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INTRODUCTION 

Leukemia is considered to be among the most 

common cancer types and happens because of the abnormal 

proliferation of white blood cells [1,2]. Leukemia can be 

classified as acute or chronic according to the patient’s age; 

and using the blood cell type into chronic (CML) or acute 

(AML) myeloblastic leukemia; or chronic (CLL) or acute 

(ALL) lymphoblastic leukemia. ALL appears to be more 

common in children with a high incidence between two and 

five years of age, whereas the other categories are more 

common in adults [3]. A patient suspected of having 

leukemia needs to consult an oncologist–hematologist to 

make a diagnosis and start treatment. Chemotherapy drugs, 

radiation and monoclonal hematopoietic stem cell 

transplantation are now the most common treatments for 

each type of leukemia. The treatment plan varies based on 

the subtype of leukemia, cytogenetic and molecular studies 

and the age of the patient. Although chemotherapeutic drugs 

such as cyclophosphamide, fludarabine, prednisone, 

chlorambucil and doxorubicin are used clinically to treat 

leukemia, they are used in combination instead of being 

used as single drugs and often do not improve the patient’s 

overall survival rate. Complications of intensive 

chemotherapeutic treatment for a patient suffering from 

leukemia include risk of death from cardiac and 

neurological complications [4], oral mucositis [5], 

gastrointestinal and liver toxicities [6], an infectious 

complication for ALL patients [7] and reduced bone mineral 

density at a high rate for children with ALL [8,9]. In spite of 

causing several side effects, the overuse of these drugs leads 

to chemotherapeutic drug resistance in leukemia cells [10]. 

Thus, the production of new therapeutic drugs having higher 

potency and lower toxicity is important to expanding the 

overall life expectancy. 

 Leukaemia is diagnosed 10 times more 

often in adults than in children and more common in males 

than females [11]. In the year 2000, nearly 2, 56,000 

children and adults around the world developed some form 

of leukaemia, and 2,09,000 died from it [12]. Many factors 

are related to the development of leukaemia: prior.
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ABSTRACT 

Leukemia is a group of hematological malignancies characterized by abnormal proliferation of white blood cells, leading 

to impaired hematopoiesis and immune dysfunction. Conventional treatments such as chemotherapy, radiation therapy, 

and stem cell transplantation have improved survival rates but are often associated with severe adverse effects, drug 

resistance, and reduced quality of life. This has driven increasing interest in plant-derived phytochemicals as alternative 

or complementary therapeutic agents. The present review highlights the role of medicinal plants, fruits, and their 

bioactive compounds in the management of leukemia. Numerous herbs including Catharanthusroseus, Allium sativum, 

Annonaglabra, Curcuma longa, Withaniasomnifera, and Viscum album have demonstrated significant antileukemic 

potential through mechanisms such as induction of apoptosis, inhibition of cell proliferation, cell cycle arrest, 

modulation of mitochondrial pathways, and immune enhancement. These phytochemicals act on multiple molecular 

targets, offering advantages over single-target chemotherapeutic agents. Overall, the review emphasizes the potential of 

phytochemicals as safer and effective therapeutic candidates for leukemia, warranting furtherpreclinical and clinical 

investigations.  
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chemotherapy, hereditary syndromes (Down syndrome), 

ionizing radiation, viruses infection, and smoking People 

with leukaemia are treated with a combination of 

treatment including chemotherapy (main treatment), 

antibiotic, blood transfusion, radiation therapy, and bone 

marrow transplantation. Although these treatments have 

prolonged the survival rate of patients with leukaemia. 

Some of these treatments are difficult to handle [13]. 

Thus, there is a need to seek for other remedies in 

combating the disease. 

 

Types of Leukemia 

Physiologically and on the verge of occurance, 

Leukemia is classified into different Types: Based on 

Characteristics of the disease:  

• Acute Leukemia  

• Chronic Leukemia 

 

Based on the types of WBCs affected: 

• Lymphocytic Leukemia 

• Myelogenous Leukemia  

 

Acute Leukemia: 

Occurs due to the malignant transformation of 

Hemopoetic stem cells into undifferentiated primitive cell 

with abnormal longivity. 

 These lymphoid cells Acute Lymphocytic 

Leukemia [ALL] or myeloid cells Acute Myelogenous 

Leukemia [AML]-proliferate, replacing normal bone - 

marrow tissue and hematopoietic cells and inducing 

anemia, thrombocytopenia, and granulocytopenia. They 

can infiltrate various organs and sites, including the liver, 

spleen, lymph nodes, CNS, kidneys, and gonads as they 

are blood bourne.  

 

Chronic Leukemia: 

A group of malignancies involving the 

hematopoietic system. Chronic myelogenous leukemia 

(CML) is a proliferation of myeloid neoplasm that arises 

from a clonal process involving an early progenitor 

hematopoietic stem cell. It also is associated with the 

BCR-ABL1 fusion gene localized to the Philadelphia (Ph) 

chromosome. 

 

Chronic myelomonocytic leukemia (CMML): 

By World Health Organization (WHO) has been 

redefined as a myelodysplastic/myeloproliferative 

neoplasm. It originates from a clonal hematopoietic 

malignancy, in which there 

 

Chronic lymphocytic leukemia (CLL): 

It is a neoplasm comprised of small, round to 

slightly irregular B lymphocytes.  

Symptoms of Blood Cancer: 

Symptoms Vary Based on Blood Cancer Type, 

But There Some Symptoms All Three Have in Common. 

1. Fatigue 

This Is Feeling So Tired You Can’t Manage 

Your Daily Activities You May Also Feel Weak. 

2. Persistent Fever 

A Fever Is a Sign Your Body Is Fighting 

Infection or Responding to Abnormal Cancer Cells. 

3. Drenching Night Sweats  

This Is Sweating That Comes on Suddenly 

While You’re Sleeping, Disturbing Your Sleep 

4. Unexpected or Unexplained Weigh Loss 

Unexpected Weight Loss Of 10 Pounds Over A 

Six To 12 Month Period Is Considered Unexplained 

Weight Loss. 

5. Frequent Infections 

Frequent Infections May Be A Sign Something 

Is Affecting Your Immune System. 

6.  Lymph Nodes or An Enlarged Liver (or) Spleen  

There Symptoms May Be Signs of Leukemia or 

Lymphoma.  

7. Bone Pain  

Myeloma And Leukemia May Cause Bone Pain 

or Tender Spots or Your Bones. 

8.  Fever, loss of weight, Night sweats, joint pain, 

abdominal discomfort, Headache. Shortness of 

breath, Itchy skin3,4. 

 

1. Risk Factors for Developing Hadgkin Lymphoma 

Include  

❖ History of infection with EPSTEIN BARR VIRUS 

[EBV] 

❖ which causes infection mononucleosis [mono]. 

❖ Advancing age   

❖ Gender 

❖ Family history of Hodgkin lymphoma  

❖ Compromised immune system  

 

2. Risk Factors for Developing Non-Hodgkin 

Lymphoma Include  

❖ Exposure to certain industrial chemicals, herbicides 

and insecticides  

❖ History of chemotheraphy 

❖ Radiation exposure   

❖ Compromised immune system 

❖ History of autoimmune disease such as rheumatoid 

arthritis or lupus 

 

3. Risk Factors for Developing Multiple Myeloma 

❖ Advancing age 

❖ Gender 

❖ Race higher risk among African American 

❖ Obesity or extra body weight 
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Catharanthusroseus: 

Catharanthusroseus (synonym of Vincarosea). C. 

roseus, usually known as Madagascar periwinkle, belongs 

to the Apocynaceae family. The plant has a short stem 

and glossy green leaves, and flowers appear in spring and 

autumn (three colors: pink, purple and white) [79,80]. C. 

roseus is originally endemic to Madagascar, Jamaica and 

the Philippines [81]. The most potentially active chemical 

constituents of C. roseus are alkaloids. More than 400 

alkaloids were isolated from this plant. Vinca alkaloids 

vinblastine and vincristine are the two major active 

compounds; the two semi-synthetic analogues derived 

from such active compounds are vinorelbine and 

vindesine. Vincristine and vinblastine are the first plant 

alkaloids to be clinically used as anticancer drugs.  

 

Hibiscus cannabinus: 

It contains bioactive components such as tannins, 

saponins, polyphenolics, alkaloids, fatty acids, 

phospholipids, tocopherol, and phytosterols. Seed oil of 

kenaf is a unique and rich source of bioactive compounds 

with high antioxidative and anticancer properties. In 

addition, it has been reported that this herb inhibits the 

action of carcinogenic chemicals in colon cancer 

induction in rats and also kills ovarian cancer cells 

through apoptosis. Further study from unpublished data 

confirmed that kenaf seed oil causes cells death of human 

leukaemia HL60 and K562 cells and murine 

myelomonocytic WEHI-3H cell lines through induction 

of apoptosis. 

 

Annonaglabra: 

Annonaglabra L., known as the pond apple, 

belongs to the Annonaceaefamily[82]. It is a tropical wild 

tree native to Asia and the Americas that has been used in 

traditional Chinese medicine. Its phytochemical 

constituents, such as acetogenins; diterpenoids like 

cunabic acid and Ent-kaurenoicacid and alkaloids, have 

been shown to exhibit antimalarial, anti-HIV and 

anticancer properties [82, 83]. 

 

Allium sativum: 

Garlic extract (GE) has a prominent role in the 

cancer prevention. It was well known because of its 

possible health benefits. A. sativum has free radical 

activity and its direct cytotoxic effect on cancer cells, 

particularly leukaemia. The mechanisms by which garlic 

extract induces cytotoxic effects in cancer cells remain 

unknown. However, significant decreased of human 

leukaemia (HL-60) were observed when the cells were 

treated with GE in a concentration and time dependent 

manner. This finding demonstrates that at therapeutic 

concentrations, garlic treatment induced cytotoxic effects 

on HL-60 cells in vitro. Ajoene as one of the noticed 

compounds in garlic has shown to inhibit proliferation 

and induce apoptosis of humansleukaemic cells and act as 

an antileukaemic agent for acute myeloid leukaemia 

therapy. 

 

Basellaalba: 

Basella alba is a wildly cultivated, cool-season 

vegetable categorized under the family of 

Basellaceae[65]. B. alba is known as vine spinach, 

Chinese spinach, Indian spinach, Malabar spinach and 

Ceylon spinach. B. alba is native to Malaysia, India, the 

Philippines, Indonesia, tropical Africa, tropical and South 

America, Southeast of Brazil and the Caribbean [84]. 

India and China are the two major countries utilizing the 

plant for its medicinal benefits In India, the Ayurvedic 

treatment uses B. alba leaves against oral cancer, 

leukemia and melanoma The plant was reported for its 

anticonvulsant, anti-inflammatory and antifungal 

activities, and as an analgesic, an anemia treatment and an 

androgenic therapy [85, 86]  

 

Ferulagoangulata: 

Ferulagoangulata also known as chovir is a 

Persian medicinal herb, a common plant found in Iran, 

Iraq, Turkey, Serbia, Greece and Macedonia [87]. F. 

angulata is from the Apiaceae family, and many Ferulago 

species have traditionally been used to treat intestinal 

worms, hemorrhoids, ulcers, headaches and snake bites, 

and act as sedatives. F. angulata is well studied for 

immunomodulatory, anti-proliferative, anti-apoptotic and 

cytotoxic activities against various cancer lines [88] . 

 

Blumealacera: 

Blumealacera (Asteraceae) is commonly used as 

a medicinal plant in Bangladesh, and its Bengali name is 

Kukurshinga [89]. B. lacera is a yearly herb with a strong 

odor. Its essential oil contains cineol, fenchone and 

camphor [90]. B. lacera is largely grown in the 

Philippines and is traditionally used in Taiwan as a 

medicinal plant due to its many biological activities, 

including diuretic, antiscorbutic, astringent and broad 

anti-leukemic activities [89,90].  

 

Oleaeuropaea: 

Oleaeuropaea, also known as the olive, is one of 

the plants that is used in common, traditional 

Mediterranean herbal teas to treat many illnesses. O. 

europaea is in the Oleaceae family, native to coastal areas 

of southern Asia and Europe, and especially prevalent in 

the Mediterranean region [91]. O. europaea leaves have 

many effective pharmacological abilities, including 

neuroprotective, anti-inflammatory, antiviral, 

hypoglycemic, antimicrobial and anticancer effect. [91]. 

 

Viscum album: 

Viscum album (mistletoe) belongs to the 

Viscaceae family, is distributed in Europe, southwest and 

central Asia and northwest Africa and has been used to 
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treat cancer since the 1920s [92]. V. album contains 

several active phytochemicals, including Visco toxins and 

lectins, which are essentials in treating cancer because of 

their antiproliferative and apoptotic effects [93]. It also 

contains a class of compounds that includes 

phenylpropanoids, flavonoids and phenolic acids which 

showed anti-inflammatory and antioxidant effects. 

 

Houttuyniacordata Thunb: 

Houttuyniacordata is considered one of the 

aromatic medicinal plants in the Saururaceae family. H. 

cordata is a local plant found in Northern Thailand, Japan, 

Korea, Southern China and Southeast Asia generally [94]. 

This plant has commonly used the world over for many 

medical purposes. 

 

 

 

 

Litchi chinensissonn: 

Litchi chinensissonn Litchi belongs to the Sapindaceae 

family [95], and is known for its delicious fruit in 

southeast Asia. The plants is also Planted in other 

semitropical regions for its fruits [96]. In China, the plant 

is popular due to its attractive shape. Often, the fresh and 

dried litchi fruit extracts are made into powders to be 

utilized in traditional Chinese medicine and Indian herbal 

medicine. [97]. 

 

Typhoniumflagelliforme: 

Typhoniumflagelliforme is native to a tropical 

region and is in the family Aracrecognized in Malaysia as 

the “rodent tuber”. T. flagelliforme is native to 

Bangladetan, Cambodia and Indonesia and is largely 

distributed in south India, south-east Anorthern Australia 

[98]. T. flagelliforme juice extract is traditionally used 

orally tcoughing, swelling and more predominantly for 

treating different cancers by thpopulation of Malaysia. 

 

Table 1: A list of traditionally used medicinal plants demonstrating cytotoxic effects in different leukemia cell lines 

S.No          Name     Family     Active compound  Mechanism of 

Action 

Reference 

  1. Annonaglabra Annonaceae AcetogeninsDiterpenoid (Cunabic acid, 

Ent – kaur – en-oic acid) 

Inhibition of 

mitotchondrial 

respiratory chain 

complex, Inhibition 

of proliferation and 

Induce apoptosis and 

necrosis. 

 

 

    14-16 

  2. Allium sativam Amaryllidaceae Allin Damaging microbial 

cell walls, acting as 

antioxidants, 

inducing cancer cell 

apoptosis. 

 

 

 

       17 

  3. Aloe vera Asphodelacea Aloin Induce apoptosis, cell 

cycle arrest in 

leukemia cell lines 

 

     18 

  4. Allium wallichii Amaryllidaceae Steroids, terpenoids, flavonoids, reducing 

sugars of glycosides 

Apoptosis Induction, 

NFkB pathway 

modulation and 

enzyme activity 

regulation. 

     19 

  5. Azadirachtaindica Meliaceae Limonoids Induce apoptosis, 

Inhibit proliferation 

 

      20 

  6. Basella alba Basellaceae   - SitosterolTerpenoids (Lupeol) Anti – leukemic, and 

growth Inhibition 

 

      21 

  7. Berberisamurensis Berberidaceae Alkaloids 

Bisbenzylisquinoline group  

Berbamine,4-chlorobenzoyl Berbamine 

and Berberine. 

Induce cell apoptosis, 

Apoptosis, K562 –r 

cell growth arrest and 

cell proliferation 

inhibition 

 

  22-24 

  8. Blumealacera Asteraceae Alkaloids, Tannins, steroids, gums. 

Terpenoids, diterpenoid glycoside 

Antiproliferation  

      25 
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  9. Bidenspilosa Asteraceae Flavonoids Antiproliferation    26,27 

  10. Berberis vulgaris Berberidaceae Berberine Induce cell cycle 

arrest, and autophagy 

in cancer cell 

 

      28 

11. 

 

 

Catharanthus 

roseus 

 

 

 

Apocynaceae 

Alkaloids:Vincristine, 

Vinblastin, Vindesine, 

Vinorelbine. 

Mitotic inhibitor and 

Arrest the cell 

division which causes 

the death of the cells 

 

     29 

12. 

 

Corepsis 

lanceolata 

Asteraceae Flavonoids:flavanone, 

Chalcones, and aurones 4 

methoxylanceoletin. 

Antiproliferation and 

apoptosis induction  

 

    30-32 

13. Citrus limon Rutaceae 5-hydroxy-6,7,8,3’,4’- 

pentamethoxyflavone 

Promote apoptosis, 

enhance cellular 

defenses  

 

     33 

14. Curcuma longa Zingiberaceae Curcumin, ascorbic acid 

 

Induce apoptosis, 

Inhibiting the 

proliferation of the 

cancer cell 

 

    34 

15. Cannabis sativa  Cannabaceae Cannabinoid 

 

Inducing 

programmed cell 

death and inhibiting 

cancer cell 

proliferation 

 

    35 

16. 

 

Emblica 

Officinalis 

Euphorbiaceae Alkaloids 

 

 

 

Inducing apoptosis, 

modulating cell cycle 

regulation and 

enhancing Immune 

response 

 

     36 

17. 

 

 

 

 

Ferulagoangulata 

 

 

 

Apiaceae 

 

 

 

 

Phenolic Flavonoid Monoterpenes: 

α - Pinene 

  - Pinene 

Antiproliferation, 

Apoptosis induction 

and Autophagy and 

necrosis. 

 

 

 

18. 

 

 

 

 

Ficusdeltoidea 

 

 

 

 

 

Moraceae 

 

 

 

Flavonoid, tannins, terpenoids,phenol , 

Proantocyanins,lignans, 

Alkaloids and coumarins 

Apoptosis induction 

 

 

 

 

 

   Ginkgetin,ginkgolide A&B Induce apoptosis and 

causing cell cycle 

arrest in leukemia 

cell 

 

    40 19. Ginkgo biloba Ginkgoaceae 

20. 

 

Glycyrrhiza 

glabra 

Fabaceae Licochalcone-A, Licoagrochalcone Induce apoptosis  

    41 

21. 

 

Gossypium 

hirsutism 

Malvaceae Gossypol Targeting the Bcl-2 

family of apoptotic 

proteins 

 

     42 

22. 

 

Houttuynia 

cordataThunb 

Saururaceae Flavonoids Antiproliferation, 

Apoptosis induction 

through an 

endoplasmic 

reticulum stress 

pathway. 

 

    43-44 

  Sapindaceae Phenols, Flavonoids,  Antiproliferation and  
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23. 

 

 

 

Litchi chinensis 

sonn 

 

 

 

 

 

Polysaccharides tannins: epicatechnin, 

proanthocyanidin B2 and 

proanthocyniodin B4 

Apoptosis induction  

 

 

 

 

     45 

    Antiproliferation and 

Apoptosis induction 

 

 

 

 

 

   46-49 

 

 

 

24. 

 

 

 

Nyctanthes 

arbor -tristis 

 

 

 

Oleaceae 

 

 

Phenols: Phenol, (dimethylethyl), 

hydroxypyridine oxide glycosides, 

tannins, phenols  

and steroids. 

 

 

25. Oleaeuropaea Oleaceae Phenols, oleuropeosidesoleuropein/ 

verbascoside, Hydroxytyrosol, 

FlavonsFlavonols (rutin), Catechin 

phenols (vanillin, tyrosolhydroxyrosol, 

caffeic acid and vanillic acid) 

  

  50-55 

 

26. 

 

Panax ginseng 

 

Araliaceae Panaxadiol, panaxatriol 

 

Induce apoptosis, 

suppressing cancer 

cell proliferation 

 

      56 

27. 

 

Piper longum 

 

Piperaceae Amide alkaloids Induce cancer cell 

death 

 

      57 

 28. 

 

Panax 

pseudoginseng 

 

Araliaceae 

 

Panaxadiol 

Inhibit cancer cell 

growth, Induce 

apoptosis 

 

      58 

29. Pisumsativum 

 

 

Fabaceae 

 

Protease inhibitors, rTI1B, rTI2B 

Induce apoptosis, 

Inhibition of cell 

proliferation 

 

      59 

 

30. Scutellaria 

baicalensis 

Lamiaceae Flavonoid, Baicalein, bacicalin, and 

wogonin 

 

 

 

 

Growth inhibition 

induce apoptosis and 

cell cycle arrest, 

Induction of 

apoptosis and Dose – 

dependent reduction 

of mitochondrial 

metabolism. 

 

    60,61 

 

31. Solanumnigrum Solanaceae Solamargine, solasonine Induce apoptosis, and 

causing cell cycle 

arrest in cancer cell 

 

      62 

32. Saliva officinalis Lamiaceae Flavonoids and rosmarinic acid 

 

Antiproliferative, 

Anti-migratory and 

antiangiogenic. 

 

     63 

 

33. 

 

Tithonia 

diversifolia 

Asteraceae Sesquiterpene lactones (STLs) 

Chlorogenic acid derivatives (CAs) 

Flavonoids, Phenolics, tannins and 

terpenoids 

 

Antiproliferation and 

cytotoxic 

 

 

 

 

     64,65 

34. 

 

Typhonium 

flagelliforme 

Araceae Hexadecanoic acid, gamma sitosterol, 

phytol ,octadecadienoic acid, 

pentadecyne, squalene, eicosane, 

octacosane, and geranylgeraniol. 

Pheophorbide, oleic acid, campesterol, 

stigmasterol and sitosterol, linolic acid. 

Antiproliferation via 

apoptosis induction 

 

 

 

 

 

    66-70 

35. Viscum album Viscacea Proteins such as lectins and polypeptides 

like viscotoxins 

Apoptosis induction 

and G2/M Cell cycle 

arrest. 

 

      71 
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36. 

 

Vernonia 

amygdalina 

Compositae Sesquiterpenelactones:Vernodaline and 

vernolide 

Antiproliferation 

DNA damage, and 

apoptosis induction 

 

    72-73 

37. Vitisvinifera Vitaceae Procyanidins Induction of 

apoptosis in cancer 

cell 

 

      74 

38. Willows tree Salicaceae Salicin and saligenin Apoptosis induction 

by causing DNA 

damage. 

Antiproliferation. 

 

      75 

 

39. 

 

Withania 

Somnifera 

Solanaceae Withaferin A, D Trigger apoptosis, 

Causing cell arrest 

and boosting immune 

response 

 

     76 

 

40. 

 

Xanthium  

Strumarium 

Asteraceae Xanthatin Induce apoptosis, 

Inhibiting cancer cell 

proliferation 

 

     77 

 

41. Zingiberofficinale Zingiberaceae Gingerol Induce cancer cell 

death and Inhibit 

proliferation 

 

    78 

 

Catharanthusroseus: Hibiscus cannabinus: Annonaglabra: Allium sativum: 

 

    

Basellaalba: Ferulagoangulata: Blumealacera: Oleaeuropaea: 

 

  
 

 

Viscum album: HouttuyniacordataThunb: Litchi chinensissonn: Typhoniumflagelliforme: 
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RESULTS AND DISCUSSION 

The reviewed data demonstrate that a wide range 

of medicinal plants exhibit cytotoxic and antiproliferative 

effects against various leukemia cell lines such as HL-60, 

K562, WEHI-3H, and others. Bioactive compounds 

including alkaloids (vincristine, vinblastine, berberine), 

flavonoids (baicalein, quercetin), terpenoids (lupeol, 

withaferin A), phenolics, and cannabinoids were identified 

as major contributors to antileukemic activity. These 

compounds were shown to induce apoptosis, cause cell 

cycle arrest at G0/G1 or G2/M phases, inhibit mitochondrial 

respiratory complexes, and suppress oncogenic signaling 

pathways. Several plants, notably Catharanthusroseus, 

Allium sativum, Annonaglabra, Oleaeuropaea, and Viscum 

album, demonstrated consistent and strong antileukemic 

effects across different experimental models.  

The findings highlight the therapeutic relevance of 

phytochemicals in leukemia management, particularly due 

to their multi-target mechanisms of action and 

comparatively lower toxicity. Unlike conventional 

chemotherapeutic agents, plant-derived compounds can 

simultaneously modulate apoptosis pathways, oxidative 

stress, immune responses, and cell proliferation. The review 

underscores the significance of traditional medicinal 

knowledge in identifying potential antileukemic agents. 

However, most evidence is derived from in vitro and 

preclinical studies, with limited clinical validation. 

Challenges such as poor bioavailability, lack of 

standardized extracts, and insufficient clinical trials remain 

major barriers to clinical translation. Despite these 

limitations, the synergistic potential of phytochemicals with 

existing chemotherapy offers promising prospects for 

reducing drug resistance and treatment-related toxicity.  

 

CONCLUSION 

Phytochemicals derived from medicinal plants and 

fruits represent a promising source of novel antileukemic 

agents. The reviewed evidence supports their ability to 

inhibit leukemia cell growth through apoptosis induction, 

cell cycle arrest, and modulation of key molecular 

pathways. Given their multi-mechanistic actions and 

reduced side-effect profiles, phytochemicals may serve as 

effective complementary or alternative therapies for 

leukemia. Nevertheless, extensive in vivo studies, toxicity 

profiling, and well-designed clinical trials are essential to 

establish their safety, efficacy, and therapeutic applicability. 

Integrating phytochemical research with modern oncology 

could lead to the development of safer and more effective 

leukemia treatments in the future. 
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