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2. Abstract 

 

Coconut water (CW) naturally contains phytohormones called cytokinins, which exist in 

different forms like kinetin, kinetin riboside and zeatin. The bioactive cytokinins in plants are 

the zeatin-type, and these natural compounds exert many vital plant physiological effects. 

Nutrient media based on CW is effective in augmenting nutrition efficiency, abiotic stress 

tolerance and crop quality in soil-cultivated, as well as in micropropagated plants. Moreover, 

CW is increasingly being utilized as a natural biofertilizer in crop cultivation to obtain better 

produce. This is because the natural cytokinins in CW increase the total available pool of 

cytokinins for plant growth when added to the roots. In addition to photosynthesis, cytokinins 

guide the appropriate development of meristems and cell cycle rates according to the growth 

environment, utilizing minerals as building blocks.  

    Interestingly, these plant cytokinins also have important effects on human and other animal 

cells. Being rich in minerals (mainly potassium but also magnesium, calcium, and sodium), 

makes CW good for replenishing dehydration as well. Treatments with CW have presented 

other beneficial medical effects because of their specific cytokinin (kinetin and kinetin riboside) 

content. Targeting malignant cells and consequently acting anti-proliferatively, as well as 

inducing apoptosis, gives them the potential of becoming key therapeutic ingredients in treating 

and preventing various types of human cancers, thrombosis as well as signs of aging 

(cosmetics). Although, it is possible that, equivalent to plants, a conversion to zeatin-type 

cytokinins is required for the kinetin-type to have positive biological function in humans. This 

concludes that further research on the plant cytokinin-biosynthesis and metabolic pathways in 

humans is needed. 
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3. Popular scientific summary 

 

• Coconut water is naturally rich in inorganic ions which serve as building blocks for 

plant and mammal general cellular growth. As replenishing electrolytes, they make 

coconut water a rehydrating beverage with lifesaving potential for acute dehydration. 

• Kinetin-type cytokinins, which are signaling molecules present in coconut water, have 

demonstrated beneficial biomedical effects on mammalian cells (injected in vitro) with 

anti-cancer, anti-oxidative, anti-aging, cardioprotective, and DNA-repairing functions. 

Conversely, because of ethical reasons, there is no direct way of assessing these 

biomedical effects of coconut water when it is consumed orally by humans. 

• Zeatin-type cytokinins, also present in coconut water, are the bio-active form of 

cytokinins in plants and are specifically driving growth and development in tissue 

cultures and biofertilizer. This is because they are signaling molecules that promote vital 

cellular processes (e.g., chloroplast formation) including appropriate cell cycle 

development and regulating key physiological functions (e.g., stomatal opening). 

• Isopentenyladenine (iP), a cytokinin also present in coconut water, is a precursor to the 

biologically active form of cytokinin in plants and is also produced by bacteria. 

• Kinetin-type and zeatin-type cytokinins, along with iP, all share the same biosynthesis 

and metabolic pathway. 

• It is to date unknown what form of cytokinin is bioactive in humans, likewise for the 

start mechanism of the anti-cancer activity. It is possible that, just like in plants, the 

cytokinins need to be converted to the zeatin-type to have functionality in humans. 

• I speculate that the reason behind coconut water’s duality and overlapping functions on 

both plants and mammals, is due to both belonging to the eukaryotic domain and having 

conserved genetic codes. 
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4. List of technical terms and abbreviations 

 

Apoptosis – Programmed cell death 

ATP – Adenosine triphosphate 

CEB – Carbohydrate-electrolyte beverage 

CW – Coconut water (see introduction for definition) 

In vitro – In an artificial environment (e.g., in a test tube or in a culture dish) 

In vivo – In a living organism 

IV – Intravenous  

K – Kinetin  

KR – Kinetin riboside 

Micropropagation – Rapid vegetative propagation of plants under in vitro conditions 

OGZ – O-glucosyl zeatin 

Proliferation – Generation, growth or increase in numbers 

Xenograft – Transplantation of tissue, organs or cells from one species to another 

Z – Zeatin  

ZR – Zeatin riboside 

 

5. Introduction  

 

The coconut tree, Cocos nucifera, is a member of the palm family, Arecaceae. They exist in 

several varieties, and these are principally distinguished by either the color of their fruits 

(yellow, orange, brown, red, or green) or the height of the tree (tall, dwarf or hybrid) 

(Debmandal and Mandal, 2011; Prades et al., 2012). The coconut tree is considered 

indispensable in many parts of the world. It is known for the versatility of uses of it; the leaves 

and the trunk are utilized as building material, and the roots are used for medicinal purposes. 

When it comes to the coconut fruit, every part of it can be put to good use too. The coconut 

fruit is, albeit its name, a stone fruit and not a nut (figure 1). It is composed by an outer skin, 

called the exocarp, followed by the fibrous mesocarp, also called the husk, which is used to 

make rope and is processed to e.g., make textiles and growing media. Inside of the husk is a 

wood-like endocarp which becomes high-quality activated charcoal when processed. Then, 

follows the testa (seed coat) which delimits the endocarp from the endosperm. Coconuts have 

two types of endosperm: liquid, and solid. When the coconut fruit starts to develop, the 
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endosperm is initially liquid and hardens throughout the ripening process from the testa toward 

the center. From a soft jelly consistency, it develops into a harder, white, fleshy layer that never 

fully fills the center cavity of the fruit. During the fruit development, the water content 

diminishes and causes the sugar content to rise, and the liquid becomes increasingly 

concentrated. This results in the formation of a solid endosperm, which is rich in fats and 

proteins, and a liquid endosperm, which is rich in minerals, sugars, vitamins, and 

phytohormones (Prades et al., 2012).  

 

 

Figure 1: Cross-section of a young coconut. Source: (Keira Morgan, Flickr, 2012) 

 

The water, juice, or milk, as some literature refer to the liquid endosperm (CW), from the young 

(6-7 months) coconuts are extensively consumed as a drink in tropical regions and increasingly 

so in the rest of the world (Mahidol University, 2021). CW has been associated with biomedical 

benefits such as being anti-bacterial, anti-fungal, anti-viral, anti-parasitic, anti-dermatophyte, 

antioxidant, anti-thrombotic, rehydrating, hypoglycemic, hepatoprotective, cardioprotective, 

anti-inflammatory, as well as immunostimulatory (Campbell-Falck et al., 2000; Anurag and 

Rajamohan, 2003; Ge et al., 2005; Debmandal and Mandal, 2011; Prathapan and Rajamohan, 

2011; Mohamad et al., 2019). 

 

5.1 Purpose 
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Is it possible to find a biochemical connection between our diet and plants? What is the fate of 

ingested plant phytohormones in humans (for a review, see Chanclud & Lacombe1, 2017)? The 

purpose of this essay is to assess how a phytohormone (or biostimulant) could be a drinkable 

beverage that also contains biomedically beneficial compounds in treating human 

tumours/cancers. The aim is also to explore the interface and identify potential research gaps in 

the literature about plant phytohormones in humans. The multifunctionality of the popular and 

globally used and also consumed CW is therefore of great interest.  

 

5.2 Limitations 

 

The focus of the essay is on CW’s functionality in plant application, as well as in biomedicine. 

The analysis of key plant growth hormones of CW, from a biomedical perspective, is limited 

to cytokinins and excludes auxins and gibberellins. The cosmetic uses of CW, and the use of 

CW in plant tissue culture, are only briefly mentioned and discussed. The essay also mentions 

the different coconut varieties, but limitedly.  

 

6. Methods 

 

A literature study was conducted, utilizing online databases and libraries such as Google 

Scholar, Web of Science, and Primo. 

 

7. Results 

 

Appendix table 1 is a compilation of the currently known biochemical composition of coconuts 

at different stages of growth. During the literature review process, it was apparent that there are 

major gaps in CW research with reference to the varietal differences, age of coconuts, chemical 

analyses, and environmental influences (e.g., drought versus rainy season) on CW. 

    Among the compounds found in CW are phytohormones, which are signaling molecules that 

drive the cell cycle and important plant physiological functions (Yong et al., 2009). Because 

phytohormones are commonly present in trace concentrations below 30 μmol g-1 of fresh 

weight, it has become possible in recent years, with improved and more sensitive bioanalytical 

methods, for researchers to detect their presence in natural products (such as certain plant 
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species, biofertilizers, and food) and human cells, as well as quantifying their presence at more 

accurate and rapid rates (Rattan, 2002; Tarkowski et al., 2009). A combination of Mass 

Spectrometry, Gas or Liquid Chromatography and Capillary Electrophoresis, is regarded as the 

most precise method of analyzing cytokinins (Dobrev et al., 2017). Further, these methods are 

fast, resource efficient, and enhancing each technique’s competence synergistically. With them, 

parallel analyses of multiple compounds are possible, giving researchers the possibility to 

follow phytohormones’ metabolic pathways (Ge et al., 2005; Tarkowski et al., 2009; Dobrev et 

al., 2017).   

   Cytokinins are a major group of plant growth hormones that are principally vital for the 

functioning of the plant cell-cycle. They are further involved in regulatory functions like 

chloroplast formation, and opening stomata (Tarkowski et al., 2009; Voller et al., 2019). 

Derivatives of the nitrogenous base and purine, adenine, are the main building blocks of 

cytokinins in both plants and bacteria (figure 2) (Rattan, 2002; Sakakibara, 2006).  

 

 

Figure 2: A model for the biosynthesis and metabolic pathways (cycle) of cytokinins in plants and bacteria. 

From 2015 with permission from Jean W. H. Yong. 
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In 1963, Stuart Letham was the first scientist to isolate a naturally occurring cytokinin, trans-

zeatin, from maize (Letham, 1963) where the name zeatin was originally derived from Zea 

mays. Before that, this type of phytohormone was believed to not be found in nature, but as a 

byproduct of DNA chemical degradation (Miller et al., 1955; Miller et al., 1956). Kobayashi et 

al. (1995) and Ge et al. (2005) discovered naturally occurring kinetin (K) and kinetin riboside 

(KR) in the water of young, fresh coconuts. Zeatin (Z), K and its riboside, KR, have in recent 

years been identified in CW as significant components with great biomedical potential (table 

1). CW’s growing global importance in many applications has increased the need for even more 

rapid ways of analyzing the contents (Lakshmanan et al., 2020; Yong et al., 2009).  

 

Table 1: Phytohormones and the quantities in which they are present in the CW of a young, green, coconut. 

From 2009 with permission from J.W.H. Yong. 

Phytohormones in young green coconuts 

Estimated original  

concentration  

(x10-3 μM) 

Cytokinins 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

isopentenyladenine 0.26 

dihydrozeatin 0.14 

trans-zeatin 0.09 

kinetin (N-6-furfuryladenine) 0.31 

ortho-topolin 3.29 

dihydrozeatin O-glucoside 46.6 

trans-zeatin O-glucoside 48.7 

trans- zeatin riboside 76.2 

kinetin riboside 0.33 

trans-zeatin riboside-5’-monophosphate 10.2 

14-O-(3-O-[β-D-galactopyranosyl-(1→2)  

-α-D- galactopyranosyl 

-(1→3)-α-L-arabinofuranosyl] 

-4-O-(α-L-arabinofuranosyl)-β-D-

galactopyranosyl)- trans-zeatin riboside Present 

Gibberellins 
 

gibberellin 1 16.7 

gibberellin 3 37.8 

Auxin indole-3-acetic acid 150.6 
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Abscisic 

acid abscisic acid 65.5 

 

 

7.1 Coconut water as a biostimulant 

 

In plants, zeatin-type (Z-type) cytokinins are bioactive and the most important generators of 

plant physiological effects (Sakakibara, 2006). Normal plant growth is driven by its own self-

produced cytokinins and is enhanced by those produced by the symbiotic microbes associated 

with the plants, e.g., in the soil (Nihorimbere et al., 2010; Wong et al., 2016). Based on 

earthworm research, by Zhang et al. (2014), it was demonstrated that symbiotic bacteria like 

rhizobacteria and bacteria in the digestive system of animals such as earthworms 

(vermicompost) produce isopentenyladenine (iP)-type cytokinins, which are the precursors of 

Z-type cytokinins. Interestingly, these Z-type cytokinins are also available in CW (Aremu et 

al., 2015; Wong et al., 2016; Yong et al., 2009; Zhang et al., 2014). This evidence suggested an 

additional way for plants to obtain more cytokinins, namely by directly enriching the soil with 

a cytokinin containing product. As previously mentioned, CW is rich in cytokinins and contains 

a variety of the cytokinins (table 1). Functionally, cytokinins act as ‘coordinating’ signals to 

guide the plant through a developmental program in response to a given growth environment: 

for example, the appropriate spatial and temporal development of meristems and cell cycle 

completion in tandem with the growth environment, while utilizing minerals as building blocks 

(figure 3) (Miller et al., 1956; Wong et al., 2016). Because CW contains cytokinins, it therefore 

possesses a plant growth regulating potential that was adequately described by the European 

biostimulants industry council’s (EBIC) general definition of biostimulants (EBIC, 2011; Sim 

et al., 2008; Wong et al., 2016): 

“Agricultural biostimulants include diverse formulations of compounds, substances and other 

products that are applied to plants or soils to regulate and enhance the crop’s physiological 

processes, thus making them more efficient. Biostimulants act on plant physiology through 

different pathways than nutrients to improve crop vigor, yields, quality and post-harvest shelf 

life/conservation.”  

   A widely utilized plant growth enhancement method is the incorporation of legumes in crop 

rotations (Costa et al 2021; Jacoby et al., 2017). Because of their symbiotic relationship with 

rhizobacteria, legumes fix nitrogen in their nodules through biological nitrogen fixation in 

plant-available forms, consequently increasing the nitrogen concentration in the soil (Jacoby et 
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al., 2017; Oono et al., 2011; Yong et al., 2014). More importantly, during biological nitrogen 

fixation, it was demonstrated recently that the concomitant cytokinin production was higher in 

legumes with certain strains of Rhizobium (Yong et al., 2014). Thus, there is a close and 

synergistic association between biological nitrogen fixation activity and additional cytokinin 

production in legumes. This positive and symbiotic strategy is increasingly used widely and 

successfully in sustainable plant production systems using lesser external chemical fertilizer 

inputs (e.g., Costa et al 2021).  

   Studies have been made on test plants in both greenhouse and field, where biostimulants in 

the form of vermicompost or plant growth-promoting rhizobacteria, like legume-symbiotic 

bacteria, have been compared to chemical fertilizers (the biostimulants generally contained a 

lower amount of mineral nutrients whilst the chemical fertilizers had a high mineral nutrient 

value) (Arancon et al., 2004; Çakmakçi et al., 2006). The results demonstrated that the two 

methods could adequately stimulate growth in the test crops, respectively. These observations 

provided evidence that plant growth promotion is not reliant upon the sole availability of 

mineral nutrients, but rather from a combination of plant-growth stimulators and mineral 

nutrients serving as structural materials (Arancon et al., 2004; Çakmakçi et al., 2006; Wong et 

al., 2016).  

 

Figure 3: Conceptual picture of the plant cell cycle. From 2016 with permission from J.W.H. Yong. 
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CW is a cheap culture medium alternative to the conventional media used e.g., in large-scale 

production of Bacillus thuringiensis var. israelensis, relevant in plant protection. As CW is 

often a waste product in the coconut oil and copra (e.g. Santan) industries, utilizing it for 

micropropagation makes it a circular economy waste minimization choice (Prabakaran et al., 

2008). Studies have shown that CW enhances plant quality (by regulating physiological and 

morphological processes) of treated plants better, in comparison to solely treating with synthetic 

cytokinins (Ang and Yong, 2005). This likely has to do with plants’ need of other 

phytohormones, such as auxins and gibberellins, which are both present in CW and also crucial 

for co-regulating the progression of the cell cycle and contributing broadly to the hormonal 

homeostasis of plants (table 1; Yong et al., 2009). It is plausible that there are other undetected 

components (e.g., special proteins) in CW that, also, could be imperative for optimal 

development of the plant (Kobayashi et al., 1995). Ultimately, this points to potential 

synergistic effects of combinations of compounds (hormonal and non-hormonal growth 

promoting compounds; some are unknown) in CW that are useful in plant growth (Yong et al., 

2009).  

   There is a major gap in research about the Z-type cytokinins, such as Z, zeatin riboside (ZR), 

and O-glucosyl zeatin (OGZ, a storage form), derived from CW (Sakakibara, 2006). 

Conversely, more work has been done on K and KR, as these are widely available in the 

biomedical research arena. In addition, the high cost of acquiring Z from specialized suppliers 

is another difficulty for researchers (Tarkowski et al., 2009). Although the quantified 

concentrations of Z-type cytokinins are higher than those of kinetin-type (K-type) in the 

reviewed literature (Yong et al., 2009), it is significant to bear in mind that the solute 

concentrations per se, could not define the in vivo efficacy of each cytokinin component of CW. 

While the absolute levels of Z may be higher than those of KR in coconuts (plant system), it 

may not imply that the biological efficiency rates are the same in vivo inside any human or 

animal systems. They are also different molecules with probably different in vivo biological 

functions. Z-type cytokinins might be the precursor of K-types, or vice versa, and they might 

convert into each other; none of this is known today as the associated enzymes have not been 

identified (Sakakibara, 2006; Voller et al., 2019). Further, some researchers have attributed 

plant physiological benefits, such as in leaf expansion and seed germination, to KR (Rajabi et 

al., 2012), as well as plant life prolonging effects due to K-linked delaying senescence (Rattan, 

2002). Since the mentioned effects are typical for cytokinins in general, it cannot, in this case 

either, be confirmed which the functioning form/s of cytokinin/s is/are (for a review, see Voller 
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et al., (2019). More research is certainly needed to understand the fate of plant cytokinins in 

humans. 

 

7.2 Coconut water’s currently accepted biomedical function 

 

Containing more than 4 times the amount of potassium as in a banana, the water of a coconut 

is more than just a refreshing beverage (Lakshmanan et al., 2020; Mahidol University, 2021; 

Pareek, 2016; Yong et al., 2009). CW’s content of inorganic ions makes it effective in 

replenishing the dehydration and loss of electrolytes following physical activities (Prades et al., 

2012). Studies on rehydration after exercise compared CW to plain water and a carbohydrate-

electrolyte beverage (CEB) (Saat et al., 2002). CW and CEB had the same fluid retaining 

efficiency post consumption and were the superior replenishers. Despite CW’s lower content 

of sodium, the participants of the studies preferred CW because more of it could be ingested 

faster, with less nausea and without their stomachs getting upset (Saat et al., 2002).  

   In 1942, Cuban researchers successfully conducted a clinical trial where they utilized CW as 

a temporary and sterile solution to treat patients with acute dehydration by injecting it into their 

veins (Campbell-Falck et al., 2000). Although CW has a similar electrolyte composition as 

intravenous (IV) fluid, it is usually slightly more acidic (Campbell-Falck et al., 2000). Because 

of this, it could not replace IV fluid completely but can serve as a short-term emergency 

solution, if injected in small doses. Today, CW serves this purpose in remote places where IV 

and sterile fluid is not accessible (Campbell-Falck et al., 2000). 

   In human cells, treatments with CW have presented beneficial medical effects because of their 

K and KR content; nevertheless, the synergistic effect of the other substances present in CW 

cannot be ruled out (Anurag and Rajamohan, 2003; Choi et al., 2008; Mohamad et al., 2019). 

K is a powerful antioxidant, naturally present in CW (Get el al., 2005; Rattan, 2002; table 1). 

Moreover, it affects the enzyme superoxide dismutase’s superoxide radical dismutation activity 

(Tiedemann et al., 2008). Increasingly appearing as an ingredient in cosmetics to combat the 

signs of time and sun damage on the complexion (Minorsky, 2003), K has multiple ways of 

counteracting symptoms of senescence and light-induced aging in human cells. Long term 

studies on in vitro cultures of human dermal fibroblasts, which are important in the proliferation 

(generation) of new skin tissue to replace damaged skin during healing, treated with K, suggest 

that the component induces a retardation of the biochemical and morphological cellular aging 

processes (Rattan and Clark, 1994; Yoon et al., 2017). Examples of these are cell enlargements 

and irregular flattening of the cells’ shape (Rattan and Clark, 1994). What is more, in vitro 
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treated cells showed minor reversions of aging-related changes, although not with an equal 

prevalence as when used continuously as a preventive measure (Rattan, 2002). Short-term 

pairing of K with other frequently used compounds in anti-aging cosmetics, such as retinol, 

glycolic acid, and serum growth factors, are suggested to subdue the cytotoxic effects of its 

fellow anti-aging agents, making the recombinant compound non-toxic to cell cultures of 

human skin cells (Rattan, 2002). In vitro studies have shown K’s protective properties against 

the formation of detrimental mutations under protein oxidation and glycoxidation (Rattan, 

2002).   

   In terms of cellular mechanism, K has been reported to stimulate the reparation of damaged 

DNA in human cells (Rattan, 2002). Presumably, CW’s amino acid content could also be 

responsible for its improved fidelity (accuracy) during DNA transcription. Additionally, 

because K participates in signal transduction, it also stimulates tRNA synthesis (Rattan, 2002).  

   Experiments on rats treated with the heart stimulant and inducer of myocardial infarction, 

isoproterenol, revealed that when fed with CW, the rats’ total concentration of cholesterol 

(high-density lipoprotein, low-density lipoprotein and very low-density lipoprotein) as well as 

the numbers of triglycerides and phospholipids in the serum, heart, and aorta were reduced 

(Anurag and Rajamohan, 2003; Prathapan and Rajamohan, 2011; Bhagya et al., 2012). Further, 

studies carried out on fruit flies fed with K, which proved to expand the lifespan of the flies by 

55-60%, although there are yet studies to be executed on understanding the K’s potential effects 

on mammals’ life expectancies (Rattan, 2002). 

    Like its free base form, KR is a hermetic compound; it stimulates apoptosis (programmed 

cell death) in cancer cells while it, in increasing concentrations, inhibits its own apoptogenic 

effect (Rajabi et al., 2012). KR functions as a potent anti-proliferative by virtue of its 

apoptogenic abilities on several types of tumors on plants and mammals; cell lines HCT-15 of 

human colon cancer, HepG2 liver cancer, and melanoma cells, are three of them (Cheong et al., 

2009; Griffaut et al., 2004; Rajabi et al., 2012). Cytokinin ribosides in mammals are reportedly 

more efficient in suppressing malignant cells than any other corresponding forms of cytokinin 

(Wang et al., 2012). Comparing K and KR, Cheong et al. (2009) concluded that KR negatively 

impacts the ATP production in the mitochondria and thus its membrane potential in hepatoma 

cells while the free base K does not. 

    Human tumor xenograft models in which human leukemia, cervical cancer, as well as 

melanoma cells have been transplanted into mice, showed that KR can suppress their tumor 

growth (Choi et al., 2008; Rajabi et al., 2012). Further, in vitro analyses demonstrated that KR 

causes cell cycle arrest that leads to apoptosis on human hepatoma cells (Cheong et al., 2009). 



 17 

Periodic treatments with a KR concentration of 2,5 M have proved to inhibit tumorous cell 

cycles from progressing as well as to stopping further proliferation of malignant cells (Rajabi 

et al., 2012). Interestingly, studies suggested KR’s ability to repress the overexpression of 

cyclin D1 and cyclin D2, which when individually overexpressed, would cause the tumors of 

multiple myeloma (bone marrow cancer) cancer of plasma cells (Tiedemann et al., 2008). By 

doing so, KR brings the tumorous cell cycle to a halt. Here, the precise mechanisms that induce 

apoptosis are also unclear but are speculated to be connected to the hindrance of tumor cell 

proliferation to retain vigor (Tiedemann et al., 2008). 

    To overcome fresh CW’s limited shelf life, freeze-dried CW vinegar has been studied on 4T1 

breast cancer cells (Mohamad et al., 2019). It was suggested that fermentation of CW did not 

change the activity of the present cytokinins, but rather its chemical structure and possibly, its 

conjugation (Mohamad et al., 2019). Treatments on breast cancer cells suggested that CW 

vinegar delayed the development of breast cancer and its spreading from the primary site 

(metastasis); thereby activating an “anti-tumor immunity” (Mohamad et al., 2019). Because of 

the displayed suppressive inhibitory abilities towards human breast cancer cells, it might be 

possible that the fermentation of CW causes cytokinins to transform into higher concentrations 

of KR (Cheong et al., 2009; Choi et al., 2008; Mohamad et al., 2019). Unfortunately, 

endogenous cytokinins were not measured in the study by Mohamad et al. (2019), and thus the 

reactions and compounds which fermentation generated are unclear. 

    Mitochondria make a significant contribution to cell death by apoptosis (Cheong et al., 2009). 

Because they control ATP synthesis, these malfunctioning mitochondria can interrupt the ATP 

energy generating process, and consequently cause the organism to die (Cheong et al., 2009). 

Similar to K, KR reduces the potential of the mitochondrial membrane by lowering the amount 

of ATP, eventually leading to cell death, possibly by ATP depletion (Choi et al., 2008; Rajabi 

et al., 2012). In the intrinsic pathway of apoptosis of mammals, cell death is induced by changes 

in the mitochondria (Cheong et al., 2009; Rajabi et al., 2012). Bad and Bak are pro-apoptogenic 

proteins and Bcl-2 and Bcl-x are anti-apoptogenic genes that are located in the mitochondrial 

membrane (Wang et al., 2012). In normally functioning cells, the two types of proteins will 

bind and block out each other’s actions. Natural apoptosis can be triggered by cells causing the 

anti-apoptogenic proteins to be blocked out, changing the potential in the mitochondrial 

membrane and facilitating leakage of mitochondrial substances, such as cytochrome-c and 

apoptosis-inducing factors, into the cytoplasm (Wang et al., 2012). Further, complexes activate 

a cascade of caspases in which each amplify another and break down cellular materials (Cheong 

et al., 2009). In tumors, the anti-apoptogenic genes are often overexpressed, causing an 
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accumulation of malignant cells instead of these being naturally eliminated (Choi et al., 2008). 

Treatments with KR on human leukemia cells have displayed the ability to upregulate the pro-

apoptogenic genes while selectively suppressing the anti-apoptogenic genes of malignant cells, 

making it a specified cytotoxicity (Choi et al., 2008) 

    Other types of cytokinins have also been reported to induce apoptosis in cancer cells, 

presumably through the mitochondria/caspase pathway (Voller et al., 2010; Wang et al., 2012). 

One of them is ortho-topolin riboside and has a strong anti-cancer effect (Wang et al., 2012). 

Although it is not present in CW, its base form, ortho-topolin, was reported to be present (table 

1; Yong et al., 2009). It could be speculated that ortho-topolins are part of the cytokinin cycle, 

but research has not been done to confirm it. 

    Although not being cytokinins, glucocorticosteroids have also demonstrated anti-cancer 

potential (Tiedemann et al., 2008). KR and glucocorticosteroids have a synergistic cytotoxicity 

effect when treating myeloma (Tiedemann et al., 2008). Additionally, it is one of the most 

effective treatments for this type of cancer (Rajabi et al., 2012; Tiedemann et al., 2008). 

Moreover, this could mean that research on the combination of glucocorticosteroids, and CW, 

which is rich on KR (table 1), could be of interest. 

 

8. Discussion 

 

The research on the many benefits of CW is well under way in many countries and so are the 

synergistic combinations of CW and other compounds such as glucocorticosteroids, retinols, 

and the processing of CW e.g., fermentation (Cheong et al., 2009; Choi et al., 2008; 

Lakshmanan et al., 2020; Mohamad et al., 2019; Rattan, 2002). 

   CW is a holistic biostimulant as it is rich in three imperative phytohormones that contribute 

to plants’ normal cell growth and hormonal homeostasis; cytokinins, auxins and gibberellins 

(Ang and Yong, 2005; Yong et al., 2009). Research has specifically attributed the cytokinins 

Z, K and KR, present in CW, with numerous benefits; from growth biostimulation of plants, 

due to the phytohormones’ crucial participation in driving of the plant cell cycle (Sakakibara, 

2006; Wong et al., 2016; Yong et al., 2009), to treating dehydration and loss of electrolytes in 

humans with its content of inorganic ions (Campbell-Falck et al., 2000; Prades et al., 2012; Saat 

et al., 2002), working against oxidative damage and aging of both human and plant cells (Ge et 

al., 2005; Minorsky, 2003; Rattan, 2002; Rattan and Clark, 1994; Tiedemann et al., 2008; Yoon 
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et al., 2017) and selective suppression of human cancer cells (Cheong et al., 2009; Choi et al., 

2008; Griffaut et al., 2004; Rajabi et al., 2012; Wang et al., 2012). 

   An interesting and paradigm shifting concept is the fact that the intercropping of legumes 

enhances plant growth because the cytokinins produced by the nodule-rhizobacteria coordinate 

and guide the developmental programme, while utilizing minerals as building blocks. The 

addition of CW (a waste product in some countries) to support plant cultivation and growth 

promotion with cytokinins, through the same biostimulatory pathway as in legumes and 

earthworms, is exciting (Arancon et al., 2004; Aremu et al., 2015; Çakmakçi et al., 2006; Miller 

et al., 1956; Wong et al., 2016; Yong et al., 2009; Zhang et al. 2009). 

   This study has identified a big research gap in whether K and KR have the same anti-cancer 

and anti-aging properties when CW is consumed as a beverage compared to when it is injected 

into an organism. The studies investigating CW’s anti-cancer effects have all been performed 

by injecting CW in vitro and on human tumor xenograft models on mice which have suggested 

that CW successfully can select and suppress tumor cells and could therefore have similar effect 

on humans (Anurag and Rajamohan, 2003; Choi et al., 2008; Mohamad et al., 2019; Rajabi et 

al., 2012). Unfortunately, because of ethical reasons, trials on humans with active diseases, such 

as cancer, have not been performed. In order to really test CW’s potential to prevent and combat 

cancer, it would be optimal to carry out studies on tumors in-situ in order to demonstrate its 

true specified cytotoxic potential on humans (Anurag and Rajamohan, 2003; Choi et al., 2008; 

Mohamad et al., 2019), and so would studies on the potential of CW when it is ingested by 

cancer patients. However, since such human-linked studies are unethical, the expansion of 

human tumour xenograft models to primates could therefore be a possible next step from mice, 

in order to be phylogenetically closer to the human organism. 

   The complexities of trace level cytokinin biochemistry and cellular responses have hampered 

the wider research effort in this area. It could be that researchers refer to K and KR as separate 

compounds when in fact they might be referring to one, both, or another compound within the 

cytokinin cycle (Voller et al., 2019). It is also possible that, equal to plants, a conversion to Z-

type cytokinin is required for the K-type phytohormones to have biological functionality 

(Rajabi et al., 2012). Like the targeted apoptosis onset mechanism, the specific chemical 

structure of the functioning cytokinin type in humans, when ingested orally, is unknown (Choi 

et al., 2008; Rajabi et al., 2012; Tiedemann et al., 2008; Voller et al. 2019). 

   To conclude, it is possible that the reason why cytokinins from plant cells, KR in particular, 

have the ability to repair human cells is because humans and plants have similar genetic 

blueprints (Yoshiyama et al., 2013). Presumably, CW’s amino acid content could be 
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responsible for its improved fidelity (accuracy) of DNA transcription (Rattan, 2002). This could 

be due to humans and plants belonging to the same eukaryotic domain; their cells and cellular 

responses are phylogenetically conserved (Yoshiyama et al., 2013). 

   From the perspective of biomedical research investment by profit-driven companies in 

general, simple, effective, and widely available anti-cancer compounds like cytokinin-related 

compounds may not be attractive to companies as they would not be able to protect their market 

share by owning exclusive or unique molecules, unlike the ubiquitous cytokinins. 

 

9. Suggestions for future research 

 

• Chemical compositions of CW from different coconut varieties 

• Chemical compositions of CW throughout the different stages of maturity of coconuts 

• Soil and environmentally affected chemical compositions of CW 

• Breeding coconut plants for specific chemical compositions and benefits of CW 

• The plant cytokinin cycle in humans and profiling cytokinin metabolism during cancer 

and anti-cancer trials. 
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11.  Appendix 
 
Table 1: The chemical composition of CW. From 2009 with permission from J.W.H. Yong. 
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