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Objective: Leukopenia is the most commonly experienced side effect of cancer treatments especially 

chemotherapy. This systematic review assesses whether there are any dietary factors which can have 

plausible effect on reducing the CIL (Chemotherapy Induced Leukopenia). 

Methods: The search for immune enhancing dietary factors was carried out using the following 

databases; Google Scholar, Excerpta Medica Database (EMBASE), Public/Publisher MEDLINE 

(PubMed), Research gate and ELSEVIER. Also the ancient Indian literature particularly Ayurvedic 

scriptures such as Chikitsa Prabhakar, Ayurved for Cancer, CharakSamhita, Sushrut Samhita, 

Bhavaprakshetc and modern nutritional sciences’ books were also studied comprehensively for the 

collection of references to augment immunity via diet. The related researches were meticulously 

studied with the aim to discover the dietary factors which will supplement immunity to reduce or 

lessen the risk of Chemotherapy Induced Leukemia (CIL). 

Results:  The review evidently explains the benefits of certain research assessed indigenous food 

components such as ginger, Yashti-madhu (licorice), betel leaf, Triphala, Neem, Aamla, Giloy, 

Punarnava and also certain phytochemicals like alkaloids, polysaccharides, phenolic compounds, 

glycosides, anthocyanins, saponins, sterols etc. towards credibly increasing WBC count by immuno-

modulation and immuno-stimulation. 

Conclusion: Dietary phytochemicals from certain indigenous herbs and foods have prominently 

exhibited anti-metastatic properties as well as immune-modulating activities. Hence these dietary 

phytochemicals from indigenous herbs and foods have been studied in depth to aid in reducing the 

risk of above mentioned side effect. Most of them can be safely used in the prevention of CIL once 

chemotherapy is commenced. 
 

Copyright © The author(s) 2023. This is an open access article distributed under the Creative Commons Attribution License, which permits 

unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 
 

 

INTRODUCTION 
 

Chemotherapy is the main significant constituent of cancer 

treatment and most of the patients undergo chemotherapy at 

some or the other point of time during their course of 

treatment. However, chemotherapy drugs are well known to 

cause various side effects and adverse events such as chronic 

fatigue, anorexia, bone ache, nausea, vomiting and diarrhea, 

burning micturition, alopecia, cognitive disturbances and 

myelosuppression.  
 

Leukopenia is the most common side effect of chemotherapy. 

And it is clinically proven that chemotherapy induced 

leukopenia (CIL) delays chemotherapy treatment and reduces 

drug dose intensity which may compromise clinical outcomes 

in potentially curable cancers (5). 
 

And hence the main motive behind writing this all inclusive 

review is to collect and present all the references regarding 

dietary factors which stimulate WBC production and enhance 

immunity to avoid opportunistic infections in cancer patients 

taking chemotherapy. Traditional Indian medicinal system; 

Ayurveda also owns many remedies to help immune-

compromised patients. Thus the ancient Indian Vedic 

(Ayurvedic) scriptures were also studied thoroughly for the 

above mentioned facts. 
 

As the individuals surviving cancer already undergo immense 

medical treatments and are generally maintained on oral drugs 

to avoid the relapse of cancer; the efforts are taken to possibly 

reduce the medicinal loadby trying to increase immunity via 

diet. 
 

Chemotherapy Induced Leukemia (CIL) 
 

Most of the cancer patients are treated with chemotherapy as a 

predominant treatment of controlling cancer. Chemotherapy 

induced leukemia (CIL) is a common and adverse event of 

chemotherapy experienced by almost all the cancer patients. 

Leukopenia is the most common side effect of chemotherapy 

which usually decreases immune function and further leads to 

serious fatal infections (18). Over 5% of cancer patients 

develop chemotherapy-induced sepsis that is associated with 

8.5% of all cancer deaths (23). 
 

Many patients are treated with moderate to high toxicity 

chemotherapy drugs, including doxorubicin/epirubicin, 

paclitaxel/ docetaxel, and cyclophosphamide with or without 

5-fluorouracil. Although it is an effective way to manage 
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cancer cells, it is also harmful to the hematopoietic system. 

Previous clinical trials demonstrated that taxane and 

cyclophosphamide can cause bone marrow suppression 

(leukopenia, thrombocytopenia and anemia) (14, 6) and severe 

immunosuppression, which may lead to serious and fatal 

infections, including respiratory infections and sepsis (3). 
 

Once leukopenia occurs, treatment schedules need be 

interrupted and the treatment course may even be 

discontinued. In the hospitals to-date, granulocyte colony-

stimulating factor (G-CSF) is commonly administered to 

reduce the risks of leukopenic complications associated with 

chemotherapy (16). However, it can result in many problems, 

such as aching in the bones and muscles, dyspnea, chest pain, 

nausea, hypoxemia, anaphylaxis, syncope, and flushing (1, 9). 

Andalso, the G-CSF injection is conditional only for 

patientswith a white blood cell (WBC) count of <1000/μL or 

anabsolute neutrophil count (ANC) of <500/μL (8). Therefore, 

using a subcutaneous injection of G-CSF to prevent ortreat 

CIL cannot benefit alloncologic patients(18). 
 

Drug-free period is always clinically necessary in cancer 

patients receiving chemotherapy, so as to allow their immune 

systems to restore function. During this period nutrients can 

possibly have impact on raising their immunity by 

immunomodulation.  
 

And hence nutritional approach may be the means of helping 

to raise cancer therapy to a new level of success as 

supplementing or supporting the body with natural 

phytochemicals cannot only reduce adverse side effects but 

improve also the effectiveness of chemotherapeutics. Various 

plant-derived compounds have shown to improve the 

efficiency of cytotoxic agents, decrease their resistance, lower 

and alleviate toxic side effects, reduce the risk of tumour lysis 

syndrome, and detoxify the body of chemotherapeutics. The 

personalised approach using various phytochemicals provides 

thus a new dimension to the standard cancer therapy for 

improving its outcome in a complex and complementary way 

(8). 
 

Role of Phytochemicals in Reducing CIL 
 

A voluminous literature exhibits the positive effect of 

phytochemicals on sensitizing the hematopoiesis and 

ultimately strengthening the immune system. Many studies 

have now demonstrated that phytochemicals participate not 

only as antioxidants, but more specifically as selective 

modulators of signal transduction (2). Here the role of 

phytonutrients in stimulating hematopoietic cell components is 

studied in detail. 
 

Phytochemicals are naturally occurring compound with 

bioactive potentials, which have potential immunostimulating 

activity. In plants, phytochemicals act as a natural defense 

system for host plants and provide color, aroma and flavor. 

More than 4000 of these compounds have been discovered 

until date.  Besides, protection of plants these phytochemicals 

also possess therapeutic potentials such as anti-oxidant, anti-

diabetic, memory enhancing, cholesterol lowering effects, 

adaptogenic property, anticancer, and immunomodulatory 

activity (21). Natural compounds with potential 

immunostimulating activity can be classified as high- and low-

molecular compounds. Terpenoids, phenolic compounds, and 

alkaloids dominate among low-molecular immunomodulatory 

compounds, polysaccharides dominate among the high-

molecular weight compounds (22). 
 

There are various novel synthetic immunostimulatns exist in 

the medical market such as Levamisole, Thalidomide, 

Recombinant cytokines, Isoprinosines etc which have been 

proved to be useful in the treatment of certain cancers like 

melanoma, metastatic renal carcinoma, hairy cell leukemia, 

follicular lymphoma, metastatic melanoma, colon cancer, 

carcinoma of urinary bladder, AIDs related Kaposi’s sarcoma 

etc (21). But their administration has own limitations such as 

certain adverse effects like CNS depression, hypotension, 

myocardial infarction, GI distress, teratogenicity, 

hypersensitivity, allergic manifestations etc.  
 

As against this, natural phytochemicals such as alkaloids, 

polysaccharides, lectins, glycosides, phenolic compounds, 

flavonoids, tannins, anthocyanins, saponins, terpenoids and 

sterols have exhibited positive role as immunomodulants 

especially immunostimulants. 
 

Alkaloids: They are the most efficient and therapeutically 

significant plant component. They are the most promising 

anticancer agents. Examples include nicotine, cocaine, 

morphine and codeine, quinine, reserpine, and they have a 

large demand worldwide. They exhibit marked physiological 

activity when administered to animals (15). Alkaloids possess 

anti-tumor activity (vinblastine and vincristine), antimicrobial 

(cepharanthine), analgesic activity (morphine) and are also 

known to enhance immune response and a large number of 

alkaloids are being investigated for their immunostimulating 

properties (21, 7). (Table 1) 
 

Polysaccharides: Botanical polysaccharides exhibit a number 

of beneficial therapeutic properties, and it is thought that the 

mechanisms involved in these effects are due to the 

modulation of innate immunity more specifically macrophage 

function (17).Recent pharmacological studies demonstrated 

the polysaccharides fraction of Angelica sinensis had radio-

protective effects in irradiated mice through modulation of 

proliferative response of hemopoietic stem cells. Recently, 

certain polysaccharides of microbial origin have been 

described that act as potent immunomodulators with specific 

activity for both T cells and antigen-presenting cells such as 

monocytes and macrophages (13). In one research study 

protein bound polysaccharides PSK and PSP have been 

isolated from distinct strains of mushrooms. PSK and PSP are 

classified as biological response modifiers that stimulate T-

cell activation and induce IFN-γ and IL-2 production. The 

biologic activity is characterized by their ability to increase 

white blood cell counts, IL-2 production and delayed-type 

hypersensitivity reactions. In addition, these polysaccharides 

have been shown to inhibit the growth of tumor cell lines and 

have in vivo antitumor activity. The antitumor activity has 

been evaluated in Japan for prevention of oesophageal, gastric, 

and lung cancer in humans with promising results (20). 

Certain more polysaccharides with immunomodulatory 

properties are listed in table 2. (Table 2)  
 

𝛽-(1–3)-Glucans are derived from various strains of fungi and 

yeast. Glucans are generally glucose homopolymers. When 

treated with 𝛽-(1–3)-glucans, it led to the increase in 

proportion of neutrophils and eosinophils. They also alter the 

macrophage activity. 𝛽- (1–3)-Glucans shows both cellular 

and humoral immune response via increasing the activity of 

mononuclear cells and neutrophils and enhanced proliferation 
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of macrophages (4). Soluble 𝛽-(1–3)-glucans is known to 

prevent bacterial sepsis. Soluble 𝛽-(1–3)-glucans increases the 

number of circulating neutrophils and also bone marrow 

proliferation (25). 
 

Glycosides: Pharmaceutically important glycosides include 

saponins and anthracin derivatives. Glycosides mainly 

participate in the stimulation of cardiac system, central 

nervous system stimulation and immune system, they also 

possess antimicrobial activity. (Table 3) 
 

Phenolic Compounds: These are wide range plant substances 

possessing an aromatic ring bearing one or more hydroxyl 

substituent. The presence of phenols is considered to be 

potentially toxic to the growth and development of pathogens. 

This group includes flavonoids, tannins, and other phenols 

(21). (Table 4) 
 

Flavonoids: Flavonoids are potent water-soluble super 

antioxidants and free radical scavengers which prevent 

oxidative cell damage have strong anti-cancer activity and 

protect against all stage of carcinogens (26). In terms of anti-

cancer activity, they inhibit the initiation, promotion, and 

progression of tumors. In recent times, plant flavonoids have 

attracted attention of researchers as a potentially important 

dietary supplement for cancer patients as they act as chemo 

protective agents (27). (Table 5) 
 

Anthocyanins, Tannins, Saponinsand Sterols: Anthocyanin 

isolates and anthocyanin-rich mixtures of bioflavonoid may 

provide protection from DNA cleavage, estrogenic activity 

(altering development of hormone-dependent disease 

symptoms), enzyme inhibition, boosting production of 

cytokines (thus regulating immune responses) (29). 
 

Many physiological activities such as stimulation of 

phagocytic cells, host-mediated tumor activity and a wide 

range of anti-infective action have been assigned to tannins. 

(15.) 
 

Modern researchers found that saponins have antitumor effect 

on many cancer cells. Several saponins inhibit tumor cell 

growth by cell cycle arrest and apoptosis (31). 
 

It has been postulated that the sterols in a specific ratio could 

reinstate a balance between the Th1-Th2 cells, a delicate 

balance that determines the final outcome of the immune 

response (32.). 
 

All of the above discussed phytonutrients exhibit the potential 

to act as immunostimulants in some or the other way. 

Immunomodulation and immunity augmentation is further 

possible by applying some means mentioned in ancient Indian 

Medicinal Science; Ayurveda.  
 

The role of plant extracts and Ayurvedic polyherbal 

preparations in treating various ailments has been 

acknowledged since time immemorial. Studies based on the 

effect of these extracts in treatment of different diseases have 

also been well documented. Indian medicinal literature also 

emphasizes the synergistic effect of polyherbal drugs in 

restoring and rejuvenating immune system (35). Further these 

herbal formulations can be a better alternative for allopathic 

immunomodulators. 
 

According to Ayurveda, certain herbal extracts and their 

formulations or combinations certainly help in leukocyte count 

strengthening. The facts mentioned in these ancient Ayurvedic 

scriptures are proved scientifically as well.  
 

1. Licorice: Research has shown thatlicorice 

(Jyeshthmadh/ Yashtimadhu) is a potential specific 

immune stimulator. Licorice, the dry roots 

of Glycyrrhiza glabra L. (Fabaceae), is considered one 

of the oldest and most widely used herbal drugs around 

the world.  Study has shown that licorice extract 

stimulates the activation of lymphocytes, mainly T cells 

(33).  

2. Triphala: In one study, oral administration of 

Triphala(Terminalia chebula, Terminalia belerica and 

Emblica officinalis) appeared to stimulate the 

neutrophil functions (34).Another study concludes that 

aqueous extracts of the individual constituents of 

Triphala reportedly enhance especially the macrophage 

activation due to their free radical scavenging activity 

and the ability to neutralize reactive oxygen species 

(35). 

3. Neem (Azadirachtaindica): Many studies have 

exhibited the use of Neemextracts to augment immune 

function. One study exhibits significant result with 

respect to effect of Neem on leucocyte count. The study 

concluded that efficacy of Neem leaf preparation is 

comparable to granulocyte colony stimulating factor 

(GCSF) in its ability to protect against leukocyte 

apoptosis induced by cisplatin and 5-fluorouracil 

therapy. It emphasizes on use of Neem leaf preparation 

as a better choice of treatment in chemotherapy for 

cancer because GCSF is tumor promoting, angiogenic 

and expensive (36, 50, 51).In one more study A. indica 

treatment caused a significant increase in WBC counts 

as was seen in mice that received only aqueous Neem 

leaf extract treatment when compared to the control 

animals.Earlier, A. indica has been reported to enhance 

the WBC counts and was correlated with the growth 

restriction of murine carcinoma (37). 

4. Aamla/ Indian gooseberry (Phyllanthus emblica): 

Phyllanthus emblica has been extensively documented 

for possessing significant immunomodulating 

properties (51). Aamlaincreases white blood cell counts 

and other measures of strengthened immunity in 

rodents given with Aamla tonic. Aamla inhibits the 

growth and spread of various cancers like breast, uterus, 

pancreas, stomach and liver cancers. It can prevent 

and/or reduce the side effects of chemotherapy and 

radiotherapy. More than 18 compounds were identified 

in aamla fruit which can exert anti-proliferative activity 

on gastric and uterine cancer cells (39). The main 

mechanism behind its activity is by enhancing Natural 

Killer (NK) cell activity in various tumor cells. 

Emblicanin A & B of aamla fruit are reported to 

possess strong antioxidant and anti-cancer properties 

(38). 

5. Guduchi/ Giloy (Tinospora cordifolia):  Guduchi/ 

Giloy is a climbing shrub widely used in the ethno-

medicinal systems across the globe since ancient times 

(48, 49). The whole plant is used for therapeutic 

purpose. It is bitter but non-toxic and possesses 

potential ability to scavenge free radicals. Its 

immunomodulatory properties are well documented. In 

one study, T. cordifolia stem and leaf extracts 

significantly increased WBC levels in mice (40). 

Another study concluded that Tinospora cordifolia 

significantly improved immunity in children and 

proposed that it can be used as an adjuvant to 
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vaccination (41). One study described that Tinospora 

cordifolia led to activation of macrophages and as 

macrophages are the first line of defence in our body 

and play a crucial role in innate (nonspecific) and 

adaptive (specific) immunity, it is an important finding 

to support the immunostimulant action of the drug (42). 

Furthermore another study on male Wistar rats using 

alcoholic extract of Tinospora cordifolia also reported 

an increase in the white blood cell (WBC) counts, bone 

marrow cellularity, serum Ig concentrations, further 

substantiating the immunomodulatory potential of this 

plant (43). One more research proved that 

administration of Tinospora cordifolia stem extract to 

mice (200 mg/kg, i.p, daily for 5 days) increased the 

total white blood cell count significantly. It also 

increased bone marrow cellularity and α-esterase 

positive cells in bone marrow indicating increased 

maturation of stem cells. Administration of the extract 

was also found to significantly increase humoral 

immune response. Tinospora extract reduced solid 

tumour growth and synergistically acted 

with cyclophosphamide in reducing (83%) the animal 

tumours (44). 

6. Punarnava (Boerhavia diffusa): Boerhavia diffusahas 

been widely studied for its chemical constituents and 

therapeutic activities (48, 49). Punarnavine is an 

alkaloid dominantly present in Punarnava. In one 

study, the effect of Punarnavine on the immune system 

was analysed. Intraperitoneal administration of 

Punarnavine (40 mg/kg body weight) was found to 

enhance the total WBC count on 6
th

day. Bone marrow 

cellularity and number of alpha-esterase positive cells 

were also increased by the administration of 

Punarnavine (45).  

7. Betel Leaf (Piper betle): Piperbetle leaves have been 

found to exhibit antioxidant and anticarcinogenic 

activities (46, 48, 49). 

8. Ginger (Zingiber officinale Roscoe): Ginger has been 

widely used for various beneficiary effects on body (48, 

49). Among many studies, one study significantly 

confirmed that fish fed with powdered ginger rhizome  

showed significant  immune-stimulatory effect, 

increasing  WBC,  haematocrit  (Hct),  RBC  values  

compared  with  the control  group  (p  <  0.05) (47). 

Many researches confirm the similar results for ginger. 

9. Shigru (Moringa oleifera): Moringa is a nutrient-dense 

herb that is considered a powerhouse of vitamins, 

minerals, and antioxidants. It is believed to have 

immune-stimulating properties and may support 

immune system function. Moringa leaf extracts have 

shown potential immunomodulatory effects, although 

more research is needed in this area (52).  
 

Summary and Future Prospective 
 

As chemotherapy is an integral part of most cancer treatments, 

chemotherapy induced Leukopenia (CIL) is a common, life 

threatening side effect of the procedure. Dietary 

phytochemicals from certain indigenous herbs and foods have 

prominently exhibited anti-metastatic properties as well as 

immune-modulating activities. Hence these dietary 

phytochemicals from indigenous herbs and foods have been 

studied in depth to aid in reducing the risk of above mentioned 

side effect. Most of them can be safely used in the prevention 

of CIL once chemotherapy is commenced. 
 

Further pre-clinical and clinical studies can be more effective 

in confidently stating their use as a treatment to prevent CIL. 
 

Table 1 Alkaloids as Immunomodulators 
 

Alkaloid Source 
Mechanism of 

Action 

Piperine 

Piper longum 

 
(Long pepper/ Pippali) 

Increases total 

WBC count, bone 

marrow cellularity, 
total antibody 

production (19) 

Berberine 
Hydrasti 

canadensis 

 
(Golden seal) 

Significant 

reduction of 
plasma TNF-α, 

IFN-γ and NO 

levels(11) 

Tetrandrine 
Stephania 

tetrandra 

 
(Han Fang Ji) 

Suppress cytokine 
production 

Inhibits NF-κB 

mediated release of 
inflammatory 

factors (10, 24) 

Sinomenine 

Sinomenium 
acutum 

 
(Orient vine stem) 

Graft survival (12) 

 

 
 

 

Girinimbine and 
carbazole 

Murraya koenigii 

 
(Curry leaves/ Kadipatta) 

toxicity against 
HCT-166 colon 

cancer cells (7) 

 

*WBC: White blood cell, TNF-α: Tumor necrosis factor alpha, IFN-γ: Interferon gamma, 

NO: Nitric oxide, NF-κB: Nuclear factor-kappaB, HCT 166: human colon cancer cell line 
 

Table 2 Polysaccharides as Immunomodulators 
 

Polysaccharide Source 
Mechanism of 

Action 

Angelica sinensis 

 
(dong quai) 

 
Modulation of 

proliferative 

response of 
hemopoietic 

stem cells 

Pollysaccharide 

Krestin (PSK) and 

Pollysaccharopepti

de (PSP) 

 
(Polyporousversicolor- ‘cloud 

Inhibit the 

immunosuppre

ssive cytokine 

transforming 
growth factor 

beta 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/tinospora
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/solid-malignant-neoplasm
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/solid-malignant-neoplasm
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/cyclophosphamide
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like mushroom’) 

Galactose, 
Mannose. from 

Cyamopsistetragon
olobus (seed) 

 
(Cluster beans/ guar) 

Anti-tumor, 

Anti-oxidant 

𝛽-(1–3)-Glucans 

 
(yeast) 

Increase the 

number of 

circulating 

neutrophils and 

also bone 

marrow 
proliferation 

 

Table 3 Glycosides as Immunomodulators 
 

Glycoside Source 
Mechanism 

of Action 

Aucubin 
Plantago major 

(broad leaf plantain) 

Enhances 

lymphocyte 
proliferation 

and 

secretion of 
IFN-γ 

 

Mangiferin 

Mangifera indica 

(Mango) 

Enhances 
the 

production 

of IgG1 and 
IgG2b 

 

Eupalitin-3-O-β-D-gala
ctopyranoside 

Boerhaaviadiffusa 

 
(Punarnava) 

Inhibited 

PHA-stimul

ated 
proliferation 

of peripheral 

blood 
mononuclea

r cells 

IL-2 and 
TNF-α. 

 

*PHA: Phytohaemagglutinin, IL: Interleukin, TNF-α: Tumor necrosis factor alpha, 

IFN-γ: Interferon gamma, IgG: Immunoglobulin G 

 

 

 

 

 

 

 

 

 

 

 
 

Table 4 Phenolic Compounds as Immunomodulators 
 

Phenolic 

Compounds 

Source Mechanism of 

Action 

Gallic acid 

 
(aamla, berries) 

B-cell 

proliferation, 

inhibition of 
mast cell 

degranulation 

 

Ellagic acid 

Punica 
granatum 

 
(Pomegranate) 

Anti-proliferative 

and antioxidant 
 

Chlorogenic 

acid 
Plantago 

major , 

Ferulic acid 
Plantago 

major, 

 
P-Coumaric 

acid 

Plantago 
major 

 
(Broad leaf plantain) 

Enhances 

lymphocyte 
proliferation and 

secretion of IFN 

 
 

Curcumin 

Curcuma 
longa 

 
(Turmeric) 

Enhances bone 

marrow 

cellularity, α 

esterase positive 

cells and 
phagocytic 

activity. Inhibits 

IL-2 expression 
and NF-κB 

 

 

*IFN: Interferon, IL: Interleukin, NF-κB: Nuclear factor-kappaB 
 

Table 5 Flavonoids as Immunomodulators 
 

Flavonoid Source 
Mechanism of 

Action 

Centaurein 
Bidenspilosa 

 
(Spanish needle) 

Augmentation of 

IFN-γ promoter 
activity 

 

Apigenin 
7-o-β-D-Neohesperidos

ide, Vitexin and 

Orientin 
Jatrophacurcas 

 
(Dravanti) 

Stimulation of 

humoral and cell 

mediated 
immune 

response 
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Luteolin , 
Baicalein 

Plantago major 

 
(Broad leaf plantain) 

Enhances 

lymphocyte 
proliferation and 

secretion of IFN 
 

Quercetin-3-O-rutinosi

de 

Urticadioica 

 
(Stinging nettel) 

Immunomodulat

ion 

 

 

*IFN-γ: Interferon gamma 
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