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ABSTRACT 

METABOLITE PROFILING OF SWEET ALOES (EUPHORBIA NERIIFOLIA) 

AND POTENTIAL ROLES IN TRADITIONAL ASTHMA THERAPY 

by Malaika Persaud 

Heated leaf extracts of Euphorbia neriifolia (sweet aloes) are used 

traditionally in Guyana for asthma therapy, but the phytoconstituents have not 

been studied and phytohormones are generally unexplored in Euphorbia species. 

Phytoconstituents in asthma-effective traditional heated extracts were analyzed 

and compared with unheated leaves and latex extracts as screens to identify 

candidate compounds for asthma treatment. Analysis employed untargeted and 

targeted mass spectrometry-based metabolomics. The untargeted approach 

revealed thousands of features in samples with higher abundance in heated 

extracts and confirmation of 33 metabolite identities (confidence levels 2 and 3) 

which are known to have antioxidant and anti-inflammatory properties. Highly 

accumulated and unique features were detected in latex, and those characteristic 

compounds may reflect the expanded therapeutic uses of E. neriifolia globally. A 

targeted metabolomic analysis identified and quantified several cytokinins, 

including aromatic kinetin, and acidic phytohormones. Traditional heating 

improved the content of several cytokinins with known therapeutic potential, 

indicating they may be candidates for asthma management. 

Keywords: Euphorbia neriifolia, sweet aloes, asthma, cytokinins, metabolomics, 

hormonomics, phytochemicals, phytoconstituents, phytohormones, traditional 

remedies, secondary metabolites. 
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PREFACE 

 

Natural products were the primary source of medication growing up with a 

grandmother of indigenous background. Her knowledge of plants and 

concoctions which she used for healing purposes, oftentimes for illnesses that 

primary healthcare services failed to render aid was intriguing. My interest was 

especially piqued by the treasured prickly cactus-like plant that occupied a 

prominent position at our home. It was a plant known only by its vernacular name 

from knowledge passed on from her father, a man from an indigenous tribe in the 

North-West District of Guyana. Although I wanted to explore further, not much 

information was available at that time. It would be long before the scientific name 

was discovered, nevertheless care for the plant was always emphasized. This 

study is dedicated to the memory of my mother and grandmother who 

encouraged the use of this natural product over the years. 
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GLOSSARY 

 

Cytokines Small proteins produced by various cell types in animals with a 

crucial role in helping to regulate the immune system, inflammation, 

and response to injuries or infections. Dysregulation of cytokines 

can contribute to diseases, including autoimmune diseases, 

inflammatory disorders and cancer. Cytokines are structurally and 

functionally unrelated, but they are often incorrectly used in 

literature in reference to cytokinins. 

Cytokinins A class of “plant” hormones or phytohormones that are involved in 

regulating growth and development processes. Cytokinins have 

over time been detected in all life forms including mammal systems 

and have effects on them regardless of whether they are 

endogenously produced.  
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CHAPTER 1: INTRODUCTION AND LITERATURE REVIEW 

1.1 Natural products and asthma 

Asthma is a chronic non-communicable respiratory disease that affects 

millions of people worldwide with a high prevalence in children  (Asher & Pearce, 

2014; Stoodley et al., 2019). Complex interactions between various mediators; 

like cytokines and chemokines, and cell types including mast cells and 

eosinophils, result in airway hyperactivity characterized by bronchoconstriction or 

increased inflammation (Polosa & Blackburn, 2009; Sahiner et al., 2011; Sawale 

et al., 2017). Oxidative stress and reactive oxygen species in addition to the 

cytokine triggers are commonly implicated (Lambrecht et al., 2019; Michaeloudes 

et al., 2022; Sahiner et al., 2011). The characteristic symptoms of asthma are 

cough, wheezing, shortness of breath, and tightness in the chest (Stoodley et al., 

2019) for which natural products have been traditionally used to ameliorate (Q. Li 

et al., 2020).  

The etiology of asthma remains unknown as evidence indicates complexity 

(Polosa & Blackburn, 2009) with theories ranging from environmental to genetics 

and more recent gender implications with hormonal factors (Asher & Pearce, 

2014; Bulkhi et al., 2020). Asthma guidelines recommend consistent medical 

follow-up to devise the best therapeutic outcomes as often cases are 

uncontrolled. Current therapies include multi-drug use of short-acting beta-

agonists (SABAs), and long-acting beta-agonists (LABAs) in addition to inhaled 

corticosteroids (ICS) (Chipps et al., 2022; Horak et al., 2016). Treatment with 

these drugs is laden with side effects that pose challenges generally and with 
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children as numerous organ systems are affected that may be irreversible upon 

discontinuing medication use (Buttgereit et al., 2005). Hypertension, glaucoma, 

neuropsychiatric disorders, osteoporosis, aseptic necrosis of the femur, 

myopathies and skin thinning are some issues reported (Buttgereit et al., 2005). 

Moreover, the condition is uncontrolled in many patients. Therefore, exploration 

of safer alternatives that are potentially sourced from natural products of 

indigenous and local cultures is warranted. 

Natural products, used for centuries to cure diseases, could be considered 

the cornerstone of modern pharmaceutical development. In fact, synthetic 

analogs for therapeutic equivalent drugs to approximately 121 natural products 

have not been forthcoming (Thorat & Bolli, 2017). Consequently, some natural 

drugs crossed the realm of alternative medicine to acceptance into the 

conventional medicine arena. The extraction of the cardiac glycoside, digoxin 

from foxglove in 1930, almost two centuries after its first recorded use by the 

physician William Withering in Europe (Scalese & Salvatore, 2017), was a 

breakthrough for congestive heart failure treatment. Another example is the major 

drug used in chronic venous insufficiency, Daflon (Ramelet, 2001),  which 

constitutes the purified flavonoid fraction from the plant extract from the epicarp 

of citrus aurantium var amara. This supports the importance of the study of 

natural products and conservation of knowledge prevalent in Indigenous and 

local cultures for treating diseases. In light of the gravity of asthma, there is a 

necessity for the study of plants with professedly anti-asthmatic properties. Some 

studies indicate Adianthum aethipiocum, Acalypha indica, Euphorbia hirta and 
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Euphorbia tirucalli (Dogra et al., 2015) among plants used for asthma but do not 

include E. neriifolia. Some studies show E. neriifolia use in other territories (Mali 

& Panchal, 2017; Sawale et al., 2017). Sweet aloes (Euphorbia neriifolia) from 

Guyana are used traditionally to treat asthma in babies and children (DeFilipps et 

al., 2004) with purportedly no side effects, but no local studies are known that 

evaluate its constituents, efficacy or safety. 

1.2 Application of Indigenous Knowledge to Asthma Treatment 

Western Scientific methods involve testing and validation while Indigenous 

Knowledge represents another way of seeing the world through ages of 

observation and practice (Mazzocchi, 2006). The Indigenous peoples extended 

their interaction with the natural environment and learned through time in a 

manner that could be compared to Western knowledge. Together, both methods 

work to improve healthcare. Traditional remedies and folklore medicine in 

Guyana may be attributed to the fusion of beliefs and practices of Amerindian 

people (otherwise termed the Native or Indigenous people of Guyana) with the 

culture of enslaved Africans, or East Indians (who arrived as indentured 

labourers from India), and perhaps a little influence from other ethnic groups that 

form the multicultural society that came about following colonialism. Whatever the 

origin, numerous remedies exist for medical conditions. These include the use of 

sweet aloes or E. neriifolia, for skin conditions and asthma (DeFilipps et al., 2004; 

Grimmond et al., 2002; West et al., 2018).  

The use of sweet aloes was observed mainly from Indigenous people 

among whom the passage of knowledge has reportedly been through oral means 
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over generations. Sweet aloes, typically grown in the North-West District of 

Guyana  (Van Andel, 2000) present a unique case as they are grown in a limited 

area. The latex exuded from the plant is used to treat skin conditions while the 

extract from the heated leaves of the species is traditionally used to treat 

wheezing and asthma in babies and children (DeFilipps et al., 2004; Deborah A 

Lachman-White et al., 1992). The decades-old local literature presents scanty 

information on the species in Guyana. In contrast, reported uses of Euphorbia 

species over centuries include a plethora of pharmacological actions in other 

countries. The medicinal properties of E. neriifolia, known  globally include 

analgesic, anemia correction,  anti-asthmatic, anti-convulsant, anti-diabetic, anti-

inflammatory, anti-microbial, anti-plasmodial, anti-oxidant, anti-tumor, bronchitis, 

cholesterol-lowering, contraceptive, coughs, emetic, pneumonia and as poisons 

or anti-venom (Ernst et al., 2015; Mali & Panchal, 2017; Sultana et al., 2022; 

Thorat & Bolli, 2017).  

For treating asthma, the traditional remedy made by the indigenous people 

in Guyana involves heating the leaves of E. neriifolia for a short time over a flame 

or on a hot plate typically at temperatures which would be approximately above 

200 degrees Celsius. The liquid is squeezed from the leaf and a pinch of salt is 

then added to the expressed liquid (Deborah A Lachman-White et al., 1992). An 

estimated amount of approximately one-quarter of a teaspoon is given to infants 

and increased in older children. In contrast to other cultures like India (Chaudhary 

et al., 2023) where milky latex is used, only the traditional extract form from E. 

neriifolia is used for asthma in Guyana. Moreover, mainly the leaves are reported 
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as used in therapies that include nail infections, fevers, and diabetes (Van Andel, 

2000) but, the form of application for these conditions is unclear. 

The use of heated leaves in Guyana for the traditional treatment of asthma 

was practiced for at least a century. This was observed from the fact that this 

remedy was passed through generations from my great-grandfather of an 

indigenous tribe in the North-West District to my grandmother born in 1929. Yet 

the chemical basis remained unexplored resulting in little knowledge of the 

phytoconstituents in the local species and scientific validation. While literature 

implies the use of latex, though purported to be toxic (Salehi et al., 2019) few 

reports of phytoconstituents exist (Benjamaa et al., 2022) as it relates to asthma. 

The species was found to be one of the less researched of the genus (Ernst et 

al., 2015). Additionally, global research has yet to focus on compounds, including 

phytohormones, which may hold therapeutic potential for asthma. Furthermore, 

limited phytochemical studies on traditional extract of E. neriifolia in its heated 

form to derive constituents exist. Antimicrobial and anthelmintic activity studies 

were conducted on extracts from heated leaves (Raghuwanshi et al., 2013), but 

most phytochemical studies to derive the constituents were qualitative and 

untargeted.  To address the mentioned gaps, I studied sweet aloes using the 

heated, traditional remedy and compared it to extracts from unheated leaves and 

latex, to obtain a general and targeted chemical profile that may relate to 

possible efficacious application for the therapy of asthma. 

Many parts of the plant are used including roots for snake bites, scorpion 

stings and as antispasmodics (Mali & Panchal, 2017). Some uses of the sample 
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types to be investigated in this study are shown in Table 1. The application of E. 

neriifolia has been shown to be extensive as its use covers many systems and 

conditions in other cultures. The list presents a snippet of the potential of the 

species reported globally. 

 

Table 1: Euphorbia sample types and their traditional uses 

Sample Type Definitions Source  
Uses in 
Guyana 

Uses in other countries 
Source 

Simple Leaf 
Extract (SE) 

Content extracted 
from leaf tissue at 
normal temperature 

Leaf 
No known 

use 

Earaches, wounds, 
CNS depressant, 

aphrodisiac, adjunct in 
Covid 19 treatment 

 
(Pramanik et al., 
2022; Sultana et 

al., 2022) 

Traditional 
Extract (TE)  

Clear, light yellowish 
liquid obtained from 
squeezing heated 
leaves in a process 
that mimics the 
traditional mode of 
preparation of the 
remedy  

Leaf 

Wheezing, 
asthma, 
coughs, 

colds 

Earache, epilepsy 

 
 
 

(Deborah A 
Lachman-White 

et al., 1992; 
Sawale et al., 

2017; Sultana et 
al., 2022) 

Latex Extract 
(LE) 

Milky white exudate 
from damaged plant 
parts, broken leaves, 
and stem 

Latex Rashes  
 Asthma, bronchitis, 

syphilis, leprosy, 
gonorrhea, rashes, 

tumors, healing cracks 
on soles of feet. 

 
 

(Mali & Panchal, 
2017; Sawale et 

al., 2017; 
Sultana et al., 

2022) 
      

 

 

1.3 Sweet Aloes 

1.3.1 Biological Classification 

E. neriifolia (sweet aloes) belongs to the Euphorbia genus of the Euphorbiaceae 

family. It is known globally by names like snuhi, thohar, som chao, Dog’s Tongue 

and Indian Spurge among others (Sultana et al., 2022).  The genus is the largest 

of the Euphorbiaceae family and the third largest of angiosperms (Ernst et al., 
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2015; Salehi et al., 2019). Like the family, Euphorbia contains plants of very 

diverse structures that are well noted for their application in medicine (Thorat & 

Bolli, 2017). The genus Euphorbia comprises approximately 2000 species (Ernst 

et al., 2015; Magozwi et al., 2021; Salehi et al., 2019). Some plants are endemic 

to areas while others have been introduced to other territories which may account 

for the wide distribution of the species in temperate, tropical, and sub-tropical 

regions (Magozwi et al., 2021). The genus is divided into four sub-genera: 

Chamayesce, Esula pers, Euphorbia and Rhizanthium with the last mostly 

localized to Africa and the others having cosmopolitan distribution (Ernst et al., 

2015). E. neriifolia is mostly found in warmer climates on rocky ground and can 

grow to 20 feet (Mali & Panchal, 2017). 

 

Figure 1: E. neriifolia (sweet aloe) grown in the greenhouse at Trent University 
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1.3.2 Morphology 

The range of diversity in structure and appearance of plants in the 

Euphorbia genus manifests in forms from herbs to large trees and laticifer 

formation type (Castelblanque et al., 2021). A common characteristic is the milky 

latex which perhaps gives E. neriifolia its name “milk hedge” in India. Latex is 

known to be toxic and a skin irritant and is exuded upon damage to the plant 

parts (Salehi et al., 2019). E. neriifolia is a cactus-like, fleshy, xerophytic, erect, 

prickly succulent with a unique flower structure. It is purported to be leafless for 

most of the year except for monsoons in India when new leaves appear (Thorat & 

Bolli, 2017). Contrary to this, leaves were present from the onset of growth in this 

thesis through winter and summer consistent with what occurs in Guyana year-

round. Leaves are green, thick, leathery and arranged in rows of five and develop 

at nodes. Flowers develop at the top of leaves and spiny thorns are found at 

nodes at the base of the leaves. Differences at the level of chromosomes were 

noted in morphotypes of the species from Ahmedabad and Chandigarh and were 

attributed to possible hybridization (Choda, 1978). This level of study was not 

done in this research but note is made of differences. 
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Figure 2: E. neriifolia flowers shown on left and prickly spined stems on the right 
 

1.3.3 Distribution 

Several species of the genus Euphorbia are distributed in temperate and tropical 

areas (Benjamaa et al., 2022). E. neriifolia is found mainly in tropical and 

subtropical areas where they are grown as ornamental hedges (Sultana et al., 

2022). It is native to Southeast Asia and is found in hilly areas in India, Burma, 

Bangladesh, Malaysia, New Guinea, and Vietnam (Bigoniya & Rana, 2005; 

Sultana et al., 2022). In Guyana, it is normally grown in the North-West District 

(Van Andel, 2000) as shown in Figure 3. 

 

Figure 3: North-West District depicted at the top of the Map of Guyana.  
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1.3.4 Potential Impact – Euphorbia as a model natural product resource 

The number of medicinal roles of the plant globally indicates great 

potential for E. neriifolia for therapeutic applications beyond current uses in 

Guyana. Differences in geographic location and environmental factors were 

demonstrated to affect the metabolic profile of Cannabis sativa and Lycium 

barbarum from different regions of China (C.-R. Li et al., 2022; Y. Li et al., 2022; 

Liu et al., 2022). Studies proved climate affected endogenous hormone levels in 

grapes (Benjamaa et al., 2022; Karimi et al., 2020). No study was found that 

focused on metabolic differences in E. neriifolia species grown in different parts 

of the world. With asthma prevalence greater than 10% in Guyana (Kellman et 

al., 2020) and in countries like China (X. Li et al., 2020) research focused on 

sweet aloes could prove beneficial to determine if environmental factors have 

impacted the constituents. Additionally, of the Euphorbia species assessed by 

IUCN in 2015, 70% of 243 species were deemed at risk of extinction (Salehi et 

al., 2019) but no indication exists of E. neriifolia endangered status in Guyana. 

The socio-economic impacts could be further explored, in addition to higher level 

education and health indigenization. Although, the focus of this study is on 

phytochemistry, note is made of the above considerations. 

 

1.4 Phytochemistry and application to healthcare 

 

Phytochemistry and investigation of metabolites have been a major focus 

for finding pharmacologically active components for disease management from 

E. neriifolia. Secondary metabolites are the primary targeted bioactive 
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compounds. Chemical composition of extracts could vary depending on the 

species, part of the plant and extraction method used (Salehi et al., 2019). The 

secondary metabolites sorted by chemical class yield groups of flavonoids, 

alkaloids, terpenoids, tannins, cardiac glycosides, saponins, steroids, limonoids 

and phenolics (Thorat & Bolli, 2017). They are used for numerous purposes 

including asthma, for which metabolites were the main compounds studied 

(Nalban et al., 2019; Park et al., 2010). Flavonoids comprise approximately 4000 

phenolic compounds in classes including flavanols, the largest group typically 

found in fruits vegetables tea and red wine (e.g. fisetin, quercetin, kaempferol 

and myricetin), flavones (e.g. luteolin and apigenin), flavanones (naringenin), 

anthocyanidins, chalcones and the subclass isoflavones which are considered 

phytoestrogens (Harborne & Williams, 2000; Kumar & Pandey, 2013; Sharma & 

Janmeda, 2017). They exist as O-glycosides, C-glycosides or glucuronosides 

and are known to have inhibitory or inducing effects on enzyme systems which 

subsequently lead to the inhibition of histamine thus preventing inflammation 

(Harborne & Williams, 2000; Kumar & Pandey, 2013). Synthesis of flavonoids 

occur via the phenylpropanoid pathway and studies suggest that high flavonoid 

levels are beneficial to asthma (Knekt et al., 2002). Considering the isoflavone 

group of flavonoids are known for estrogenic activity (Harborne & Williams, 

2000), this would present a negative mechanism in asthma considering theories 

on hormonal implication (Bulkhi et al., 2020). This may be a potential factor for 

the use of E. neriifolia primarily in children or pre-pubescent individuals.  
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1.4.1 Secondary Metabolites 

 

Extensive studies have been conducted on Euphorbia species within the 

last few years to explore roles in diseases like cancer (Betancur-Galvis et al., 

2002; Cruz et al., 2020; Mazur et al., 2022; Ramsay et al., 2011) and more 

recently COVID-19 (Pramanik et al., 2022). The primary focus on each species 

was on metabolites in plant tissues: leaf, stem, root, or latex (Chaudhary & 

Janmeda, 2022; Kumar et al., 2021; Palit et al., 2016; Salehi et al., 2019) but not 

in heated extracts form as per traditional asthma treatment. Studies on asthma in 

rat and mouse models were done which proved efficacious (Bigoniya & Rana, 

2005; Xia et al., 2018). However, these studies used powdered air-dried leaves 

with simple tests to confirm presence of compound classes but did not identify 

specific compounds. Despite taking cues from traditional therapies, no study 

used the traditional “quailing” method as in Guyana to check phytochemical 

profiles. Most studies employed the use of shade-dried leaves or air-dried leaves 

(Sawale et al., 2017). A mouse-model study to prove efficacy of E. neriifolia used 

a milder application that involved heating leaves in an oven at a lower 

temperature of 80 C for a longer time than the traditional method in Guyana 

(Raghuwanshi et al., 2013). Neither the phytohormone profile nor the use of E. 

neriifolia in asthma was considered.  In addition, estrogen and testosterone 

levels are indicated in pathogenesis and expression of asthma (Bulkhi et al., 

2020; Tam et al., 2011) but no study investigated the possible therapeutic role of 

phytoestrogens or phyto-androgens and few studies examine the agonistic 

activity of plant metabolites on receptors (Basu et al., 2019). Therefore, an 
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untargeted approach was used to investigate sweet aloes / E. neriifolia sample 

types to obtain a general metabolite screen before filtering for a targeted 

approach. 

The major emphasis for therapy so far in Euphorbia species has been on 

flavonoids and terpenes (Chang et al., 2022; Magozwi et al., 2021; Palit et al., 

2016) reported to reduce chronic illness. Although the mechanisms of action are 

not completely understood, the roles of these metabolites are well-established. 

As such, an opportunity exists for the exploration of phytohormones like 

cytokinins (CKs) or abscisic acid (ABA) for potential therapeutic value.  

 

1.4.2 Phytohormones in therapy 

This thesis undertakes a targeted mass spectrometric analysis of plant 

hormones in Euphorbia neriifolia to explore their potential as therapeutic 

compounds. Phytohormones, first defined in 1948 to differentiate them from 

animal hormones (Ňorbová et al., 2021), are signaling molecules found in plants 

that regulate their growth and development  processes. They are grouped as 

cytokinins like kinetin (K) and zeatin (Z); acidic hormones like auxins, gibberellins 

(GAs), abscisic acid (ABA), salicylic acids (SA), and brassinosteroids. Cytokinins, 

not to be confused with cytokines, are adenine-derived compounds substituted at 

the N6 position with an isoprenoid or aromatic side-chain (Fathy et al., 2022) that 

regulate plant growth and adaptation to environmental conditions and are 

classified as isoprenoids or aromatics (Kisiala et al., 2019; Voller et al., 2010).   
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Isoprenoid CKs are more abundant in nature while aromatics are limited to 

very few plant species (Voller et al., 2010). The aromatics include the first 

cytokinin discovered in 1955, kinetin (K a.k.a 6-furfuryl adenine) and its riboside, 

kinetin riboside (KR) and n6-benzyl adenine (BA), and its corresponding riboside 

N6-benzyadenosine (BAR) (Hauserova et al., 2005). Through various processes, 

the interconversion of cytokinin molecules yields fractions of free bases, 

ribosides, nucleotides, glucosides (Hauserova et al., 2005), and Methylthiolated 

derivatives (Figure 4). 

Cytokinins and their derivatives were demonstrated to be neuroprotective, 

immunomodulatory, affect the division of mammalian cells by promoting or 

inhibiting cell division and inducing cell differentiation among other effects (Bowie 

et al., 2018; S. W. Kim et al., 2020; Lee et al., 2012). Kinetin, in particular, has 

generated significant interest in human therapy within the past few decades in 

oxidative stress, DNA repair and neurodegenerative disorders like Huntington’s 

disease (Del Mondo et al., 2023; Fathy et al., 2022; Jablonska-Trypuc et al., 

2016; Mielcarek & Isalan, 2021; Rajabi et al., 2012) and slowing aging of human 

cells. Benzyladenine (BA) influences oxidative stress parameters (Jablonska-

Trypuc et al., 2016) and the riboside is noted for high toxicity to cell lines (Fathy 

et al., 2022). N6-isopentenyladenosine (iPR) also demonstrates cytotoxicity.  
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Figure 4: Interconversion of cytokinin forms.  Adapted from (Aoki et al., 2020). 

Kinetin (KIN), kinetin riboside (KR) and N6-Benzyladenine and N6-

benzyladenosine structures are shown but are not known to be part of the normal 

pathway shown for the isoprenoids. 

 

These isoprenoid fractions include further cytokinin types: zeatin – cis and 

trans forms (cZ and tZ), dihydrozeatin (DZ) and isopentenyladenine (iP). Zeatin 

and zeatin ribosides have received increased interest for gerontomodulatory 

effects including reducing UV potentiated aquaporin 3 downregulation thereby 

reducing photoaging in human skin keratinocytes (Ji et al., 2010; Rattan & 
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Sodagam, 2005). The O-glucoside form of zeatin was reported to have a 

potential role in neurodegenerative diseases (Del Mondo et al., 2023). This was 

different in cancer (Voller et al., 2010) where O-Glucosides were reported as 

functionally less active on cell lines. Cytokinins have effects on mammalian cells 

where they can be taken up and changed in addition to having applications in 

cancer, aging, and skin conditions (Aoki et al., 2019; Fathy et al., 2022; Othman 

et al., 2016; Seegobin et al., 2018). In plants, free base and riboside molecules 

are credited as active fractions while nucleotides are considered inactive. Tissue 

lines showed sensitivity to iPR, cZR, KR, BAR and CK-NTs (Voller et al., 2010). 

The CK-FBs, MeS, O-Glucs and N-Glucs possess little or no activity in human 

cell lines compared to NT and RB fractions that exhibit pharmacologic effects in 

cancer and Huntington’s (Voller et al., 2010). KR is converted to KRNT as 

triphosphate (KTP) by adenine phosphoribosyltransferase (APRT) enzyme. This 

molecule then exerts its effects on DNA repair and reactive oxygen species clean 

up (Bowie et al., 2018). Considering this, cytokinin and phytohormone studies in 

the genus only targeted exogenous applications of hormones for effects on plant 

growth or in vitro regeneration to date, leaving the area of endogenous hormone 

use unexplored. 

The application of acidic hormones (i.e., (ABA), (GAs), indole-3-acetic acid 

(IAA), jasmonic acid (JA), and salicylic acid (SA)) in human health were explored. 

Following the debate over the endogenous presence of ABA in mammals and 

proof  (Le Page-Degivry et al., 1986), current research points to the roles of ABA 

in humans in stimulating glucose uptake for diabetic control as well as a marker 
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for asthma and chronic obstructive pulmonary disease (Ashraf et al., 2021; 

Hoang et al., 2021; Kooshki et al., 2021; Magnone et al., 2020; Sturla et al., 

2017). Antimicrobial properties were noticed for three enantiomers of GAs where 

GA3 showed good activity with lower for GA7 and GA9 (Toner et al., 2021). 

Additionally, anti-inflammatory properties were detected  (Reihill et al., 2016). 

Recent studies point to the cell regeneration properties of IAA (Cernaro et al., 

2015) and anti-inflammatory properties of IAA in mouse models for ankylosing 

spondylitis (Shen et al., 2022). Jasmonic acid is also indicated in  anti-aging skin 

applications, cancer and anti-inflammation processes (Henriet et al., 2017). The 

role of the non-steroidal anti-inflammatory agent aspirin is potentiated by the 

potent metabolite SA (S. W. Kim et al., 2020). The role of aspirin in health has 

been well documented since its discovery as it remains widely used for blood 

thinning and cardiovascular diseases (Jones et al., 2021). All the acidic 

hormones have therefore been shown to have some impact on human disease. 

Given the global use of E. neriifolia in multiple health conditions, the effect of 

hormones and their role have been under investigated. 

 

1.4.3 Research and metabolomic approaches 

Beyond a targeted search, such as the exploration of phytohormones, 

there are many other types of compounds that might explain the therapeutic 

value of heated Euphorbia extract. Improved technology using the field of 

metabolomics can be applied with fewer limitations to obtain a snapshot of the 

state of biological analytes when investigating natural products (Barchet, 2013; 
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Jez et al., 2021). Metabolomics is an emerging field of study concerned with 

systematic identification and quantification of small molecules or metabolites in 

samples (Idle & Gonzalez, 2007).  It looks at deciphering small molecule enigmas 

through scientific inquiry much similar to genetics as the aim is detecting and 

characterizing small molecules with a view of their involvement in nature 

(Barchet, 2013). Untargeted metabolomics presents a broad screen of 

metabolites and helps detect pathway changes. It could ultimately help determine 

metabolites that may be novel since it presents the entire metabolome. Emphasis 

can then be placed on a more targeted approach to compounds with suspected 

high therapeutic potential using other branches of metabolomics such as 

hormonomics; an area concerned with identifying hormones (i.e. phytohormones 

and related analogues) in biological samples (Giebelhaus et al., 2022).  

  To date, sweet aloes from Guyana remain unexplored with sparse dated 

information from ecological sources and surveys of medicinal plants that briefly 

mention the plant but are devoid of phytochemical evaluation. While studies exist 

from other countries on a limited number of phytochemicals in E. neriifolia 

(Chaudhary & Janmeda, 2022; Kumar et al., 2021), hormonomics investigation of 

the species has not been documented. Furthermore, review papers make quick 

mention of heated extracts and latex for asthma therapy, but analytical work 

appears nonexistent. To my knowledge, no study focused on a comprehensive 

phytoconstituent investigation of secondary metabolites and hormones, nor 

delved into the range of compounds with antioxidant and anti-inflammatory 
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properties specifically for E. neriifolia (i.e., sweet aloes) in Guyana. Metabolomics 

allows for multiple foci which was exploited in this research. 

 

1.4.4 Hypothesis and Objectives  

The established use of traditionally heated extract of sweet aloes / E. 

neriifolia leaves predominantly for asthma in Guyana raises the question as to its 

constituents, while use of latex in Indigenous cultures in other countries would 

infer there is valuable phytoconstituents in the tissue type for exploration. 

Therefore, the present research on E. neriifolia (sweet aloes) was designed to (a) 

screen for phytoconstituents that may have therapeutic potential in asthma 

therapy and (b) quantify endogenous phytohormone levels within different 

sample types as used indigenously compared to simple leaf extract. I 

hypothesized that the heated traditional extracts would contain higher 

concentrations and numbers of hormones and chemical constituents, that could 

potentially lead to improvement in asthma therapy.  

The objectives of this study were to: 

1. Comparatively evaluate the phytochemicals and phytohormones in simple 

extract (SE), traditional extract (TE) and extracted latex (LE) samples 

a. Determine the number of features present and those upregulated or 

down-regulated between sample types. 

b. Holistically explore the pathways of compounds in E. neriifolia 

2. Build a list of phytochemicals based on potential use in asthma therapy for 

semi-targeted metabolomic analysis. 
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3. Determine the presence of phytohormones with human therapy potential 

among sample types and their quantification. 

4. Calculate a preliminary ingredient list per teaspoon of traditionally heated 

leaf extract. 

This was achieved by combining a wide screen for metabolites with anti-

inflammatory and antioxidant properties via an untargeted and semi-targeted 

metabolomic approach together with a quantitative, targeted determination of 

phytohormone levels on the three sample types.  

 

 

 

 

 

 

 

 

 

 



21 
 

 

CHAPTER 2: MATERIALS AND METHODS 

2.1 Euphorbia neriifolia – Plant Material 

Sweet aloes plant stems were obtained from Guyana at geographic 

coordinates 6°43’46” N 58°14’17” W and transported to Canada following the 

regulatory and phytosanitary procedures. Four stems were planted one per pot in 

soaked soil in Sunshine Professional Growing Mix (Mix #1 Sungrow Horticulture, 

Canada). Growth occurred under 16 h light photoperiod, 60-80% RH, 24-27 °C, 8 

h dark photoperiod, 60-80 % RH, at 19 – 22 °C in the Aurora Greenhouse 

(Conviron, Canada) (Morrison et al., 2015) at Trent University from September 

2021 to June 2022.  

2.2 Sample Preparation of Plant Material 

 

Leaves were randomly sampled from three plants to make biological 

replicates, (n=5) for simple fresh leaf extract (SE) and (n=5) for traditionally 

heated leaf extract (TE). Extracted Latex (LE) samples (n=5) exudates were 

collected from leaves detached from stems and at points of stems after 

separating leaves and cutting stem. Approximately 0.100 g fresh weight of leaf 

tissues (SE), were cut and placed in 2 mL safe lock centrifuge tubes while 0.100 

g (LE) samples were collected in 5 mL tubes. Leaves for TE samples were 

heated to 250 °C for 15 seconds and then squeezed to yield the liquid traditional 

extract (TE). This procedure mimics the preparation normally performed when 

being prepared for children by Guyanese indigenous persons as per the 

indigenous traditional method (D.A. Lachman-White et al., 1992). The TE 
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samples were collected into separate 5 mL tubes and centrifuged for 10 minutes 

at 5000 rpm after which 2 mL were transferred to individual 15 mL tubes. (SE), 

(LE), and (TE) samples were flash-frozen in liquid nitrogen and SE was stored at 

-80 °C until further processing. The LE and TE samples were freeze-dried 

(LabConco Free Zone lyophilizer; Kansas City, MO, USA) and stored at -20°C. 

2.3 Solid phase extraction for metabolite and phytohormone purification  

Phytohormone and other metabolite extractions were carried out in a sequential 

extraction process to obtain different phytohormone fractions using modified 

methods previously published (Kisiala et al., 2019; Simura et al., 2018) to 

facilitate the multi-extraction of 39 cytokinins and acidic hormones: (Abscisic acid 

(ABA), gibberellins (i.e., GA1. GA4, GA7, GA9, GA20), indole-3-acetic acid (IAA), 

jasmonic acid (JA) and salicylic acid (SA)) from a single plant sample.  To enable 

phytohormone quantification through the isotope dilution technique, internal 

standards (IS) of deuterated phytohormones were added to each sample 

constituting 1 mL 50% ice-cold acetonitrile (ACN): (60.1 ng ABA ([2H4] ABA) (PBI, 

Saskatoon, Canada), 10 ng each of acidic phytohormones IAA, and SA 

(OLChelmm, Olomouc, Czech Republic), 20 ng each of gibberellins (i.e., GA1. 

GA4, GA7, GA9, GA20) and 10 ng each of deuterated cytokinin standards 

consisting of aromatic, methylthiolated, and glucoside forms. The CKs scanned 

for are as follows (Table 2): benzyladenine (BA), benzyladenine riboside (BAR), 

kinetin (KIN), cis-zeatin (cZ), cis-zeatin riboside (cZR), cis-zeatin-9-glucoside 

(cZ9G), cis-zeatin nucleotide (cZNT), cis-zeatin O-glucoside (cZOG), cis-zeatin 

riboside-O-glucoside (cZROG), dihydrozeatin (DZ), dihydrozeatin nucleotide 
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(DZNT), dihydrozeatin-O-glucoside (DZOG), dihydrozeatin riboside (DZR), 

dihydrozeatin riboside-O-glucoside (DZROG), dihydrozeatin-9-N-glucoside 

(DZ9G), isopentenyladenine (iP), isopentenyladenine nucleotide (iPNT), 

isopentenyladenine-9-glucoside (iP9G), isopentenyladenosine (iPR), 2-

methylthio-isopentenyladenine (2MeSiP), 2-methylthio-isopentenyladenosine 

(2MeSiPR), 2-methylthio-zeatin (2MeSZ), 2-methylthio-zeatin riboside (2MeSZR), 

trans-zeatin (tZ), trans-zeatin riboside (tZR), trans-zeatin-9-glucoside (tZ9G), 

trans-zeatin nucleotide (tZNT), trans-zeatin O-glucoside (tZOG), and trans-zeatin 

riboside-O-glucoside (tZROG) (Bean et al., 2021). While JA wasn’t added as an 

internal standard, ([2H4] ABA) was used as a standard for JA quantification. 

METLIN (Domingo-Almenara et al., 2019) was used to confirm JA in plant 

samples based on the protonated monoisotopic mass.  

SE samples containing two zirconium beads (Comeau Technique Ltd., 

Montréal, Québec, Canada), were homogenized using the Retsch 300 ball mill 

grinder (Haan, Germany) at 25 Hz for 5 min, in a 4 °C cold room. All samples 

(i.e., SE, TE, and LE), were vortexed and then refrigerated at -20 °C for overnight 

passive extraction. 

The samples were transferred on ice from the -20 °C freezer and the TE 

and LE samples were centrifuged at 5000 rpm for 5 minutes, while the SE 

samples were done at 10,000 rpm for 10 minutes (ThermoScientific Sorvall ST 

16 centrifuge; ThermoFisher Scientific, San Jose, CA, USA). The supernatants 

were collected into 2 mL tubes and combined with subsequent supernatants 

collected upon washing samples with two sets of 500 μL of cold ACN and treated 
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as before. Three method blank samples were prepared and extracted similarly to 

plant samples. The supernatants and blank samples were vortexed and 

centrifuged at 10000 rpm for 5 mins.  

HLB cartridges (VIOLET™ 200mg/6 mL, 40 μm; Canadian Life Sciences; 

Peterborough, Canada) were sequentially preconditioned with methanol and 

ddH2O water. Columns were equilibrated with 50% ACN before loading 

supernatants followed by 2 mL of 30% aqueous ACN. Each extract was divided 

into two samples; one set was for CKs and the other fraction for derivatization of 

acidic phytohormones (method in following section; 2.4) and other metabolites. 

All samples were evaporated to dryness overnight at ambient temperature in a 

speed vacuum centrifuge concentrator (Thermo Savant UVS 400a; 

ThermoFisher Scientific, Berlin, Germany).  
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Table 2: Endogenous and isotope labeled phytohormones scanned for using the 

Q-Exactive Orbitrap mass spectrometer and their classifications, abbreviations, 

and their associated deuterated internal standard via isotopic dilution technique. 

Endogenous CK phytohormones Abbreviation 2H-labelled Internal 
Standards 

Free bases (FB) 
  

N6-isopentenyladenine iP 2H6iP 

trans-zeatin tZ 2H3DZ 

cis-zeatin cZ 2H3DZ 

Dihydrozeatin DZ 2H3DZ 

Ribosides (RB) 
  

N6-isopentyadenosine iPR 2H6[9R]iP 

trans-zeatin riboside tZR 2H5[9R]tZ 

cis-zeatin riboside  cZR 2H5[9R]tZ 

Dihydrozeatin riboside DZR 2H3[9R]DZ 

Nucleotides (NT) 
  

N6-isopentyadenosine-5'-monophosphate iPRP 2H6[9RMP]iP 

trans-zeatin riboside-5'-monophosphate tZRP 2H6[9RMP]DZ 

cis-zeatin riboside -5'-monophosphate cZRP 2H6[9RMP]DZ 

Dihydrozeatin riboside-5'-monophosphate DZRP 2H6[9RMP]DZ 

Glucosides (GLUC) 
  

isopentenyladenine-7-glucoside  iP7G 2H6iP 

isopentenyladenine-9-glucoside  iP9G 2H6iP 

trans-zeatin-O-glucoside tZOG 2H5tZOG 

cis-zeatin-O-glucoside cZOG 2H5tZOG 

Dihydrozeatin-O-glucoside DZOG 2H7DZOG 

trans-zeatin-O-glucoside riboside tZROG 2H5tZROG 

cis-zeatin-O-glucoside riboside cZROG 2H5tZROG 

Dihydrozeatin-O-glucoside riboside DZROG 2H7DZROG 

trans-zeatin-9-glucoside tZ9G 2H5tZ9G 

cis-zeatin-9-glucoside cZ9G 2H5tZ9G 

Dihydrozeatin-9-glucoside DZ9G 2H3DZ9G 

Methylthiols (2MeS) 
  

2-Methylthio- N6-isopentayladenine 2MeSiP 2H62MeSiP 

2-Methylthio-N6-isopentenyladenosine 2MeSiPR 2H62MeSiPR 

2-Methylthio-zeatin  2MeSZ 2H52MeStZ 

2-Methylthio-zeatin riboside  2MeSZR 2H52MeStZR 

Aromatics 
  

Kinetin KI 2H7BA 

N6-benzyladenine BA 2H7BA 

N6-benzyladenosine  BAR 2H7[9R]BA 

Acidic Phytohormones   

Abscisic acid ABA [2H4] ABA 

Indole-3-Acetic Acid  IAA [2H5] IAA 

Jasmonic acid JA [2H6] JA (not added) 

Salicylic acid  SA [2H4]SA 

Gibberellin 1 GA1 [2H4]GA1 

Gibberellin 4 GA4 [2H2]GA4
 

Gibberellin 7 GA7 [2H2]GA7
 

Gibberellin 9 GA9 [2H2]GA9
 

Gibberellin 20 GA20 [2H2]GA20
 



26 
 

 

2.3.1 Derivatization of acidic phytohormones  
 

The dried phytohormone fraction containing metabolites from the initial HLB 

extraction was used to derivatize acidic phytohormones, (modified from (Kojima 

et al., 2009). Dried samples were reconstituted with these reagents added in 

order: 75 μL of 1-propanol (Fisher Scientific; Ottawa, Ontario, Canada), 20 μL of 

ddH20 water, 5 μL of 500 mM bromocholine (Fisher Scientific; Ottawa, Ontario, 

Canada) in 70% ACN and 1 μL of triethylamine (Fisher Scientific; Ottawa, 

Ontario, Canada). These mixed samples were vortexed and tubes with punched 

holes were suspended in a water bath at 80 °C for 130 minutes, then moved 

immediately to ice and dried under the speed vacuum concentrator for 3 hours 

(Kojima et al., 2009).  

2.3.2 Solid phase extraction - sequential elution of CK fractions: free base, 

riboside, methylthiolated and nucleotide forms 

Samples of the supernatants for CK sequential elution dried overnight using a 

speed vacuum centrifuge. Residues were reconstituted in 1 mL of 1M formic acid 

to promote complete protonation of CKs, vortexed and centrifuged at 5000 rpm – 

10000 rpm for 5 minutes. The redissolved residues were run through mixed-

mode cation exchange SPE cartridges (IRIS™ MCX 200mg/6.0 mL, 40 μm; 

Canadian Life Sciences, Peterborough, Canada) sequentially preconditioned 

using MeOH and 1M formic acid (HCOOH) as previously described (Farrow & 

Emery, 2012). Nucleotides were eluted first with 0.35M Ammonium hydroxide 

(NH4OH) while free base, methylthiolated, glucoside and riboside cytokinin forms 
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eluted together using 0.35M Ammonium Hydroxide in 60% Methanol (NH4OH: 

MeOH (40:60 v/v)); all separating according to polarity and cationic properties 

(Kisiala et al., 2019)). All collected fractions were dried by the speed vacuum 

centrifuge.  

As nucleotide CK forms cannot be detected with this mass spectrometry 

methodology, they were dephosphorylated (Kisiala et al., 2019). Samples 

prepared for CK nucleotide extraction were redissolved in 1.0 mL of 0.1 M 

ethanolamine and vortexed before being phosphatased. Twelve (12) μL of 

phosphatase enzyme (New England BioLabs Ltd., Pickering, Canada) were 

added to the samples, vortexed, incubated at 37 °C overnight, and dried for 6 

hours in a speed vacuum centrifuge. The samples were redissolved in 1.5 mL of 

ddH2O water, vortexed, and centrifuged for 10mins at 10 000 rpm. C18 SPE 

cartridges (C18, 6 cc, 500 mg; Canadian Life Sciences, Peterborough, ON, 

Canada) were preconditioned with methanol and ddH2O before samples were 

introduced and allowed to flow through the column by gravity. CK NT elution was 

done with 1.25mL of 80% MeOH and collected samples were speed vacuumed 

overnight.  

Dried samples belonging to all fraction types (CK fractions and acidic 

phytohormones) were redissolved in 300 μL of starting conditions constituting 

AcOH, ACN, and ddH2O in a ratio of 0.08:5:94.92 (v:v:v) respectively. Samples 

were vortexed and centrifuged at 5000 rpm for 10 minutes before being 

transferred to 2 mL clear vials with 350 μL glass inserts and stored at -20 °C until 

mass spectrometric analysis.  
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2.4 Ultrahigh-pressure liquid chromatography-mass spectrometry analysis 

of phytohormones and metabolites  

The phytohormone samples were analyzed using a Q Exactive orbitrap mass 

spectrometer in (ThermoScientific; Waltham, Massachusetts, USA) equipped 

with heated electrospray ionization source (HESI-II) coupled to a Thermo Dionex 

Ultimate 3000 UHPLC (ThermoScientific; San Jose, USA) (Kisiala et al., 2019). 

The chromatographic separation of CKs was accomplished with HGP-3400RS 

dual pump and WPS-3000 autosampler equipped with a Kinetex C18 column 

(2.1 i.d x 50 mm, 2.6 μm particle size, Phenomenex, Torrace, U.S.A) operated at 

an approximate room temperature of 22 ºC. The instrument control was achieved 

with Chromeleon 6.8 Chromatography Data System software (ThermoScientific; 

Ottawa, Canada). 

All phytohormone fractions were eluted with component A comprising 

ddH20 with 0.08% CH3COOH and component B comprising CH3CN with 0.08% 

CH3COOH, at a flow rate of 0.5 mL/min. The CK fractions were eluted with a 

multi-step gradient. Starting condition consisting of 5% B, was held at 0.5 min 

increasing linearly to 45% B over 4.5 min, followed by an increase to 95% B over 

6.5 min; 95% B was held constant for 1 min before returning to starting conditions 

for 2 min for column re-equilibration. Total run time was for CKs was 8.2 mins 

with an injection volume of 25 μL (Bean et al., 2021; Kisiala et al., 2019).  

A full scan in positive ionization mode was done for the acidic 

phytohormones and untargeted metabolites with a run time of 15 minutes on the 

eluted analytes in the Q Exactive Orbitrap high-resolution mass spectrometer 



29 
 

 

with modifications as per (Kisiala et al. 2019). A mass range of m/z 100 to 700 

was used at a resolution of 140,000 at m/z 200 full width at half minimum 

(FWHM), with automatic gain control (AGC) target of 3 × 106, and maximum 

injection time (IT) of 524 ms. A representative sample from the replicates was 

used for data-dependent tandem mass spectrometry (ddms2). Samples deriving 

from the HLB extraction for acidic phytohormones and metabolites, the full scan 

was done at a resolution of 70 000 with an AGC target of 5 x 104. For 

fragmentation, it was done at a resolution of 17 500 with an AGC target of 5 x 

105. The fragmentation was triggered at a loop count of 10 (top 10 most intense 

peaks per scan), with a precursor isolation window of 1 m/z. The maximum IT 

was 64 ms.  

For the cytokinin samples, acquisition was performed in positive ion mode, 

and data were acquired via parallel reaction monitoring (PRM) as per Kisiala and 

associates (Kisiala et al., 2019). PRM data were acquired at resolution of 35 000 

fwhm at m/z 200. PRM parameters consisted of an automatic gain control (AGC) 

of 3 × 106 and a maximum IT of 128 ms. The precursor isolation window width 

was m/z 1.2. The normalized collision energy (NCE) was individually optimized 

for each compound by stepwise increments, where at least 10% of the 

unfragmented precursor ion was retained. 

2.5 Data Analysis 

2.5.1 Data analysis for mass spectrometry-based metabolomics 

The LC-MS raw data acquired during sample analysis via UHPLC–MS were 

exported as mzXML files using the MSConvert module in Proteowizard 3.022 
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(Adusumilli & Mallick, 2017; Kessner et al., 2008) and preprocessed using the 

multigroup option in XCMS Online (Gowda et al., 2014; Huan et al., 2017) for 

peak detection, retention time correction, and alignment of the metabolites 

detected in the UHPLC–MS analysis. Peak detection was performed using 

centWave peak detection (∆m/z = 10 ppm; minimum peak width, 10 s; maximum 

peak width, 60 s) and mzwid = 0.015, minfrac = 0.5, bw = 10 for alignment of 

retention time. The obiwarp method was used for retention time correction. The 

signal-to-noise ratio was set to 10:1. The Kruskal-Wallis non-parametric test was 

used for statistical analysis.  

2.5.2 Statistical analysis and differential metabolite selection for 

comparative analysis 

The processed data in the form of an Excel worksheet file derived from XCMS 

Online, was separated into csv files corresponding to sample type (i.e., SE 

(unheated), TE (heated) and LE (latex extract) samples. These sample types 

were put in folders according to pairwise comparisons (i.e., SE vs TE, and SE 

extract vs LE) then zipped together. The zipped folder was uploaded to 

MetaboAnalyst 5.0 (Pang et al., 2022) and submitted to the Statistical Analysis 

(one factor) module.  Mass and retention time tolerances of 0.005 m/z and 30 

seconds were chosen respectively. For data filtering, the inter-quantile range 

function was used. For sample normalization, normalization by sum was chosen. 

Log transformation was chosen for data transformation, and pareto scaling was 

chosen as the option for data scaling. This was done to reduce the skewness of 

the data and reduce the mask effects (Zandonadi et al., 2023). 
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Principal Component Analysis (PCA) and Partial Least Squares 

Discriminant Analysis (PLS-DA)  were performed on the normalized datasets 

(Zandonadi et al., 2023). These statistical methods project the variables to a new 

space to determine which variables in the complex data set are responsible for 

observations being classified into groups or categories. The Variable Importance 

in Projection (VIP) arising from PLS-DA analysis was used to decipher features 

responsible for the separation of sample types.  Features refer to distinct signals 

detected from mass spectrometric analysis generated by different molecules 

(metabolites) present in the biological sample that are characterized by their 

mass-to-charge ratio (m/z) and retention time. At this stage the identity of the 

metabolite that generated the signal is unknown thus feature is used instead of 

metabolite. Univariate statistics (i.e., t-test) was applied to calculate the statistical 

significance of m/z values in treatment comparisons (i.e., the SE (unheated 

control) vs TE (heated) and the unheated control (SE) vs the milky latex (LE).  

Volcano plot analyses were performed to determine significantly changed 

features (i.e., up-or-downregulated features) occurring in the TE and LE 

compared to the control sample SE. As volcano plots provide a summary of t-test 

and fold change (FC) analysis, a log2FC>1 or log2FC<-1 was chosen with a false 

detection rate (FDR) < 0.05. Figures for volcano plots were regenerated using 

VolcaNoseR (Goedhart & Luijsterburg, 2020).  



32 
 

 

2.5.3 Untargeted metabolite identification 

2.5.3.1. Database query using quality EICs generated from XCMS Online 

For the respective treatments (SE, TE, and LE), the single module was selected 

in XCMS online to verify quality peaks from the extracted ion chromatograms 

(EICs) generated from XCMS Online. These EICs images were visually 

identified, and the corresponding m/z (i.e., m/z medium stylized as mzmed as 

generated by XCMS Online) that is within the EIC m/z extracted range was 

selected from the .xlsx file downloaded from XCMS online processing.  

To look at the chemodiversity of features, Venn diagrams were used as a 

visualization tool. All features detected using the single module in XCMS online, 

and all quality EICs were subjected under Venn diagram analysis. Duplicate m/z 

values were automatically removed using InteractiVenn (Heberle et al., 2015).  

The m/z values which would be the observed masses arising from quality 

XCMS-generated EICs were queried against the theoretical masses of different 

databases such as: Pathos (Leader et al., 2011), MetaboQuest 

(http://tools.omicscraft.com/MetaboQuest/), and CEU Mass Mediator 3.0 (Gil-de-

la-Fuente et al., 2019). Putative metabolites that were unique, and shared 

between the milky latex, the unheated extract (SE) and the heated extracts (TE) 

were determined, and as a cut-off, metabolites with KEGG IDs were selected. As 

indicated, putative metabolites refer to potential assignments for previously 

generated features based on matching their characteristics, (best match basis), 

to known metabolites in databases or reference libraries. This does not signify a 

definitive confirmation. Only [M+H]+ adducts were considered for annotation.  
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2.5.3.2. KEGG functional and pathway analyses modules in MetaboAnalyst 

5.0  

In addition, using the m/z, retention time (rt) and p-values of all detected aligned 

features generated by XCMS Online multimode module was put in a .csv file to 

be analyzed using functional analysis to query whether there may be metabolites 

of interest in E. neriifolia. Annotation was performed with a 5 ppm mass tolerance 

and the mummichog algorithm (Li et al., 2013) with a 0.05 p-value cut-off 

(Piasecka et al., 2022) with Arabidopsis thaliana reference metabolome in the 

Kyoto Encyclopaedia of Genes and Genomes (KEGG) (Braga et al., 2022). 

Annotated compounds were then screened via the pathway and enrichment 

analyses modules in MetaboAnalyst 5.0.   

Metabolites over-represented on the pathway were ranked using 

hypergeometric testing, with correction done using the Benjamini-Hochberg false 

discovery rate (FDR) (Piasecka et al., 2022). The KEGG IDs that would be 

generated using functional analysis were used for determining putative 

compounds. Putative metabolites were identified according to the metabolite 

annotation level guidelines (levels 1 – 5) previously published (Schrimpe-

Rutledge et al., 2016; Tsugawa et al., 2021).  

The KEGG IDs of the matched compounds were submitted to the pathway 

analysis module in MetaboAnalyst 5.0, which uses the hypergeometric test 

(Banimfreg et al., 2022) and the latest KEGG version of the A. thaliana pathway 

library (Braga et al., 2022). It should be noted that the exact m/z value of the 

compounds were inputted into the MetaboAnalyst 5.0 and that peak quality was 
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not determined. The Pathway analysis would give an idea of the putative 

compounds based on exact mass within a 5 ppm error margin. 

 

2.5.3.3 Tandem mass spectrometry (MS2) data processing  

To find matches for compounds fragmented using the ddms2 methodology, 

different bioinformatics tools were used to cover as much matches as possible. 

The mzMine 2.5.3 analysis pipeline (Olivon et al., 2017; Pluskal et al., 2010) was 

used to look for MS1 features corresponding to MS2 fragments. Data acquired 

from samples analyzed using ddMS2 were converted to the mzXML format using 

the MSConvert option in Proteowizard, as mentioned previously. The peaks were 

aligned using the parameters previously published involving mass detection, 

chromatogram building, smoothing, and deconvolution, deisotoping, alignment 

and gap filling (Reveglia et al., 2022). All data (for MS1 and MS2) was used and 

stored in .mgf format.  

SIRIUS (v. 5.6.3) was used for further molecular annotation of 

fragmentation patterns from ddms2 data (Duhrkop et al., 2019; Ludwig, 

Fleischauer, et al., 2020; Ludwig, Nothias, et al., 2020). The aligned MS2 spectra 

in .mgf format that was exported from mzMine was imported into SIRIUS (v. 

5.6.3). The settings were as follows: Orbitrap was chosen as the instrument with 

the option to scope MS/MS isotopes. The MS2 mass deviation was set to 10 

ppm, with 10 candidates chosen and one candidate per ion. Positive ionization 

adducts [M+H]+, was chosen, with no constraints on tree or compound timeouts. 
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Elements existing within biological molecules (i.e., C, H, O, N, S, P) were allowed 

in formula assignment. All databases were selected for querying. The default 

settings of Zodiac were used for SIRIUS molecular formula ranking, with the 

defaults for CSI: FingerID interface, and CANOPUS for compound class 

prediction.  For candidates, those with a Zodiac score greater than 90%, and a 

similarity (SIRIUS) score greater than 75% were chosen. Not all compounds 

were identified by name, and within the SIRIUS module, under the structures tab, 

the compound with rank 1 was queried using the corresponding InChiKey in 

PubChem if the name was not shown, or if the name was unfamiliar.  

UHPLC-MS/MS raw data were processed with MS-DIAL 5.1 (Tsugawa et 

al., 2015). Automatic feature detection was performed between retention times of 

0 and 15 min and for masses within 100 – 700 Da (i.e., m/z) for mass signal 

extraction in positive ionization mode. MS1 and MS2 tolerance were set to 0.01 

and 0.025 Da, respectively, in profile mode. Minimum feature height, mass slice 

width and the sigma window value were all set to the default of 1000 (AU; 

arbitrary units), 0.1 Da, and 0.5 respectively (Hu et al., 2019). Alignment 

parameters for samples was done at 0.015 Da for mass tolerance and 0.05 min 

for the retention time tolerance for MS1. Database matches were done with the 

parameters of MS1 and MS2 at 0.01 and 0.05 Da respectively (instructions as 

previously published (Perez de Souza et al., 2019)). Databases downloaded and 

chosen for level 2 matching were as follows: ESI(+)-MS/MS from authentic 

standards, ESI(+)-MS/MS from standards+bio+in silico, MassBank and 

MassBank-EU, ReSpect, GNPS, CASMI2016, MetaboBASE, RIKEN PlaSMA 
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authentic standards, RIKEN PlaSMA bio-MS/MS (MSI level 1, 2, 3, or 4), 

Fiehn/Vaniya natural product library, and BMDMS-NP from the MS-DIAL website 

(<http://prime.psc.riken.jp/compms/msdial/main.html>  accessed March 1, 2023). 

 

2.5.4. Semi-targeted metabolite identification 

A list of putative therapeutic metabolites was assembled based on 

purported anti-inflammatory or antioxidant properties in plants of ethnobotanical 

significance (Table 3).  Their identification in samples SE, TE and LE was 

accomplished via semi-targeted screening for the specified metabolites in 

XCalibur 4.3 through identification of fragmentation patterns using full scan and 

ddMS2 data. This was done by extracting the corresponding m/z values for each 

therapeutic metabolite (i.e., Table 3), and the chromatographic peak areas were 

manually integrated for the five biological replicates from each sample type. Fold 

changes for therapeutic compounds were calculated as the ratio of average peak 

areas of [Treatment]/[Control], where the treatment was considered either TE or 

LE, and the control was the SE. Regarding metabolite annotation, these are at 

level confidence 3 according to the Metabolomics Standards Initiative (Sumner et 

al., 2007).  

 

 

 

http://prime.psc.riken.jp/compms/msdial/main.html%3e%20accessed%20March%201
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Table 3: Therapeutic metabolites reported in literature from other members of the 

Euphorbia sp. that were investigated using the semi-targeted approach. 

Metabolite Chemical formula M M+H References 

4-OH benzoic acid C7H6O3 138.0311 139.039 (Ertas et al., 2015) 

Bridelionoside D C19H36O8 392.2405 393.2483 (Djouwoug et al., 2021) 

Caffeic acid C9H8O4 180.0417 181.0495 (Yener et al., 2018) 

Chrysin C15H10O4 254.0573 255.0652 (Ertas et al., 2015) 

Coumarin C9H6O2 146.0362 147.0441 (Ertas et al., 2015) 

Ethyl linoleate C20H36O2 307.2631 308.271 (Sudha T & R., 2013) 

Ferulic acid C10H10O4 194.0573 195.0652 (Yener et al., 2018) 

Fisetin C15H10O6 286.0472 287.055 (Ertas et al., 2015) 

Hyperoside C21H20O12 464.0949 465.1028 (Ertas et al., 2015) 

Myricetin C15H10O8 318.037 319.0448 (Djouwoug et al., 2021; 
Ertas et al., 2015) 

Neriifolin C30H46O8 534.3187 535.3265 (Sultana et al., 2022) 

Prostratin C22H30O6 390.2037 391.2115 (Sultana et al., 2022; 
Tang et al., 2012) 

Protocatechuic acid C7H6O4 154.026 155.0339 (Ertas et al., 2015; 
Yener et al., 2018) 

Quercetin C15H10O7 302.0421 303.0499 (Sultana et al., 2022) 

Rutin 
 

  

C27H30O16 610.1528 611.1607 (Ertas et al., 2015; 
Sultana et al., 2022; 
Yener et al., 2018) 

Sapintoxin C30H37NO8 539.2514 540.2592 (Sobottka et al., 2016) 

 

 

2.5.5. Quantification of endogenous phytohormones via the isotopic 

dilution method. 

Phytohormone levels in different sample types derived from E. neriifolia 

(i.e., SE, TE and LE) were reported as CK groups: (aromatics, free bases, 

ribosides, nucleotides, glucosides, and methylthiols) and as CK types (iP-,tZ-, cZ- 

and DZ-types) as per (Bean et al., 2021). The processing and quantification of all 

detected phytohormones was done using the Processing Setup and Quan 

Browser modules in XCalibur 4.3 (Kisiala et al., 2019). To do so, all endogenous 

phytohormone peaks were identified using their protonated monoisotopic mass 

compared to the retention times of the deuterated phytohormone internal 

standards (IS) in full scan mode. Plant phytohormone concentrations were 
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calculated using relative quantification through the direct comparison of analyte 

peak areas relative to IS using the following formula: phytohormone 

concentration [pmol/gFW] = (((peak area of analyte/peak area of IS) × mass of 

IS)/MW × 1000)/mass of sample; where FW − mass of the tissue, mass of IS = 

(10 ng, 20 ng or 60.1ng) as per used in method, MW −molecular mass of CK [g] 

(Kisiala et al., 2019). All plant sample types were analyzed in quintuplicate. 

Based on annotation levels due to the guidelines of the Metabolomics Standards 

Initiative (Schrimpe-Rutledge et al., 2016; Sumner et al., 2007), all 

phytohormones reported are at level 1 in identification.  
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CHAPTER 3: RESULTS AND DISCUSSION 

3.0 General Overview  

E. neriifolia is a species in the Euphorbia genus from the family 

Euphorbiaceae used in indigenous cultures. Extracts from heated leaves of E. 

neriifolia are traditionally given to babies and children in Guyana to treat 

wheezing in asthma while the latex is indicated for rashes (DeFilipps et al., 

2004), but the chemistry of the local species is unknown and unexplored. While 

latex is used for asthma in indigenous cultures in India (Sultana et al., 2022), this 

has not been a reported practice in Guyana. Furthermore, information on the 

heated leaf extract is sparse globally. Therefore, the three sample types; 

traditional heated extract (referred to as either heated or TE), the latex extract 

(LE) and the simple leaf extract (SE) were investigated comparatively within the 

context of asthma therapy with SE used as a control. 

TEs were prepared in a manner to mimic the traditional method of 

preparation which involved using the liquid collected from squeezing heated 

leaves. Extracts of SE, TE and LE were subjected to phytochemical and 

phytohormone extraction procedures as previously described in the method 

section. These yielded suitable fractions for metabolites, acidic hormones and 

cytokinins to be separated and detected through UHPLC-MS/MS to determine 

their presence in each sample type and further identification.  

A broad survey of the features of heated (TE) vs control (SE) and latex 

(LE) vs control (SE) was done to give an overall view of sample types using an 

untargeted metabolomic approach. Here features are largely unidentified and 
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therefore only allow for identification at confidence levels 4 or 5 (Schrimpe-

Rutledge et al., 2016; Sumner et al., 2007). For increased specificity, a semi-

targeted list of metabolites compiled from literature was used to identify features 

based on comparison to databases using m/z values and fragmentation patterns, 

raising the confidence to levels 2 and 3 and leading to putative metabolite 

identification. Finally, complete identification of hormones via a targeted 

approach with a confidence level 1 was achieved with the use of isotopically 

labeled standards (Sumner et al., 2007). Identification at the confidence level 1 

relates to complete identification without uncertainty. 

Metabolomic investigation using an untargeted approach provided a broad 

overview of the contents of the biological analyte. The non-discriminatory 

approach captured all observable features within the sample types. This revealed 

the overall remarkable potential of the species. Features seen at this level 

included all metabolites irrespective of categorization as phytochemicals or 

phytohormones as all form part of the global screen. Significant effort and tools 

were required for identification of compounds using untargeted and semi-

targeted compared to a targeted approach. The targeted approach, which is 

precise in determination leads to confidence level 1 but can be prohibitive due to 

the high cost of acquiring isotopically labeled standards for investigative 

purposes. Therefore, only phytohormones were determined at this level. 

Multiple studies showed the efficacy of phytohormones in treating human 

diseased states (Jablonska-Trypuc et al., 2016; Othman et al., 2016; Shen et al., 

2022) yet profiling of hormones in species of the Euphorbia genus remains 



41 
 

 

unexplored in relation to therapeutics. The functions of cytokinins remain elusive 

but the class attracts attention particularly as a result of the role of kinetin and 

zeatin and their therapeutic potential (Naseem et al., 2020). Generally, focus on 

secondary metabolites to treat medical conditions appears to overshadow the 

exploration of the role of phytohormones which appears true for the application of 

Euphorbia species. Since secondary metabolites have been studied in various 

species of Euphorbia, though less in E. neriifolia, background information was 

available which was different for the phytohormones for the species in the 

different sample types.  Phytohormones are gaining attention but primarily 

investigated phytohormones are the older more known types like abscisic acid, 

salicylic acid, auxins, gibberellins, and jasmonates (Pereira-Marostica et al., 

2019; Toner et al., 2021). Here, the phytohormone profiles for three sample types 

of E. neriifolia are presented for the first time. The results of the study are 

presented with cytokinins shown first then the acidic hormones.  

  The presentation of results of this comparative investigation of the three 

sample types TE, LE and SE will be approached in the following manner.  

(a) The broad indication of the features detected through the untargeted 

metabolomic approach is presented beginning with a Venn diagram of all 

detected features followed by an examination of the characteristics of the 

features in a volcano plot. See Venn diagram Figure 5 and, volcano plot Figure 6  

which show the comparative features in SE and TE samples and SE and LE 

respectively.  The Venn diagram method was chosen to get a clear 

representation of the features in each type of extract as well as see the 
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relationship and similarities between the extracts. It is a simple, effective means 

to visualize the number of features and potential metabolites in a specific sample 

type or shared between two or all three types of extracts. This method does not 

provide information with respect to accumulation of a feature, whether it is higher 

or lower in one extract type over another thus the volcano plot was used. The 

volcano plots give an overview of the number of features with higher or lower 

accumulation in compared samples.   

(b) Subsequently, results from the semi-targeted approach employed to reveal 

specific putative metabolites from a pre-determined list are presented. To 

reiterate, the focus was on detecting molecules with antioxidant and anti-

inflammatory properties, assembled from literature sources, that may be 

essential to asthma therapy. Identification is based on comparison to established 

information in databases with respect to mass-to-charge values and 

fragmentation patterns. Mass spectrometric data of samples are uploaded and 

compared with mass spectral databases.  Since the use of standards is not 

employed in this process, the compounds are putative of possible matches 

instead of direct ones and thus reported as levels 2 to 4 (Sumner et al., 2007). 

Finally, the targeted approach is presented which identifies and quantifies 

the hormones in SE, TE and LE sample types using isotopically labeled 

standards. The identification of compounds in this approach are at a confidence 

level of 1 indicating great accuracy and specificity (Schrimpe-Rutledge et al., 

2016).  
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3.1.1. Untargeted metabolomics screen for putative metabolites 

As a first approach to determine the chemical potential of E. neriifolia 

sample types, a Venn diagram analysis was done using m/z values found within 

the extracted ion chromatograms (EIC) range generated from XCMS Online with 

InteractiVenn (Heberle et al., 2015) to visualize chemo-diversity. An overview of 

the number of features and distribution among sample types was obtained. This 

data is represented in Figure 5 as a triple Venn diagram showing (13,704) 

features detected in SE, TE and LE samples either as unique per sample type or 

shared between and among sample types. 

 Less than 5000 features were detected in the SE compared to almost 

6000 in TE and over 5000 in LE (Figure 5 and APPENDIX A). Approximately 

three percent (3%) of features or 415 are shared among all three sample types at 

the intersection (∩), i.e., SE ∩ TE ∩ LE, while 4.16 %, 3.97%, and 2.61% are 

shared between SE ∩ TE only, SE ∩ LE only and TE ∩ LE only respectively. The 

lower number of shared features between TE and LE emphasizes the difference 

in the extract types. This trend was consistent in same order for total shared 

features between SE and TE, SE and LE and TE and LE at 7.18%, 7 ,% and 

5.64%. These percentages represent the shared features in the entire 

intersections for each pair of samples. For single and unique features per sample 

type, TE showed more unique features uncommon to the other types with (4531), 

followed by LE then SE.  
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Figure 5: Venn diagram depicts the number of m/z metabolites in simple 

unheated leaf extract (SE), traditional (TE) and latex extracts (LE). 

 

TE presents 22% and 10% more features than SE and LE respectively. LE 

shows an almost 11% higher number of features than SE. The vast number of 

features shown in all sample types together attest to the significant potential of E. 

neriifolia and its implication for multiple conditions including malaria, syphilis, 

gonorrhea, hypertension, diabetes, hyperlipidemia, blood disorders and 

psychological conditions among multiple traditional uses globally (Chang et al., 

2012; Chaudhary et al., 2023). This pharmaceutical value of E. neriifolia is further 

evidenced by recent use in patients hospitalized with Covid-19 (Pramanik et al., 

2022), where patients treated with E. neriifolia leaves as an adjunct to standard 

of care improved faster than patients given standard of care regimen only. 

Although that study cannot be deemed statistically significant due to a small 
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number of participants, the findings were nevertheless encouraging. That method 

of use employed in the study would be similar to using SE. Therefore, while 

findings of more features in one sample type can be taken as greater potential of 

one over the other as there are possibly more metabolites with potential activity, 

taken in isolation may not necessarily be definitive in terms of pharmacologically 

relevant activity. Each sample type could have different applicable roles in 

therapy. The difference in chemical composition of latex compared to TE and SE 

was expected, but the high number of features detected was surprising 

considering latex is exuded with specific functionality in plant defense from the 

laciferous system (Benjamaa et al., 2022; Mazur et al., 2022).  Possibility exists 

that this attribute is responsible for latex being deemed the most valuable 

component of Euphorbia species (Salehi et al., 2019). Though, with the reported 

toxicity, commercial use as paints and rubber are probably more likely 

responsible for this categorization (Pisano et al., 2016; Salehi et al., 2019) since 

no reference seen alluded to this extensive number of features in the sample 

type previously. The possibility exists for employing LE in different treatments 

than other sample types, resulting from chemical uniqueness of LE. Even though 

the TE samples presented a higher number of features per the hypothesis, it was 

expected to possess significantly more than LE. 

As a second approach, TE and LE were examined to determine up-

regulated or down-regulated features relative to the control. Volcano plot 

analyses were performed with VolcaNoseR (Goedhart & Luijsterburg, 2020) to 

generate volcano plots that incorporate a summary of t-test and fold change 
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analysis. This data is represented in Figure 6 A which shows greater up-

regulation in the TE compared to SE and Figure 6 B that shows LE and SE. In  

Figure 6,  each dot represents one feature. Pink dots show the higher 

accumulation of features in the TE and LE compared to SE samples. The cyan 

dots indicate that those features accumulate less in TE and LE compared to SE 

which is used as the standard since it is obtained directly from the leaf tissue and 

thought to be less active. The grey dots indicate features in common with no 

significant difference in expression all using parameters of log2FC>1 or log2FC<-

1 and false detection rate of <0.05. While it is noted that accumulation of features 

and concentrations may vary depending on factors including the plant’s growth 

stage and environmental conditions, still no study has been found with which to 

compare these findings. Further analysis can be conducted to test various 

parameters. 

The volcano plot (Figure 6 A) indicates that of 1622 features affected, 16.5 

% (268) in TE presented with lower abundance, otherwise termed downregulated 

for this purpose and 83.5 % had higher abundance or upregulation than SE. This 

contrasts with SE and LE Figure 6 B where 40.3% to 59.7% of 1808 features had 

lower and higher abundance in LE respectively. Abundance could be attributed to 

the treatment (whether heated as in TE or unheated as in SE and LE) resulting in 

greater or lesser extraction of metabolites. Upregulation and downregulation 

should be understood in the context that metabolites are observed in samples 

being compared and refers to the abundance of a metabolite per sample. 

Therefore, when one feature/metabolite is shown at elevated levels in one 



47 
 

 

sample type, conversely the same feature is lower in the control sample to which 

the comparison is made (TE or LE and the control SE).   

Simplistically, in Figure 6 A and Figure 6 B, one pink dot represents a 

feature with greater levels in either TE or LE compared to SE while a cyan dot 

represents a feature that is less. Conversely, cyan dots express features with 

greater accumulation in SE while pink dots indicate features with lower amounts 

compared to either TE or LE. 

The features in LE are interesting. Most of what is known on latex results 

from research on few species related to rubber production like the “rubber tree” 

Hevea brasiliensis from which natural rubber is made and E. characias from 

which many diterpene compounds were characterized (Pisano et al., 2016). 

Despite hypotheses on possible functions based on presence of concentrated 

defense substances,  the specific functions of laciferous systems and latex 

remain unknown (Mazur et al., 2022). Proteomics formed a major research 

component of H. brasiliensis due to allergic sensitization that occurs with 

rubber/latex use in humans (Medda et al., 2011; Pintus et al., 2010) and 

continues to enjoy the spotlight with E. characias. Pathogenesis related (PR) 

proteins were the most identified proteins in latex (Gracz-Bernaciak et al., 2021; 

Mazur et al., 2022). Enzymes, carbohydrates and minerals continue to be studied 

(Bottier, 2020). The continued focus on these constituents results in a lack of a 

comprehensive broader range of the compounds in latices. Proteins, enzymes 

and minerals were not targeted in this thesis for which some of the elevated 

features could possibly be explained. 
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Figure 6 A and Figure 6 B: Volcano plots showing up or down-regulated features 

*(i.e., increased (pink) or decreased (cyan)). (A) shows (SE) versus (TE) and (B) 

shows (SE) versus (LE) extracts. The threshold of fold-change values is at 

log2FC>1 or FC<-1 for features of interest. 
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Secondary metabolites like flavonoids, alkaloids and terpenoids, are 

credited with being more biologically active and dominant constituents of 

Euphorbia (Magozwi et al., 2021; Salehi et al., 2019), thus the next step was to 

investigate major pathways expressed to determine if these secondary 

metabolites were consistent with literature. Features from XCMS Online including 

m/z, retention time and p-values were used to determine metabolites in Kyoto 

Encyclopedia of Genes and Genomes (KEGG) (Braga et al., 2022) database with 

Arabidopsis thaliana reference metabolome. Annotated compounds were 

screened and mapped via the pathway enrichment module in MetaboAnalyst 5.0. 

This was done to reveal the major metabolic pathways in which the detected 

features are involved and to confirm presence of the principal characteristic 

constituents of Euphorbia. The pathway analysis is shown in Figure 7. The 

finding is consistent with literature as features involved in the pathways of highest 

significance belong to classes of terpenes and flavonoids. Additionally, flavonoid 

formation is perpetuated by the phenylpropanoid pathway which is shown as the 

most significant (Kumar & Pandey, 2013). 
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Figure 7:  Pathway analysis of putative metabolites found using the mummichog 

algorithm within MetaboAnalyst 5.0 analysis mode from all detected features for 

all sample types. It shows most prevalent pathways from SE, TE and LE 

collectively.  

 

It warrants attention that up to this point the untargeted approaches 

previously shown using the Venn diagram, volcano plot and pathway analyses 

produced an overall view of E. neriifolia constituents. The process was non-

selective since the global screen used all the data returned from XCMS Online 

with regards to the m/z values and therefore includes all metabolites irrespective 

of categorization as phytochemicals or phytohormones. Despite some shared 

features shown in the Venn diagram, E. neriifolia sample types were shown to be 

distinctly different from each other. This can be adequately seen in the principal 

component analysis (PCA) in  Figure 8. The PCA transforms original variables 

into a new set of uncorrelated variables called principal components (PCs). Each 

PC is a linear combination of the original variables and the first few typically 
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account for most of the variation in the data. This was used to visualize the 

overall structure and clustering patterns in the data, identify outliers, and detect 

trends in the sample types (Richardson, 2009). The plots show comparisons of 

TE vs SE and LE vs SE respectively. 

 

 

 

Figure 8: PCA comparing (A) TE to SE and (B) L to SE. PCA gives an overview 
of the separation of sample types and indicates distinct sample differences. 
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 The PCA, together with Partial Least Squares Discriminant Analysis 

(PLS-DA) – a multivariate statistical method used in metabolomics studies to 

analyze and classify data based on differences in pre-defined groups were used 

to identify variables or features responsible for the separation between the 

sample types. Fifteen top features were determined most responsible for the 

divergence of samples of TE vs SE and LE vs TE by the Variance in Importance 

Projection (VIP) emanating from the PLS-DA (see APPENDIX B). Eight were 

identified at a confidence level of 5.  

From this point forward, the untargeted approach was narrowed to 

primarily focus on screening specific features in sample types in relation to 

asthma therapy. The differences between the sample types determined as major 

features responsible for divergence by the VIP were checked in MetaboQuest for 

putative matches using the m/z values in the VIP (see APPENDIX B). One m/z 

value that occurred at 301.03333 on the VIP was shown to be involved in the 

separation in both plots. Putative matches for this value were returned as 

pseudopurpurin or emodic acid, both anthraquinones with formula C15H8O7 and 

similar exact masses at 300.027. Anthraquinones are noted for their wide range 

of activities including anti-oxidant and anti-inflammatory properties (Marković et 

al., 2018). Emodic acid or emodin displayed suppressant effects on 

immunoglobulin E (IgE) -mediated anaphylaxis (Lu et al., 2011). Suppression of 

this cytokine is beneficial to asthma and other allergic diseases. Emodin is also 

known for its laxative effects and literature indicate the use of E. neriifolia as a 

laxative (Sultana et al., 2022). Only one feature was upregulated in LE relative to 
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SE. Interestingly, in both VIPs the feature at 301.03333 was lower in abundance 

in TE and LE relative to SE. This metabolite is at a confidence level of 5. More 

research would be required for complete identification. 

The features in the VIP were checked in the annotated single-class 

metabolite list to check their electron ion chromatographs. Forty percent of the 

features in the VIP for both groups TE vs SE and LE vs SE were contained in the 

top two thousand features. So, more features responsible for main differences 

were found to occur outside of the main peak features, i.e., features for which 

electron ion chromatograms were available. Most of these features were further 

unmatched in the databases and therefore returned no putative metabolites 

occurring at the m/v values or were unrelated to inflammatory or antioxidant 

properties. The TE vs SE VIP also revealed possible putative compounds with 

properties for cardiac and bone tissue consistent with would be pertinent to other 

reported uses of E. neriifolia.  

The feature at 413.30264 in the SE vs TE VIP returned a putative match 

for a metabolite dihydrodiosgenin.  Dihydrodiosgenin, a steroidal saponin found 

in several plants in the Dioscorea genus, fenugreek and yam, is indicated in anti-

inflammatory disorders such as acute pancreatitis, lung injury and asthma 

(Parama et al., 2020; Shen et al., 2018). Confirmation of this metabolite is at level 

4 in TE sample only which means mainly mass and structure confirmed (Sumner 

et al., 2007).  

The m/z values from total screen were then subjected to database 

searches in metaboQuest. Characteristic phytoconstituents of Euphorbia were 
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identified in E. neriifolia which included afzelin, kaempferol namely kaempferol-3-

O-rutinoside, kaempferol-3-O-α-rhamnoside, and Beta-amyrin. These are 

expected as confirmed in (Mali & Panchal, 2017; Sultana et al., 2022)  and were 

identified at a confidence level 2 with matching of m/z values and fragmentation 

pattern through databases. All exhibit anti-inflammatory properties. Terpenes like 

linalool and 1,8 cineole were indicated to possess anti-inflammatory properties 

with a steroid-saving effect  for asthma  (Juergens et al., 2003). 1,8 cineole 

reduced various cytokine levels of IL-1B, IL-4, IL-6 IL-13 and IL-17 as well as 

TNF-α and PGE2 (T. Kim et al., 2020). These metabolites were shown in global 

screen at m/z 153.1267 but were not confirmed to level 2. 

Enzymes and proteins identified in the untargeted approach were 

disregarded as they were not a focus of this thesis with respect to asthma 

therapy. This could be a future consideration as evidence indicate the large 

amount of these constituents in latex (Gracz-Bernaciak et al., 2021). Secondary 

metabolites noted in LE include general classes: terpenes, alkaloids, proteins, 

enzymes, phenolics and cardenolides. Triterpenoids namely cycloartenol, lupeol 

and lanosterol are reported to have higher concentrations in latex than other 

tissues. These latex constituents are representative of multiple families (Gracz-

Bernaciak et al., 2021; Pintus et al., 2011) but may differ according to species. 

Lupeol and lanosterol were detected but not confirmed to level 2. 

Four other metabolites, namely rutin, luteolin, chlorogenin and isatin were 

confirmed at a confidence level of 2.  See Table 4. Mass spectra for these 

metabolites can be found in APPENDIX C. Eudesmin, a lignan shown to possess 
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neuroprotective properties with application in Alzheimer’s disease, also indicates 

antibacterial and anti-inflammatory activity (Castillo et al., 2022). This metabolite 

was detected with a confidence level of 2. It occurred in metabolites with the 

[M+Na]+ adducts which is outside the previously set strict detection criteria of 

[M+H]+ adducts only for a narrower focus and so is not reported in the table. 

Eudesmin was detected only in the traditional sample and is noteworthy since the 

stipulated criteria would have caused exclusion of putative compounds with 

possible therapeutic potential to be identified. This was however necessary since 

using more adducts returned an overwhelming number of putative metabolites 

initially.  

Isatin, a versatile indole derivative from plants has been shown to possess 

antiallergic properties in addition to cytotoxic, antimalarial, antiviral and 

antimicrobial pharmacological activity (Cheke et al., 2022; Kandasamy et al., 

2010). It is also a metabolite of the neurotransmitter serotonin and has been 

shown to positively affect dopamine levels in conjunction with antiparkinsonian 

agents (Faro et al., 2020). Given the traditional use of E. neriifolia for brain 

stimulation isatin may be a contributor. Luteolin and kaempferol-3-O-α- 

rhamnoside were both found in SE and TE. Isatin was not detected in TE but was 

the only compound in this group seen in LE. All compounds were detected in SE 

except a purine nucleoside, N6-threonylcarbamoyladenosine which was only 

seen in TE. Although not unexpected as this t6A nucleoside is conserved in 

tRNAs across kingdoms, its presence only in the heated sample warrants further 

exploration. It was noted as a potential biomarker for Covid-19 disease 
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(Nagayoshi et al., 2022). This finding was interesting due to the similarity in 

respiratory distress Covid-19 and asthma and the results of detected cytokinins 

that follow.  

 

Table 4: Level 2 metabolite annotations as generated by MS-DIAL. Compounds 

were matched using various public databases in positive ionization mode as 

described on RIKEN’s MS-DIAL website. Only M+H adducts were considered. 

Family Metabolite Molecular 
Formula 

Observed 
m/z 

Fragments Sample 
Type 

Flavones, 
flavanols 
and 
flavonoid3-
O-
glycosides 

Luteolin C15H10O6 287.0538 287.0541, 
90.9570 

TE, SE 

Kaempferol-7-
neohesperidoside  

C27H30O15 595.1629 287.0541, 
85.0281 

SE 

Kaempferol-3-O-
alpha-rhamnoside  

C21H20O10 433.1111 287.0541, 
85.0281 

TE, SE 

Rutin (Rutoside) C27H30O16 611.1585 303.0490, 
216.1097, 
85.0281 

SE 

Quinic 
acids and 
derivatives  

Chlorogenic Acid C16H18O9 355.101 163.0384, 
111.0435 

SE 

Indoline 
 
 
 
Secondary 
alcohol 
 
 
 
    
 
purine 
nucleoside 

Isatin 
 
 
 
Beta-amyrin(ai) 
 
 
 
 
 
 
N6-
threonycarbamoyl 
adenosine                    

C8H5NO2 
 
 
 

C30H50O 
 
 
 
 

 
 

C15H20N608 

148.0387 
 
 
 

427.3924 
 
 
 
 

 
 
413.1389 

148.0386, 
92.0490, 
58.8082 
 
409.373169, 
191.179489, 
427.391724, 
137.129868, 
428.389130 
 
 
281.0985, 
162.0400, 
136.0615 

SE, LE 
 
 
 

TE 
 
 
 
 

 

TE 

 

Selected compounds from the global screen that showed up in multiple 

databases were checked in literature and those having anti-inflammatory 

properties detected at a confidence level of 3 are shown in Table 5. Roseoside or 

vomilfoliol 9-O-B-D glucopyranoside has been noted in multiple databases and 
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has been detected in E. heteradena (ÖKSÜZ et al., 2002). No studies were found 

to show its presence in E. neriifolia and its actions however are indicated as anti-

inflammatory in a study on Chaenomeles speciosa (Yao et al., 2020). The 

phorbol ester 12-deoxyphorbol-13-angelate was detected only in the latex (LE) 

sample which is congruent with other studies for the species for the presence of 

phorbol esters (Tsai et al., 2016). However, no studies were found that indicated 

its presence in E. neriifolia. The chemical formula C35H34O6 is the same as for 

ingenol mebutate a compound known for its use in actinic keratoses and both are 

tetracylic compounds with similar structures (Ramsay et al., 2011). These 

compounds are identified as being the same (Zhao et al., 2022). No study has 

reported its presence in this species to date.  Interestingly, 12-deoxyphorbol-13-

angellate has the same mass as budesonide as indicated on PubChem. 

Budesonide, a synthetic glucocorticoid, is a potent medication in asthma therapy 

that was used in children 5 – 12 years (Hopp et al., 2023). The ringed structures 

of budesonide and the phorbol compound are interesting because of structural 

similarity in the number of rings. The use of oral budesonide for eosinophilic 

esophagitis would suggest possible use of latex metabolites for this condition, but 

risk assessment for safety considering toxicity must be determined. Overall, most 

compounds in the untargeted global screen were detected in SE than the other 

sample types. Table 5 shows the level 3 metabolites. 

 

Table 5: Level 3 metabolite annotations of selected anti-inflammatory compounds 

in all sample types as generated by SIRIUS 5.6.3. A zodiac score (over 95%) and 

a similarity score (over 75%) were chosen as cut offs for this table.  
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3.1.2. Semi- targeted metabolites identification 

A more focused approach was employed following the broad untargeted 

approach. Here, metabolites with inflammatory and antioxidant properties were 

assembled from literature on medicinal plants for investigation rather than 

researching the plethora of putative matches returned from the global screen to 

determine if these were main characteristics. The term semi-targeted is used 

since it involves targeted identification of specific metabolites from the untargeted 

global screen or full scan data instead of investigating what shows up. 

Additionally, manual inspection of individual extracted ion chromatograms (EIC) 

was done in each sample to ensure acceptable quality m/z peaks with minimal 

signal-to-noise ratios or interference to further reduce features from the original 

two thousand peaks. Some examples are shown in APPENDIX E. This yielded a 

more manageable sample set with almost 90% fewer features than the triple 

Venn diagram from the untargeted screen Figure 5. This reduced the putative 

candidate pool from the original 13,704 to 1,675 or roughly 12% Figure 9. A list of 

m/z values is shown at APPENDIX J.  

This reduced feature set was used for detection and identification of 

secondary metabolites with known characteristic properties in asthma therapy in 

a semi-untargeted approach as previously indicated. Confirmation of the results 

was accomplished at a confidence of level 2 (Sumner et al., 2007).  A greater 

number of metabolites of interest were detected in TE and SE than LE.  
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Figure 9: Venn diagram shows reduced features from the global screen after 

visual inspection of EICs to obtain the highest quality peaks for putative 

compound evaluation. Features reduced to approximately 12%. 

 

Fourteen compounds from the assembled list for semi-targeted 

identification were detected (see Figure 10). Protocatechuic acid, an ingredient in 

grapes, onions and green tea which attenuates airway inflammation (Q. Li et al., 

2020) was detected in only TE and caffeic acid with DNA damage protection and 

antioxidant properties (Owumi et al., 2022) was identified only in LE. Both 

compounds are phenolic acids with a carboxylic group (Kakkar & Bais, 2014). 

Supplementation with protocatechuic acid in piglets decreased serum levels of 

TNF-α, IL2 and IL-6 levels (Hu et al., 2020). The reduction of IL-6 in humans 

could be a potential mechanism of action in improving asthma symptoms. Caffeic 

acid was shown to possess airway regulatory functions to improve asthmatic 

conditions (Ma et al., 2016)  but further studies would be required to prove 

efficacy and safety in asthma for either metabolite. This shows that different 

compounds with similar functions are expressed in the sample types. Although 

neither of these was present in the SE, ferulic acid, belonging to the same group 
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(Hu et al., 2020) was detected in that sample type and has been shown to 

prevent airway remodeling by inhibiting TH2 cytokines (Brugiolo et al., 2017). 

 Latex, deemed to have pro-inflammatory and tumor-promoting activity 

and  toxicity associated with phorboid compounds with ingenane, tigliane and 

daphnane diterpene derivatives (Wu et al., 2009), shows fewer compounds with 

anti-inflammatory properties from the assembled list. While a lower number of the 

semi-targeted metabolites were found in SE and LE than in TE (Figure 10), lower 

ability to act against inflammation cannot be predicted since the list is not 

exhaustive and other compounds were not captured. Further investigation would 

be needed. The list of compounds is shown in Table 6 and the peak intensities 

for the metabolites are shown in APPENDIX D. 

Neriifolin and prostratin levels were statistically higher in LE than in TE 

and SE. The presence of neriifolin was not surprising in LE as it is consistent with 

literature (Yadav et al., 2012). In contrast, prostratin, a tigliane-type phorbol ester 

isolated from E. fischeriana and assessed for its anti-HIV properties (Barrero et 

al., 2011; Jian et al., 2018), was unexpected in TE and SE samples of sweet 

aloes even at low does due to phorbol toxicity. An attempt to confirm its 

identification to level 1 from the current level 4 could be pursued in future.  

Interestingly, the known characteristic metabolites quercetin, rutin, and myricetin 

showed higher levels in SE but more metabolites, 7 from 14 (Figure 10) were 

higher in TE than SE and LE. Latex shows quite different overall profile with 3 

dominant compounds; caffeic acid, neriifolin and prostratin and 11 compounds 

that are either not present or only at trace levels. 
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Figure 10:  Quantities of therapeutic metabolites as shown by average peak 

areas according to sample type (n=5). The star symbol signifies statistical 

difference between the referenced SE and the investigated TE and LE samples. 

The term “ns” means not significant.  N.B unheated refers to the simple extract 

SE and heated to the traditional extract. Compounds are detected at confidence 

level 3 (Sumner et al., 2007). 
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Table 6: Metabolites with antioxidant and / anti-inflammatory properties from list 

assembled from literature (Table 3) to devise a more focused identification of 

compounds from the broad global screen in XCalibur 4.3. 

Metabolite Chemical formula M M+H Detected in Sample 

     

Bridelionoside D C19H36O8 392.2405 393.2483 ALL 

Caffeic acid C9H8O4 180.0417 181.0495 LE 

Chrysin C15H10O4 254.0573 255.0652 SE, TE 

Coumarin C9H6O2 146.0362 147.0441 SE, TE 

Ethyl linoleate C20H36O2 307.2631 308.271 ALL 

Ferulic acid C10H10O4 194.0573 195.0652 SE, TE 

Fisetin C15H10O6 286.0472 287.055 ALL 

Hyperoside C21H20O12 464.0949 465.1028 SE, TE 

Myricetin C15H10O8 318.037 319.0448 SE, TE 

Neriifolin C30H46O8 534.3187 535.3265 ALL 

Prostratin C22H30O6 390.2037 391.2115 ALL 

Protocatechuic acid C7H6O4 154.026 155.0339 TE 

Quercetin C15H10O7 302.0421 303.0499 ALL 

Rutin 
 

  

C27H30O16 610.1528 611.1607 SE, TE 

 

 



3.2.1 Targeted Identification of Cytokinin (CK) and acidic type 

phytohormones 

The traditional (TE), latex (LE) and simple extracts (SE) were investigated 

for cytokinins. Samples were spiked with isotopically labelled standards (IS) 

which allowed mass spectrometric detection and quantification based on 

comparison of relative peak area of endogenous compound to authentic 

standards. The detection and identification of these compounds attain confidence 

level 1 due to the use of authentic standards as full identification occurs (Sumner 

et al., 2007).  This class of hormones has been implicated in improvement of 

human health conditions with pharmacological activity of phytohormones 

occurring at femtomolar levels with observable variation in activity at increased 

levels in some instances (Kisiala et al., 2019; Naseem et al., 2020; Voller et al., 

2010). However, endogenous phytohormones have not been explored in E. 

neriifolia nor even the genus previously. There were observable variations in the 

proportion and amount of the six cytokinin fractions in the different sample types 

(Table 7). Almost twice the number of cytokinins were detected in SE (13) 

compared to LE (7). The highest number occurred in TE with 22. No literature 

was available for comparison as this is the first exploration of cytokinins in the 

species. 

In SE, no aromatics (AR), two FBs, all RBs, 3 NTs, 4-Glucs, and 3 acidic 

hormones were detected. Notably, aromatic CKs were detected only in heated 

samples together with 3 FBs, all RBS, NTs, Glucs, 1 MeS but no acidic 
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hormones. Latex extracts showed the fewest with 1 FB, all RBs, 2 NTs and 1 

acidic hormone (Table 7).  

Table 7: Concentration of phytohormones in three sample types extracts of E. 

neriifolia. These were reported as the mean ± the standard error.  

Hormone class  
 

Compound  
 SE   TE   LE  

      [pmol / g fwt]    [pmol / g fwt]    [pmol / g fwt]  

Cytokinins     

 Aromatic CKs   BA  - - - 

  BAR  - 0.29 ±0.11 - 

   KIN  - 42.39 ±18.95 - 

Freebase CKs   iP  2.32 ±0.12 1.16 ±0.1 2.46 ±0.13 

  tZ  0.7 ±0.32 1.5 ±0.38 - 

  cZ  - 0.64 ±0.09 - 

   DZ  - - - 

Ribosides - CKs   iPR  16.7 ±1.95 10.5 ±3.08 2.65 ±0.48 

  tZR  1.85 ±0.35 1.25 ±0.39 0.17 ±0.05 

  cZR  1.24 ±0.19 1.35 ±0.54 4.13 ±0.48 

   DZR  14.23 ±2.97 0.41 ±0.19 10.84 ±1.16 

Nucleotides - CKs   iPNT  261.62 ±52.27 19.2 0.98 - 

  tZNT  10.2 ±3.39 4.44 ±0.92 0.25 ±0.08 

  cZNT  8 ±2.97 45.13 ±1.57 1.92 ±0.44 

   DZNT  - 0.08 ±0.02 - 

 Glucosides -CKs   iP9G  - 0.14 ±0.04 - 

  tZ9G  - 0.38 ±0.21 - 

  tZOG  8.2 ±2.76 18.62 ±3.1 - 

  cZOG  - 2.78 ±0.55 - 

  DZOG  - 0.39 ±0.07 - 

  tZROG  22.29 ±14.37 41.9 ±16.37 - 

  cZROG  17.42 ±4.16 28.9 ±10.12 - 

   DZROG  3.66 ±1.59 10.65 ±3.81 - 

 Methylthiols -CKs   MeSZ  - - - 

   MeSZR  - 0.86 ±0.34 - 

 Acidic 
Hormones   ABA   61.74 ±11.37                       -                          -    

  GA7                       -                         -     0.53 ±0.09  

  IAA   381.11 ±88.38                       -                          -    

   JA   220.51 ±35.71                       -                          -    

 TOTAL    
           

1,031.79             232.96  
                 

22.95  
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Of the six possible cytokinin classes, four were detected in the SE 

compared to TE where all six were detected and only three in LE. SE contained 

the highest concentration of total CKs, followed by TE while LE had much lower 

than both. The FB form of CKs was notably low relative to other CK forms in all 

sample types. MeS in trace amount and AR-CKs were detected in TE unlike 

other sample types lacking them while LE additionally was deficient in Glucs 

(Figure 11 A).  

The differences extended to the percentage composition of the specific 

fractions among the sample types. SE comprised 76% NTs, 14% Glucs, 9.2% 

RBs and 0.8% FBs. In TE, NT forms (29%), Glucs (44.5%), RBs (5.8%) Glucs, 

FB (1.4%) with AR being 42.68% and trace amount of MeS (Figure 11 B). NTs 

are prone to degradation into RBs (Kudo et al., 2010) which could possibly 

explain the significant change of NTs between SE and TE from 76% to 29%. The 

RB level in TE was still lower than SE but the ratio of RBs to NTs in SE and TE 

increased from 0.12 to 0.2 respectively. Therefore, differences in CK levels could 

partially be a function of degradation and / or aggressive extraction of 

components in TE that were otherwise available in SE. Notably higher levels of 

R-O-Glucs were present in TE. This was probably due to interconversion via 

glycosylation of free base to O-Glucs to a lesser but more likely as a result of the 

extraction method.  

LE samples on the other hand, despite having lower total CKs compared 

to SE and LE, showed distinct difference with higher percentage composition of 

the active CK forms in plants at 77.5 % RBs and 10.7% FBs (Figure 11 B).  
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  (A)                        
  

 
(B) 

 
 

Figure 11: Concentration of CKs in sample types of E. neriifolia. (A) shows the 
amount in each sample type. (B) shows the percentage composition of the 
fractions per sample type (B).  The green, brown and yellow borders represent 
simple extract (SE), traditional extract (TE) and Latex extract (LE). 
 
 

Latex is reported to contain terpenes, alkaloids, proteins and sugars which 

serve different roles in plant defense and physiology (Gracz-Bernaciak et al., 
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2021). However, the concept of involvement of cytokinins in local and long 

distance signaling with respect to its presence in xylem sap (Kudo et al., 2010) 

makes the finding of CKs in LE intriguing. In the absence of literature for 

comparison, long distance signaling of CKs in latex may be a less common 

phenomenon, as latex is specialized, thick fluid exuded by the specific plant cells, 

laticifers at site of injury (Mazur et al., 2022). But, laticifers run throughout the 

plant system (Mazur et al., 2022) so it is possible that the cytokinins contribute to 

some long-distance signaling functions by movement of latex within the plant. As 

indicated, latex exuded when a plant is damaged (Sultana et al., 2022), offers 

protection from invading pathogens, insects or herbivores to prevent further 

damage (Benjamaa et al., 2022). The specific role and significance of cytokinins 

in latex and their involvement in signaling is not well established and the 

biological roles lack universal consensus (Pintus et al., 2010). The role of 

cytokinins in plants is more understood therefore release at the site of the wound 

could potentially contribute to local signaling events to promote cell division, 

tissue repair and thus wound healing. Although this could be a possible 

mechanism more research would be required to fully understand their potential 

functions. With respect to treatment of human diseased states like skin infections 

for which latex is implicated, the thick substance may first act as a barrier and 

cytokinins may offer similar protection in would healing. The role in asthma does 

however require further elucidation. 
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3.2.1.1 Free bases, ribosides and nucleotide CKs 

Free base cytokinin iP and tZ types are the most active and important 

isoprenoid components in plants (Kudo et al., 2010; Miyawaki et al., 2006; 

Sakakibara, 2006). NT CK forms are detected at higher levels in SE and TE 

samples compared to LE while LE samples show more FB than NT. CK-NTs 

demonstrate a wide range of activity: anti-hypertensive, antiviral, antipsychotic 

and anti-inflammatory (S Drenichev et al., 2016). SE exhibited greater levels of 

iPNT and tZNT than TE, but TE showed more cZNT and DZNT. Higher levels of 

cZNT at 45.13 pmol/g fwt in TE compared to 8 and 1.92 pmol/g fwt in SE and LE 

respectively could indicate other potential applications. The trend iPR and iP for 

SE and TE are both approximately in proportions 1:8 within sample types. While 

DZ was undetected, the corresponding ribosides were present. Overall, a higher 

number of CK phytohormones at varying levels are present in TE than SE and 

LE (Figure 12). For reference, weights of replicates and peak areas are recorded 

in APPENDIX F, G and H. LE, often referred to as sap or milky sap (Mazur et al., 

2022), contained higher levels of DZR and cZR compared to LE and TE. The 

amount of these two ribosides were also higher than both iPR and tZR within the 

same LE sample. Evidence indicate iP-type cytokinins like iPR are the major 

forms of CKs in phloem sap and tZR is the major one found in xylem sap (Kudo 

et al., 2010) which differs from the pattern seen in LE. Already shown to be 

unique from SE and TE, LE shows differences from plant sap components. 

Hence the interchangeable use of latex and sap in literature should be 

reconsidered in the context of Euphorbia as the terms may be confusing.   
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Figure 12: CK and acidic phytohormone levels in SE, TE and LE samples with 
replicates (n=5). The star symbol (*) signifies statistical difference between the 
referenced control SE (unheated in green) and the investigated treatment types 
TE (heated in brown) or LE (latex in yellow). The term “ns” means not significant 
as it relates to difference between the SE and TE or SE and LE.  
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Generally, DZ was detected as RB and NT forms in samples. Patterns of RB 

detection levels varied among the samples as SE showed higher levels of 

iPR>DZR>tZR>cZR compared to TE with iPR>cZR>tZR>DZR and LE with 

DZR>cZR>iPR>tZR. This was quite curious because the hypothesis predicted 

presence of higher levels of active phytohormones in TE with greater potential in 

therapy. However, the dose-dependent activity of the molecules is also a 

consideration in pharmacological response which would necessitate further 

investigation as evidence with respect to hormones and asthma is unavailable.  

 

3.2.1.2 Aromatics CKs and their action in humans – kinetin 

 

Given their limited distribution in nature but significant health applications 

of aromatic CKs (Voller et al., 2010), presence of aromatics in a species could 

signal major potential. Despite incomplete understanding of the biogenesis of 

aromatics and cellular targets in humans (Othman et al., 2021), they are 

important as studies show improvement in health conditions with their 

application. The possibility therefore exists that these fractions play a role in the 

beneficial effects of the species. Kinetin, at a level of 42.39 pmol/g fwt was 

detected in the traditional extract and comprised the bulk of the aromatic 

cytokinins in the samples. While it was not reported to be directly involved in 

treatment of asthma, kinetin has been studied for both antioxidant and anti-

inflammatory properties (Lappas, 2015; Lee et al., 2012; Souza et al., 2023), 

which could have positive effects on asthma resulting from the same triggers. 

Evidence suggest the activation of A2a-R receptors cause increased intracellular 
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cAMP levels without augmenting inositol triphosphate levels unlike with activation 

of A1, A2B and A3 receptors (Polosa & Blackburn, 2009). This leads to anti-

inflammatory effects, bronchodilation and tissue repair. Therefore, inhibition of 

pro-inflammatory cytokines and agonistic effect on A2a-R receptors  (Lee et al., 

2012; Othman et al., 2021) could be potential mechanisms of action by which 

kinetin can exert its pharmacological effect in asthma. 

Additionally, given known effects of kinetin in DNA and tissue repair, 

receptor damage and epithelial tissue dysfunction (Lappas, 2015; Puddicombe et 

al., 2000) which occur in asthma could be potentially improved by kinetin. To 

reiterate, the aetiology of asthma is largely unknown and genetic factors are 

implicated. Therefore the possibility for action of kinetin at the genome level 

based on its involvements in genetic splicing for familial dysautonomia (Hims et 

al., 2007) could potentially be mode of action. The action of kinetin in humans 

has gained much attention but has not been directed to respiratory disease, 

further studies would be needed to establish a direct connection between kinetin 

and the treatment or management of asthma. 

BAR, like kinetin, has demonstrated effects in oxidative stress (Jablonska-

Trypuc et al., 2016) and was confirmed as one of only three cytokinin ribosides 

with cytotoxic properties (Voller, 2021). The other two being iPR and KR. These 

contradict the study by Gonzalez et al that indicate positive effects of cZR 

(Gonzalez et al., 2021). Similarly, new information and research could determine 

application to chronic respiratory issues. 
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3.2.1.3 Glucoside and Methylthiolated CKs 

 

Glucs and MeS types of cytokinins are mostly seen as inactive. The 

greater number of storage O-glucosides (O-Glucs) forms present in the TE 

compared to LE and complete non-detection in LE was another remarkable 

occurrence. Given that hormones play a role in regulation of plant growth (Kojima 

et al., 2009) and latex forms part of the lactiferous system responsible manly for 

plant defense (Mazur et al., 2022), it is not surprising that CK storage forms are 

absent from latex samples. It appears however that the heating process allowed 

for more extraction of these metabolites. A noteworthy finding is that larger 

quantities of riboside type O-Glucs were exhibited for further elucidation. Trans-Z 

types are the most abundantly occurring isoprenoids (Voller et al., 2010) and 

higher levels of trans-zeatin O-Glucs were found in TE. The presence of riboside 

forms of zeatin O-Glucs and difference in tZOG and tZROG for example, at 

almost twice the concentration of SE in TE again points to potential extraction by 

heating.  

MeS forms were only detected in TE samples. The expression of 

methylthiolated CK riboside fraction, MeSZR in TE alone (Table 7)  in low 

amounts and consistent with literature, warrants more exploration as their origin, 

biological activity and functions are poorly understood (Gibb et al., 2020). The 

data remains inconclusive about MeSiP and MeSiPR which formed part of the 

initial investigation. There was good recovery of the IS in all samples of all 

sample types but signal to noise interference resulted in poor quality spectra and 

masking of endogenous compounds.  
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The MeS forms showed variation among individual replicates. This pattern 

was observed with other metabolites analyzed among each of the sample types. 

The patterns show the divergence of samples with respect to metabolite 

concentration in replicates irrespective of similar growth parameters. (See Figure 

12). The differences in metabolite content in each replicate of sample types can 

be seen in the plots. 

 

3.2.1.4 Acidic hormones 

The perceived value of phytohormones in therapy has been increasing 

and their roles as nutraceuticals are under investigation (Daliu et al., 2020; S. W. 

Kim et al., 2020; Magnone et al., 2020). Detection of hormones was noticeable in 

SE from Euphorbia neriifolia. There was good recovery of isotopically labelled 

standards (IS) in the SE for compounds screened. ABA, IAA and JA were 

exhibited in this sample type, (APPENDIX I). IS for JA was not added to samples, 

the peak areas in the analytes were intense in all replicates and detection was 

within 5 ppm error using ABA as the standard and METLIN for confirmation. GA7 

was detected in LE. The standard recovery in LE was poor but much worse in TE 

samples. Since the IS were added just prior to extraction which followed the 

heating process by a few stages, direct heat application cannot explain the poor 

standard recovery. A change in matrix or other factor must be explored to 

determine cause. As a side note IAA and JA derivatives were indicated as 

putative compounds in heated samples in the global screen. These were not 

explored further since preference was for confidence level 1 for the hormones in 
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light of possession of standards. This provided a rationale, however, for  

potentially altering the methodology for future detection.  

Furthermore, latex samples were not heated but showed a similar result in 

poor standard recovery for some hormones, signifying the differences in the 

matrices compared to the simple leaf sample. Refer to APPENDIX I. 

Interestingly, the appearance of GA in latex could be an indication of its use in 

asthma as it is stated that it acts by inducing the anti-inflammatory A20 protein in 

lung epithelia tissues (S. W. Kim et al., 2020) 

The contents of a teaspoon of traditional extract were calculated and the 

ingredient information is presented below (Table 8). The list comprises quantities 

of the phytohormones determined through targeted metabolomics and names of 

metabolites identified through untargeted and semi-targeted metabolomic 

approaches. Quantification of phytohormones was possible due to use of internal 

standards. More analysis is required to determine other metabolites to develop a 

more comprehensive profile for the traditional and other extract types. 
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Table 8: Chemical profile assembled to represent contents of a 5 ml teaspoon of 
traditional extract. This was put together combining compounds detected with 
untargeted, semi-targeted and targeted metabolomics. 

 

 

 

 

 

 

 

 

 

 

 

 

PHYTOHORMONES  CONCENTRATION  

(PMOL) 

METABOLITES

BAR 1.49                       bridelionoside D

KIN 218.10                   chrysin

iP 5.97                       coumarin

tZ 7.72                       ethyl linoleate

cZ 3.29                       feroylquinic acid

iPR 54.02                     ferulic acid

tZR 6.43                       fisetin

cZR 6.95                       heriguard

DZR 2.11                       hyperoside

iPNT 98.78                     kaempferol

tZNT 22.84                     luteolin

cZNT 232.19                   methyl jasmonate

DZNT 0.41                       myricetin

iP9G 0.72                       nerifolin

tZ9G 1.96                       prostratin

tZOG 95.80                     protocatechuic acid

cZOG 14.30                     quercetin

DZOG 2.01                       Roseoside

tZROG 215.58                   rutin

cZROG 148.69                   

DZROG 54.79                     

MeSZR 4.42                       
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CHAPTER 4: CONCLUSION AND FUTURE WORK 

 

This thesis was undertaken to comparatively evaluate the 

phytoconstituents of traditional heated leaf extract, latex and simple extracts of E. 

neriifolia and their potential roles with respect to use of the species in asthma 

therapy. The simple extract was used as a control for comparison as it is thought 

to have less therapeutic impact. The presence of phytochemicals and 

phytohormones was investigated using UH-PLC MS-MS untargeted and targeted 

metabolomic approaches to determine and develop a chemical profile. A greater 

number and more upregulated features were detected in the traditional extracts 

indicating the availability of possibly increased metabolites from which potential 

therapeutic benefit could be derived and biologically active metabolites for 

treating inflammatory diseases were identified. Identification of characteristic 

compounds such as quercetin, myricetin and kaempferol indicate sweet aloe 

constituents are consistent with E. neriifolia species reported globally, which 

would imply alternative applications of sweet aloes beyond the few current uses 

for asthma, rashes, cough and colds ailments in Guyana. 

Heat application could be attributed with causing increased extraction of 

phenolic and other metabolites (Roshanak et al., 2016). This advocates for 

incorporating Indigenous methods into scientific evaluations of natural products 

to accurately identify components in traditional therapies (Mazzocchi, 2006). 

Traditional knowledge intertwined with western methods could therefore add 

significant benefit in healthcare as extract types were shown to be very different 
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and varying in metabolite profiles. The presence of phytohormones of the 

aromatic cytokinin type in the traditional remedy is a catalyst for further testing of 

the sample types. This finding was interesting as aromatics like kinetin are found 

to have limited distribution in nature as indicated previously. Pharmacological 

activities of natural products may be derived from collective contributions of 

phytoconstituents from different categories. Therapeutic benefit for asthma could 

potentially be a function of both phytochemicals and phytohormones but further 

research is required to link phytohormones such as kinetin with asthma roles.  

There is considerable scope for future work on E. neriifolia. From sixty-two 

metabolites comprising thirty-three secondary metabolites and twenty-nine 

hormones; forty-three were detected in simple extract, forty-four in the traditional 

/ heated extract and fifteen in the latex. The strict criterion of using [M+H]+ 

adducts only and KEGG IDs to make this study manageable would eliminate 

metabolites with adducts outside this range. Much more room exists for analysis 

within the pre-defined conditions. This could then be expanded to include other 

adducts like [M+Na] in the future to identify compounds excluded by previous 

criteria. The shared metabolites between traditional and latex samples only and 

the other intersections as well as unique ones could be explored further 

APPENDIX J.  

Additionally, plants were grown in a controlled environment and samples 

used excluded the leaves at the apex and the bottom most parts of plants. The 

data can be used as a baseline and further research can be conducted to 

compare samples from natural habitats, phytochemical differences between older 
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and younger leaves or with leaves at the top of plant in addition to varying 

temperatures at which traditional extract is collected. In relation to the theories on 

hormonal influence as it relates to asthma, specific investigation for isoflavones 

among sample types could be another potential area of focus. In the interest of 

safety concerns, potential toxic chemicals in the latex can be explored as well as 

stability testing of traditional extract. Finally, confirmation of levels 2 to 5 

compounds of interest to elevate them to level 1 (Sumner et al., 2007) could be 

beneficial but financial requirement for isotopically labelled standards may be 

prohibitive.  

Overall, E. neriifolia contains thousands of features with potential 

therapeutic activity in each extract type, but more features occur in the traditional 

extract. The possibility exists that reported benefits in asthma are not exclusively 

the result of a single metabolite or only secondary metabolites but could be 

attributed to effects of phytohormones or synergy between groups. Promotion of 

use as per traditional remedy may be an immediate means to wider utilization in 

primary healthcare. Further research on the species could pave the way for wider 

use of an alternative remedy for chronic respiratory and other disorders. 



80 
 

 
 

Bibliography 
 

______________________________________________________________________________________ 

Adusumilli, R., & Mallick, P. (2017). Data Conversion with ProteoWizard msConvert. Methods 
Mol Biol, 1550, 339-368. https://doi.org/10.1007/978-1-4939-6747-6_23  

Aoki, M. M., Emery, R. N., Anjard, C., Brunetti, C. R., & Huber, R. J. (2020). Cytokinins in 
Dictyostelia–A unique model for studying the functions of signaling agents from species 
to kingdoms. Frontiers in Cell and Developmental Biology, 8, 511.  

Aoki, M. M., Seegobin, M., Kisiala, A., Noble, A., Brunetti, C., & Emery, R. J. N. (2019). 
Phytohormone metabolism in human cells: Cytokinins are taken up and interconverted 
in HeLa cell culture. FASEB Bioadv, 1(5), 320-331. https://doi.org/10.1096/fba.2018-
00032  

Asher, I., & Pearce, N. (2014). Global burden of asthma among children. Int J Tuberc Lung Dis, 
18(11), 1269-1278. https://doi.org/10.5588/ijtld.14.0170  

Ashraf, S. A., Elkhalifa, A. E. O., Mehmood, K., Adnan, M., Khan, M. A., Eltoum, N. E., Krishnan, 
A., & Baig, M. S. (2021). Multi-Targeted Molecular Docking, Pharmacokinetics, and Drug-
Likeness Evaluation of Okra-Derived Ligand Abscisic Acid Targeting Signaling Proteins 
Involved in the Development of Diabetes. Molecules, 26(19). 
https://doi.org/10.3390/molecules26195957  

Banimfreg, B. H., Shamayleh, A., & Alshraideh, H. (2022). Survey for Computer-Aided Tools and 
Databases in Metabolomics. Metabolites, 12(10). 
https://doi.org/10.3390/metabo12101002  

Barchet, G. (2013). A brief overview of metabolomics: What it means, how it is measured, and 
its utilization. The Science Creative Quarterly, 8.  

Barrero, R. A., Chapman, B., Yang, Y., Moolhuijzen, P., Keeble-Gagnère, G., Zhang, N., Tang, Q., 
Bellgard, M. I., & Qiu, D. (2011). De novo assembly of Euphorbia fischeriana root 
transcriptome identifies prostratin pathway related genes. BMC genomics, 12, 1-14.  

Basu, P., Meza, E., Bergel, M., & Maier, C. (2019). Estrogenic, Antiestrogenic and 
Antiproliferative Activities of Euphorbia bicolor (Euphorbiaceae) Latex Extracts and Its 
Phytochemicals. Nutrients, 12(1). https://doi.org/10.3390/nu12010059  

Bean, K. M., Kisiala, A. B., Morrison, E. N., & Emery, R. J. N. (2021). Trichoderma Synthesizes 
Cytokinins and Alters Cytokinin Dynamics of Inoculated Arabidopsis Seedlings. Journal of 
Plant Growth Regulation, 41(7), 2678-2694. https://doi.org/10.1007/s00344-021-10466-
4  

Benjamaa, R., Moujanni, A., Kaushik, N., Choi, E. H., Essamadi, A. K., & Kaushik, N. K. (2022). 
Euphorbia species latex: A comprehensive review on phytochemistry and biological 
activities. Front Plant Sci, 13, 1008881. https://doi.org/10.3389/fpls.2022.1008881  

Betancur-Galvis, L. A., Morales, G. E., Forero, J. E., & Roldan, J. (2002). Cytotoxic and antiviral 
activities of Colombian medicinal plant extracts of the Euphorbia genus. Mem Inst 
Oswaldo Cruz, 97(4), 541-546. https://doi.org/10.1590/s0074-02762002000400017  

Bigoniya, P., & Rana, A. C. (2005). Psychopharmacological profile of hydro-alcoholic extract of 
Euphorbia neriifolia leaves in mice and rats. Indian J Exp Biol, 43(10), 859-862. 
https://www.ncbi.nlm.nih.gov/pubmed/16235717  

Bottier, C. (2020). Biochemical composition of Hevea brasiliensis latex: A focus on the protein, 
lipid, carbohydrate and mineral contents. In Advances in Botanical Research (Vol. 93, pp. 
201-237). Elsevier.  

https://doi.org/10.1007/978-1-4939-6747-6_23
https://doi.org/10.1096/fba.2018-00032
https://doi.org/10.1096/fba.2018-00032
https://doi.org/10.5588/ijtld.14.0170
https://doi.org/10.3390/molecules26195957
https://doi.org/10.3390/metabo12101002
https://doi.org/10.3390/nu12010059
https://doi.org/10.1007/s00344-021-10466-4
https://doi.org/10.1007/s00344-021-10466-4
https://doi.org/10.3389/fpls.2022.1008881
https://doi.org/10.1590/s0074-02762002000400017
https://www.ncbi.nlm.nih.gov/pubmed/16235717


81 
 

 
 

Bowie, L. E., Maiuri, T., Alpaugh, M., Gabriel, M., Arbez, N., Galleguillos, D., Hung, C. L. K., Patel, 
S., Xia, J., Hertz, N. T., Ross, C. A., Litchfield, D. W., Sipione, S., & Truant, R. (2018). N6-
Furfuryladenine is protective in Huntington's disease models by signaling huntingtin 
phosphorylation. Proc Natl Acad Sci U S A, 115(30), E7081-E7090. 
https://doi.org/10.1073/pnas.1801772115  

Braga, Í. d. O., Carvalho da Silva, T. L., Belo Silva, V. N., Rodrigues Neto, J. C., Ribeiro, J. A. d. A., 
Abdelnur, P. V., de Sousa, C. A. F., & Souza, M. T. (2022). Deep Untargeted 
Metabolomics Analysis to Further Characterize the Adaptation Response of Gliricidia 
sepium (Jacq.) Walp. to Very High Salinity Stress. Frontiers in Plant Science, 13. 
https://doi.org/10.3389/fpls.2022.869105  

Brugiolo, A. S. S., Gouveia, A. C. C., de Souza Alves, C. C., e Silva, F. M. d. C., de Oliveira, É. E., & 
Ferreira, A. P. (2017). Ferulic acid supresses Th2 immune response and prevents 
remodeling in ovalbumin-induced pulmonary allergy associated with inhibition of 
epithelial-derived cytokines. Pulmonary pharmacology & therapeutics, 45, 202-209.  

Bulkhi, A. A., Shepard, K. V., 2nd, Casale, T. B., & Cardet, J. C. (2020). Elevated Testosterone Is 
Associated with Decreased Likelihood of Current Asthma Regardless of Sex. J Allergy Clin 
Immunol Pract, 8(9), 3029-3035 e3024. https://doi.org/10.1016/j.jaip.2020.05.022  

Buttgereit, F., Burmester, G.-R., & Lipworth, B. J. (2005). Optimised glucocorticoid therapy: the 
sharpening of an old spear. The Lancet, 365(9461), 801-803.  

Castelblanque, L., Garcia-Andrade, J., Martinez-Arias, C., Rodriguez, J. J., Escaray, F. J., Aguilar-
Fenollosa, E., Jaques, J. A., & Vera, P. (2021). Opposing roles of plant laticifer cells in the 
resistance to insect herbivores and fungal pathogens. Plant Commun, 2(3), 100112. 
https://doi.org/10.1016/j.xplc.2020.100112  

Castillo, C., Bravo-Arrepol, G., Wendt, A., Saez-Orellana, F., Millar, C., Burgos, C. F., Gavilan, J., 
Pacheco, C., Ahumada-Rudolph, R., Napiorkowska, M., Perez, C., Becerra, J., Fuentealba, 
J., & Cabrera-Pardo, J. R. (2022). Neuroprotective Properties of Eudesmin on a Cellular 
Model of Amyloid-beta Peptide Toxicity. J Alzheimers Dis. https://doi.org/10.3233/JAD-
220935  

Cernaro, V., Medici, M. A., Leonello, G., Buemi, A., Kohnke, F. H., Villari, A., Santoro, D., & Buemi, 
M. (2015). Auxin induces cell proliferation in an experimental model of mammalian 
renal tubular epithelial cells. Renal Failure, 37(5), 911-913.  

Chang, F. R., Yen, C. T., Ei-Shazly, M., Lin, W. H., Yen, M. H., Lin, K. H., & Wu, Y. C. (2012). Anti-
human coronavirus (anti-HCoV) triterpenoids from the leaves of Euphorbia neriifolia. 
Nat Prod Commun, 7(11), 1415-1417. https://www.ncbi.nlm.nih.gov/pubmed/23285797  

Chang, S. S., Huang, H. T., Lin, Y. C., Chao, C. H., Liao, G. Y., Lin, Z. H., Huang, H. C., Chun-Ling 
Kuo, J., Liaw, C. C., Tai, C. J., & Kuo, Y. H. (2022). Neritriterpenols A-G, euphane and 
tirucallane triterpenes from Euphorbia neriifolia L. and their bioactivity. Phytochemistry, 
199, 113199. https://doi.org/10.1016/j.phytochem.2022.113199  

Chaudhary, P., & Janmeda, P. (2022). Quantification of phytochemicals and in vitro antioxidant 
activities from various parts of Euphorbia neriifolia Linn. Journal of Applied Biology and 
Biotechnology, 10(2), 133-145.  

Chaudhary, P., Singh, D., Swapnil, P., Meena, M., & Janmeda, P. (2023). Euphorbia neriifolia 
(Indian Spurge Tree): A Plant of Multiple Biological and Pharmacological Activities. 
Sustainability, 15(2), 1225.  

Cheke, R. S., Patil, V. M., Firke, S. D., Ambhore, J. P., Ansari, I. A., Patel, H. M., Shinde, S. D., 
Pasupuleti, V. R., Hassan, M. I., Adnan, M., Kadri, A., & Snoussi, M. (2022). Therapeutic 
Outcomes of Isatin and Its Derivatives against Multiple Diseases: Recent Developments 

https://doi.org/10.1073/pnas.1801772115
https://doi.org/10.3389/fpls.2022.869105
https://doi.org/10.1016/j.jaip.2020.05.022
https://doi.org/10.1016/j.xplc.2020.100112
https://doi.org/10.3233/JAD-220935
https://doi.org/10.3233/JAD-220935
https://www.ncbi.nlm.nih.gov/pubmed/23285797
https://doi.org/10.1016/j.phytochem.2022.113199


82 
 

 
 

in Drug Discovery. Pharmaceuticals, 15(3), 272. https://www.mdpi.com/1424-
8247/15/3/272  

Chipps, B. E., Murphy, K. R., & Oppenheimer, J. (2022). 2020 NAEPP guidelines update and GINA 
2021—asthma care differences, overlap, and challenges. The Journal of Allergy and 
Clinical Immunology: In Practice, 10(1), S19-S30.  

Choda, S. P. (1978). Cyto-taxonomical studies in the genus Euphorbia L. Cytologia, 43(2), 217-
235.  

Cruz, L. S., Kanunfre, C. C., de Andrade, E. A., de Oliveira, A. A., Cruz, L. S., de Faria Moss, M., 
Sassaki, G. L., Alencar Menezes, L. R., Wang, M., Khan, I. A., & Beltrame, F. L. (2020). 
Enriched Terpenes Fractions of the Latex of Euphorbia umbellata Promote Apoptosis in 
Leukemic Cells. Chem Biodivers, 17(9), e2000369. 
https://doi.org/10.1002/cbdv.202000369  

Daliu, P., Annunziata, G., Tenore, G. C., & Santini, A. (2020). Abscisic acid identification in Okra, 
Abelmoschus esculentus L. (Moench): perspective nutraceutical use for the treatment of 
diabetes. Nat Prod Res, 34(1), 3-9. https://doi.org/10.1080/14786419.2019.1637874  

DeFilipps, R. A., Maina, S. L., & Crepin, J. (2004). Medicinal Plants of the Guianas (Guyana, 
Surinam, French Guiana). Medicinal Plants of the Guianas (Guyana, Surinam, French 
Guiana).  

Djouwoug, C. N., Gounoue, R. K., Ngueguim, F. T., NankapTsakem, J. M., Gouni, C. D., Kandeda, 
A. C., Ngouela, S., Lenta, B. N., Sewald, N., Fekam, F. B., & Dimo, T. (2021). In vitro and in 
vivo antiplasmodial activity of hydroethanolic bark extract of Bridelia atroviridis mull. 
Arg. (Euphorbiaceae) and lc-ms-based phytochemical analysis. J Ethnopharmacol, 266, 
113424. https://doi.org/10.1016/j.jep.2020.113424  

Dogra, K. S., Chauhan, S., & Jalal, J. S. (2015). Assessment of Indian medicinal plants for the 
treatment of asthma. Journal of Medicinal Plants Research, 9(32), 851-862.  

Domingo-Almenara, X., Guijas, C., Billings, E., Montenegro-Burke, J. R., Uritboonthai, W., 
Aisporna, A. E., Chen, E., Benton, H. P., & Siuzdak, G. (2019). The METLIN small molecule 
dataset for machine learning-based retention time prediction. Nat Commun, 10(1), 
5811. https://doi.org/10.1038/s41467-019-13680-7  

Duhrkop, K., Fleischauer, M., Ludwig, M., Aksenov, A. A., Melnik, A. V., Meusel, M., Dorrestein, 
P. C., Rousu, J., & Bocker, S. (2019). SIRIUS 4: a rapid tool for turning tandem mass 
spectra into metabolite structure information. Nat Methods, 16(4), 299-302. 
https://doi.org/10.1038/s41592-019-0344-8  

Ernst, M., Grace, O. M., Saslis-Lagoudakis, C. H., Nilsson, N., Simonsen, H. T., & Ronsted, N. 
(2015). Global medicinal uses of Euphorbia L. (Euphorbiaceae). J Ethnopharmacol, 176, 
90-101. https://doi.org/10.1016/j.jep.2015.10.025  

Ertas, A., Yilmaz, M. A., & Firat, M. (2015). Chemical profile by LC-MS/MS, GC/MS and 
antioxidant activities of the essential oils and crude extracts of two Euphorbia species. 
Nat Prod Res, 29(6), 529-534. https://doi.org/10.1080/14786419.2014.954113  

Faro, L. R., Justo, L. A., Alfonso, M., & Durán, R. (2020). Possible synergies between isatin, an 
endogenous MAO inhibitor, and antiparkinsonian agents on the dopamine release from 
striatum of freely moving rats. Neuropharmacology, 171, 108083.  

Farrow, S. C., & Emery, R. N. (2012). Concurrent profiling of indole-3-acetic acid, abscisic acid, 
and cytokinins and structurally related purines by high-performance-liquid-
chromatography tandem electrospray mass spectrometry. Plant Methods, 8(1), 42. 
https://doi.org/10.1186/1746-4811-8-42  

https://www.mdpi.com/1424-8247/15/3/272
https://www.mdpi.com/1424-8247/15/3/272
https://doi.org/10.1002/cbdv.202000369
https://doi.org/10.1080/14786419.2019.1637874
https://doi.org/10.1016/j.jep.2020.113424
https://doi.org/10.1038/s41467-019-13680-7
https://doi.org/10.1038/s41592-019-0344-8
https://doi.org/10.1016/j.jep.2015.10.025
https://doi.org/10.1080/14786419.2014.954113
https://doi.org/10.1186/1746-4811-8-42


83 
 

 
 

Fathy, M., Saad Eldin, S. M., Naseem, M., Dandekar, T., & Othman, E. M. (2022). Cytokinins: 
Wide-Spread Signaling Hormones from Plants to Humans with High Medical Potential. 
Nutrients, 14(7). https://doi.org/10.3390/nu14071495  

Gibb, M., Kisiala, A. B., Morrison, E. N., & Emery, R. N. (2020). The origins and roles of 
methylthiolated cytokinins: Evidence from among life kingdoms. Frontiers in Cell and 
Developmental Biology, 8, 605672.  

Giebelhaus, R. T., Erland, L. A., & Murch, S. J. (2022). HormonomicsDB: a novel workflow for the 
untargeted analysis of plant growth regulators and hormones. F1000Research, 11(1191), 
1191.  

Gil-de-la-Fuente, A., Godzien, J., Saugar, S., Garcia-Carmona, R., Badran, H., Wishart, D. S., 
Barbas, C., & Otero, A. (2019). CEU Mass Mediator 3.0: A Metabolite Annotation Tool. J 
Proteome Res, 18(2), 797-802. https://doi.org/10.1021/acs.jproteome.8b00720  

Goedhart, J., & Luijsterburg, M. S. (2020). VolcaNoseR is a web app for creating, exploring, 
labeling and sharing volcano plots. Sci Rep, 10(1), 20560. 
https://doi.org/10.1038/s41598-020-76603-3  

Gonzalez, G., Grúz, J., D’Acunto, C. W., Kaňovský, P., & Strnad, M. (2021). Cytokinin plant 
hormones have neuroprotective activity in in vitro models of Parkinson’s disease. 
Molecules, 26(2), 361.  

Gowda, H., Ivanisevic, J., Johnson, C. H., Kurczy, M. E., Benton, H. P., Rinehart, D., Nguyen, T., 
Ray, J., Kuehl, J., Arevalo, B., Westenskow, P. D., Wang, J., Arkin, A. P., Deutschbauer, A. 
M., Patti, G. J., & Siuzdak, G. (2014). Interactive XCMS Online: simplifying advanced 
metabolomic data processing and subsequent statistical analyses. Anal Chem, 86(14), 
6931-6939. https://doi.org/10.1021/ac500734c  

Gracz-Bernaciak, J., Mazur, O., & Nawrot, R. (2021). Functional studies of plant latex as a rich 
source of bioactive compounds: Focus on proteins and alkaloids. International journal of 
molecular sciences, 22(22), 12427. https://mdpi-res.com/d_attachment/ijms/ijms-22-
12427/article_deploy/ijms-22-12427-v2.pdf?version=1637222525  

Grimmond, J., Joseph, I., & Datadin, V. (2002). A spatial assessment of Crabwood Oil production 
in Regions 9 & 10 of Guyana.  

Harborne, J. B., & Williams, C. A. (2000). Advances in flavonoid research since 1992. 
Phytochemistry, 55(6), 481-504.  

Hauserova, E., Swaczynova, J., Dolezal, K., Lenobel, R., Popa, I., Hajduch, M., Vydra, D., Fuksova, 
K., & Strnad, M. (2005). Batch immunoextraction method for efficient purification of 
aromatic cytokinins. J Chromatogr A, 1100(1), 116-125. 
https://doi.org/10.1016/j.chroma.2005.09.020  

Heberle, H., Meirelles, G. V., da Silva, F. R., Telles, G. P., & Minghim, R. (2015). InteractiVenn: a 
web-based tool for the analysis of sets through Venn diagrams. BMC Bioinformatics, 
16(1), 169. https://doi.org/10.1186/s12859-015-0611-3  

Henriet, E., Jäger, S., Tran, C., Bastien, P., Michelet, J.-F., Minondo, A.-M., Formanek, F., Dalko-
Csiba, M., Lortat-Jacob, H., & Breton, L. (2017). A jasmonic acid derivative improves skin 
healing and induces changes in proteoglycan expression and glycosaminoglycan 
structure. Biochimica et Biophysica Acta (BBA)-General Subjects, 1861(9), 2250-2260.  

Hims, M. M., Ibrahim, E. C., Leyne, M., Mull, J., Liu, L., Lazaro, C., Shetty, R. S., Gill, S., Gusella, J. 
F., & Reed, R. (2007). Therapeutic potential and mechanism of kinetin as a treatment for 
the human splicing disease familial dysautonomia. Journal of molecular medicine, 85, 
149-161.  

Hoang, Q. T. M., Nguyen, V. K., Oberacher, H., Fuchs, D., Hernandez-Vargas, E. A., Borucki, K., 
Waldburg, N., Wippermann, J., Schreiber, J., Bruder, D., & Veluswamy, P. (2021). Serum 

https://doi.org/10.3390/nu14071495
https://doi.org/10.1021/acs.jproteome.8b00720
https://doi.org/10.1038/s41598-020-76603-3
https://doi.org/10.1021/ac500734c
https://mdpi-res.com/d_attachment/ijms/ijms-22-12427/article_deploy/ijms-22-12427-v2.pdf?version=1637222525
https://mdpi-res.com/d_attachment/ijms/ijms-22-12427/article_deploy/ijms-22-12427-v2.pdf?version=1637222525
https://doi.org/10.1016/j.chroma.2005.09.020
https://doi.org/10.1186/s12859-015-0611-3


84 
 

 
 

Concentration of the Phytohormone Abscisic Acid Is Associated With Immune-
Regulatory Mediators and Is a Potential Biomarker of Disease Severity in Chronic 
Obstructive Pulmonary Disease. Front Med (Lausanne), 8, 676058. 
https://doi.org/10.3389/fmed.2021.676058  

Hopp, R. J., Wilson, M. C., & Pasha, M. A. (2023). Redefining biomarkers in pediatric asthma: A 
commentary. Journal of Asthma(just-accepted), 1-12.  

Horak, F., Doberer, D., Eber, E., Horak, E., Pohl, W., Riedler, J., Szépfalusi, Z., Wantke, F., 
Zacharasiewicz, A., & Studnicka, M. (2016). Diagnosis and management of asthma–
Statement on the 2015 GINA Guidelines. Wiener Klinische Wochenschrift, 128, 541-554.  

Hu, R., He, Z., Liu, M., Tan, J., Zhang, H., Hou, D.-X., He, J., & Wu, S. (2020). Dietary 
protocatechuic acid ameliorates inflammation and up-regulates intestinal tight junction 
proteins by modulating gut microbiota in LPS-challenged piglets. Journal of Animal 
Science and Biotechnology, 11, 1-12.  

Hu, Y., Cai, B., & Huan, T. (2019). Enhancing Metabolome Coverage in Data-Dependent LC-
MS/MS Analysis through an Integrated Feature Extraction Strategy. Anal Chem, 91(22), 
14433-14441. https://doi.org/10.1021/acs.analchem.9b02980  

Huan, T., Forsberg, E. M., Rinehart, D., Johnson, C. H., Ivanisevic, J., Benton, H. P., Fang, M., 
Aisporna, A., Hilmers, B., Poole, F. L., Thorgersen, M. P., Adams, M. W. W., Krantz, G., 
Fields, M. W., Robbins, P. D., Niedernhofer, L. J., Ideker, T., Majumder, E. L., Wall, J. D., . 
. . Siuzdak, G. (2017). Systems biology guided by XCMS Online metabolomics. Nat 
Methods, 14(5), 461-462. https://doi.org/10.1038/nmeth.4260  

Idle, J. R., & Gonzalez, F. J. (2007). Metabolomics. Cell metabolism, 6(5), 348-351.  
Jablonska-Trypuc, A., Matejczyk, M., & Czerpak, R. (2016). N6-benzyladenine and kinetin 

influence antioxidative stress parameters in human skin fibroblasts. Mol Cell Biochem, 
413(1-2), 97-107. https://doi.org/10.1007/s11010-015-2642-5  

Jez, J. M., Topp, C. N., Alvarez, S., & Naldrett, M. J. (2021). Mass spectrometry based untargeted 
metabolomics for plant systems biology. Emerging topics in life sciences, 5(2), 189-201.  

Jian, B., Zhang, H., & Liu, J. (2018). Structural diversity and biological activities of diterpenoids 
derived from Euphorbia fischeriana Steud. Molecules, 23(4), 935.  

Jones, W. S., Mulder, H., Wruck, L. M., Pencina, M. J., Kripalani, S., Muñoz, D., Crenshaw, D. L., 
Effron, M. B., Re, R. N., & Gupta, K. (2021). Comparative effectiveness of aspirin dosing 
in cardiovascular disease. New England Journal of Medicine, 384(21), 1981-1990.  

Juergens, U. R., Dethlefsen, U., Steinkamp, G., Gillissen, A., Repges, R., & Vetter, H. (2003). Anti-
inflammatory activity of 1.8-cineol (eucalyptol) in bronchial asthma: a double-blind 
placebo-controlled trial. Respiratory medicine, 97(3), 250-256.  

Kakkar, S., & Bais, S. (2014). A review on protocatechuic acid and its pharmacological potential. 
International Scholarly Research Notices, 2014.  

Kandasamy, R., Park, S., Boyapalle, S., Mohapatra, S., Hellermann, G., Lockey, R., & Mohapatra, 
S. (2010). Isatin down-regulates expression of atrial natriuretic peptide receptor A and 
inhibits airway inflammation in a mouse model of allergic asthma. International 
immunopharmacology, 10(2), 218-225.  

Karimi, A., Krähmer, A., Herwig, N., Schulz, H., Hadian, J., & Meiners, T. (2020). Variation of 
Secondary Metabolite Profile of Zataria multiflora Boiss. Populations Linked to 
Geographic, Climatic, and Edaphic Factors [Original Research]. Frontiers in Plant Science, 
11. https://doi.org/10.3389/fpls.2020.00969  

Kellman, D. A., Iserson, K. V., Levy, R. D., McIntosh, B., & Maxwell, Y. (2020). Brief Education 
Improves Proper Metered-Dose Inhaler Use. J Emerg Med, 58(4), 667-672. 
https://doi.org/10.1016/j.jemermed.2020.02.011  

https://doi.org/10.3389/fmed.2021.676058
https://doi.org/10.1021/acs.analchem.9b02980
https://doi.org/10.1038/nmeth.4260
https://doi.org/10.1007/s11010-015-2642-5
https://doi.org/10.3389/fpls.2020.00969
https://doi.org/10.1016/j.jemermed.2020.02.011


85 
 

 
 

Kessner, D., Chambers, M., Burke, R., Agus, D., & Mallick, P. (2008). ProteoWizard: open source 
software for rapid proteomics tools development. Bioinformatics, 24(21), 2534-2536. 
https://doi.org/10.1093/bioinformatics/btn323  

Kim, S. W., Goossens, A., Libert, C., Van Immerseel, F., Staal, J., & Beyaert, R. (2020). 
Phytohormones: Multifunctional nutraceuticals against metabolic syndrome and 
comorbid diseases. Biochem Pharmacol, 175, 113866. 
https://doi.org/10.1016/j.bcp.2020.113866  

Kim, T., Song, B., Cho, K. S., & Lee, I.-S. (2020). Therapeutic potential of volatile terpenes and 
terpenoids from forests for inflammatory diseases. International journal of molecular 
sciences, 21(6), 2187.  

Kisiala, A., Kambhampati, S., Stock, N. L., Aoki, M., & Emery, R. J. N. (2019). Quantification of 
Cytokinins Using High-Resolution Accurate-Mass Orbitrap Mass Spectrometry and 
Parallel Reaction Monitoring (PRM). Anal Chem, 91(23), 15049-15056. 
https://doi.org/10.1021/acs.analchem.9b03728  

Knekt, P., Kumpulainen, J., Järvinen, R., Rissanen, H., Heliövaara, M., Reunanen, A., Hakulinen, 
T., & Aromaa, A. (2002). Flavonoid intake and risk of chronic diseases. The American 
journal of clinical nutrition, 76(3), 560-568.  

Kojima, M., Kamada-Nobusada, T., Komatsu, H., Takei, K., Kuroha, T., Mizutani, M., Ashikari, M., 
Ueguchi-Tanaka, M., Matsuoka, M., Suzuki, K., & Sakakibara, H. (2009). Highly sensitive 
and high-throughput analysis of plant hormones using MS-probe modification and liquid 
chromatography-tandem mass spectrometry: an application for hormone profiling in 
Oryza sativa. Plant Cell Physiol, 50(7), 1201-1214. https://doi.org/10.1093/pcp/pcp057  

Kooshki, R., Anaeigoudari, A., Abbasnejad, M., Askari-Zahabi, K., & Esmaeili-Mahani, S. (2021). 
Abscisic acid interplays with PPARgamma receptors and ameliorates diabetes-induced 
cognitive deficits in rats. Avicenna J Phytomed, 11(3), 247-257. 
https://www.ncbi.nlm.nih.gov/pubmed/34046321  

Kudo, T., Kiba, T., & Sakakibara, H. (2010). Metabolism and long‐distance translocation of 
cytokinins. Journal of integrative plant biology, 52(1), 53-60.  

Kumar, A., Mahanty, B., Goswami, R. C. D., Barooah, P. K., & Choudhury, B. (2021). In vitro 
antidiabetic, antioxidant activities and GC-MS analysis of Rhynchostylis Retusa and 
Euphorbia Neriifolia leaf extracts. 3 Biotech, 11(7), 315. https://doi.org/10.1007/s13205-
021-02869-7  

Kumar, S., & Pandey, A. K. (2013). Chemistry and biological activities of flavonoids: an overview. 
The scientific world journal, 2013.  

Lachman-White, D. A., Adams, C. D., & Trotz, U. O. D. (1992). A guide to the medicinal plants of 
coastal Guyana (Vol. 8). Commonwealth Secretariat.  

Lachman-White, D. A., Adams, C. D., & Trotz, U. O. D. (1992). A Guide to the Medicinal Plants of 
Coastal Guyana. Commonwealth Science Council. 
https://books.google.ca/books?id=G8a5DwAAQBAJ  

Lambrecht, B. N., Hammad, H., & Fahy, J. V. (2019). The cytokines of asthma. Immunity, 50(4), 
975-991.  

Lappas, C. M. (2015). The plant hormone zeatin riboside inhibits T lymphocyte activity via 
adenosine A2A receptor activation. Cellular & Molecular Immunology, 12(1), 107-112.  

Le Page-Degivry, M. T., Bidard, J. N., Rouvier, E., Bulard, C., & Lazdunski, M. (1986). Presence of 
abscisic acid, a phytohormone, in the mammalian brain. Proc Natl Acad Sci U S A, 83(4), 
1155-1158. https://doi.org/10.1073/pnas.83.4.1155  

Leader, D. P., Burgess, K., Creek, D., & Barrett, M. P. (2011). Pathos: a web facility that uses 
metabolic maps to display experimental changes in metabolites identified by mass 

https://doi.org/10.1093/bioinformatics/btn323
https://doi.org/10.1016/j.bcp.2020.113866
https://doi.org/10.1021/acs.analchem.9b03728
https://doi.org/10.1093/pcp/pcp057
https://www.ncbi.nlm.nih.gov/pubmed/34046321
https://doi.org/10.1007/s13205-021-02869-7
https://doi.org/10.1007/s13205-021-02869-7
https://books.google.ca/books?id=G8a5DwAAQBAJ
https://doi.org/10.1073/pnas.83.4.1155


86 
 

 
 

spectrometry. Rapid Commun Mass Spectrom, 25(22), 3422-3426. 
https://doi.org/10.1002/rcm.5245  

Lee, Y.-C., Yang, Y.-C., Huang, C.-L., Kuo, T.-Y., Lin, J.-H., Yang, D.-M., & Huang, N.-K. (2012). 
When cytokinin, a plant hormone, meets the adenosine A2A receptor: a novel 
neuroprotectant and lead for treating neurodegenerative disorders? PLoS One, 7(6), 
e38865.  

Li, C.-R., Yang, L.-X., Guo, Z.-F., Yang, H., Zhang, Y., Wang, Y.-M., Zhang, G.-Z., Li, P., & Gao, W. 
(2022). LC-MS-based untargeted metabolomics reveals chemical differences of Cannabis 
leaves from different regions of China. Industrial Crops and Products, 176, 114411.  

Li, Q., Wu, Y., Guo, X., Wang, R., Mao, Y., Zhao, Y., Zou, J., Li, C., Chen, Y., & Yang, Y. (2020). 
Protocatechuic acid supplement alleviates allergic airway inflammation by inhibiting the 
IL-4Rα–STAT6 and Jagged 1/Jagged2–Notch1/Notch2 pathways in allergic asthmatic 
mice. Inflammation Research, 69, 1027-1037.  

Li, S., Park, Y., Duraisingham, S., Strobel, F. H., Khan, N., Soltow, Q. A., Jones, D. P., & Pulendran, 
B. (2013). Predicting network activity from high throughput metabolomics. PLoS Comput 
Biol, 9(7), e1003123. https://doi.org/10.1371/journal.pcbi.1003123  

Li, X., Song, P., Zhu, Y., Lei, H., Chan, K. Y., Campbell, H., Theodoratou, E., Rudan, I., & Global 
Health Epidemiology Research, G. (2020). The disease burden of childhood asthma in 
China: a systematic review and meta-analysis. J Glob Health, 10(1), 010801. 
https://doi.org/10.7189/jogh.10.01081  

Li, Y., Zhao, G., Zhang, R., Wei, Y., Yao, Z., Su, S., & Li, Z. (2022). Using untargeted metabolomics 
to profile the differences of the fruits of Lycium barbarum in different geographical 
origins. Anal Sci, 38(8), 1083-1093. https://doi.org/10.1007/s44211-022-00137-z  

Liu, Y., Xiao, A. P., Cheng, H., Liu, L. L., Kong, K. W., Liu, H. Y., Wu, D. T., Li, H. B., & Gan, R. Y. 
(2022). Phytochemical differences of hemp (Cannabis sativa L.) leaves from different 
germplasms and their regulatory effects on lipopolysaccharide-induced inflammation in 
Matin-Darby canine kidney cell lines. Front Nutr, 9, 902625. 
https://doi.org/10.3389/fnut.2022.902625  

Lu, Y., Yang, J. H., Li, X., Hwangbo, K., Hwang, S.-L., Taketomi, Y., Murakami, M., Chang, Y.-C., 
Kim, C.-H., & Son, J.-K. (2011). Emodin, a naturally occurring anthraquinone derivative, 
suppresses IgE-mediated anaphylactic reaction and mast cell activation. Biochemical 
pharmacology, 82(11), 1700-1708.  

Ludwig, M., Fleischauer, M., Dührkop, K., Hoffmann, M. A., & Böcker, S. (2020). De Novo 
Molecular Formula Annotation and Structure Elucidation Using SIRIUS 4. In S. Li (Ed.), 
Computational Methods and Data Analysis for Metabolomics (pp. 185-207). Springer US. 
https://doi.org/10.1007/978-1-0716-0239-3_11  

Ludwig, M., Nothias, L.-F., Dührkop, K., Koester, I., Fleischauer, M., Hoffmann, M. A., Petras, D., 
Vargas, F., Morsy, M., Aluwihare, L., Dorrestein, P. C., & Böcker, S. (2020). Database-
independent molecular formula annotation using Gibbs sampling through ZODIAC. 
Nature Machine Intelligence, 2(10), 629-641. https://doi.org/10.1038/s42256-020-
00234-6  

Ma, Y., Zhang, J.-X., Liu, Y.-N., Ge, A., Gu, H., Zha, W.-J., Zeng, X.-N., & Huang, M. (2016). Caffeic 
acid phenethyl ester alleviates asthma by regulating the airway microenvironment via 
the ROS-responsive MAPK/Akt pathway. Free Radical Biology and Medicine, 101, 163-
175.  

Magnone, M., Sturla, L., Guida, L., Spinelli, S., Begani, G., Bruzzone, S., Fresia, C., & Zocchi, E. 
(2020). Abscisic Acid: A Conserved Hormone in Plants and Humans and a Promising Aid 

https://doi.org/10.1002/rcm.5245
https://doi.org/10.1371/journal.pcbi.1003123
https://doi.org/10.7189/jogh.10.01081
https://doi.org/10.1007/s44211-022-00137-z
https://doi.org/10.3389/fnut.2022.902625
https://doi.org/10.1007/978-1-0716-0239-3_11
https://doi.org/10.1038/s42256-020-00234-6
https://doi.org/10.1038/s42256-020-00234-6


87 
 

 
 

to Combat Prediabetes and the Metabolic Syndrome. Nutrients, 12(6). 
https://doi.org/10.3390/nu12061724  

Magozwi, D. K., Dinala, M., Mokwana, N., Siwe-Noundou, X., Krause, R. W. M., Sonopo, M., 
McGaw, L. J., Augustyn, W. A., & Tembu, V. J. (2021). Flavonoids from the Genus 
Euphorbia: Isolation, Structure, Pharmacological Activities and Structure-Activity 
Relationships. Pharmaceuticals (Basel), 14(5). https://doi.org/10.3390/ph14050428  

Mali, P. Y., & Panchal, S. S. (2017). Euphorbia neriifolia L.: Review on botany, ethnomedicinal 
uses, phytochemistry and biological activities. Asian Pac J Trop Med, 10(5), 430-438. 
https://doi.org/10.1016/j.apjtm.2017.05.003  

Marković, Z., Filipović, M., Manojlović, N., Amić, A., Jeremić, S., & Milenković, D. (2018). QSAR of 
the free radical scavenging potency of selected hydroxyanthraquinones. Chemical 
Papers, 72, 2785-2793.  

Mazur, O., Baldysz, S., Warowicka, A., & Nawrot, R. (2022). Tap the sap - investigation of latex-
bearing plants in the search of potential anticancer biopharmaceuticals. Front Plant Sci, 
13, 979678. https://doi.org/10.3389/fpls.2022.979678  

Mazzocchi, F. (2006). Western science and traditional knowledge: Despite their variations, 
different forms of knowledge can learn from each other. EMBO reports, 7(5), 463-466.  

Medda, R., Pintus, F., Spano, D., & Floris, G. (2011). Bioseparation of Four Proteins from 
Euphorbia characias Latex: Amine Oxidase, Peroxidase, Nucleotide 
Pyrophosphatase/Phosphodiesterase, and Purple Acid Phosphatase. Biochem Res Int, 
2011, 369484. https://doi.org/10.1155/2011/369484  

Michaeloudes, C., Abubakar-Waziri, H., Lakhdar, R., Raby, K., Dixey, P., Adcock, I. M., Mumby, S., 
Bhavsar, P. K., & Chung, K. F. (2022). Molecular mechanisms of oxidative stress in 
asthma. Molecular Aspects of Medicine, 85, 101026.  

Miyawaki, K., Tarkowski, P., Matsumoto-Kitano, M., Kato, T., Sato, S., Tarkowska, D., Tabata, S., 
Sandberg, G., & Kakimoto, T. (2006). Roles of Arabidopsis ATP/ADP 
isopentenyltransferases and tRNA isopentenyltransferases in cytokinin biosynthesis. 
Proceedings of the National Academy of Sciences, 103(44), 16598-16603. 
https://www.pnas.org/doi/pdf/10.1073/pnas.0603522103  

Morrison, E. N., Emery, R. J., & Saville, B. J. (2015). Phytohormone Involvement in the Ustilago 
maydis- Zea mays Pathosystem: Relationships between Abscisic Acid and Cytokinin 
Levels and Strain Virulence in Infected Cob Tissue. PLoS One, 10(6), e0130945. 
https://doi.org/10.1371/journal.pone.0130945  

Nagayoshi, Y., Nishiguchi, K., Yamamura, R., Chujo, T., Oshiumi, H., Nagata, H., Kaneko, H., 
Yamamoto, K., Nakata, H., & Sakakida, K. (2022). t6A and ms2t6A Modified Nucleosides 
in Serum and Urine as Strong Candidate Biomarkers of COVID-19 Infection and Severity. 
Biomolecules, 12(9), 1233.  

Nalban, N., Alavala, S., Sangaraju, R., Mir, S. M., & Sistla, R. (2019). Therapeutic targeting of 
oxidative stress and inflammation in asthma and COPD and pharmacological 
interventions with phytochemicals. Oxidative Stress in Lung Diseases: Volume 1, 429-
449.  

Naseem, M., Othman, E. M., Fathy, M., Iqbal, J., Howari, F. M., AlRemeithi, F. A., Kodandaraman, 
G., Stopper, H., Bencurova, E., & Vlachakis, D. (2020). Integrated structural and 
functional analysis of the protective effects of kinetin against oxidative stress in 
mammalian cellular systems. Scientific reports, 10(1), 13330.  

Ňorbová, M., Vollmannová, A., & Lidiková, J. (2021). Phytohormones. Agrobiodiversity for 
Improving Nutrition, Health and Life Quality, 5(2).  

https://doi.org/10.3390/nu12061724
https://doi.org/10.3390/ph14050428
https://doi.org/10.1016/j.apjtm.2017.05.003
https://doi.org/10.3389/fpls.2022.979678
https://doi.org/10.1155/2011/369484
https://www.pnas.org/doi/pdf/10.1073/pnas.0603522103
https://doi.org/10.1371/journal.pone.0130945


88 
 

 
 

ÖKSÜZ, S., Ulubelen, A., Barla, A., & VOELTER, W. (2002). Terpenoids and aromatic compounds 
from Euphorbia heteradena. Turkish Journal of Chemistry, 26(4), 457-464.  

Olivon, F., Grelier, G., Roussi, F., Litaudon, M., & Touboul, D. (2017). MZmine 2 Data-
Preprocessing To Enhance Molecular Networking Reliability. Anal Chem, 89(15), 7836-
7840. https://doi.org/10.1021/acs.analchem.7b01563  

Othman, E. M., Fathy, M., Bekhit, A. A., Abdel-Razik, A.-R. H., Jamal, A., Nazzal, Y., Shams, S., 
Dandekar, T., & Naseem, M. (2021). Modulatory and toxicological perspectives on the 
effects of the small molecule kinetin. Molecules, 26(3), 670. https://mdpi-
res.com/d_attachment/molecules/molecules-26-00670/article_deploy/molecules-26-
00670.pdf?version=1611818091  

Othman, E. M., Naseem, M., Awad, E., Dandekar, T., & Stopper, H. (2016). The Plant Hormone 
Cytokinin Confers Protection against Oxidative Stress in Mammalian Cells. PLoS One, 
11(12), e0168386. https://doi.org/10.1371/journal.pone.0168386  

Owumi, S. E., Irozuru, C. E., Arunsi, U. O., & Oyelere, A. K. (2022). Caffeic acid protects against 
DNA damage, oxidative and inflammatory mediated toxicities, and upregulated caspases 
activation in the hepatorenal system of rats treated with aflatoxin B1. Toxicon, 207, 1-
12.  

Palit, P., Mandal, S. C., & Bhunia, B. (2016). Total steroid and terpenoid enriched fraction from 
Euphorbia neriifolia Linn offers protection against nociceptive-pain, inflammation, and 
in vitro arthritis model: An insight of mechanistic study. Int Immunopharmacol, 41, 106-
115. https://doi.org/10.1016/j.intimp.2016.10.024  

Pang, Z., Zhou, G., Ewald, J., Chang, L., Hacariz, O., Basu, N., & Xia, J. (2022). Using 
MetaboAnalyst 5.0 for LC-HRMS spectra processing, multi-omics integration and 
covariate adjustment of global metabolomics data. Nat Protoc. 
https://doi.org/10.1038/s41596-022-00710-w  

Parama, D., Boruah, M., Yachna, K., Rana, V., Banik, K., Harsha, C., Thakur, K. K., Dutta, U., Arya, 
A., & Mao, X. (2020). Diosgenin, a steroidal saponin, and its analogs: Effective therapies 
against different chronic diseases. Life sciences, 260, 118182.  

Park, H. S., Kim, S. R., Kim, J. O., & Lee, Y. C. (2010). The roles of phytochemicals in bronchial 
asthma. Molecules, 15(10), 6810-6834. https://doi.org/10.3390/molecules15106810  

Pereira-Marostica, H. V., Castro, L. S., Goncalves, G. A., Silva, F. M. S., Bracht, L., Bersani-Amado, 
C. A., Peralta, R. M., Comar, J. F., Bracht, A., & Sa-Nakanishi, A. B. (2019). Methyl 
Jasmonate Reduces Inflammation and Oxidative Stress in the Brain of Arthritic Rats. 
Antioxidants (Basel), 8(10). https://doi.org/10.3390/antiox8100485  

Perez de Souza, L., Alseekh, S., Naake, T., & Fernie, A. (2019). Mass Spectrometry-Based 
Untargeted Plant Metabolomics. Curr Protoc Plant Biol, 4(4), e20100. 
https://doi.org/10.1002/cppb.20100  

Piasecka, A., Sawikowska, A., Jedrzejczak-Rey, N., Pislewska-Bednarek, M., & Bednarek, P. 
(2022). Targeted and Untargeted Metabolomic Analyses Reveal Organ Specificity of 
Specialized Metabolites in the Model Grass Brachypodium distachyon. Molecules, 
27(18). https://doi.org/10.3390/molecules27185956  

Pintus, F., Medda, R., Rinaldi, A., Spanò, D., & Floris, G. (2010). Euphorbia latex biochemistry: 
complex interactions in a complex environment. Plant Biosystems, 144(2), 381-391.  

Pintus, F., Spano, D., Corongiu, S., Floris, G., & Medda, R. (2011). Purification, primary structure, 
and properties of Euphorbia characias latex purple acid phosphatase. Biochemistry 
(Mosc), 76(6), 694-701. https://doi.org/10.1134/S0006297911060101  

Pisano, M. B., Cosentino, S., Viale, S., Spano, D., Corona, A., Esposito, F., Tramontano, E., 
Montoro, P., Tuberoso, C. I., Medda, R., & Pintus, F. (2016). Biological Activities of Aerial 

https://doi.org/10.1021/acs.analchem.7b01563
https://mdpi-res.com/d_attachment/molecules/molecules-26-00670/article_deploy/molecules-26-00670.pdf?version=1611818091
https://mdpi-res.com/d_attachment/molecules/molecules-26-00670/article_deploy/molecules-26-00670.pdf?version=1611818091
https://mdpi-res.com/d_attachment/molecules/molecules-26-00670/article_deploy/molecules-26-00670.pdf?version=1611818091
https://doi.org/10.1371/journal.pone.0168386
https://doi.org/10.1016/j.intimp.2016.10.024
https://doi.org/10.1038/s41596-022-00710-w
https://doi.org/10.3390/molecules15106810
https://doi.org/10.3390/antiox8100485
https://doi.org/10.1002/cppb.20100
https://doi.org/10.3390/molecules27185956
https://doi.org/10.1134/S0006297911060101


89 
 

 
 

Parts Extracts of Euphorbia characias. Biomed Res Int, 2016, 1538703. 
https://doi.org/10.1155/2016/1538703  

Pluskal, T., Castillo, S., Villar-Briones, A., & Oresic, M. (2010). MZmine 2: modular framework for 
processing, visualizing, and analyzing mass spectrometry-based molecular profile data. 
BMC Bioinformatics, 11, 395. https://doi.org/10.1186/1471-2105-11-395  

Polosa, R., & Blackburn, M. R. (2009). Adenosine receptors as targets for therapeutic 
intervention in asthma and chronic obstructive pulmonary disease. Trends in 
pharmacological sciences, 30(10), 528-535.  

Pramanik, M. E. A., Miah, M. M. Z., Ahmed, I., Hossain, A. M., Ali, M. N., Haque, M. J., Islam, A. 
M., Jahan, R. A., Haque, M. E., Rahman, M. M., Islam, M. S., Alam, M. M., Basak, P. M., 
Jamil, A. M., Mamun, S., Islam, M. R., Rahman, M. M., Shafikuzzaman, H., Suman, M. A. 
A., . . . Akbar, S. M. F. (2022). Euphorbia neriifolia Leaf Juice on Mild and Moderate 
COVID-19 Patients: Implications in OMICRON Era. Euroasian J Hepatogastroenterol, 
12(1), 10-18. https://doi.org/10.5005/jp-journals-10018-1367  

Puddicombe, S. M., Polosa, R., Richter, A., Krishna, M. T., Howarth, P. H., Holgate, S. T., & Davies, 
D. E. (2000). Involvement of the epidermal growth factor receptor in epithelial repair in 
asthma. The FASEB Journal, 14(10), 1362-1374.  

Raghuwanshi, M., Patil, P. S., Shaikh, A., Nazim, S., & Majaz, Q. (2013). Evaluation of 
antimicrobial activity of dried juice of Euphorbia neriifolia. J. Sci. Inform, 7, 51-55.  

Ramelet, A. A. (2001). Clinical benefits of Daflon 500 mg in the most severe stages of chronic 
venous insufficiency. Angiology, 52 Suppl 1, S49-56. 
https://doi.org/10.1177/0003319701052001S07  

Ramsay, J. R., Suhrbier, A., Aylward, J. H., Ogbourne, S., Cozzi, S. J., Poulsen, M. G., Baumann, K. 
C., Welburn, P., Redlich, G. L., & Parsons, P. G. (2011). The sap from Euphorbia peplus is 
effective against human nonmelanoma skin cancers. Br J Dermatol, 164(3), 633-636. 
https://doi.org/10.1111/j.1365-2133.2010.10184.x  

Reihill, J. A., Malcomson, B., Bertelsen, A., Cheung, S., Czerwiec, A., Barsden, R., Elborn, J. S., 
Dürkop, H., Hirsch, B., & Ennis, M. (2016). Induction of the inflammatory regulator A 20 
by gibberellic acid in airway epithelial cells. British journal of pharmacology, 173(4), 778-
789.  

Reveglia, P., Raimondo, M. L., Masi, M., Cimmino, A., Nuzzo, G., Corso, G., Fontana, A., Carlucci, 
A., & Evidente, A. (2022). Untargeted and Targeted LC-MS/MS Based Metabolomics 
Study on In Vitro Culture of Phaeoacremonium Species. J Fungi (Basel), 8(1). 
https://doi.org/10.3390/jof8010055  

Richardson, M. (2009). Principal component analysis. URL: http://people. maths. ox. ac. 
uk/richardsonm/SignalProcPCA. pdf (last access: 3.5. 2013). Aleš Hladnik Dr., Ass. Prof., 
Chair of Information and Graphic Arts Technology, Faculty of Natural Sciences and 
Engineering, University of Ljubljana, Slovenia ales. hladnik@ ntf. uni-lj. si, 6, 16.  

Roshanak, S., Rahimmalek, M., & Goli, S. A. (2016). Evaluation of seven different drying 
treatments in respect to total flavonoid, phenolic, vitamin C content, chlorophyll, 
antioxidant activity and color of green tea (Camellia sinensis or C. assamica) leaves. J 
Food Sci Technol, 53(1), 721-729. https://doi.org/10.1007/s13197-015-2030-x  

S Drenichev, M., E Oslovsky, V., & N Mikhailov, S. (2016). Cytokinin Nucleosides-Natural 
compounds with a unique spectrum of biological activities. Current topics in medicinal 
chemistry, 16(23), 2562-2576.  

Sahiner, U. M., Birben, E., Erzurum, S., Sackesen, C., & Kalayci, O. (2011). Oxidative stress in 
asthma. World Allergy Organ J, 4(10), 151-158. 
https://doi.org/10.1097/WOX.0b013e318232389e  

https://doi.org/10.1155/2016/1538703
https://doi.org/10.1186/1471-2105-11-395
https://doi.org/10.5005/jp-journals-10018-1367
https://doi.org/10.1177/0003319701052001S07
https://doi.org/10.1111/j.1365-2133.2010.10184.x
https://doi.org/10.3390/jof8010055
http://people/
https://doi.org/10.1007/s13197-015-2030-x
https://doi.org/10.1097/WOX.0b013e318232389e


90 
 

 
 

Sakakibara, H. (2006). Cytokinins: activity, biosynthesis, and translocation. Annu. Rev. Plant Biol., 
57, 431-449. 
https://www.annualreviews.org/doi/10.1146/annurev.arplant.57.032905.105231?url_v
er=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub++0pubmed  

Salehi, B., Iriti, M., Vitalini, S., Antolak, H., Pawlikowska, E., Kregiel, D., Sharifi-Rad, J., Oyeleye, S. 
I., Ademiluyi, A. O., Czopek, K., Staniak, M., Custodio, L., Coy-Barrera, E., Segura-
Carretero, A., Cadiz-Gurrea, M. L., Capasso, R., Cho, W. C., & Seca, A. M. L. (2019). 
Euphorbia-Derived Natural Products with Potential for Use in Health Maintenance. 
Biomolecules, 9(8). https://doi.org/10.3390/biom9080337  

Sawale, J., Patel, J., & Kori, M. (2017). Evaluation of anti-asthmatic property of Euphorbia 
neriifolia. Asian J. Biomat. Res, 3, 39-48.  

Scalese, M. J., & Salvatore, D. J. (2017). Role of digoxin in atrial fibrillation. Journal of Pharmacy 
Practice, 30(4), 434-440.  

Schrimpe-Rutledge, A. C., Codreanu, S. G., Sherrod, S. D., & McLean, J. A. (2016). Untargeted 
Metabolomics Strategies-Challenges and Emerging Directions. J Am Soc Mass Spectrom, 
27(12), 1897-1905. https://doi.org/10.1007/s13361-016-1469-y  

Seegobin, M., Kisiala, A., Noble, A., Kaplan, D., Brunetti, C., & Emery, R. J. N. (2018). Canis 
familiaris tissues are characterized by different profiles of cytokinins typical of the tRNA 
degradation pathway. FASEB J, fj201800347. https://doi.org/10.1096/fj.201800347  

Sharma, V., & Janmeda, P. (2017). Extraction, isolation and identification of flavonoid from 
Euphorbia neriifolia leaves. Arabian Journal of chemistry, 10(4), 509-514.  

Shen, J., Yang, L., You, K., Chen, T., Su, Z., Cui, Z., Wang, M., Zhang, W., Liu, B., Zhou, K., & Lu, H. 
(2022). Indole-3-Acetic Acid Alters Intestinal Microbiota and Alleviates Ankylosing 
Spondylitis in Mice. Front Immunol, 13, 762580. 
https://doi.org/10.3389/fimmu.2022.762580  

Shen, Y., Wen, L., Zhang, R., Wei, Z., Shi, N., Xiong, Q., Xia, Q., Xing, Z., Zeng, Z., Niu, H., & Huang, 
W. (2018). Dihydrodiosgenin protects against experimental acute pancreatitis and 
associated lung injury through mitochondrial protection and PI3Kgamma/Akt inhibition. 
Br J Pharmacol, 175(10), 1621-1636. https://doi.org/10.1111/bph.14169  

Simura, J., Antoniadi, I., Siroka, J., Tarkowska, D., Strnad, M., Ljung, K., & Novak, O. (2018). Plant 
Hormonomics: Multiple Phytohormone Profiling by Targeted Metabolomics. Plant 
Physiol, 177(2), 476-489. https://doi.org/10.1104/pp.18.00293  

Sobottka, A. M., Görick, C., & Melzig, M. F. (2016). Analysis of diterpenoid compounds from the 
latex of two Euphorbiaceae by liquid chromatography‒electrospray ionisation mass 
spectrometry. Natural Product Research, 30(17), 1941-1944. 
https://doi.org/10.1080/14786419.2015.1088542  

Souza, T. M. L., Pinho, V. D., Setim, C. F., Sacramento, C. Q., Marcon, R., Fintelman-Rodrigues, N., 
Chaves, O. A., Heller, M., Temerozo, J. R., & Ferreira, A. C. (2023). Preclinical 
development of kinetin as a safe error-prone SARS-CoV-2 antiviral able to attenuate 
virus-induced inflammation. Nature Communications, 14(1), 199.  

Stoodley, I., Williams, L., Thompson, C., Scott, H., & Wood, L. (2019). Evidence for lifestyle 
interventions in asthma. Breathe (Sheff), 15(2), e50-e61. 
https://doi.org/10.1183/20734735.0019-2019  

Sturla, L., Mannino, E., Scarfi, S., Bruzzone, S., Magnone, M., Sociali, G., Booz, V., Guida, L., 
Vigliarolo, T., Fresia, C., Emionite, L., Buschiazzo, A., Marini, C., Sambuceti, G., De Flora, 
A., & Zocchi, E. (2017). Abscisic acid enhances glucose disposal and induces brown fat 
activity in adipocytes in vitro and in vivo. Biochim Biophys Acta Mol Cell Biol Lipids, 
1862(2), 131-144. https://doi.org/10.1016/j.bbalip.2016.11.005  

https://www.annualreviews.org/doi/10.1146/annurev.arplant.57.032905.105231?url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub++0pubmed
https://www.annualreviews.org/doi/10.1146/annurev.arplant.57.032905.105231?url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub++0pubmed
https://doi.org/10.3390/biom9080337
https://doi.org/10.1007/s13361-016-1469-y
https://doi.org/10.1096/fj.201800347
https://doi.org/10.3389/fimmu.2022.762580
https://doi.org/10.1111/bph.14169
https://doi.org/10.1104/pp.18.00293
https://doi.org/10.1080/14786419.2015.1088542
https://doi.org/10.1183/20734735.0019-2019
https://doi.org/10.1016/j.bbalip.2016.11.005


91 
 

 
 

Sudha T, C. S., & R., M. V. (2013). GC-MS Analysis of Bioactive Components of Aerial parts of 
Fluggea leucopyrus Willd. (Euphorbiaceae). Journal of Applied Pharmaceutical Science, 
Volume: 3, 126-130. https://japsonline.com/bib_files/abstract.php?article_id=japs912  

Sultana, A., Hossain, M. J., Kuddus, M. R., Rashid, M. A., Zahan, M. S., Mitra, S., Roy, A., Alam, S., 
Sarker, M. M. R., & Naina Mohamed, I. (2022). Ethnobotanical Uses, Phytochemistry, 
Toxicology, and Pharmacological Properties of Euphorbia neriifolia Linn. against 
Infectious Diseases: A Comprehensive Review. Molecules, 27(14). 
https://doi.org/10.3390/molecules27144374  

Sumner, L. W., Amberg, A., Barrett, D., Beale, M. H., Beger, R., Daykin, C. A., Fan, T. W., Fiehn, 
O., Goodacre, R., Griffin, J. L., Hankemeier, T., Hardy, N., Harnly, J., Higashi, R., Kopka, J., 
Lane, A. N., Lindon, J. C., Marriott, P., Nicholls, A. W., . . . Viant, M. R. (2007). Proposed 
minimum reporting standards for chemical analysis Chemical Analysis Working Group 
(CAWG) Metabolomics Standards Initiative (MSI). Metabolomics, 3(3), 211-221. 
https://doi.org/10.1007/s11306-007-0082-2  

Tam, A., Morrish, D., Wadsworth, S., Dorscheid, D., Man, S. F., & Sin, D. D. (2011). The role of 
female hormones on lung function in chronic lung diseases. BMC Womens Health, 11, 
24. https://doi.org/10.1186/1472-6874-11-24  

Tang, Q., Su, Z., Han, Z., Ma, X., Xu, D., Liang, Y., Cao, H., Wang, X., Qu, X., Hoffman, A., Liu, H., 
Gu, D., & Qiu, D. (2012). LC–MS method for detecting prostratin in plant extracts and 
identification of a high-yielding population of Euphorbia fischeriana. Phytochemistry 
Letters, 5(1), 214-218. https://doi.org/10.1016/j.phytol.2011.12.011  

Thorat, B. R., & Bolli, V. (2017). Review on Euphorbia neriifolia plant. Biomed J Sci Tech Res, 1(6).  
Toner, P., Nelson, D., Rao, J. R., Ennis, M., Moore, J. E., & Schock, B. (2021). Antimicrobial 

properties of phytohormone (gibberellins) against phytopathogens and clinical 
pathogens. Access Microbiology, 3(10).  

Tsai, J. Y., Redei, D., Forgo, P., Li, Y., Vasas, A., Hohmann, J., & Wu, C. C. (2016). Isolation of 
Phorbol Esters from Euphorbia grandicornis and Evaluation of Protein Kinase C- and 
Human Platelet-Activating Effects of Euphorbiaceae Diterpenes. J Nat Prod, 79(10), 
2658-2666. https://doi.org/10.1021/acs.jnatprod.6b00603  

Tsugawa, H., Cajka, T., Kind, T., Ma, Y., Higgins, B., Ikeda, K., Kanazawa, M., VanderGheynst, J., 
Fiehn, O., & Arita, M. (2015). MS-DIAL: data-independent MS/MS deconvolution for 
comprehensive metabolome analysis. Nat Methods, 12(6), 523-526. 
https://doi.org/10.1038/nmeth.3393  

Tsugawa, H., Rai, A., Saito, K., & Nakabayashi, R. (2021). Metabolomics and complementary 
techniques to investigate the plant phytochemical cosmos. Nat Prod Rep, 38(10), 1729-
1759. https://doi.org/10.1039/d1np00014d  

Van Andel, T. R. (2000). Non-timber forest products of the North-West District of Guyana. 
Utrecht University.  

Voller, J. (2021). The Pharmacological Activity of Topolins and Their Ribosides. Meta-topolin: A 
Growth Regulator for Plant Biotechnology and Agriculture, 329-339.  

Voller, J., Zatloukal, M., Lenobel, R., Doležal, K., Béreš, T., Kryštof, V., Spíchal, L., Niemann, P., 
Džubák, P., & Hajdúch, M. (2010). Anticancer activity of natural cytokinins: A structure–
activity relationship study. Phytochemistry, 71(11-12), 1350-1359.  

West, B. J., Deng, S., Isami, F., Uwaya, A., & Jensen, C. J. (2018). The potential health benefits of 
noni juice: a review of human intervention studies. Foods, 7(4), 58.  

Wu, Q. C., Tang, Y. P., Ding, A. W., You, F. Q., Zhang, L., & Duan, J. A. (2009). 13C-NMR data of 
three important diterpenes isolated from Euphorbia species. Molecules, 14(11), 4454-
4475. https://doi.org/10.3390/molecules14114454  

https://japsonline.com/bib_files/abstract.php?article_id=japs912
https://doi.org/10.3390/molecules27144374
https://doi.org/10.1007/s11306-007-0082-2
https://doi.org/10.1186/1472-6874-11-24
https://doi.org/10.1016/j.phytol.2011.12.011
https://doi.org/10.1021/acs.jnatprod.6b00603
https://doi.org/10.1038/nmeth.3393
https://doi.org/10.1039/d1np00014d
https://doi.org/10.3390/molecules14114454


92 
 

 
 

Xia, M., Liu, L., Qiu, R., Li, M., Huang, W., Ren, G., & Zhang, J. (2018). Anti-inflammatory and 
anxiolytic activities of Euphorbia hirta extract in neonatal asthmatic rats. AMB Express, 
8(1), 179. https://doi.org/10.1186/s13568-018-0707-z  

Yadav, R. P., Patel, A. K., & Jagannadham, M. V. (2012). Neriifolin S, a dimeric serine protease 
from Euphorbia neriifolia Linn.: Purification and biochemical characterisation. Food 
Chem, 132(3), 1296-1304. https://doi.org/10.1016/j.foodchem.2011.11.107  

Yao, L., Zhu, S., Hu, Z., Chen, L., Nisar, M. F., & Wan, C. (2020). Anti-Inflammatory constituents 
from Chaenomeles speciosa. Natural Product Communications, 15(3), 
1934578X20913691.  

Yener, İ., Ertaş, A., Yilmaz, M. A., Tokul Ölmez, Ö., Köseoğlu Yılmaz, P., Yeşil, Y., Kaplaner, E., 
Öztürk, M., Temel, H., Kolak, U., & Topçu, G. (2018). Characterization of the Chemical 
Profile of Euphorbia Species from Turkey by Gas Chromatography–Mass Spectrometry 
(GC-MS), Liquid Chromatography–Tandem Mass Spectrometry (LC-MS/MS), and Liquid 
Chromatography–Ion Trap–Time-of-Flight–Mass Spectrometry (LC-IT-TOF-MS) and 
Chemometric Analysis. Analytical Letters, 52(7), 1031-1049. 
https://doi.org/10.1080/00032719.2018.1512608  

Zandonadi, F. S., Silva, A. A. R., Melo, A. A. S., Ignarro, R. S., Matos, T. S., Santos, E. A. F., 
Barbosa, L. D., Oliveira, A. L. R., Porcari, A. M., & Sussulini, A. (2023). Understanding 
ayahuasca effects in major depressive disorder treatment through in vitro metabolomics 
and bioinformatics. Anal Bioanal Chem. https://doi.org/10.1007/s00216-023-04556-3  

Zhao, W., Peng, J., Wang, F., Tian, M., Li, P., Feng, B., Yin, M., Xu, Y., Xue, J.-Y., & Xue, J. (2022). 
Integrating metabolomics and transcriptomics to unveil the spatiotemporal distribution 
of macrocyclic diterpenoids and candidate genes involved in ingenol biosynthesis in the 
medicinal plant Euphorbia lathyris L. Industrial Crops and Products, 184, 115096.  

 

 

 

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.1186/s13568-018-0707-z
https://doi.org/10.1016/j.foodchem.2011.11.107
https://doi.org/10.1080/00032719.2018.1512608
https://doi.org/10.1007/s00216-023-04556-3


93 
 

 
 

Appendices 

APPENDIX A 

 

 

  

Up-Set plots of simple extract (unheated), traditional extract (heated) and latex 

extract samples showing shared and unique features in (A) all unfiltered 

aligned peaks generated from XCMS online and (B) quality peaks from 

extracted ion chromatograms (EIC). 

A 

B 
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APPENDIX B 

 

 

Variable importance of projection (VIP) comparing (A) simple to traditional and 

(B) simple to latex extracts. VIP plots generated from PLS-DA data show 

features that cause separation between sample types as in PCA. The 15 most 

significant features are displayed. More than 60% of features for both groups 

were not in top 2000 features so EICs could not be compared. The 60% however 

mostly corresponded with compounds with cardiac, bone and other therapeutic 

applications. 
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APPENDIX C  
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Mass spectra of putative compounds identified at level 2. Blue lines represent 

fragments detected in E. neriifolia samples while red lines indicate the matched 

fragments in reference databases.  
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APPENDIX D 
  
Table: Semi-targeted metabolite intensities 
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APPENDIX E  
 

EIC of two features deemed responsible for divergence / separation Simple 

Extract and Traditional Extract samples by the Variance Importance of 

Projection. (A) and (B) were higher in abundance than TE and TE spectra fell 

outside the 2000 peak range and were unavailable for visual inspection 

.     
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Predominant peak for investigation due to similar m/z value for principal 

metabolite of a long-acting beta-agonist salmeterol, observed in all three sample 

types. Six thousand mass spectra and corresponding m/z values and presence 

per sample are available for further examination. 
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APPENDIX F  
 

Weights of replicates (n=5) for sample types used in extraction and quantification 

of cytokinin phytohormones (A) and for acidic hormones (B). 

                                   (A) 

    

 

                                              (B) 
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APPENDIX G 

 

Peak areas of isotopically labelled standards and endogenous compounds. “D-” 

before the phytohormone abbreviation represents deuterated standard peak 

areas. Inclusion criteria: Presence of endogenous phytohormone in at least n=3 

per sample type and peak areas of at least two replicates of the three must have 

been greater than 10000.   
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Peak areas of isotopically labelled standards and endogenous compounds 

cont’d. 
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Peak areas of isotopically labelled standards and endogenous compounds 

cont’d. 
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APPENDIX H 

 

Concentration of aromatic, freebase and riboside CKs [pmol/g fwt] in individual 

replicates of three sample types.  

 

 

 

Concentration of nucleotides, glucosides and methylthiolated CKs [pmol/g fwt] in 

three sample types. 

 

 

 

SAMPLE

Name BA KIN BAR iP tZ cZ DZ iPR tZR cZR DZR

SE1 -         -         -         2.32       0.47       -         -         12.51     1.03       0.97       13.50     

SE2 -         -         -         2.69       0.54       -         -         16.44     1.57       0.86       20.55     

SE3 -         -         -         2.19       1.91       -         -         23.88     2.55       1.85       21.04     

SE4 -         -         -         2.30       0.59       -         -         14.09     2.80       1.53       10.60     

SE5 -         -         -         1.97       -         -         -         16.58     1.31       1.01       5.47       

TE1 -         41.56     0.68       0.98       0.58       0.40       -         19.34     2.23       2.69       0.21       

TE2 -         10.11     0.38       0.91       1.04       0.49       -         7.35       0.69       0.57       0.32       

TE3 -         52.56     0.08       1.41       2.28       0.69       -         3.74       0.64       0.46       0.10       

TE4 -         107.70    0.21       1.31       2.50       0.82       -         5.74       0.54       0.39       0.23       

TE5 -         -         0.09       1.19       1.10       0.82       -         16.33     2.18       2.66       1.17       

LE1 -         -         -         2.45       -         -         -         1.68       0.23       2.96       7.42       

LE2 -         -         -         2.77       -         -         -         1.61       0.17       4.06       10.49     

LE3 -         -         -         1.99       -         -         -         2.71       0.15       4.00       10.70     

LE4 -         -         -         2.54       -         -         -         3.00       0.00       5.90       10.88     

LE5 -         -         -         2.56       -         -         -         4.25       0.32       3.74       14.71     

CK- RIBOSIDESCKs -FREE BASE CKS - AROMATIC  
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APPENDIX I 
 

(A) Deuterated (IS) peak areas and endogenous peak areas of analytes in 

replicates (n=5) of three sample types for quantification of acidic phytohormones.  

 

 

(B) Acidic phytohormones in replicates (n=5) for three sample types. 
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APPENDIX J 

 

Mass-to-charge values of features at peaks detected with good quality EICs. 

Values are for shared features among sample types. 

SE/TE/LE SE/TE SE/LE TE/LE 

 117.0694 105.0330 105.0694 119.0680 

118.0646 115.0538 121.1007 134.1040 

119.0851 131.0850 133.1007 164.1064 

134.1040 149.0956 143.0850 192.1375 

147.1162 150.0988 149.0955 197.1528 

159.1162 158.1084 171.1372 206.1248 

165.1268 163.1111 172.1689 212.2364 

173.1319 172.0961 180.1740 225.1265 

174.1352 175.1474 183.1162 225.1476 

184.2053 177.0539 183.1372 228.1950 

189.1267 186.2210 192.1457 230.2470 

197.1528 187.0958 197.1528 256.2625 

207.1372 191.1423 205.1216 268.2624 

208.1405 197.1528 217.1425 292.2009 

211.1320 229.1789 222.1479 293.1523 

226.1792 229.1983 230.2469 295.2256 

241.1940 241.2026 240.2313 309.2411 

259.2047 242.2832 241.2346 310.2445 

267.1733 244.1897 244.2262 311.1629 

272.2573 254.2467 249.1838 311.1842 

277.2150 257.1889 252.1606 314.1818 

291.2306 287.0538 256.2624 316.2834 

295.1679 295.2256 267.1216 327.2517 

295.2256 298.2727 274.2729 328.2548 

296.2288 310.1483 275.2762 330.2628 

309.2412 314.2677 292.2008 344.2782 

310.2444 319.1277 292.2340 345.2620 

313.2358 319.2831 295.2256 346.2656 

327.2518 324.2154 296.1713 354.2622 

331.2466 330.2627 299.2568 359.2967 

331.2467 335.2179 311.2930 365.2074 

363.3091 346.2079 313.1785 366.1250 

392.2525 347.1840 313.2359 372.2153 
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Mass-to-charge values of features at peaks detected with good quality EICs 

cont’d. 

SE/TE/LE SE/TE SE/LE TE/LE 

  351.1917 314.3039 378.1742 

  383.1512 317.2864 378.2641 

  395.2910 327.2513 387.1916 

  395.3979 329.1732 392.1897 

  396.3306 333.2524 393.1500 

  399.2490 342.2030 400.1585 

  400.2523 343.2061 401.2647 

  403.0772 343.2940 414.2133 

  404.2263 344.1535 441.3280 

  406.2422 345.2619 445.2906 

  424.1948 345.2815 450.2107 

  425.1554 346.2848 477.3778 

  451.1116 358.2937 495.3874 

  451.3613 370.3663 497.2768 

  465.0910 371.3696 512.4140 

  484.3828 381.3390 528.2782 

  505.1319 387.1998 555.3517 

  510.2676 388.1906 577.3685 

  522.9994 393.2842 600.4654 

  534.3466 394.2876 602.4723 

  544.2729 403.1789   

  556.4400 405.1138   

  595.1637 407.1685   

  597.2521 407.3353   

  601.4691 415.2523   

  607.3091 418.2539   

  642.3454 419.2240   

  645.4949 420.2210   

    431.2412   

    447.2401   

    458.2368   

    463.3408   

    510.2159   

    557.4434   

    688.5169   

    690.5233   

 

 

 

 

 

 

 

 


