 p<0.05 
Tian, 2014: Stomach tumor diameters and weights in control group vs Huang Qi group as a result of increased proliferation of 
dendritic cells 
 
 
Author/Year Control Group Astragalus Group p value 

Toshkova, 
2007 

Tumor only 
n=10 

Tumor + Astragalus corniculatus 
n=10 

 

Phagocytic index (%) Day 7 25.66 ± 2.52 46 ± 3.0 None given; see 
Appendix 6 

Toshkova, 2007: Results showing phagocytic index (%) of peritoneal macrophages from tumor-bearing and Huang Qi-treated 
hamsters 
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Author/Year Control Group Astragalus Group p value 

Toshkova, 
2008  

Tumor only 
n=10 

Tumor + Astragalus corniculatus 
n=10 

 

Proliferation ability of spleen 
lymphocytes as measured by 
stimulation index 

0.85 ± 0.22 1.12 ± 0.29 None given; see 
Appendix 6 

Toshkova, 2008: Results showing significant increase in tumor bearing hamster spleen lymphocytes compared to Huang Qi + 
tumor treatment group 
 
 
 
Author/Year Control Groups Astragalus Groups p value 
Wang, 
2012 

Normal 
saline 
n=10 

CY + saline 
n=10 

CY + rhG-
CSF 
n=10 

CY + Low 
dose 
SFI 
n=10 

CY + 
Medium 
dose SFI 
n=10 

CY + High 
dose SFI  
n=10 

 

PWBC x109/l on 
Day 6 

9.26 2.51 3.08 ± .57 3.36 4.28 4.89 ± .52 p<0.01 

Wang, 2012: Results showing recovery of peripheral white blood counts on Day 6 after treatment with SFI on CY-induced 
immunosuppressed mice; rhG-CSF = recombinant human Granulocyte-Stimulating Factor; SFI = Shenqi Fuzheng Injection 
(Radix Codonopsis + Radix Astragali) 
 
 
Author/Year Control Groups Astragalus Groups p value 
Wei, 
2004 

Normal 
n=10 

CY only 
n=10 

CY + Huang Qi 
n=10 
 

CY + Pm 
n=10 
 

CY + Huang Qi + 
Pm 
n=10 

 
 

Thymocyte 
count/6745.884µm2 

200+ 140 ± 10 200 200 200 ± 15 p<0.05 

Wei, 2004: Results showing thymocyte count improvement after treatment with Huang Qi and Polygonum multiflorum (Pm) after 
CY-induced thymus injury 
 
Author/Year Low-dose Huang Qi High-dose Huang Qi p value 
Weng, 
1996 

n=57 n=58  

WBC x 109/L 
2 weeks post tx 

3.86 ± .82 4.23 ± .79 p<0.05 

Effective rate 47.37% 82.76% p<0.01 
Weng, 1996: Results showing improvement of WBC in leucopenic patients after treatment with Astragalus in two concentrations 
 
Author/Year Control Groups Astragalus Groups p value 
B. Yang, 
2013 

Normal saline 
n=10 

5-FU 
n=10 

High-dose Huang 
Qi 
n=10 

Low-dose Huang Qi 
n=10 

 

Tumor inhibition rate  64.96% 50.79% 48.03% p<0.05 
Phagocyte rate 32.67 ± 3.64 19.56 ± 2.05 46.92 ± 3.83 40.35 p<0.05 
B. Yang, 2013: Results showing reduction in tumor size and increased rate of phagocyte function after treatment with Huang Qi 
treatment in hepatocellular carcinoma-bearing mice 
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Author/Year Control Groups Astragalus Group p value 
M. Yang, 
2009 

Water 
n=6 

TPO 
n=6 

DBT (Astragalus membranaceus 
+ Angelica sinensis, 5:1) 
n=6 

 
 

WBC counts on Day 
21 x 106/ml 

3 ± 1.5  6 6 ± .2 p<0.01 

M. Yang, 2009: Results showing increased WBC recovery after treatment with Huang Qi and Angelica sinensis (DBT) compared 
to treatment with thrombopoietin (TPO) in radiation-induced myelosuppressed mice 

 

Author/Year Control Group Astragalus Group p value 
Zhang, 
2011 

Cisplatin (DDP) 
n=10 

High-dose Astragalus membranaceus + DDP 
n=10 

 
 

WBC x 109/L 5.54 ± 0.29 7.97 ± 0.34 p<0.01 
Zhang, 2011: Results showing improved white blood cell counts after treatment with Huang Qi in DDP-damaged mice. 

 

Author/Year Control Group Astragalus Group p value 
Zhao, 
2015 

CY 
n=5 

Astragalus membranaceus + CY 
n=6 

 
 

Lymphocyte 
proliferation on Day 
8 measured by 
absorbance (A490 
Value) 

0.128 ± 0.009 0.149 ± 0.005 p<0.01 

Zhao, 2015: Results showing increased spleen lymphocyte proliferation after treatment with Huang Qi in CY-damaged mice. 
Proliferation was measured by absorbance of lymphocytes into a microplate reader at a wavelength of 490 nm (nanometers). 
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Appendix 4: Red Blood Cell Study Results 

Author/Year Control Groups Astragalus Groups p value 
Chang, 
2009 

Normal rats 
 

Control 
(CY alone) 

AMW 
(Astragalus + 
CY) 

AGW 
(Angelica + 
CY) 

AAC 
(Astragalus + 
angelica + CY) 

 

RBC count 
x106 

 
 

5.7 ± .32   6.1 ± 0.2 p<0.05 

Chang, 2009: Results of RBC enhancement after treatment with Astragalus membranaceus and Angelica sinensis in CY-induced 
anemic rats 
 
 
Author/Year Control Group Astragalus Groups p value 
Lv, 
2005 

Anemic mice 
n=12 

Low-dose Huang Qi 
n=12 

High-dose Huang Qi 
n=12 

 

RBC on Day 7 x 
1012/L 

8.44 ± .54 8.98 ± .43 8.76  p<0.05 

CFU-E 47 ± 15 78 ± 25 64 p<0.01 
Lv, 2005: Results showing increase in RBC and in colony-forming units of erythroid line (CFU-E) after treatment with Huang Qi 
on myelosuppressed mice 
 
 
Author/Year Control group Astragalus + Salvia Groups p value 
Shin, 
2008 

5-FU 
n=20 

Low dose Huang Qi + 
Salvia + 5-FU 
 n= 20 

High dose Huang Qi + Salvia 
+ 5-FU 
n=20 

 

RBC x106cells/µL 5.3  5.9  6.6  p<0.01 
Shin, 2008: Results showing RBC counts at 7 days after treatment with Huang Qi + Salvia in 5-FU-induced myelosuppressed 
mice 
 
 
Author/Year Low-dose Huang Qi 

 
High-dose Huang Qi 

 
p value 

Weng, 
1996 

n=57 n=58  

Weng, 1996: Results showed no effect on RBC in leucopenic patients after treatment with Astragalus in two concentrations 
 
 
Author/Year Control Groups Astragalus Group p value 
M. Yang, 
2009 

Water 
n=6 

TPO 
n=6 

DBT   
n=6 

 
 

RBC counts on Day 
21 x 109/ml 

6 ± .5 9 10 ± 1 p<0.001 

M. Yang, 2009: Results showing increased RBC recovery after treatment with Huang Qi and Angelica sinensis (DBT, 5:1) 
compared to treatment with thrombopoietin (TPO) in radiation-induced myelosuppressed mice 
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Appendix 5: Platelet Study Results 

Author/Year Control Group Astragalus Group p value 
Khoo, 
1995 

Control (CY) 
n=12 

CY + Huang Qi + LL 
n=12 

 

Platelet count Day 12 x 1012/L 
 

1526 ± 203  1534 ±296 p=.94 

Khoo, 1995: Results showing no significant improvement of platelet counts on Day 12 after treatment with Huang Qi and 
Ligustrum lucidum (LL) on CY-induced myelosuppressed rats 
 
 
Author/Year Low-dose Huang Qi 

 
High-dose Huang Qi 

 
p value 

Weng, 
1996 

n=57 n=58  

Weng, 1996: Results showed no effect on platelet counts leucopenic patients after treatment with Astragalus in two 
concentrations 
 
 
Author/Year Control Groups Astragalus Group p value 
M. Yang, 
2009 

Water 
n=6 

TPO 
n=6 

DBT  
n=6 

 
 

Platelet counts on 
Day 21 x 106/ml 

350 ± 100  500   500 ± 60 p<0.01 

M. Yang, 2009: Results showing increased platelet recovery after treatment with Huang Qi and Angelica sinensis (DBT, 5:1) 
compared to treatment with thrombopoietin (TPO) in radiation-induced myelosuppressed mice. Note: Numbers not reported, only 
shown on graph. Author had to estimate. Huang Qi-treated group was similar to TPO group. 
 
 
Author/Year Control Groups Astragalus Group p value 
Zhu, 
2001 

Normal control Anemic control AMI + CY  
 

Platelet count Day 11 x 
1012/L 

207.5  101 ± 25.4 159.4 ± 33.6 p<0.05 

Platelet count Day 14 x 
1012/L 

207.5  167.4 ± 32.7 180.1 ± 35.1 p<0.05 

Zhu, 2001: Results showing platelet recovery on Days 11 and 14 after Huang Qi treatment in CY-myelosuppressed mice 
 

 
  



ASTRAGALUS AND BONE MARROW SUPPRESSION IN CANCER 77 

Appendix 6: Bone Marrow Study Results 
 

Author/Year Control Groups Astragalus Groups 
Ismail, 
2014 

Control 
(saline) 
n=6 

CY only 
n=6 

CY + Huang Qi 
7 days 
n=6 

CY + Huang Qi 
3 days 
n=6 

Huang Qi 
8 days 
n=6 

CY + Huang 
Qi 3 more 
days 
n=6 

 

 
Ismail, 2014: Results showing bone marrow changes and recovery after Huang Qi treatment in CY-induced myelosuppressed 
rats. Image C shows early recovery of bone marrow compared to B, the CY only group. 
 
 
Author/Year Control Groups Astragalus Groups p value 
Shin, 
2008 

Naïve control 
n=20 

5-FU 
n=20 

Low dose Huang 
Qi + Salvia + 5-
FU 
 n= 20 

High dose Huang 
Qi + Salvia + 5-
FU 
n=20 

“moderately 
improved” 
according to study 
author 

 

 
Shin, 2008: Results showing histopathological analysis of bone marrow in Day 7 after treatment with Huang Qi + Salvia in 5-FU-
induced myelosuppressed mice. The two images at the right show the bone marrow recovery in the two Astragalus groups. 
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Author/Year Control Groups Astragalus Group 
M. Yang, 
2009 

Normal 
n=6 

Water control 
n=6 

Thrombopoietin 
(TPO) 
n=6 

DBT  
n=6 
 

  
M. Yang, 2009: Results showing return to normal bone marrow cellularity at Day 21 in the DBT and TPO groups compared to 
the control in radiation-induced myelosuppressed mice 
 
 
Author/Year Control Groups Astragalus Group p value 
Zhu, 
2007 

Normal CY + saline CY + Huang Qi  

CFU-F counts x 106 
BMC 

40  15 ± 5 25 ± 5 p<0.01 

Zhu, 2007: Results showing increase in bone marrow colony-forming units-fibroblasts (CFU-F) counts after treatment with 
Huang Qi in CY-induced myelosuppressed mice. 
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Appendix 7: Effect Size for Studies Reported as Pearson’s Correlation Coefficient, r Values, by Study 

 (Small = .10, Medium = .30, Large = .50) 
 

Author/Year Study Title Comparison Definition r 
Chang, 2009 Treatment with Astragali Radix and Angelicae Radix Enhances 

Erythropoietin Gene expression in the Cyclophosphamide-Induced Anemic 
Rat 

White blood count enhancement 
in control (CY) vs treatment 

group 

.35 
 

  Red blood cell enhancement in 
control (CY) vs treatment group 

.59 

Chen, 2009 Point Injection of Injectio Radici Astragali for Treatment of Post-
chemotherapy Adverse Reactions 

Natural killer cell activity in 
control vs treatment group 

.18 

Cho, 2007 In vitro and in vivo immunomodulating and immunorestorative effects of 
Astragalus membranaceus 

Phagocytic activity of peritoneal 
macrophages in control vs 

treatment on Day 1 

.91 

  Phagocytic activity of peritoneal 
macrophages in control vs 

treatment on Day 3 

.48 

Guo, 2012 Astragalus polysaccharide and sulfated epimedium polysaccharide 
synergistically resist the immunosuppression 
 

Changes in lymphocyte 
proliferation in Astragalus treated 
chickens compared to CY-treated 

control 

.96 

Huang, 2007 Immuno-enhancement effects of Huang Qi Liu Yi Tang in a murine model of 
cyclophosphamide-induced leucopenia 

White blood counts in control 
(CY) vs treatment group 

.82 

Huang, 2013 Immunomodulatory effects of Hedysarum polybotrys extract in mice 
macrophages, splenocytes and leucopenia 
 

WBC recovery in Huang Qi vs 
control in daunoblastina-treated 

mice 

.88 

Ismail, 2014 Myelo-enhancement by astragalus membranaceus in male albino rats with 
chemotherapy myelo-suppression. Histological and immunohistochemical 
study 
 

Total leukocyte enhancement in 
control (CY) vs Huang Qi 

treatment group 

.99 
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Author/Year Study Title Comparison Definition r 
  Lymphocyte count in control 

(CY) vs Huang Qi treatment 
group 

 
 

.97 

Jiang, 2016 Relationship between molecular weight, monosaccharide composition and 
immunobiologic activity of Astragalus polysaccharides 

Spleen lymphocyte proliferation 
in medium-dose Astragalus 

treated mice vs control 

.41 

Khoo, 1995 Extract of astragalus membranaceus and ligustrum lucidum does not prevent 
cyclophosphamide-induced myelosuppression 
 

White blood count recovery on 
Day 12 in control vs treatment 

group 

.3 

  Platelet recovery on Day 12 in 
control vs treatment group 

.01 

Lee, 2003 Immunomodulatory effects of aqueous-extracted Astragali radix in 
Methotrexate- treated mouse spleen cells 
 

Dose response of Astragalus on 
mouse spleen cell proliferation; 
high dose compared to control 

.91 

Li, 2008 Immunoregulatory and anti-tumor effects of polysaccharopeptide and 
Astragalus polysaccharides on tumor-bearing mice 
 

Increase in CD3 lymphocyte 
subset in control vs treatment 

group 

.93 

  Increase in CD 4 lymphocyte 
subset in control vs treatment 

group 

.85 

Lv, 2005 Study on effect of Astragalus membranaceus injection on hematopoiesis in 
anemic mice with myelosuppression 
 

Red blood cell enhancement on 
Day 7 in control vs low-dose 

Huang Qi treatment group 

.48 

  Colony-forming units (erythroid) 
in control vs low-dose Huang Qi 

treatment group 

.6 

Shin, 2008 Myelophil, a mixture of Astragali Radix and Salviae Radix extract, moderates 
toxic side effects of fluorouracil in mice 
 

White blood cell recovery in 
control (5-FU) vs treatment group 

.65 

  Red blood cell recovery on Day 7 .89 
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Author/Year Study Title Comparison Definition r 
in control (5-FU) vs high-dose 

Huang Qi treatment group 
Song, 2011 Antitumor and immunoregulatory effects of astragalus on nasopharyngeal 

carcinoma in vivo and in vitro 
Increase in % of peripheral CD3 

cells in control (cisplatin) vs 
treatment group 

.96 

  Increase in % of peripheral CD4 
cells in control (cisplatin) vs 

treatment group 

.89 

  Increase in % of peripheral CD8 
cells in control (cisplatin) vs 

treatment group 

.33 

  Increase in % CD4/CD8 ratio in 
control (cisplatin) vs treatment 

.021 

Tian, 2014 Astragalus mongholicus regulate the Toll-like-receptor 4 meditated signal 
transduction of dendritic cells to restrain stomach cancer cells 
 

Tumor diameter in Huang Qi 
mice compared to control group 
after dendritic cell proliferation 

.94 

  Tumor weight in Huang Qi mice 
compared to control group after 

dendritic cell proliferation 

.99 

Toshkova, 
2007 

Influence of purified saponin mixture from Astragalus corniculatus Bieb. on 
phagocytic cells in Graffi-tumor bearing hamsters 
 

Increase in phagocytic activity of 
peritoneal macrophages in 
treatment group vs control 

.75 

Toshkova, 
2008 

Immunorestoration and augmentation of mitogen lymphocyte response in 
Graffi tumor bearing hamsters by purified saponin mixture from Astragalus 
corniculatus 
 

Increase in in vitro proliferation 
of spleen lymphocytes in the 
treatment group vs control 

.16 to .46* 

Wang, 2012 Immuno-enhancement effects of Shenqi Fuzheng Injection on 
cyclophosphamide-induced immunosuppression in Balb/c mice 
 

White blood cell recovery in 
control (standard treatment) vs 

herbal treatment group 

.86 

Wei, 2004 Astragalus mongholicus and Polygonum multiflorum's protective function 
against cyclophosphamide inhibitory effect on thymus 
 

Thymocyte count improvement 
after treatment in control (CY) vs 

Huang Qi + Pm group 

.92 
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Author/Year Study Title Comparison Definition r 
Weng, 1996 Treatment of leucopenia with pure Astragalus preparation--an analysis of 115 

leucopenic cases 
 

White blood cell improvement in 
control (low dose) vs treatment 

(high dose) group 

.22 

  Red blood cell and platelet 
recovery – no effect 

0 

Yang, 2013 Antitumor and immunomodulatory activity of Astragalus membranaceus 
polysaccharides in H22 tumor-bearing mice 
 

Increased rate of phagocytic 
function in control (normal 
saline) vs treatment group 

.88 

  Increased rate of phagocytic 
function in 5-FU vs treatment 

group 

.97 

Yang, 2009 An herbal decoction of Radix astragali and Radix angelicae sinensis promotes 
hematopoiesis and thrombopoiesis 
 

Increased WBC recovery after 
treatment with DBT in control 

(water) vs treatment group 

.81 

  
 

Increased RBC recovery after 
treatment with DBT in control 

(water) vs treatment group 

.93 

  Increased platelet recovery after 
treatment with DBT in control 

(water) vs treatment group 

.66 

Zhang, 2011 Experimental study on regulating effects of Zengmian Yiliu granules on 
immunosuppression and myelosuppression following large-dose 
chemotherapy in ovarian carcinoma 
 

Increased WBC recovery after 
treatment with Huang Qi-based 
formula in DDP damaged mice 

.96 

Zhao, 2015 Effect of Chuanminshen violaceum polysaccharides and its sulfated 
derivatives on immunosuppression induced by cyclophosphamide in mice 
 

Lymphocyte proliferation of 
Astragalus group vs control in 

CY-treated mice 

.82 

Zhu, 2001 Effect of Astragalus membranaceus injection on megakaryocyte 
hematopoiesis in anemic mice 

Platelet recovery on Day 11 in 
anemic control vs treatment group 

.66 

  Platelet recovery on Day 14 in 
anemic control vs treatment group 

.18 

Zhu, 2007 Mechanisms by which Astragalus membranaceus injection regulates Increase in bone marrow colony- .7 
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Author/Year Study Title Comparison Definition r 
hematopoiesis in myelosuppressed mice 
 

forming units after treatment with 
Huang Qi in control (CY) versus 

treatment group 
 

*Toshkova (2008) does not say whether data are expressed as mean ± SD or SE (in the same authors’ 2007 study, they report data as 
mean ± SE). This variable would result in an effect size (Pearson’s r-value) of either .46 or .16, a rather large difference. This 
investigator has therefore considered it at the lower effect size in order to err cautiously. 
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Appendix 8: Effect Size of Results in this Review, Expressed as Pearson’s Correlation 
Coefficient r by Value and Cell Type, Small to Large 

 

0 RBC and platelet recovery 
.01 Platelet recovery 
.021 CD4/CD8 ratio 
.16 Proliferation activity of spleen lymphocytes 
.18 NK cell activity; platelet recovery 
.22 WBC recovery 
.30 WBC recovery 
.33 CD8 cell count 
.35 WBC recovery 
.41 Spleen lymphocyte proliferation 
.48 RBC recovery; phagocytic activity 
.59 RBC recovery 
.60 CFU-E in bone marrow 
.65 WBC recovery 
.66 Platelet recovery 
.70 CFU in bone marrow 
.75 Increase of peritoneal macrophages 
.81 WBC recovery 
.82 WBC recovery; lymphocyte proliferation 
.85 CD4 lymphocyte count 
.86 WBC recovery 
.88 Phagocytic activity; WBC recovery 
.89 RBC recovery; CD4 lymphocyte count 
.91 Phagocytic activity; WBC recovery; spleen cell proliferation 
.92 Thymocyte count 
.93 CD3 lymphocyte count; RBC recovery 
.94 Tumor size reduction due to dendritic cell proliferation  
.96 CD3 lymphocyte count; lymphocyte proliferation; Phagocytic activity; WBC 

recovery 
.97 Phagocytic activity; lymphocyte count 
.99 Leukocyte enhancement; tumor weight reduction due to dendritic cell 

proliferation 
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Appendix 9: Table of Studies for which Effect Size was Not Calculated 
Note: some of these Studies had multiple components, for which effect size could be calculated 

 
Author/Year/Study Type Study Title Findings Comments 
P. Duan, 2002 
Human 

Clinical study on effect of Astragalus in 
efficacy enhancing and toxicity 
reducing of chemotherapy in patients of 
malignant tumor 

CD4/CD8 ratio was improved from 
pre-trial to post-trial in the Huang Qi 

group, while it was reduced in the 
control group 

CD4/CD8 ratio increased from 
1.14 to 1.39 in Huang Qi group; 
ratio decreased from 1.13 to 1.04 

in control group 
Q.T. Gao, 2008 
In vitro 
 
 

A Chinese herbal decoction prepared 
from Radix Astragali and Radix 
Angelicae Sinensis induces the 
expression of erythropoietin in cultured 
Hep3B cells 
 

DBT significantly elevated the 
production of EPO in cultured 

Hep3B cells 

The 5:1 ratio of Huang Qi to Dang 
Gui was 97% stronger than the 1:1 

ratio 

Z.M. Ismail, 2014 
In vitro 
Bone marrow histology 

Myelo-enhancement by astragalus 
membranaceus in male albino rats with 
chemotherapy myelo-suppression. 
Histological and immunohistochemical 
study 
 

Bone marrow recovery was rapid in 
Huang Qi-treated myelosuppressed 

rats compared to control group (CY-
treated) 

See comparison images in  
Chapter 4  

J.R. Rittenhouse, 1991 
In vitro 

Chinese medicinal herbs reverse 
macrophage suppression induced by 
urological tumors 

Macrophage suppression caused by 
tumor cells was reversed or reduced 

by Huang Qi and/or Nu Zhen Zi 

Study measured chemiluminescent 
oxidative burst as indicator of 

macrophage function 
J.W. Shin, 2008 
Animal 

Myelophil, a mixture of Astragali Radix 
and Salviae Radix extract, moderates 
toxic side effects of fluorouracil in mice 
 

Bone marrow cellularity returns to 
normal in herb-treated mice while 

control bone marrow shows 
numerous fat cells 

See comparison images in  
Chapter 4 

M. Yang, 2009 
Animal 

An herbal decoction of Radix astragali 
and Radix angelicae sinensis promotes 
hematopoiesis and thrombopoiesis 

A return to normal bone marrow 
cellularity was found in Huang Qi 

group equal to TPO group compared 
to control mice 

See comparison images in 
Appendix 5 

Z.Y. Zhuge, 2012 
In vitro 

Effects of Astragalus Polysaccharide on 
Immune Responses of Porcine PBMC 

Pig peripheral blood mononuclear 
cells (PBMCs) exposed to porcine 

This study was unusual in that it 
was conducted on pigs and had to 
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Author/Year/Study Type Study Title Findings Comments 
Stimulated with PRRSV or CSFV 
 

reproductive and respiratory 
syndrome virus (PRRSV) and 

classical swine fever virus (CSFV) 
treated with Huang Qi showed 

increased levels of TNF-ɑ, showing 
improved immune response 

do with viral infections and not 
cancer, but it is pertinent in its 
demonstration of Huang Qi’s 
action on the immune system 

 




