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Oxidative stress significantly impairs submandibular gland function, adversely affecting saliva 

production and oral health. Elaeagnus latifolia L. (E. latifolia) fruit, known as bastard oleaster or Malod in 
Thailand, is rich in antioxidative polyphenolic compounds. This study focused on the effects of the heated 
extract against tert-butyl hydroperoxide (t-BHP)-induced oxidative stress in human submandibular gland 
(HSG) cells. The analysis revealed that heated water extraction of E. latifolia fruits resulted in the presence of 
total phenolic (TPC) and total flavonoid contents (TFC), as determined by Folin-Ciocalteu and aluminum 
chloride colorimetric methods. High-performance liquid chromatography (HPLC) analysis confirmed the 
presence of bioactive compounds, including malic acid and GABA. Metabolomic profiling using LC-Q-TOF-
MS/MS identified a diverse array of secondary metabolites, such as amino acids and organic acid compounds, 
in this extract. A comprehensive assessment of in in vitro antioxidant studies using various assays revealed a 
significant antioxidant capacity of this extract. Co-treatment between t-BHP and the E. latifolia fruit extract 
enhanced HSG cell viability, as assessed by the resazurin cell viability assay, in parallel with reduced 
intracellular ROS levels (H2DCFH-DA assay) and decreased apoptosis, as evidenced by Hoechst and AO/EB 
staining. Real-time qPCR and Western blot analyses demonstrated that the extract modulates key apoptotic 
proteins by reducing the Bax/Bcl-2 ratio, cleaved caspase-3, and P-P38 MAPK expression. Additionally, it 

increased the levels of salivary gland-specific proteins, including AQP5 and α-amylase. Altogether, these 
findings indicate that the E. latifolia fruit extract provides substantial cytoprotective, antioxidant, and anti-
apoptotic effects against oxidative stress in HSG cells. This suggests its potential to diminish the harmful 
effects of oxidative stress on the salivary gland and point out its therapeutic benefits for managing related oral 
health disorders, with promising applications in the development of oral care products as supportive treatment. 

 
Keyword : Elaeagnus latifolia L. fruits, Oxidative stress, Antioxidants, Human submandibular gland cells, 
Apoptosis 
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CHAPTER 1  
INTRODUCTION 

1.1 Background 
Salivary glands are essential for maintaining oral health by regulating oral 

homeostasis through saliva production. Saliva performs multiple functions essential for 
protecting the teeth and oral tissues, including lubrication, digestion, antimicrobial 
activity, and maintenance pH balance. Several factors influence saliva production. 
External factors include environmental elements such as food intake, exposure to air, 
and interactions with microorganisms, including bacteria, viruses, and fungi. Internal 
factors involve lifestyle habits and exposures such as smoking cigarettes, consuming 
alcohol, using dental restorative materials, and various pharmaceutical agents(1). 

These factors can generate reactive oxygen species (ROS), including 
superoxide (O2

•–), hydroxyl (HO•), nitric oxide radical (NO•), and hydrogen peroxide 
(H2O2). These highly reactive molecules, characterized by unpaired electrons, have the 
potential to induce oxidative stress in cells and tissues. When antioxidant defenses are 
inadequate, ROS interact with crucial macromolecules, such as DNA, lipids, and 
proteins, leading to damage in cells and tissues. In the oral cavity, oxidative stress 
contributes to cellular dysfunction, inflammation, and oral health problems(2, 3). Oxidative 
stress in the oral cavity significantly contributes to cellular dysfunction, inflammation, and 
a range of oral health complications. 

Within the oral cavity, ROS are generated under various physiological and 
pathological conditions. Key sources of ROS include periodontal inflammation, exposure 
to xenobiotics such as ethanol, cigarette smoke, and pharmaceuticals, as well as dietary 
factors like high-fat or high-protein intake. Some dental treatments can also produce 
ROS, including ozone therapy, ultrasound therapy, non-thermal plasma therapy, and 
laser therapy (4). When the production of ROS exceeds the body's antioxidant defenses, 
oxidative stress occurs, leading to damage in cells and tissues. The consequences of 
oxidative stress on oral health involve lipid peroxidation, protein oxidation, and DNA 
damage caused by ROS, which are all quantifiable indicators of oxidative imbalance(5, 6). 
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Accumulated oxidative stress is a key factor in the dysfunction of salivary glands, directly 
contributing to disorder conditions such as xerostomia (dry mouth) and hyposalivation 
(reduced salivary flow). These conditions severely impair oral health by disrupting saliva 
production, which is essential for maintaining oral homeostasis and defending against 
infections(4). Therefore, targeting oxidative stress emerges as a promising therapeutic 
approach to prevent or reduce salivary gland dysfunction and its associated 
complications. 

A significant consequent oxidative stress is the initiation of apoptosis, a 
programmed cell death mechanism activated through a cascade of intracellular 
signaling events. The apoptosis process related to oxidative stress is primarily governed 
by the activation of the p38 Mitogen-Activated Protein Kinase (MAPK) signaling pathway. 
This signaling pathway is integral to the regulation of the equilibrium between pro - and 
anti-apoptotic proteins within the Bcl-2 family. Following phosphorylation of P38 MAPK 
promotes the translocation of the pro-apoptotic protein Bax from the cytosol to the 
mitochondria, thereby enabling the release of cytochrome c into the cytosol. This release 
subsequently triggers the activation of caspase-3, a pivotal effector in the apoptotic 
pathway(7, 8). 

 Remarkably ,  c leaved caspase -3 can fur ther  enhance P38 MAPK 
phosphorylation, establishing a feedback loop that amplifies the apoptotic response. 
This feedback mechanism highlights the role of oxidative stress in exacerbating cellular 
damage, particularly in tissues vulnerable to oxidative injury, such as the salivary glands. 
The complex interactions among P38 MAPK, Bcl-2 proteins, and caspase-3 offer 
valuable insights into apoptosis molecular mechanisms. By examining the modulation of 
this apoptotic signaling pathway, potential therapeutic targets can be identified to 
alleviate oxidative stress-induced cell death, which is essential for preventing or 
reducing salivary gland dysfunction(7).  

 
 
 



 3 
 

Salivary glands produce and secrete saliva, a process regulated by key 
proteins, including aquaporins. Among these, aquaporin -5 (AQP5), a water channel 
protein located at the apical membranes of secretory cells, is essential for saliva 
production and secretion(9, 10). Additionally, salivary alpha-amylase (α-amylase), encoded 
by the AMY1 gene, plays a critical role in digestion by hydrolyzing complex 
carbohydrates into simpler sugars. The expression and activity of both AQP5 and α-
amylase must be tightly regulated to ensure optimal salivary gland function (9-12). 
Disruptions in the regulation or activity of these proteins can significantly impair salivary 
secretion, leading to conditions such as xerostomia and hyposalivation, which 
compromise oral health and increase the risk of oral diseases(10, 13). 

In recent years, phytomedicine has gained increasing scientific attention, 
particularly concerning the antioxidant potential of natural compounds. These 
compounds have significant applications in both the food and cosmetic industries. 
Elaeagnus latifolia L. (E. latifolia), commonly referred to as bastard oleaster or "Malod" in 
Thailand(14), has attracted attention due to its rich nutritional profile. This encompasses a 
variety of vitamins, minerals, fatty acids, and a substantial concentration of antioxidant 
compounds, particularly phenolics and flavonoids. E. latifolia has been shown to 
possess an extensive array of pharmacological actions, encompassing anti -
inflammatory, neuroprotective, and antibacterial properties (15). These diverse bioactive 
characteristics highlight its potential as a promising candidate for the development of 
novel therapeutic agents in phytomedicine. 

Despite a growing body of research demonstrating the antioxidant and 
pharmacological properties of E. latifolia fruits, the specific effects of these fruits on 
preventing cytotoxicity and the underlying molecular mechanisms underlying these 
effects against oxidative stress within submandibular gland (HSG) cells remain largely 
unexplored. 

This study sought to explore the antioxidant and cytoprotective effects of the 
water extract of E. latifolia fruits, as well as its potential to prevent HSG cell dysfunction 
induced by oxidative damage, utilizing tert-butyl hydroperoxide (t-BHP or tBuOOH) as 
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an inducer of oxidative stress. Additionally, the composition of the extract was analyzed, 
focusing on key bioactive compounds such as phenolics, flavonoids, and other 
antioxidant constituents. This investigation was further supplemented by the assessment 
of the extract’s free radical scavenging capacity through in vitro assays, including DPPH 
and ABTS assays, along with an intracellular ROS assay to evaluate its antioxidant 
capacity. 

Beyond its antioxidant properties, this study delved into the molecular 
mechanisms governing the cytoprotective effects of the extract against t -BHP-induced 
oxidative stress and apoptosis in HSG cells. The primary focus was on the extract's 
capacity to modulate apoptotic signaling pathways, particularly through the regulation of 
P38 MAPK and its downstream signaling cascade. This investigation examined the 
balance between pro- and anti-apoptotic proteins, specifically Bcl-2 and Bax, in addition 
to the activation of caspase-3. Furthermore, the study evaluated the extract's influence 
on AQP-5 and α-amylase expression and activity, which are essential for salivary gland 
function. 

Taken together, these findings demonstrate the substantial pharmacological 
potential of E. latifolia fruits, based on empirical evidence showing their ability to protect 
HSG cells from oxidative stress. This research highlights the extract's significant role in 
promoting oral health and its potential application in developing novel therapeutic 
strategies. 

 
1.2 Objectives 

To identify and characterize bioactive compounds in the heated water extract of 
E. latifolia fruits. 

To assess the biological effects of this extract, including its antioxidant, 
cytoprotective, and anti-apoptotic properties. 

To investigate the mechanisms by which the extract influences t -BHP-induced 
damage and dysfunction in HSG cells, focusing on its effects on oxidative stress, 
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apoptotic signaling pathways, and the expression of α-amylase and AQP5, as well as 
the activity of α-amylase. 

 
1.3 Research Questions 

What bioactive compounds with antioxidant properties are present in the heated 
water extract of E. latifolia fruits? 

Does the E. latifolia fruit extract exhibit antioxidant activity against t -BHP-
induced oxidative stress in HSG cells? 

Does the extract protect against t-BHP-induced HSG cell damage? 
How does the extract influence apoptosis in HSG cells under oxidative stress, 

particularly regarding the expression of proteins such as phosphorylated P38, cleaved 
caspase-3, Bcl-2, and Bax? 

What effect does the extract have on the gene expression of AQP5 and α-
amylase, as well as on the enzymatic activity of α-amylase in HSG cells under oxidative 
stress? 
 
1.4 Hypothesis 

The heated water extract of E. latifolia fruits contains bioactive compounds with 
antioxidant properties. It demonstrates cytoprotective and anti-apoptotic effects against 
t-BHP-induced HSG cell damage by downregulating the expression of phosphorylated 
P38 MAPK, Bax, and cleaved caspase-3, while upregulating Bcl-2. Furthermore, the 
extract is able to improve HSG cell function by preserving AQP5 expression and 
maintaining α-amylase activity under oxidative stress conditions. 
 
1.5 Expected Benefits 

This study aims to elucidate the bioactive compounds present in the heated 
water extract of E. latifolia fruits and evaluate their antioxidant and cytoprotective effects 
on HSG cells. The extract's ability to protect against oxidative stress induced by t -BHP 
will be investigated by analyzing its effects on apoptotic pathways, specifically through 
the modulation of key proteins such as phosphorylated P38 MAPK, Bcl -2, Bax, and 
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caspase-3. The study will also explore the effect of the extract on submandibular gland 
function, focusing on AQP5 expression and α-amylase activity. Beyond the evaluation of 
its antioxidant properties through DPPH, ABTS, and intracellular ROS assays, the study 
will utilize high-performance liquid chromatography (HPLC) and metabolomic profiling to 
identify key bioactive compounds. The results of this investigation may support the 
potential use of E. latifolia fruits as a potential phytomedicine for alleviating oxidative 
stress-related oral disorders such as xerostomia and salivary hypofunction, thereby 
offering significant promise for developing phytomedicine-based oral care products for 
therapeutic applications. 

 
1.6 Scope of study 

The scope of this study includes the collection, water extraction, and 
identification of bioactive compounds with antioxidant properties from E. latifolia fruits. 
Subsequently, the cytoprotective and antioxidant effects of the water extract will be 
assessed in HSG cells exposed to oxidative stress. A primary objective of the 
investigation is to uncover the molecular mechanisms that contribute to the cytoprotective 
and anti-apoptotic effects of the extract, involving an in -depth analysis of gene 
expression and protein levels related to the apoptosis signaling pathway, including 
phosphorylated P38 MAPK, cleaved caspase-3, Bcl-2, and Bax. 

The expression of AQP5, an essential marker of salivary secretion, will also be 
evaluated to determine the extract’s potential for preserving submandibular gland 
function. Furthermore, the study will investigate the gene expression and enzymatic 
activity of α-amylase, a vital enzyme involved in digestion and oral health, particularly 
under conditions of t-BHP-induced oxidative stress in HSG cells. 

Altogether, these findings could offer valuable insights into the pharmacological 
potential of E. latifolia fruits as a phytomedicine for preventing oral disorders, such as 
xerostomia and salivary hypofunction. 
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Figure 1 Conceptual framework 

 
 
 
 
 
 
 
 
 
 



 

 

CHAPTER 2  
LITERATURE REVIEW 

2.1 Biology of saliva and oxidative stress in oral health 
 2.1.1 Overview of the salivary glands 

Saliva, a complex biofluid, is produced by the parotid, submandibular, and 
sublingual glands. Each salivary gland performs a unique function critical to the 
maintenance of oral health and the initiation of digestion. The parotid gland, the largest 
of the three, secretes watery, amylase-rich saliva primarily during stimulated conditions, 
such as eating, which is essential for for carbohydrates breakdown (16).  The 
submandibular gland, located beneath the mandible, contributes both resting and 
stimulated saliva. Its secretions are a blend of serous and mucous fluids, providing 
necessary moisture and lubrication to the oral cavity throughout the day. The sublingual 
gland, the smallest among them, secretes mucous -rich saliva primarily during 
unstimulated periods, helping to maintain baseline oral moisture(17). 

Saliva is produced by acinar cells, which create the primary saliva, while 
ductal cells modify its electrolyte composition as it flows through the ducts. Myoepithelial 
cells, located around the acini and ducts, contract to pump saliva into the oral cavity.  
The activity of these cells is under the control of the autonomic nervous system (ANS) 
that aims to regulate saliva production in response to whole -body requirements by 
balancing the production of saliva(9), as illustrated in Figure 2.  
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Figure 2 The three main salivary glands and their general structure of saliva [Modified 
from Piraino et al.,2021](18) 

Salivary glands contain aquaporin channels within their membranes, which 
are vital to saliva production. Aquaporin (AQP) allows water and other small molecules to 
pass through cellular membranes, maintaining saliva balance and volume. Only three of 
the thirteen aquaporin types are found in the salivary glands: AQP1, AQP3, and AQP5. 
AQP5 is localized on the apical membrane of the salivary glands, cornea, and airway 
epithelium and regulates saliva flow into the mouth. However, dysfunction of AQP5, 
frequently induced by oxidative stress, can result in dysfunction of the salivary glands 
and contribute to conditions such as xerostomia (dry mouth). This highlights the 
importance of protecting AQP5 from oxidative damage in order to preserve normal 
salivary gland function.(19). 
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2.1.2 Innervation, autonomics, and salivary secretion  

The autonomic nervous system regulates salivary glands, with both 
sympathetic and parasympathetic systems controlling their function. However, the 
parasympathetic system has a more potent and longer-lasting effect on salivary gland 
secretion. Sympathetic nerves arise from postganglionic fibers and activate adrenergic 
receptors on salivary acinar cells by releasing norepinephrine. Conversely, the 
parasympathetic system stimulates glands via muscarinic M 3 receptors and elevates 
substance P, which aids in amylase output, via cranial nerves VII and IX (20). The 
parasympathetic system stimulates salivary gland secretion and maintains its function. 
The parasympathetic supply to the parotid gland is facilitated by the glossopharyngeal 
nerve, whereas the facial nerve is responsible for the parasympathetic innervation of the 
submandibular and sublingual glands. Postganglionic fibers reach the glands via the 
otic, submandibular, and lingual nerves, as shown in Figure 3. The autonomic nerves 
also play a vital role in the glands' ability to regenerate, avoid atrophy, and maintain their 
function. This understanding help develop new treatments for chronic oral dryness or 
salivary gland atrophy(21). 
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Figure 3 Nerves regulate the secretion of saliva. The central and peripheral nervous 
systems are involved in the reflex-stimulated secretion of saliva by the major salivary 
glands [Modified from Proctor et al.,2016](16) 
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 The parasympathetic nervous system controls salivary gland secretion 

through cholinergic signaling. While neuropeptides such as substance P and adrenergic 
signaling from the sympathetic nervous system are also involved. The activation of 
acetylcholine binding to cholinergic receptors allows for the activation of diacylglycerol 
(22) and inositol triphosphate (IP3) , subsequently increasing intracellular calcium levels 
and saliva volume. Substance P activates the neurokinin-1 (NK-1) receptor, leading to a 
similar increase in intracellular calcium and amylase output. Sympathetic stimulation 
causes the smooth muscle to contract, ultimately increasing saliva volume and amylase 
secretion via alpha-receptor activation. Furthermore, norepinephrine stimulates the 
cAMP cascade through beta receptors, which boosts protein kinase A activity and 
subsequently enhances both amylase secretion and transient saliva flow(20), as illustrated 
in Figure 4A. 
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 Two stages characterize the secretion of saliva from the glands. In the 

first stage, acinar cells secrete isotonic primary saliva that comprises amylase, mucus, 
and extracellular fluid. Sodium chloride secretion maintains saliva’s isotonic nature. In 
the second stage, the ductal tree modifies primary saliva. This process involves the 
reabsorption of sodium, secretion of potassium, absorption of chloride, and release of 
bicarbonate. It is important to note that the ductal epithelium has limited water 
permeability, resulting in a hypotonic final saliva product. Moreover, muscarinic M 3 

receptors, α1- and β1-adrenoceptors, and vasoactive intestinal polypeptide receptors 
are significant in stimulating acinar cells and causing secretion. This process is driven 
by concentration gradients of electrolytes created by the active transport of Na + and K+ 

ATPases. Moreover, it is influenced by the distribution of membrane transport proteins(20, 

23), as shown in Figure 4B. 
 

 
(4A) In response to nerve stimuli, salivary acinar cells secrete fluid and proteins. 
Acetylcholine and noradrenaline facilitate calcium release and cAMP generation, 
respectively. This promotes mucous cell exocytosis, unaffected by sympathetic nerves 
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4B) Acinar cells in salivary glands secrete isotonic primary saliva, modified by striated 
duct cells to a hypotonic product. This process, driven by membrane transporters and 
Na/K ATPase, involves coordinated action of Na/K and bicarbonate channels, and anti -
ports in the ductal cells. 
 
Figure 4 Salivary gland secretion of fluid and protein [Modified From Proctor et 
al.,2016](16) 

 2.1.3 Factors influencing stimulant and saliva flow rate of saliva  
Both external and internal factors can stimulate salivation. External factors 

include food, alcohol, smoking, and oral hygiene habits such as gum chewing. These 
factors activate oral receptors and the parasympathetic nervous system. In addition to 
internal factors, changes in hormone levels during pregnancy or menopause and the 
circadian cycle alter the flow rate of salivation. Anxiety and stress increase the 
sympathetic nervous system, which releases chemicals that stimulate the salivary 
glands. Moreover, the parasympathetic and sympathetic nervous systems release 
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neurotransmitters such as acetylcholine and adrenaline/noradrenaline to enhance saliva 
production. Recognizing these factors is vital for managing disorders that impact salivary 
secretion, such as chronic mouth dryness(24). 

Salivary flow rate refers to the amount of saliva produced at a specific time. 
Typically, saliva production varies between 0.5 and 1.5 liters per day. There are two 
types of salivary flow rates: unstimulated and stimulated salivary flow rates. In a state of 
rest, the overall unstimulated salivary flow is about 0.3–0.4 mL/min, however, this rate 
can decline to approximately 0.1 mL/min during periods of sleep. The stimulated salivary 
flow rate averages 1.5–2.0 mL/min, but during activities such as eating and chewing, the 
rate increases to about 4.0–5.0 mL/min(24). Factors that affect salivary flow rate include 
age, sex, biorhythm, oral sugar clearance, and dry mouth sensation. In addition, the 
secretion of the major salivary glands can be increased by stimulation with citric acid(25). 
 

 2.1.4 Saliva composition 
As mentioned above, normal saliva production ranges from 0.5 to 1.5 liters 

per day. Almost all saliva is water, while the remaining 1% comprises different 
electrolytes like sodium, potassium, calcium, magnesium, phosphate, bicarbonate, and 
mucus. This 1% also contains carbohydrates, proteins, antimicrobial agents, and 

digestive enzymes including α-amylase(26). 
 2.1.4.1 Salivary alpha amylase(27) 

The sAA, also known as α-amylase (EC 3.2.1.1; systematic name 4-α-
D-glucan glucanohydrolase), is an enzyme found in human saliva that plays a crucial 

role in starch digestion. It breaks down the internal α -1,4-glucoside bonds of starch into 
the disaccharide maltose and oligosaccharides (28). The sAA enzyme encoded by the 
AMY1 gene is located on chromosome 1p21. Humans have multiple copies of this gene, 
ranging from 2 to 15 copies per diploid genome, with variations between individuals and 
populations. For example, people with high-starch diets tend to have higher copy 
numbers of the AMY1 gene(29).  
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   Advantage of sAA 
The sAA has other health benefits beyond improved digestion, such as 

immunological support, inflammation management, and promoting healthy aging. This 
can indicate stress and immune biomarkers in children. There is a correlation between 
its level and their emotional and behavioral adjustment(30).  
  Dysfunction of sAA 

Impairment of sAA, especially the reduction of its secretion levels, can 
be influenced by oxidative stress, which is defined by a disproportion between ROS and 
the body's antioxidant capacity. This oxidative stress is associated with numerous 
pathological conditions that affect the salivary glands. This dysfunction is observed in 
stroke, obesity, and insulin resistance, wherein oxidative stress is a key factor in the 
pathogenesis of reduced salivary gland function. Previous studies have shown that 
stroke patients with reduced saliva production exhibited increased oxidative and 
nitrosative stress, correlating to decreased salivary flow and amylase activity, suggesting 
that oxidative stress might impair salivary secretion (31). Similarly, in obese adolescents, 
oxidative stress is associated with decreased salivary secretion and altered antioxidant 
levels, indicating a disruption in salivary gland function (32). In insulin-resistant rats on a 
high-fat diet, significant oxidative damage in salivary glands led to reduced salivary flow 
and protein concentration, implying the impact of oxidative stress on glandular 
function(33). 

Mechanisms of oxidative stress impact on sAA 
Hydrogen peroxide interfere with cellular processes, leading to 

dysfunction in various cell types, including salivary gland cells. This interference can 
result in reduced sAA enzyme secretion and also altered glandular function (34). In 
radiation therapy, oxidative stress is a key factor in salivary gland injury, affecting 
calcium signaling pathways and leading to cellular damage and reduced gland 
function(35). Stress also influences sAA levels, with increased levels observed during 
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acute psychosocial stress. This sAA enzyme is considered a marker of autonomic 
nervous system activity, which can be modulated by oxidative stress (36, 37). However, in 
conditions like gestational diabetes, although oxidative stress is present, changes in sAA 
levels are not significant, indicating that other factors may influence enzyme secretion(38). 

 
 2.1.5 Salivary functions 

Saliva is essential for oral and overall health in various ways. For example, it 
helps keep the mouth moist and remove food particles, aids in digestion by containing 
enzymes, and prevents tooth decay by balancing pH levels between 6.2 and 7.6. Saliva 
also plays a role in taste perception, contains antibacterial substances, and aids wound 
healing in oral tissues. In addition, it acts as a plentiful source of antioxidants that 
contribute to the regulation of redox homeostasis in the oral environment and the entire 
body. Saliva helps prevent oral diseases such as tooth decay, tartar formation, gingivitis, 
and plaque accumulation and also promotes overall health. Therefore, maintaining 
healthy mouth hygiene practices such as regular brushing, flossing, and visi ts to the 
dentist can ensure optimal saliva production and function. This will promote good oral 
and overall health(39).    
 

2.1.6 Salivary dysfunction 
 2.1.6.1 Aberrant Salivary Characteristics  

Salivary dysfunction can show up in different ways, such as by producing 
too much saliva (hypersecretion), which can cause discomfort and symptoms related to 
acid reflux, or not enough saliva (hyposalivation). Hyposalivation (xerostomia) results in 
dryness, pain, and swelling in the submandibular gland region. Nocturnal salivary 
secretion, or excessive saliva produced during sleep, is rare and linked to medical 
conditions. Thick saliva is caused by reduced salivary fluid production, not excessive 
talking or inadequate fluid intake(40). 

 2.1.6.2 Salivary Dysfunction: An Oral Health Concern 
Salivary dysfunction can cause various dental and oral health issues, 

including tooth decay, difficulty swallowing and speaking, dry mouth, bad breath, a 
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higher risk of infections, malnutrition, thrush, and oral cancer. In addition, the absence of 
saliva prevents the neutralization of acids produced by bacteria and the washing away 
of food particles, leading to tooth decay and other dental problems. Dry mou th and bad 
breath increase infection risk, while difficulty chewing and swallowing food can cause 
malnutrition. Furthermore, saliva plays a crucial role in repairing damaged DNA in the 
mouth. A lack of it can increase the risk of DNA damage and mutation, r aising the 
likelihood of oral cancer(39). 

In addition, oxidative stress affects oral health, specifically periodontal 
disease, xerostomia, and salivary gland dysfunction. As aging, the effects of oxidative 
stress increase throughout the body and specifically in the submandibular gland, which 
affects the function of the salivary glands and changes saliva composition, properties, 
and flow rate. The molecular mechanisms of how oxidative stress contributes to oral 
disease development are not fully understood. Nevertheless, some studies have shown 
that heightened ROS levels alongside decreased antioxidant capacity may play a 
significant role. Radiation-induced salivary gland damage was also linked to oxidative 
stress(34). In a recent study, an antioxidant gel improved salivary flow rates in xerostomia 
patients but did not significantly change oxidative stress levels. This finding suggested 
that antioxidant treatments might benefit these patients(41). 

 

2.2 Free radicals and oxidative stress 
 2.2.1 Free radicals 

Free radicals are defined as atoms or molecules that contain one or more 
unpaired electrons in their outermost electron shell. These unpaired electrons are 
represented by a dot on the atom or group where they are primarily located. For 
example, H• for a hydrogen atom and HO• for a hydroxyl group. Oxygen radicals are a 
type of free radical with an unpaired electron located mainly on an oxygen atom, such as 
O2

•–, HO•, and peroxyl (ROO•)(42). Free radicals are highly reactive due to their unstable 
and short-lived nature. In their pursuit of stability, free radicals engage in bonding with 
surrounding atoms, molecules, or isolated electrons. This bonding mechanism initiates 
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chain reactions, as free radicals either accept or donate electrons from neighboring 
molecules, functioning as oxidizing or reducing agents(42, 43).  

ROS and RNS can exist in radical or non-radical forms (44). ROS radicals 
include O2

•− and HO•, while non-radical derivatives include H2O2, ozone (O3), and singlet 
oxygen (1O2). RNS are radicals based on nitrogen, such as nitric oxide (NO •), 
peroxynitrite (ONOO•) and nitrogen dioxide (NO2

•). Additionally, non-radical entities, 
including H2O2, nitrous acid (HNO2) and ONOO− can also trigger free radical reactions 
in living organisms, even though they are not free radicals (45), as shown in Figure 5 for 
more details. 
 

 2.2.2 Free radical formation 
Free radicals can be produced through homolytic fission and disrupting 

disulfide bonds. Different cell organelles and enzyme activities can generate these 
unstable molecules internally during normal metabolisms, such as mitochondria, 
peroxisomes, and phagocytic cells. Externally, free radicals can come from radiation, 
chemical reagents, environmental pollutants, microbial infections, and drugs with their 
metabolites. Exogenous sources of free radicals may include chemical substances such 
as heavy metals, O3, and high-temperature cooking, along with environmental pollutants 
like pesticides and dioxins, in addition to environmental pollutants like pesticides and 
dioxins(46), as shown in Figure 5. 

ROS sources in the mouth can come from many sources, such as gum 
inflammation, harmful substances (alcohol, smoking, drugs), certain foods (high -fat or 
high-protein diets, acrolein), dental processes(4). 

 
The following mechanisms can lead to the formation of free radicals: 

1. Covalent bond breakage or Imolysis; A : B → A• + B• 
2. Adding one electron to a neutral atom; A + e- →A-• 

3. Loss of one electron from a neutral atom; A→A+• + e-  
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where A and B are generic symbols representing two different atoms or molecules 
participating in a chemical reaction, while e- represents a free electron. 

Figure 5 Types of reactive species and their endogenous and exogenous formation 
sources [Modified from Bisht et al.,2017](47) 

  Oxidation reaction 
 In an oxidation reaction, a molecule or atom becomes the electron 

acceptor by donating its electrons to another molecule. Reducing agents are molecules 
that facilitate electron donation, whereas oxidizing agents are characterized as 
molecules that receive electrons. Reactions involving oxidation frequently involve 
oxygen. It may also refer to a molecule losing hydrogen atoms.  Additionally, oxidation 
reactions produce free radicals, which can interact with other substances to initiate 
different oxidation reactions(48). 
 

  Free radical reaction 

 Chain reactions involving free radicals have three steps: initiation, 
propagation, and termination. In the initiation step, free radicals are formed or generated. 
Then, in the propagation step, free radicals react with other molecules to produce more 
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free radicals. Finally, in the termination step, free radicals combine to form stable 
molecules, effectively stopping the reaction. Free radicals form when molecules or atoms 
with unpaired electrons, including biological molecules, come together under norm al 
conditions. Common free radical reactions in living organisms involve ROS such as O 2

•– 
and H2O2

(42). 
 2.2.3 Features of the main free radicals 

 2.2.3.1 Superoxide radical (O2
•−) 

O2
•− is a form of oxygen molecule that has gained an electron in a 

specific orbital, resulting in only one unpaired electron, making it less radical than O 2. 
When another electron is added, it forms the peroxide ion (O2

−), which lacks unpaired 
electrons and has a weaker oxygen-oxygen bond. Added two more electrons produces 
two oxide ions (O2

−)(49). In biological systems, O2 is reduced to H2O2 or water during 
oxidative phosphorylation in the mitochondrial electron transport chain, generating ATP. 
Conversely, O2

•− is characterized by its strong reactivity, which can lead to biomolecular 
damage, and its decomposition may be catalyzed by transitional metal ions, producing 
the highly reactive HO• via the Fenton reaction. O2

•− can be enzymatically or non-
enzymatically produced and is a precursor to highly reactive species(42). 

 2.2.3.2 Hydroxyl radical (HO•) 
Among the various free radicals produced in living organisms, the 

hydroxyl radical, the hydroxyl radical (HO •) stands out as the most reactive. It is 
generated through the Fenton reaction, involving  the reaction of free iron (Fe2+) interacts 
with H2O2, and via the Haber-Weiss reaction that occurs when O2

•− interacts with ferric 
iron (Fe3+), resulting in the formation of Fe2+. The response can also involve ions such as 
Cu2+, Fe3+, Ti4+ and Co3+. HO• is highly reactive and can attack any molecule within a few 
nanometers(49), potentially causing damage to numerous types of biomolecules, including 
DNA, proteins, lipids, amino acids, sugars, vitamins, and metal ions. Because of this, 
HO• impact tissue damage caused by radiation, cardiovascular disease and cancer (42, 

45). 
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 2.2.3.3 Hydrogen peroxide (H2O2) 
H2O2 is produced by cells via enzyme reactions or O 2

•-dismutation. Due 
to its lipid solubility, it can cross cell membranes but is not highly reactive and does not 
quickly oxidize vital biomolecules. However, H 2O2 can be converted into highly reactive 
HO• through interaction with UV light or transition metal ions in the Fenton reaction. In 
living systems, H2O2 reacts with other molecules to produce singlet oxygen, which can 
be damaged. H2O2 harms cells directly by attacking heme proteins, which release iron, 
the inactivation of various enzymes, and the oxidation of critical biomolecules, including 
lipids, DNA, -SH groups, and keto acids(50).  

2.2.3.4 Nitric oxide radical (NO•) 
NO• is a free radical distinguished by a one unpaired electron, 

demonstrates reactivity that is less intense than ROS, making it less toxic. However, NO• 
reacts with O2

•− to produce ONOO−, which sequentially damages proteins, lipids, and 
DNA. NO• can also generate harmful oxidizing and nitrosative agents by reacting with 
nitrogen and oxygen. Excessive NO • production can produce neurodegenerative 
diseases and heart disorders, and NO• is involved in lipid peroxidation and the depletion 
of ascorbic and uric acid concentrations(45). 
 

 2.2.4 Cellular homeostasis  
ROS in cells has a dual role in cell physiology, known as the paradox of 

cellular ROS in redox research as shown in Figure 6. ROS effects on cells become 
beneficial or harmful depending on their concentration and location in the cells. 
Antioxidant defense systems consist of ROS scavenging enzymes (superoxide 
dismutase, catalase, and glutathione peroxidase) and radical scavengers (such as 

glutathione, thioredoxin, α-tocopherol and ascorbic acid), which tightly regulate ROS 
concentration within the cell (51). Under controlled oxidative conditions, ROS stimulates 
many physiological functions, like signal transduction, gene expression, and cell  
proliferation. However, the overwhelming accumulation of ROS along with oxidative 
stress occurs when the antioxidant defense system fails, giving rise to diseases, such as 
diabetes, cancer, and heart failure. Thus, cellular ROS plays a dual role in the bod y, 
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depending on its concentration. At low or moderate levels, ROS functions as essential 
signaling molecules that regulate normal processes such as cell proliferation, immune 
response, and tissue repair. At high levels, oxidative stress resulting from ROS is 
capable of causing damage to cells and contributing to various pathological conditions 
as  previously mentioned(52). 
 

Figure 6 Reactive species (RS) are paradoxical [Modified from Ojha et al., 2018](53) 
 

 2.2.5 Oxidative stress  
Oxidative damage occurs when the imbalance between free radical 

generation surpasses the capacity of antioxidant defenses, leading to oxidative stress. 
The destruction of lipids, proteins, and nucleic acids occurs as a result of this 
condition(54). Several factors contribute to short-term oxidative stress, including trauma, 
infections, heat injuries, toxic substances, and intense exercise. The affected tissues 
result in elevated levels of enzymes which generate radicals, activate phagocytic 
activity, or disrupt electron transport chains. This leads to excess ROS, as illustrated in 
Figure 7 for more details. This imbalance has been linked to cancer progression and 
development, as well as radiation and chemotherapy side effects of radiation and 
chemotherapy. Besides, the involvement of ROS in the initiation and progression of 
common diseases, such as diabetes mellitus, has been documented(3).  
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Figure 7 Reactive species can harm cell membranes by modifying proteins  [Modified 
from Ojha et al., 2018](53) 

 
 2.2.5.1 Oxidative damage to proteins 

Through oxidative damage, proteins can cause modifications in proteins, 
which may include alterations to amino acids, free radical -induced peptide cleavage, 
and cross-linking from lipid peroxidation byproducts. Amino acids such as cysteine, 
arginine, methionine, and histidine are especially prone to oxidative changes (55). Protein 
oxidative damage impacts membrane transport, receptor function, and enzyme activity. 
The oxidative effects of the peroxyl radical on proteins interfere with signal transduction, 
reduce enzyme efficacy, compromise heat stability, and enhance the susceptibility to 
proteolysis. It results in amino acid modifications like carbonyls, methionine sulfoxide, 
and protein peroxide. Reactive groups from overoxidized proteins can also disrupt 
cellular processes and harm membranes(56). 
 

 2.2.5.2 Lipid peroxidation 
Oxidative stress has a big impact on physiological and pathological 

processes, such as aging, inflammation, and carcinogenesis. The most common of 
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these processes is lipid peroxidation, which provokes a chain reaction involving free 
radicals, leading to biochemical lesions. This process typically targets polyunsaturated 
fatty acids in cell membranes(57). The hydroxyl radical initiates ROS formation, creating a 
lipid radical (L•) and diene conjugates. Eventually, lipid hydroperoxide and other radicals 
are formed, propagating lipid peroxidation. This process leads to the formation of several 
compounds, including alkanes, malondialdehyde, and isoprostanes. These compounds 
are commonly used as markers in lipid peroxidation assays and associated with various 
diseases(57). 

 
  2.2.5.3 Oxidative damage to DNA 

Numerous studies have demonstrated that DNA and RNA, particularly 
DNA, which is a critical target in aging and cancer, are very susceptible to oxidative 
damage. The production of oxidative nucleotides such as  glycol, thymidine glycol 
(dTG), and 8-hydroxy-2-deoxyguanosine is increased during oxidative damage. These 
biological metabolites can be used as indicators of oxidative damage(22). 
 

 2.2.6 Oxidative stress and oral disorders 
The onset of diverse oral disorders and diseases is intricately linked to 

oxidative stress, including dental caries, periodontitis, pulpitis, oral cancer, xerostomia, 
and salivary gland dysfunctions. The impact of oxidative stress in the oral cavity leads to 
lipid peroxidation, protein denaturation, and DNA breakage, resulting in the oral 
disorders and diseases mentioned above. Identifying the targets of oxidative stress is 
essential for improving oral health and developing targeted therapeutic strategies. 
Biomarkers of lipid peroxidation and protein oxidation can be utilized for the diagnosis of 
oral pathologies. For instance, cancer treatments can cause oral complications such as 
mucositis, infections, salivary gland dysfunction, taste alterations, and pain. In particular, 
patients undergoing radiation therapy for head and neck malignancies often experience 
xerostomia as a result of diminished saliva secretion leading to dental decay and 
periodontal diseases(4). 
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2.2.6.1 Mechanisms of oxidative stress in the submandibular gland 
Oxidative stress-induced damage to the submandibular gland involves a 

complex interplay of molecular mechanisms that contribute to cellular dysfunction and 
tissue injury. This damage is primarily driven by an imbalance between ROS production 
and the gland's antioxidant defense, leading to significant alterations in glandular 
structure and function. In the submandibular gland, elevated levels of ROS such as O 2

•–

and H2O2 surpass the capacity of enzymes such as superoxide dismutase, glutathione 
peroxidase, and catalase. Exposure to radiation and the consumption of high-fat diets 
enhance the function of pro-oxidant enzymes like NADPH oxidase, contributing to the 
increased production of ROS and ensuing oxidative damage (58, 59). A decrease in the 
activity of antioxidant enzymes exacerbates oxidative stress, as evidenced by studies 
involving gamma radiation and metronidazole treatment(60, 61). 

Oxidative stress results in lipid peroxidation, protein carbonylation, and 
DNA damage, which are markers of cellular injury in the submandibular gland (33). High-
fat diets and radiation exposure lead to mitochondrial dysfunction, characterized by 
impaired redox balance and increased apoptosis, indicated by elevated levels of pro -
apoptotic proteins such as Bax (58). Structural changes, including acinar atrophy and 
ductal degeneration, are common under oxidative stress conditions, leading to impaired 
salivary secretion and glandular dysfunction (60). Increased levels of cytokines, such as 
interleukin-2 (IL-2) and tumor necrosis factor-alpha (TNF-α), are a consequence of 
oxidative stress-induced inflammatory signaling, which contribute to glandular 
inflammation and damage(58). Apoptosis is a significant consequence of oxidative stress, 
with heightened expression of pro-apoptotic markers and reduced cell viability in the 
submandibular gland(33). 

 
2.2.6.2 Oxidative stress-induced xerostomia  

Excess ROS production has been implicated in radiation -induced 
damage to the oral cell cavity, characterized by oxidative stress and xerostomia, the 
therapeutic potential of antioxidants in addressing salivary gland dysfunction merits 
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further investigation. Likewise, some salivary oxidative stress parameters and disorders 
of redox homeostasis may be valuable diagnostic biomarkers for xerostomia(62).  

As aforementioned, oxidative stress caused by many factors or diseases 
plays a major role in oral disease pathogenesis. Specifically, xerostomia is a 
consequential oral health disorder resulting from oxidative damage. The imbalance 
between free radicals and antioxidant systems in the oral cavity is crucial for maintaining 
the salivary gland hypofunction, resulting in low saliva production and dry mouth. Hence, 
preventing oxidative stress and searching for antioxidants may alleviate oxidative stress-
related xerostomia. Oxidative stress also causes cell death and cell membrane damage. 
A previous study reported that one of the main symptoms of xerostomia in menopausal 
women was dysfunctional salivary glands bringing on oxidative stress -induced salivary 
gland deterioration. Resveratrol could alleviate this condition (63). By lowering ROS, 
cordycepin could also diminish oxidative stress, attenuating salivary hypofunction(13). 

A growing body of evidence suggests that it is still unclear how oxidative 
stress results in xerostomia. However, it is presumed that excess ROS  could damage 
cell membranes and result in necrosis or apoptosis, leading to cell death. Hyposalivation 
can occur due to this damage, affecting the salivary glands(64).  
 

 2.2. 7 Cell death pathway 
Cell death is a natural process that affects how living tissues respond to 

foreign substances. It consists of two characteristics: necrosis and apoptosis, each with 
distinct biochemical and histological features. 

 2.2.7.1 Necrosis 
Necrosis is a hazardous state that results in death due to the unregulated 

degradation of cells. This condition causes swelling of the nucleus and mitochondria, 
membrane disintegration and chromatin condensation. The inflammatory response is 
triggered by the subsequent secretion of pro-inflammatory cytokines such as IL-4 and 
TNF(65). 
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  2.2.7.2 Apoptosis  
The mechanism of apoptosis, a controlled form of cell death, is 

characterized by the absence of inflammation. It involves a biochemical cascade that 
activates proteases and results in cell shrinkage, chromatin and cytoplasmic 
condensation, DNA fragmentation, and apoptotic bodies. The process occurs in three 
distinct phases: cell detachment, DNA fragmentation, vesicle encapsulation, and finally, 
generating an apoptotic body, which is phagocytosed by macrophages. The process 
takes about 15 to 20 minutes and the cell membrane becomes permeable to dyes like 
Trypan blue in the final phase. 

Figure 8 Comparison of necrotic and apoptotic cells, highlighting the distinct cellular 
modifications induced by each process [Modified from Asensi et al, 2017](66). 

 

 2.2.7.3 Apoptosis mechanisms 
Apoptosis is an essential process in our bodies that maintains balance 

and fights diseases. Two main intrinsic and extrinsic pathways activate caspases, like 
small scissors that break down abnormal cells. However, if apoptosis is not controlled 
correctly, it can cause health problems like Parkinson's, cancer, and other disorders(67). 
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 2.2.7.3.1 Extrinsic pathway 
The activation of intracellular pathways in the extrinsic signaling 

pathway occurs through the interaction of death ligands with death receptors on the 
surface of the cell, forming a death-inducing signaling complex (DISC), and activating 
caspases that cause cell death. The process can be stopped by a protein called c-FLIP, 
which inhibits caspase activation. Overall, this pathway is crucial for cells undergoing 
apoptosis.   

 2.2.7.3.2 Intrinsic pathway  
Different kinds of damage, such as physical, chemical, and genetic 

damage, can trigger the intrinsic apoptotic pathway. Once these stimuli alter the inner 
mitochondrial membrane, two protein groups that support apoptosis are released. This 
initial group activates the mitochondrial pathway that is dependent on caspases through 
the binding and activation of procaspase-9and Apaf-1.The second group, released later, 
induces caspase-independent DNA fragmentation and chromatin condensation. 
Apoptosis is regulated by the Bcl-2 protein family, which affects the permeability of the 
mitochondrial membrane. In addition, the Bcl -2 family is controlled by the tumor 
suppressor protein p53, which promotes cell death (67), as shown in Figure 9 for more 
details. 
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Figure 9 Apoptosis, activated via intrinsic or extrinsic pathways. [Modified from  Wanner 
et al.,2021](68) 

 2.2.7.4 Regulation of Apoptosis Signaling Pathway  
 2.2.7.4.1 p38 Mitogen-Activated Protein Kinase (MAPK) 
Cellular stress response pathways critically depend on p38 mitogen-

activated protein kinase (MAPK), playing a vital role in regulating apoptosis, cell cycle 
arrest, and other cellular processes. Phosphorylation of p38 MAPK, particularly the p38γ 
isoform modulates apoptotic pathways. In oral squamous cell carcinoma (OSCC), 
elevated levels of phosphorylated p38 (p-p38) significantly influence cell survival and 
apoptot ic mechanisms (69).  Oxidat ive stress profoundly impacts p38 MAPK 
phosphorylation in oral cells. ROS serve as primary activators of p38 MAPK, initiating 
signaling cascades that lead to apoptosis, inflammation, and alterations in cell cycle 
progression(70, 71). In OSCC, oxidative stress-induced activation of p38 MAPK has been 
associated with increased tumor aggressiveness and treatment resistance, indicating 
that modulation of this pathway influences cancer progression(72, 73). 
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Antioxidants like N-acetyl-l-cysteine (NAC) can inhibit p38 MAPK 
phosphorylation, reinforcing the critical role of ROS in activating this pathway (74, 75). In 
addition to its independent activity, the p38 MAPK pathway integrates with other 
signaling networks, such as those involving ERK and JNK, to regulate cellular responses 
to oxidative stress. Inhibition of p38 MAPK disrupts the balance among these pathways, 
affecting cell survival and apoptosis (76). In oral cancer cells, oxidative stress-induced 
activation of p38 MAPK is linked to both autophagy and apoptosis, processes vital for 
cancer cell survival and resistance to chemotherapy(74). Modulating p38 MAPK activity in 
response to oxidative stress can influence cancer treatments efficacy, as different OSCC 
cell lines exhibit varying responses to ROS-modulating agents(73). 

Regulation of oxidative stress responses across diverse tissues is a 
ubiquitous function of p38 MAPK, including gastric mucosal injury and intestinal 
epithelial cell apoptosis (70, 71). Its involvement in oxidative stress responses underscores 
its potential as a therapeutic target for conditions characterized by excessive oxidative 
stress, such as cancer and inflammatory diseases (77, 78). Oxidative stress significantly 
influences the phosphorylation and activation of p38 MAPK in oral cells, impacting 
apoptosis and other cellular processes. Development of effective treatments for oxidative 
stress-associated pathologies, including oral canc ers, necessitates a thorough 
understanding of ROS-mediated p38 MAPK activation and its impact on cell survival and 
apoptosis. 

 2.2.7.4.2 Caspases  
Caspases are essential protease enzymes involved in programmed 

cell death, present in most cells in an inactive procaspase form. Once activated, 
caspases initiate a cascade of protease activity, amplifying apoptotic signaling pathways 
that eventually result in cell death. Some caspases have specific functions: for instance, 
caspase-11 regulates apoptosis and cytokine maturation during septic shock; caspase-
12 mediates apoptosis related to endoplasmic reticulum stress and amyloid -β 
cytotoxicity; and caspase-14 is predominantly expressed in embryonic tissues. They 
activate executioner caspases, including caspase-3, triggered by any initiator caspases 
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(caspase-8, 9, or 10). In the extrinsic pathway, the interaction between death ligands 
and death receptors recruits pro-caspase-8, which is eventually converted to active 
caspase-8, leading to the execution of the apoptotic pathway. 

In the intrinsic pathway, cytochrome c release from mitochondria 
induces apoptosome formation. This sequentially activates effector caspases through 
the interaction between active caspase-9 and Apaf-1. Initiator caspases auto-activate 
during the apoptosome at the initial stages of apoptosis, stimulating executioner 
caspases such as caspase-3. For the extrinsic pathway, apoptosis is activated via death 
receptor-mediated caspase-8 stimulation by death ligands. Finally, in the intrinsic 
pathway, cytochrome c release from mitochondria induces apoptosome formation, 
activating effector caspases through the interaction between caspase -9 and Apaf-1(79). 
Overexpression of cleaved caspase-3, a hallmark of apoptosis, is often associated with 
oxidative stress, a condition that is linked to various oral diseases. This phenomenon 
constitutes a key etiological factor in the development of oral conditions such as OSCC, 
mucosal diseases, and periodontal disease. 

In OSCC, oxidative stress contributes to carcinogenesis through 
mechanisms involving ROS-induced DNA damage and inflammation(80, 81). These studies 
identified differentially expressed genes related to oxidative stress in OSCC, suggesting 
potential biomarkers for diagnosis and prognosis. The involvement of oxidative and 
nitrosative stress in OSCC is further evidenced by increased markers like pAKT and 
NOS1, indicating their role in tumor progression (72). Similarly, conditions like oral lichen 
planus, pemphigus, and leukoplakia are linked to oxidative stress, which exacerbates 
inflammation and tissue damage (82, 83). Moreover, overexpression of cleaved caspase-3 
is often observed in cells undergoing oxidative stress-induced apoptosis(84). In various 
oral diseases, the presence of cleaved caspase-3 may indicate ongoing cellular 
apoptosis due to oxidative damage, suggesting its potential as a biomarker for assessing 
disease severity and progression(85). 
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 2.2.7.4.3 Bcl-2 family 
Control of apoptosis by the Bcl-2 family is mediated by its effects on 

mitochondrial membrane integrity and the subsequent activation of caspases. Single -
domain and multi-domain pro-apoptotic proteins, such as Bax, Bak, and Bok, are unified 
by their possession of a BH3 domain. This activates Bax and Bak, which form an 
oligomeric pore in the outer mitochondrial membrane and release cytochrome c. 
However, after a death stimulus, BH3-only proteins induce the pro-apoptotic protein. As 
a result, a conformational alteration occurs in Bax, prompting its relocation to the 
mitochondria, where it generates an oligomeric pore that releases proteins situated in 
the intermembrane space. Bak is already resident in the mitochondrial membrane. Once 
released, cytochrome c activates caspase-9. This initiates caspase-3 and caspase-7, 
ultimately leading to cell death. Puma overexpression increases Bax expression, which 
triggers mitochondrial translocation, cytochrome c release, and reduced mitochondrial 
membrane potential. Among the Bcl-2 family, Bcl-2, Bcl-xL, and Bcl-w function as 
inhibitors of apoptosis through their interaction with pro-apoptotic proteins like Bax and 
Bak, inhibiting their activity. However, Bax and Bak can form toxic homodimers if an 
imbalance occurs, resulting in cytochrome c release and cell death. Maintaining the 
equilibrium between these proteins is crucial for cell survival, and any disruption can 
trigger cell death via the apoptosome complex(86).  

Elevated ROS leve ls  lead to  overexpress ion  o f  Bax  and 
downregulation of Bcl-2, promoting apoptosis. This phenomenon is evident in oral 
squamous cell carcinoma (OSCC), where oxidative stress-related genes are differentially 
expressed, contributing to carcinogenesis (81). High Bax expression has also been 
observed in periodontally compromised patients, suggesting its role as a biomarker for 
oral diseases initiated by periodontal bacteria (87). Moreover, Bax upregulation is 
associated with increased apoptosis in oral lesions and cancers, indicating its 
involvement in early carcinogenic events(88). 

The downregulation of Bcl-2 in response to oxidative stress facilitates 
apoptosis by reducing the cell's ability to counteract pro-apoptotic signals. ROS can 
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degrade Bcl-2 through the ubiquitin-proteasomal pathway, diminishing its anti-apoptotic 
function(89). In OSCC, reduced Bcl-2 expression correlates with increased Bax expression 
and apoptosis, particularly in well-differentiated tumors (90). Similarly, decreased Bcl-2 
levels are observed in oral precancerous lesions, contributing to the progression of 
benign and malignant oral tumors (91). Cellular fate during oxidative stress is largely 
determined by the balance between Bax and Bcl-2 activity. A higher Bax/Bcl-2 ratio is 
associated with increased apoptosis and, in the context of oral cancers, may lead to 
better therapeutic outcomes(92). Modulation of these proteins by oxidative stress is a key 
mechanism in in anticancer activity. For instance, 4-O-methylhonokiol induces apoptosis 
in OSCC cells by altering Bax and Bcl-2 expression(93). 

 
 2.2.8 Antioxidant 

Antioxidants are molecules that neutralize free radicals, stopping cell 
damage. The human body synthesizes certain antioxidants (e.g., glutathione, uric acid), 
while others, including the crucial dietary antioxidants vitamin E, vitamin C and beta -
carotene, must be acquired through nutrition, even though the body has some 
mechanisms to combat free radicals.  

 2.2.8.1 Antioxidant defense system 
Antioxidants eliminate harmful ROS overproduction in the body. These 

actions are achieved by scavenging free radicals, donating electrons or hydrogen 
atoms, breaking down peroxides, neutralizing singlet oxygen, inhibiting certain enzymes, 
acting synergistically, and chelating metal ions. Both enzymatic and non -enzymatic 
antioxidants work within and outside cells to neutralize excess ROS and protect against 
oxidative damage. 

 2.2.8.2 Mechanism of action of antioxidants 
Antioxidants have two main mechanisms. The first is chain -breaking, 

where they donate an electron to free radicals and break the chain reaction of oxidative 
damage. The second involves their effect on biological systems, such as  donating 
electrons, binding to metal ions, acting as co -antioxidants, or regulating gene 
expression(94). 
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 2.2.8.3 Endogenous antioxidants 
Harmful ROS are counteracted by the body's production of endogenous 

antioxidant enzymes such as superoxide dismutase (95), catalase (CAT), and glutathione 
peroxidase (GPX)(95). The enzymatic detoxification of ROS involves several enzymes, 
such as glutathione reductase (GR), glutathione-S-transferase, and glucose-6-phosphate 
dehydrogenase. Endogenous antioxidants include water -soluble antioxidants 
(ascorbate, glutathione, and uric acid) and lipid-soluble antioxidants (tocopherols, 
ubiquinols, and carotenoids) and are divided into enzymatic and non -enzymatic types.
     

 2.2.8.3.1 Enzymatic antioxidants 
A core element of the antioxidant defense system consists of the key 

enzymes SOD, CAT, and GPX, are all present in saliva. 
 2.2.8.3.1.1 Superoxide dismutase (SOD .) 

SOD (EC 1.15.1.1) is an enzyme found in most aerobic cells and 
extracellular fluids, categorized into three families based on their metal cofactors: Cu/Zn, 
Fe, Mn and Ni types. SOD is responsible for scavenging free radicals produced during 
cellular metabolism, making it a vital antioxidant by converting them into H 2O2, as 
illustrated by the equation(94): 

2O2
•-   + H+ → H2O2 + O2 

After that, the CAT converts H2O2 into water and O2, making it 
harmless. SOD is vital for free radical conversion into non-toxic substances. Studies 
have demonstrated a correlation between reduced SOD levels and the presence of both 
type 2 diabetes and oral pathology, indicating antioxidant depletion(96).  

 2.2.8.3.1.2 Catalase (CAT) 
CAT (EC 1.11.1.6) is a very important enzyme found in all living 

things. It breaks down H2O2, which is a harmful waste product of cell metabolism, into 
less dangerous oxygen and water molecules, as in the following equation: 

2H2O2 → 2H2O + O2 

In addition, CAT can break down harmful substances, such as 
phenols, formaldehyde, formic acid, and ethanol, by reacting with H 2O2 to produce non-
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toxic substances and two water molecules. The following equation represents this 
process(94): 

H2O2 + H2R → 2H2O + R 

CAT deficiency does not cause mortality, implying that other 
enzymes like peroxiredoxin may also break down H 2O2. CAT further reduces H2O2 
conversion to HO• by detoxifying phenols and alcohols and inhibiting the Fenton 
reaction. Nogueira et al. observed decreased catalase levels in the salivary glands of 
xerostomia patients, specifically in the submandibular glands(97).  
 

 2.2.8.3.1.3 Glutathione peroxidase (GPx) 
GPx (EC 1.11.1.9) is an antioxidant enzyme that converts H 2O2 to 

H2O using glutathione as a reducing agent, as shown in this equation: 
2glutathione + H2O2 → oxidized glutathione (GSSG) + 2H2O 

The study demonstrated that GPx was able to neutralize the 
harmful effects of H2O2 and safeguard cells from lipid peroxidation by facilitating the 
transformation of organic peroxides (R-O-O-H) into alcohols (R-O-H). This process 
involves glutathione, as illustrated in the following equation:                               

2glutathione + R-O-O-H → R-O-H + GSSG+ 2H2O 

Glutathione is a non-enzyme antioxidant composed of three amino acids linked by sulfur 

bonds. It exists primarily in its reduced form and functions as a co -enzyme for GPx to 

break down free radicals. GSH also controls lipid peroxidation reactions that damag e 

cell membranes and reduces chain reactions of lipid peroxidation within cells.  
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Figure 10 SOD, GPx, and CAT Enzymatic Defense Against Free Radicals [Modified from 

Pandey et al.,2010](98) 

   
 2.2.8.3.2 non-enzymatic antioxidants  
Among the non-enzymatic antioxidants are compounds such as 

GSH, alpha-lipoic acid (ALA), uric acid, NADPH, coenzyme Q, albumin, ferritin, 
metallothionein, melatonin, bilirubin, and L-carnitine, function by scavenging ROS and 
RNS(99). 
 

 2.2.8.4 Exogenous antioxidants 

Exogenous antioxidants are from sources outside the body, like 
supplements and diets. Natural sources include fruits, vegetables, herbs, spices, and 
vitamins. Phytochemicals, a type of exogenous antioxidant, are compounds such as 
flavones, flavonoids, isoflavones, catechins, coumarins, lignans, and gallic acid. These 
compounds are phenolic and polyphenolic. Exogenous antioxidants include dietary, 
synthetic, and protein hydrolysate antioxidants. 
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 2.2.8.4.1 Dietary antioxidants 
There are three main types of dietary antioxidants: polyphenols, 

carotenoids, and specific nutrients.  
Polyphenols are plant antioxidants composed of flavonoids and non-

flavonoid polyphenolic compounds. These compounds contain an aromatic benzene 
ring neutralizes free radicals by donating hydrogen or an electron without forming 
another one. Polyphenols can also bind with prooxidant transition metal ions like Fe2+ to 
generate free radicals. Besides, they can scavenge lipid alkoxyl, LO• and LOO• radicals 
that damage lipids. Examples of foods with polyphenols are leafy vegetables, potatoes, 
whole grain products, plums, and coffee(100).     

Carotenoids, except water-soluble crocin, are pigments found in 
plants, fungi, and bacteria. They function as lipid -soluble antioxidants and are 
categorized into oxygen-containing and non-oxygen-containing carotenoids. They 
scavenge radicals and quench singlet oxygen triplet states. Oxygenated carotenoids 
encompass alpha- and beta-cryptoxanthin, lutein, and zeaxanthin, whereas non-
oxygenated carotenoids consist of alpha, beta, and gamma-carotene, as well as 
lycopene. These compounds are found in brightly colored fruits and vegetables, algae, 
and some nutrients such as vitamins C and E.(101) 

Vitamin C is a water-soluble antioxidant in the form of ascorbate 
anions in the human body. Ascorbate anions convert to monodehydroascorbate and 
dehydroascorbate, which are relatively stable radicals. Vitamin C is crucial for proline 
hydroxylation to hydroxyproline and preventing scurvy. It protects against oxidative 
damage in the cytosol and mitochondria by scavenging radicals such as H2O2, OH• and 
RO2

•. Vitamin C also enhances vitamin E's antioxidant activity by converting alpha-
tocopherol radical (TO •) to alpha-tocopherol (TOH). This indirectly limits lipid 
peroxidation in cell membranes. Foods such as citrus fruits and bell peppers are 
effective sources of vitamin C(102). 

Vitamin E is an antioxidant that dissolves in fats and oils. Its structure 
has an aromatic ring, giving it phenolic antioxidant properties. Vitamin E is crucial as a 
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primary membrane-bound antioxidant that prevents lipid peroxidation. It does this by 
quenching 1O2 or directly intercepting free radical intermediates such as OH •, L•, LO•, 
and LOO• by donating hydrogen to stop the chain reaction of peroxidation(103). 

Gamma-aminobutyric acid is a neurotransmitter in the brain that 
regulates mood, reduces muscle spasms, and treats conditions like high blood pressure 
and diabetes. It is naturally produced in the human body and can be obtained from 
foods, supplements, and medicines designed to boost GABA levels(104). Some studies 
have demonstrated that GABA can turn on antioxidant enzymes, lower oxidative stress, 
and maintain redox homeostasis simultaneously (105). GABA plays a protective role 
against salinity and heat stress in plants by influencing nitrogen metabolism, increasing 
polyphenol levels, and supporting the antioxidant system (106). Also, GABA can enhance 
the antioxidant and free radical scavenging abilities in soybean sprouts exposed to NaCl 
stress. Studies have also shown that taurine and GABA can eliminate free radicals and 
protect tissues from oxidative damage(107).  
 

2.3 Elaeagnus latifolia L.  
Elaeagnus latifolia L. (E. latifolia) or bastard oleaster is an edible fruit tree that 

grows in many parts of the world, particularly in tropical or subtropical areas of North 
America, Asia, and Europe. This plant is in the family Elaeagnaceae and genus 
Elaeagnus L. In Thailand, this fruit is mainly found in the upper northern, northeastern, 
and southern regions. It is known by several local names such as Ma Lod, Salot Thao, 
Bek Lod, Ba Lod, and Ba Lod in the North, or Som Lod in the South(108). 

 2.3.1 Biological and morphological aspects of E. latifolia 
E. latifolia fruit has three fruits per cluster. After ten weeks, the major axis 

diameter of this medium-sized, egg-shaped, fleshy drupe is 26.40 millimeters, and its 
length is 36.72 millimeters. The fruit consists of three layers: a soft, white, slightly spread 
outer layer (exocarp); a thick, juicy, light green to reddish -orange middle layer 
(mesocarp); and a relatively rigid inner layer (endocarp), divided into eight sections and 
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attached to a green seed. The fruit's endocarp turns from green to dark red as it 
ripens(109) 

A report revealed the highest vitamin C concentration in the fruit was found 
around five weeks, while the highest acidity and tannin concentrations were present at 7 
and 9 weeks, respectively. At 10 weeks, the fruit's total soluble solid content was 14 brix. 
The fruit’s taste was 80% sour and 20% sweet. The sour variety had more sugar, 
polyphenols, and antioxidants than the sweet variety, but both contained high levels of 
vitamin A and E. The implications of these findings extend to both the improvement of 
agricultural techniques and the refined classification of this economically and nutritionally 
valuable plant species (110). 

  
 2.3.2 Taxonomical Classification(15) 

Kingdom  Plantae 
Phylum  Tracheophyta 
Class  Magnoliopsida 
Order  Rosales 
Family  Elaeagnaceae 
Genus  Elaeagnus L. 
Species Elaeagnus latifolia L. 

 
 2.3.3 Phytochemical Composition 

Flower: E. latifolia flowers contain phytosterols, glycosides, and saponins. 
These compounds had medicinal properties, suggesting that this plant's flowers could 
be used in traditional medicine(15). 

Seed and Bark: The seeds contain fatty acids abundant in palmitic acid and 
linoleic acid, as well as other bioactive compounds and essential fatty acids. In addition, 
palmitic acid was found in the bark(111).   

Fruit: E. latifolia fruits contain carbohydrates, ascorbic acid, tannins, 
phenolics, flavonoids, and purpurin. In addition, carotenoids, terpenoids, organic acids, 
coumarins, alkaloids, steroids, lycopene, polyphenols, and GABA have also been 
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discovered in the fruit according to phytochemical and biological evaluation studies(14, 15, 

108). Niwaspragrit et al. found that early ripening of E. latifolia fruit results in high malic 
acid levels. Besides, the fruit has antioxidant properties, indicating its potential health 
benefits (112).  
   

 2.3.4 Malic acid  
Malic acid is a natural food preservative and flavor enhancer in many fruits 

and vegetables that has a sour taste due to its two carboxylic groups. Plants use malic 
acid in the Calvin cycle to fix carbon and in the Krebs cycle to convert it to pyruvic acid, 
which promotes muscle growth. Malic acid also stimulates salivary secretion, gastric 
juice, and intestinal peristalsis. In low dosages, it is prebiotic, but in high dosages, it 
inhibits growth and act as a bactericide. Topical application of a 1% malic a cid solution 
has demonstrated efficacy in alleviating xerostomia associated with antihypertensive 
medication and chronic graft-versus-host disease (GVHD). Two groups of 45 patients 
were established for this study; one group received a malic acid spray, whi le the other 
received a placebo as a control. The spray improved antihypertensive -induced 
xerostomia and stimulated saliva production (113). Another study found the same spray 
effective in treating GVHD-induced xerostomia. Additionally, the spray has been effective 
when combined with xylitol and fluoride, increasing the unstimulated salivary flow rate 
and improving dry mouth questionnaire scores(114). 

Figure 11 Malic acid structure [Modified from Rachmaniah et al.,2019](115) 
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2.3.5 Pharmacological activity 
 2.3.5.1 Antioxidant activity 

Flower and Leaf: A comparative analysis of total phenolic and flavonoid 
content was conducted on methanol extracts derived from the flowers and leaves of E. 
latifolia. A marked difference in total phenolic and flavonoid content was observed, with 
leaf extracts exhibiting significantly higher levels than flower extracts. (61.15 ± 1.23 and 
15 ± 0.125 µg/ml, respectively). However, the methanol extract from E. latifolia flower 
inhibited DPPH radical at an IC50 equal to 144.64 ± 0.25 µg/mL. In contrast, the methanol 
extract from E. latifolia leaves could inhibit H2O2 at IC50 equal to 444.59 ± 3.77 µg/ml(116). 

Fruit: The 70% methanol extract from E. latifolia fruits was analyzed 
using HPLC, revealing the presence of purpurin, tannic acid, quercetin, catechin, 
reserpine, rutin, carbohydrates, ascorbic acid, tannins, phenolics, and flavonoids. 
Furthermore, the methanol extract from the fruits exerted the inhibit ion of DPPH radical, 
superoxide radical,  hydroxyl radical, and Fe2+ chelation, with IC50 equal to 134.31 ± 
8.39, 150.78 ± 4.20, 238.09 ± 11.63, and 993.68 ± 50.74 µg/mL, respectively (14). 
Moreover, the 50% methanol extract from E. latifolia fruits had total phenolic contents 
equal to 24.2±1.9 mg GAE/g which had antioxidant capability (total antioxidant activity) 
equal to 32.1±1.7%, and inhibited the DPPH radical at an IC50 equal to 0.06 mg/mL(117).  

The researchers studied E. latifolia fruit in Chiang Mai Province, Thailand, 
at various stages, such as early ripe, moderately ripe, and lately ripe. They found that the 
amount of citric acid and malic acid in the E. latifolia fruit was decreased when the fruit 
was ripe, while the amount of tartaric acid was increased when the E. latifolia was at a 
more mature stage. In addition, the total phenolic contents were 51.40, 40.23, and 39.92 
mg GAE/g extract, respectively. The total antioxidant activity was 54.88, 37.45, and 
37.37 g/mL, respectively(118).  

In agreement with a study conducted in northeastern India, they 
analyzed the composition of E. latifolia fruits and found that it contained high levels of 
potassium, with the extract containing 610.13 mg/100g, as well as several vitamins and 
minerals such as phosphorate, sodium, calcium, magnesium, iron, zinc, vitamin C, 
lycopene, and beta-carotene. In addition, HPLC analysis revealed organic acids, 
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including tartaric, pyruvic, and oxalic acids. In addition, it revealed polyphenols, 
polyphenols, such as gallic, p-coumaric, ferulic acids, and catechins. Furthermore, the 
juice extract from E. latifolia fruits exhibited inhibition of the DPPH radical at IC 50 = 
2394.06 µg/mL and had an ABTS elimination effect at 58.41 µg/mL(119).  

In Thailand's provinces of Loei and Nong Khai, a study was conducted 
to examine extracts from E. latifolia fruits. The fruit's organic acid profile included tartaric, 
malic, and citric acids; however, malic acid was found to be especially prevalent in the 
early ripening phase (357.4±79.5 mg/g of extract). During the fruit ripening stage, the 
glucose content was 154.6 mg/g of extract, the fructose content was 234.3 mg/g of 
extract, and the sucrose content was 180.2 mg/g of extract, all of which were higher than 
before the fruit ripening stage. The fruit extracts also had a total polyphenol content of 
647.26 mg/mL and an inhibitory effect on the DPPH radical, with IC 50= 15.82 mg/mL in 
the pre-ripening stage compared to the fruit maturation stage(112). 

A previous study analyzed E. latifolia fruit pulp water extract using HPLC. 
It found that the red, yellow, and dark red fruits contained GABA contents of 
0.1301±0.0054, 0.1640±0.0032, and 0.0913±0.0080 mg/g of extract, respectively. 
Additionally, fruit extracts inhibit tyrosinase enzymes and exhibit antioxidant activity(108). 

 
 2.3.5.2 Anti-inflammatory effect 

Leaf: The methanol extract from E. latifolia leaf inhibits cyclooxygenase-2 
(COX-2) and lipoxygenase-15 (LOX-15) associated with the inflammatory process(120).  

Fruit: When injecting crude extract from dried E. latifolia fruits at different 
doses (10, 20, 30, 40, and 50 mg/kg) into the stomachs of mice for 30 minutes before 
injecting formalin into the right hind paw of the mice to induce inflammation, the results 
showed that extracts with doses higher than 30 mg/kg were effective in reducing pain, 
compared to the positive control drugs dexamethasone and indomethacin. The extract's 
anti-inflammatory mechanism was attributed to its ability to inhibit COX-1 and COX-2(121). 
Khodakarm-Tafti et al. found that when raw extract powder containing 300 and 600 
mg/kg of the dried E. latifolia fruit was administered to mice with ulcerative colitis by 



 
44 

 

 

inducing inflammation in the colon with 3% acetic acid through the rectum, it was found 
that the extract was able to restore and maintain the mucosal tissue of the colon, reduce 
erosion and ulceration of the colon, and also reduce the infiltration of infla mmatory cells 
when studied using histopathology methods(122).  

In addition, another study found that when the water extract of E. latifolia 
fruit at a concentration of 500 mg/mL was applied to the wounds of mice, it was able to 
increase the wound healing rate on days 5, 10, and 15 faster than the application of 2% 
mupirocin ointment used as a positive control and quicker than the group that only 
applied ointment. The mechanism underlying this effect may involve the extract's 

antioxidant properties and its capacity to modulate TGF-β1 and TNF-α expression(123).  
 

 2.3.5.3 Brain protection 
Leaf: There is no study specifically on E. latifolia's protective effects 

against H2O2-induced oxidative damage. However, other close Elaeagnus species were 
studied, such as E. umbellata (Thunb.) had shown protective effects against oxidative 
stress and could reduce the death of apoptotic neurons and the level of free radicals in 
induced Schwann neurons with H2O2 compared to untreated neurons. Moreover, the water 
extract of Elaegnus could increase the expression of specific proteins such as Bcl-2, PI3K, 
and p-Akt, while decreasing the expression of the Bax protein, indicating that the leaf 
extract can protect neurons(124). 

 2.3.5.4 DNA protection 
Fruit: The study assessed the phytochemicals , antioxidants, and 

DNA protective potential of the E. latifolia fruits. The 70% methanol extract from the fruits 
exhibited free radical scavenging activity and protected pUC18 DNA with P50 = 695.91 ± 
15.84 µg/ml; P50 signifies the concentration for 50% protection. In addition, the fruit is 
also reported to be a rich source of vitamins, minerals, essential fatty acids, and other 
bioactive compounds(14). 
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 2.3.5.5 Antibacterial effect 
Leaf: The study investigated the antibacterial activity of methanol 

extract from various plant species, including E. latifolia, which was examined against 
pathogenic bacteria. The findings indicated that methanol extract from E. latifolia leaves 
exhibited significant antibacterial activity against pathogenic Salmonella typhi, Shigella 
flexneri, and Bacillus subtilis(125).  

Fruit: The methanol extract from E. latifolia fruits and leaves exhibited 
antibacterial properties compared to the antibiotic ofloxacin(116). 

 2.3.5.6 Clinical study  
Fruit: Taheri et al. determined the efficacy of a wound gel containing 

19% E. latifolia fruit extract in treating oral lichen planus. This causes discomfort and 
burning mouth pain. The results indicated a 75% reduction in pain and a 50% reduction 
in wound size(126). Another study investigated the potential of E. latifolia extract as a 
remedy for gag reflex in dental patients. The participants were given candy containing 
fruit extract before and after the dental procedure. These findings demonstrated that 
consuming candy with E. latifolia extract significantly reduced regurgitation reactions, 
particularly in the soft palate and pharyngeal tonsils. These results suggested that E. 
latifolia extract might hold promise as an effective therapeutic intervention for gag 
reflexes in dental patients(127).  
 

2.3.6 Toxicological effects  
There is limited information available on the toxicological effects of E. latifolia 
Leaf: The investigation of the 70% methanol extract from E. latifolia leaves 

demonstrated a cytotoxic effect on Vero cell lines in rats, with an IC 50 of 248.5 ± 3.12 
µg/mL (120).  

Seed: The methanol extract from E. latifolia seeds was administered to rats 
at a dose of 2000 mg/kg and determined to be non-toxic compared to the control group 
of mice, suggesting that the extract was safe for application(128).  
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Fruit: The study of E. angustifolia fruit extract had no favorable effects on 
chondrificat 
 
 
 
 



 

 

CHAPTER 3  
MATERIALS AND METHOD 

3.1 Chemicals 
Sodium carbonate (Na2CO3) and ethylenediaminetetraacetic acid (EDTA) were 

purchased from HiMedia Laboratories (St. Louis, Missouri, U.S.A.). Hydrochloric  Acid 
(HCl) was purchased from J.K. Baker (Shanghai, China). Sodium chloride (NaCl) was 
purchased from Calbiochem (Darmstadt, Germany). Potassium Chloride (KCl) was 
purchased from Univar (Illinois, U.S.A.). Sodium phosphate (NaHPO 4), dipotassium 
phosphate (K2HPO4), sodium carbonate (Na2CO3), ethanol (C2H5OH), methanol (CH3OH), 
potassium phosphate (K2HPO4), potassium dihydrogen phosphate (KH2PO4), Dimethyl 
sulfoxide, Folin-Ciocalteu's reagent, quercetin (C15H10O7), aluminium chloride (AlCl3), 
potassium acetate (CH3COOK), ethylene-diaminetetraacetic acid disodium salt dihydrate 
(C10H14N2Na2O8•2H2O), and ferrous sulfate heptahydrate were purchased from Sigma 
Chemical Company (St. Louis, Missouri, U.S.A.). Methanol (MeOH) was purchased from 
RCI Labscan (Bangkok, Thailand). Gallic acid monohydrate (C 7H6O5•H2O) was 
purchased from Riedel-de Haën (Seelze, Germany). 2,2-Diphenyl-1-picryl hydrazyl 
(C18H12N5O6) and (±)-6-Hydroxy-2,5,7,8-tetra-methylchromance-2-carboxylic acid were 
purchased from Fluka (Seelze, Germany). Sodium nitroprusside was purchased from 
HiMedia Laboratories (St. Louis, Missouri, U.S.A.). N -(1-Naphthyl) ethylenediamine 
dihydrochloride (C10H7NHCH2CH2NH2•2HCl) was purchased from AppliChem GmbH 
(Darmstadt, Germany). Sulfanilamide (C 6H8N2O2S) was purchased from Kemaus 
(Cherrybrook, Australia). Phosphoric acid (H 3PO4) was purchased from Carlo Erba 
Reagents (Chaussée du Vexin, France). 2’,7’-Dichlorodihydrofluorescein diacetate was 
purchased from InvitrogenTM Molecular ProbesTM (Eugene, Oregon, U.S.A.).  
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3.2 Apparatus 
Water purification system (Milli-Q, ROs): Millipore 
Freeze dryer: Alpha 1-2 LD, Sigma, Germany 
Spectrophotometer: Bio-Tek Instruments, Winooski, VT, USA 
Vortex mixer: Genie 2 
Laminar hood air flow: Telstar 
CO2 water-jacketed incubator: NuAire  
Water bath: Heto  
Inverted microscope: Olympus DP20 
Cell B imaging software for Life science microscopy: Olympus 
Nanodrop: Thermo Fisher, USA 
High-Performance Liquid Chromatography: Waters®2695 Separations Module, 

USA 
Confocal laser scanning microscope: Zeiss LSM 900, Zeiss, Oberkochen, 

Germany 
StepOnePlus: Applied Biosystems, Waltham, MA, USA 
Nanodrop: Thermo scientific 
Gel documentation 
 

3.3 Plant extraction and preparation 
Pre-ripening (orange-stage) fruits of E. latifolia were harvested in March 

2022 from the Lamtakhong Research Station, which is located in the Pak Chong District 
of Nakhon Ratchasima Province in Thailand. To ensure consistency in the experimental 
material, only fruits measuring approximately 3–4 cm was selected. The extraction 
protocol was adapted from Niwaspragrit et al.,2020 (112), with modifications aimed at 
optimizing compounds. 

Initially, the fruits were thoroughly washed to remove surface impurities. The 
cleaned fruits were homogenized into a uniform paste and combined with sterile distilled 
water at a ratio of 1:5 (100 g of fruit to 500 mL of water). This mixture was gently heated 
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at 50°C for 5 minutes to facilitate the extraction of phenolic and other water -soluble 
compounds. Rapid cooling in an ice-water bath, immediately following filtration 
(Whatman No. 1 filter paper), ensured the stability of heat -sensitive components within 
the heated mixture. 

The filtrate was frozen and subsequently lyophilized under vacuum 
conditions at a temperature of -52°C. A concentrated powdered extract was produced 
and maintained at -20°C until required for further experimentation. For subsequent 
analyses, the lyophilized powder was reconstituted in sterile distilled water and 
centrifuged to remove insoluble materials. To prevent degradation of light -sensitive 
compounds, the supernatant was collected and stored at -20°C in the absence of light. 
The experimental work was carried out in the Department of Pharmacology and the 
Central Laboratory of the Faculty of Medicine, Srinakharinwirot University, in collaboration 
with the Faculty of Science, Mahidol University, Thailand. 
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Figure 12 Research framework 

 

 

E. latifolia fruits 

Whole fruits will be squeezed, blended, mixed with sterile distilled water, and 
freeze-dried under vacuum at -52 ºC until producing a concentrated powder 

forms. The extract will be dissolved in water as 100 mg/mL of stock solution  
before using in subsequent experiments 
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3.4 Determination of antioxidant contents in heated water extract of E. latifolia fruits 
3.4.1 Determination of the total phenolic content  

Total phenolic content of the E. latifolia fruit extract was determined using 
the Folin-Ciocalteu method, which quantifies phenolic compounds based on their ability 
to reduce a phosphomolybdate-phosphowolframate complex in an alkaline medium, as 
described by Kupina et al.,2018 (129). Gallic acid standards (0.1-0.5 µg/mL) were used to 
create a calibration curve, and the extract was analyzed at a concentration of 20 µg/mL. 

Briefly, 30 µL of either the gallic acid standard or the extract was mixed with 
770 µL of distilled water. This mixture was then combined with 50 µL of Folin -Ciocalteu 
reagent to initiate the colorimetric reaction. After 1 minute, 150 µL of saturated sodium 
carbonate (Na2CO3) solution was incorporated. A 25 g of Na2CO3 was dissolved in 100 
mL of deionized water was then allowed to equilibrate for 24 hours, and filtered using 
Whatman No. 1 filter paper, and volume adjustment to 125 mL.  

Ambient temperature incubation in the dark for a period of 50 min to allow 
maximum color development. Total phenolic content was determined using a gallic acid 
standard curve and expressed as milligrams of gallic acid equivalents per gram of 
extract (mg GAE/g extract); absorbance measurements were taken at 750 nm with a UV-
Vis spectrophotometer (Bio-Tek Instruments, Winooski, VT, USA). Each sample was 
analyzed in triplicate to ensure reliability and reproducibility. 

 
 3.4.2 Determination of the total flavonoid content  

Quantification of flavonoids in the extract was achieved through a 
colorimetric method that leverages the formation of complexes between flavonoids and 
aluminum chloride, as described by Shraim et al., 2021 (130). This technique exploits the 
interaction between aluminum chloride (AlCl3) and flavonoids, which generates acid-
resistant complexes at the C-4 keto and C-3/C-5 hydroxyl functionalities, as well as acid-
labile complexes with ortho-dihydroxyl groups in the A or B-ring of flavonoids. 

For the assay, 100 µL of quercetin standard solutions (0.02 to 0.1 mg/mL), a 
blank, or the extract (50 mg/mL) was mixed with 550 µL of distilled water. The mixture 
was supplemented with 30 µL of 1M potassium acetate (CH 3COOK) and 20 µL of 10% 
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AlCl3. After the addition of 300 µL of 95% ethanol, the samples underwent incubation at 
ambient temperature for 30 min in the absence of light. Measurements of absorbance at 
415 nm were performed using a  (Bio-Tek Instruments, Winooski, VT, USA). Based on the 
quercetin calibration curve, the total flavonoid content was determined and reported as 
milligrams of quercetin equivalents per gram of extract (mg QE/g extract). 

 
 3.4.3 Determination of malic acid content  

Malic acid, a dicarboxylic organic compound contributing to the fruits' sour 
taste, was quantified in the water extract using high-performance liquid chromatography 
(HPLC), using a modified version of the method described by Shui et al.,2002 (131). A 
Grace Davison Discovery Sciences™ Prevail Organic Acid column (4.6 × 250 mm, 5 µm 
particle size) within a Waters® 2695 HPLC system (USA) was used to analyze a 20 µL 
sample of the extract, which had been previously filtered (0.45 µm nylon syringe filter) 
and transferred to a 1.5 mL vial. A flow rate of 0.6 mL/min of a 25 mM potassium 
dihydrogen phosphate buffer (pH 2.5) was used as the mobile phase for isocratic 
elution. The detection was carried out using a UV/VIS Detector 2489 at 210  nm. 
Chromatographic data were acquired and processed using Empower® Chromatography 
Data Software. A standard curve enabled the calculation of malic acid content, which 
was reported as milligrams of malic acid per gram of extract (mg/g). Sample analysis 
was conducted in triplicate to ensure accuracy and reproducibility. 

 
 3.4.4 Determination of GABA content  

The GABA content in the E. latifolia extract as determined using an adapted 
HPLC method with o-phthaldialdehyde derivatization (Meeploy et al.,2019) (108). The 
experimental procedure involved preparing a solution of OPA and 2-mercaptoethanol in 
0.4 M borate buffer (pH 10), which was then filtered through a 0.45 µm nylon membrane. 
Chromatographic separation utilized a C18 column (150  mm × 4.6 mm, 5 µm particle 
size), with gradient elution employing acetonitrile and 5 mM citrate buffer  as the mobile 
phase: 0–20 minutes with ACN: citrate buffer at a ratio of 15:85, then adjusted to 
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16.5:83.5, 30:70, and back to 15:85, respectively, at 15–35, 35–40, and 40–50 minutes, 
respectively. Detection was achieved through a fluorescence detector, and data were 
analyzed with Empower® Chromatography Data Software. The extract's GABA content 
was evaluated by referencing a calibration standard, with the final results presented as 
micrograms of GABA per milligram of extract. 

 
3.4.5 Characterization of bioactive compounds using metabolomic techniques 

To comprehensively characterize the bioactive compounds, present in the 
water extract of E. latifolia fruit, metabolomic analysis was conducted in collaboration 
with the National Omics Center, National Science and Technology Development Agency 
(NSTDA), Thailand. The lyophilized extract underwent examination via an advanced 
analytical method combining liquid chromatography and quadrupole time-of-flight 
tandem mass spectrometry (LC-Q-TOF-MS/MS) for metabolite profiling. Data obtained 
were analyzed to identify compounds associated with the extract’s antioxidant and 
cytoprotective effects 
 
3.5 Determination of the heated water extract of E. latifolia fruits for antioxidant activity 

 3.5.1 DPPH scavenging activity 
The extract's capacity to neutralize free radicals was assessed through the 

application of the DPPH assay, as outlined by Chedea et al.,2019(132), with ascorbic acid 
serving as a standard. The quantification of antioxidant properties often relies on DPPH, 
which free radical stability stems from its unique electron configuration. This 
arrangement, featuring a delocalized unpaired electron, precludes dimerization. The 
characteristic gives DPPH its deep purple color, with a distinct absorption peak around 
515 nm in ethanol solution. Upon reduction or electron acceptance, the DPPH solution 
transitions to pale yellow, as illustrated in Figure 13. 
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Figure 13 DPPH reaction mechanism [Modified from Bibi Sadeer et al.,2020](133) 

The analytical procedure entailed the addition of 20 µL of sample (either 
standard ascorbic acid, blank, or extract) to 180 µL of newly prepared DPPH solution 
within a 96-well microplate. After a 15-minute dark incubation at ambient conditions, 
spectrophotometric analysis was performed at 515 nm using a UV-Vis spectrophotometer 
(Bio-Tek Instruments, Winooski, VT, USA). The DPPH scavenging activity was calculated 
using the equation: 

%DPPH radical scavenging activity = [(Acontrol–Asample)/ Acontrol] × 100 
Where: Acontrol is the absorbance of the control (blank without extract), 
 Asample is the absorbance of the standard or extract sample. 

The mean inhibitory concentration (IC50) value was determined by plotting 
the concentration of the standard or extract sample against the percentage of DPPH 
scavenging activity. Each experiment was performed in triplicate for each tested 
concentration to ensure reliability and reproducibility of the results. 
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 3.5.2 ABTS radical scavenging activity 
The antioxidant potential of the extract was evaluated using the ABTS assay. 

This technique, based on the protocol described by Won et al.,2021 (134), quantifies the 
electron-donating ability of antioxidant compounds to ABTS•+, reducing its reactivity and 
preventing oxidative damage. ABTS •+ is generated by oxidizing ABTS with a potent 
oxidizing agent, resulting in a blue-green chromophore that quickly reacts with electron-
donating compounds such as antioxidants. The ABTS radical scavenging capacity was 
measured spectrophotometrically at 734 nm. A decrease in absorbance indicates the 
scavenging capacity of antioxidants, as shown in Figure 14. 

Figure 14 ABTS reaction mechanism [Modified from Bibi Sadeer et al.,2020](133) 

Preparation of the ABTS•+ radical involved combining a 7 mM ABTS solution 
with 2.45 mM potassium persulfate at a 2:1 ratio. The resulting mixture was left to 
incubate in dark conditions at ambient temperature for 12 -16 hours. Subsequently, 
ethanol was used to dilute the solution to attain an absorbance of 0.8 ± 0.02 when 
measured at 734 nm. To perform the assay, 20 µL of the test sample (extract or Trolox 
standard) was added to 180 µL of the ABTS solution. The mixture was allowed to 
incubate for 6 min at room temperature, followed by absorbance determination at 734 
nm. The ABTS scavenging ability was subsequently calculated using the equation; 

%ABTS radical scavenging activity = [(Acontrol–Asample)/ Acontrol] × 100 
Where: Acontrol is the absorbance of the control, 
 Asample is the absorbance of the standard or extract sample. 
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The IC50 value is determined by plotting the concentration of the standard 
and extract sample against the percentage of ABTS radical scavenging capacity. All 
measurements were performed in triplicate. 
 

 3.5.3 Ferrous ion (Fe2+) chelating activity 
The Fe2+ chelation activity assay measures the ability of a substance to bind 

with Fe2+ ions and prevent free radical generation, using the method described by 
Adjimani et al.,2015(135). Fe2+ ions serve as major catalysts for producing various free 
radicals, including superoxide radicals. The assay involves adding the test substance to 
a solution containing Fe2+ ions and ferrozine, which reacts to form a stable ferrozine-Fe2+ 
complex. The tested sample competes with ferrozine for Fe2+ ions, leading to a decrease 
in the formation of the ferrozine-Fe2+ complex, as shown in the following equation:   

3ferrozine + Fe(H2)6
2+ → Fe(ferrozine)3

4- +6H2 
The reduction in absorbance was monitored at a wavelength of 562 nm. A 

significant reduction in absorbance indicates a stronger Fe 2+ chelation activity of the 
tested substance, as illustrated in Figure 15 

Figure 15 Metal chelating reaction mechanism [Modified from Bibi Sadeer et al.,2020](133) 

This study assessed different concentrations of the extract and the standard 
iron chelator EDTA. The assay procedure entailed mixing 55 µL of the test substance 
with 814 µL of deionized water and 22 µL of 2 mM ferrous sulfate (FeSO4). Following the 
addition of 44 µL of 5 mM ferrozine, the mixture was incubated for 10 minutes in darkness 
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at room temperature. Absorbance was then measured at 562 nm using a UV -Vis 
spectrophotometer. The Fe2+ chelating activity was calculated using the equation: 

%Fe2+ chelating activity = [(Acontrol–Asample)/ Acontrol] × 100 
Where: Acontrol is absorbance of control, 
 Asample is absorbance of the standard or extract sample. 

The IC50 value was determined by plotting the concentration of the standard 
and extract concentration against the percentage of Fe2+ chelating activity. Experiments 
were conducted in triplicate. 

 
 3.5.4 Ferric reducing antioxidant power (FRAP) 

Determination of the extract's antioxidant capacity was carried out using the 
FRAP assay, which measures the sample's efficacy in reducing ferric (Fe3+) to ferrous 
ions (Fe2+). Ferric ions can induce oxidative damage to biological molecules, making 
their reduction a significant indicator of antioxidant activity, as described by Benzie et 
al.,2014(136), as shown in Figure 16. 

To prepare the FRAP working solution, FeCl 3×6H2O, acetate buffer, and 
2,4,6-tripyridyl-s-triazine (TPTZ) were blended in a 10:1:1 ratio and warmed to 37°C. 
Different extract concentrations were then added to the FRAP solution and incubated at 
37°C for 30 minutes in the absence of light. Spectrophotomet ric analysis at 593 nm was 
conducted to quantify the reduction of Fe3+ to Fe2+, resulting in the formation of a ferrous-
tripyridyltriazine complex. Antioxidant capacity was calculated using a standard curve of 
ascorbic acid. Results of the reducing power assays are expressed as Trolox equivalents 
(mgTE/g extract). All samples were analyzed in triplicate. 
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Figure 16 FRAP reaction mechanism [Modified from Bibi Sadeer et al.,2020](133) 
 
 3.5.5 Lipid peroxidation inhibition  

The inhibition of lipid peroxidation was evaluated using low -density 
lipoproteins (LDL) oxidation induced by copper sulfate (CuSO4), as modified from Osorio 
et al.,2013(137). Cu2+ ions oxidize the unsaturated fatty acids present in LDL, resulting in 
the formation of lipid peroxides. These lipid peroxides react with thiobarbituric acid 
(TBA) to create malondialdehyde-TBA2 adducts, commonly known as thiobarbituric acid-
reactive substances (TBARS). The TBARS assay is a reliable method for detecting and 
quantifying lipid peroxidation in biological systems, including LDL. The extent of lipid 
peroxidation is indicated by the absorbance of the red-pink color developed, measured 
at 532 nm using a microplate reader, as shown in Figure 17. 
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Figure 17 Lipid peroxidation mechanism [Modified from Bibi Sadeer et al.,2020](133) 

A 50 µL aliquot of LDL (300 µg/mL protein concentration) was mixed with 10 
µL of Trolox or varying concentrations of the extract. Lipid peroxidation was initiated by 
adding 5 µL of 55 µM CuSO4 which was then incubated at 37°C for 6 h. The reaction was 
stopped by the addition of 25 µL of 1% EDTA. After cooling, 880 µL of a trichloroacetic 
acid (TCA) and TBA stock solution (20% w/v TCA; TBA at a 1:1 ratio) was combined with 
the sample. The mixture was heated to 95°C for 30 min and allowed to cool at room 
temperature. Absorbance was recorded at 532 nm, and lipid peroxidation inhibition was 
calculated using the equation: 

% lipid peroxidation inhibition = [(Acontrol–Asample)/ Acontrol] × 100 
Where: Acontrol is absorbance of control, 
 Asample is absorbance of the standard or extract sample. 

The IC50 value was determined by plotting the concentrations against the 
percentage inhibition. All tests were performed in triplicate. 
 

 3.5.6 Superoxide radical (O2
•-) scavenging activity   

The superoxide radical scavenging activity was evaluated using the xanthine 
oxidase (XO) method, which can lead to significant cellular and tissue damage, as 
reported by Azmi et al.,2012(138). Inhibiting XO activity is an effective strategy to reduce 
O2

•- production. This assay measures the extract's ability to prevent lipid oxidation by 
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superoxide radicals. In this assay, the extract is added to a solution containing xanthine, 
and XO generates O2

•-, which is measured spectrophotometrically at 295 nm, as 
illustrated in Figure 18. 
 

 
Figure 18 Conversion of xanthine to uric acid by xanthine oxidase [Modified from 
Özyürek et al.,2009](139) 

The composition of the reaction mixture included 300 µL of 50 mM sodium 
phosphate buffer (pH 7.5), 100 µL of either the sample solution or Trolox as a positive 
control, and 100 µL of a freshly prepared solution of xanthine oxidase at a concentration 
of 0.2 units/mL in phosphate buffer, and 100 µL of deionized water. After a 15 -min 
incubation at 37 °C, 200 µL of 0.15 mM xanthine was incorporated, and the sample was 
incubated for another 30 min. The reaction was halted by adding 200 µL of 0.5 M HCl, 
and the absorbance was assessed at 295 nm using a UV-VIS spectrophotometer (Bio-
Tek Instruments, Winooski, VT, USA). Superoxide scavenging capacity was determined 
using the formula: 

% superoxide radical scavenging activity = [(Acontrol–Asample)/ Acontrol] × 100 
Where: Acontrol is absorbance of control, 
 Asample is absorbance of the standard or extract sample. 

The IC50 value was obtained by plotting concentration versus scavenging 
activity. Each assay was conducted in triplicate. 
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 3.5.7 Hydroxyl radical (OH•) scavenging activity 
The ability of hydroxyl radicals (OH •) to be scavenged was measured 

through the deoxyribose method, as reported by Li 2013 (140). This assay quantifies the 

extract's ability to inhibit deoxyribose degradation caused by OH • radicals, which are 
generated through the Fenton reaction involving Fe2+ and H2O2. The reaction leads to 
OH• attack on deoxyribose, resulting in its degradation. The extent of degradation was 
measured by the formation of TBARS at 523 nm, as illustrated in Figure 19. 
Figure 19 Reaction scheme from 2-deoxyribose to the pink chromogen (TBA) 2-MDA 
[Modified from Brizzolari et al.,2017](141) 

The Fenton reaction was utilized to generate OH • by combining 10 mM 2-
deoxyribose, 0.41 mL of phosphate buffer (pH 7.4), 0.01 mL of ferric chloride (10 mM), 
0.1 mL of H2O2 (10 mM), and 0.1 mL of EDTA (1 mM), Following this, 0.25 mL of the 
sample solution and 0.1 mL of ascorbic acid (1 mM) were mixed to the reaction. The 
mixture was incubated for 12 h at 37°C. In the blank control, 0.25 mL of the sample 
solution was added with 1 mL of the reaction mixture that excluded ferric chloride. 
Following incubation, 0.75 mL of TCA (2.8% w/v) and 0.75 mL of TBA (1% w/v in 50 mM 
NaOH) were introduced, followed by heating the mixture at 100  °C for 1 h. Absorbance 
reading were taken at 523 nm using a UV-VIS spectrophotometer, with Trolox acting as  
the positive control. The formula used to calculate hydroxyl radical scavenging activity is 
as follows: 

% Hydroxyl radical scavenging activity = [(Acontrol–Asample)/ Acontrol] × 100 
Where: Acontrol is absorbance of control, 
 Asample is absorbance of the standard or extract sample.  
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The IC50 value was determined by plotting concentration against scavenging activity. 
Each test was performed in triplicate. 
 

 3.5.8 Nitric oxide radical (NO•) scavenging activity 
The scavenging activity of the extract against nitric oxide (NO •) was 

evaluated using the technique established by Parul et al. 2013 (142). This method is 
predicated on the reduction of nitric oxide  by antioxidant compounds present in plant 
extracts. Nitric oxide was generated from sodium nitroprusside through the Griess 
reaction. Its levels was quantified spectrophotometrically at 546 nm, as shown in Figure 
20. 

 
Figure 20 Reaction of Griess assay reagent NO2

-  for measures NO indirectly [Modified 
from Coneski et al.,2012](143) 

For the assay, a mixture was created by combining 200 µL of 1 mM sodium 
nitroprusside dissolved in phosphate buffer (pH 7.4) was mixed with 100 µL of several 
concentrations of the extract and incubated under UV light at room temperature for 10 
minutes. An equivalent reaction mixture without the tested extract served as a control. 
After incubation, 500 µL of Griess reagent (composed of 1% sulfanilamide, 2% H3PO4, 
and 0.1% N-(1-naphthyl)ethylenediamine dihydrochloride) was incorporated into the 
mixture. Gallic acid was applied as a positive control. The absorbance was measured at 
546 nm utilizing a UV-VIS spectrophotometer, and the NO• scavenging capacity was 
calculated using the formula: 

% nitric oxide radical scavenging activity = [(Acontrol–Asample)/ Acontrol] × 100 
Where: Acontrol is absorbance of control, 
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 Asample is absorbance of the standard or extract sample. 
The IC50 was obtained by plotting concentration versus scavenging activity. 

Experiments were conducted in triplicate. 
 

 3.5.9 Hydrogen peroxide (H2O2) scavenging activity 
 The H2O2 scavenging activity assay was determined using horseradish 

peroxidase (HRP) to catalyze the breakdown of H2O2 into water and oxygen, following 
the method of Sroka et al.,2003(144). This activity was quantified using a colorimetric 
assay with phenol red as the substrate. The formation of a colored complex was 
proportional to the amount of H2O2 in the sample, as illustrated in Figure 21. 

Figure 21 H2O2 scavenging activity mechanism [Modified from Grosu et al.,2018](145) 

To assess the activity, various concentrations of the extract or ascorbic acid 
(as the positive control) were incorporated into a mixture comprising 50 µL of a 0.002% 
H2O2 solution and 400 µL of 0.1 M phosphate buffer. After 10-min incubation at 37ºC, 500 
µL of a phenol red (0.2 mg/mL) and HRP (0.1 mg/mL) was mixed. The resulting mixture 
was incubated at 37ºC for an additional 15 min, followed by the introduction of 25 µL of  
1 M NaOH to terminate the reaction. Absorbance readings were obtained at 610 nm 
using a UV-VIS spectrophotometer. The scavenging activity of H2O2 was determined 
using the formula: 

% H2O2 scavenging activity = [(Acontrol–Asample)/ Acontrol] × 100 
Where: Acontrol is absorbance of control, 
 Asample is absorbance of the standard or extract sample. 
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The IC50 value was determined by plotting concentration against scavenging 
activity. All experiments were performed in triplicate. 
3.6 Cell culture 

The human submandibular gland (HSG) cell line acquired from the American 
Type Culture Collection (ATCC ®HTB-41TM, Manassas, VA, USA). The cells were 
maintained in Dulbecco's modified Eagle medium (DMEM) enriched with high glucose 
(GIBCO, CA, USA),  supplemented with 10% (v/v) fetal bovine serum, 1% (v/v) non -
essential amino acids, 1% (v/v) L-glutamine, and 1% (v/v) and 1% (v/v) penicillin–
streptomycin. Cultures were maintained at 37 °C in a humidified atmosphere containing 
5% CO2. The culture medium was replaced three times a week. 

 
3.7 Assessment of the non-toxic concentration of water extract on HSG cells and its 
protective effects against t-BHP 

A resazurin cell viability assay kit (Sigma-Aldrich, St. Louis, MO, USA) was 
employed to evaluate cell viability. Resazurin is a blue fluorescent dye that is reduced to 
resorufin in viable cells due to intracellular diaphorase enzyme activity, resulting in a 
strong pink fluorescence signal (146). To determine the non-toxic concentration of the 
extract, HSG cells were plated at a density of 5×104 cells/well and treated with various 
concentrations of the extract, between 12.5 to 200  µg/ml, then incubated for 24 h at 
37◦C. To analyze the cytoprotective effects, the cells were exposed to 400 µM t-BHP for 
30 min, followed by treatment with the extract, and incubated for 6 h. After treatment, a 
resazurin solution was added, and fluorescence intensities were recorded using a 
microplate reader with excitation and emission wavelengths set at 530 and 590 nm, 
respectively. The viability of the cells was then determined using the equation below:  

% Cell viability = (A/B) x100 
Where A is the absorbance of the treated group, and B is the absorbance of the 
untreated control group. 
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3.8 Assessment of the antioxidant activity of the water extract on HSG cells against t-
BHP-induced oxidative stress  

To measure intracellular reactive oxygen species (ROS) levels, the fluorescent 
probe 2’,7’-dichlorofluorescein diacetate (DCFH-DA) was utilized, which is oxidized to 
the highly fluorescent 2’,7’-dichlorofluorescein (DCF) under oxidative stress (147).  HSG 
cells were exposed to 400 µM t-BHP to induce oxidative stress, followed by treatment 
with water extract for 6 h. Upon completion of the treatment, the cells were incubated 
with 20 µM DCFH-DA in darkness at 37°C for 30 min. The cells were then washed wi th 
PBS and subsequently incubated for an additional 30 min. Fluorescence intensity was 
measured immediately using a microplate reader set at excitation and emission 
wavelengths of 485 nm and 535 nm, respectively. ROS levels were directly proportional 
to fluorescence intensity. 

 
3.9 Analysis of cell death 

 3.9.1 Hoechst 33342 Staining 
Apoptotic cells were identified using Hoechst 33342 staining, following the 

method described by Atale et al.,2014(148). HSG cells were cultured in 8-well chambered 
cover glass dishes at a density of 7×105 cells per dish. After exposure to 400 µM t-BHP 
and subsequent treatment with the extract. Following treatment, the cells were rinsed 
with PBS and then incubated in phenol red-free DMEM for 30 min in the dark. 
Subsequently, the medium was replaced with DMEM without phenol red. Following this, 
Hoechst 33342 staining was performed for 5 minutes at room temperature, also in the 
dark in the dark. Morphological changes and nuclear fragmentation indicative of 
apoptosis were visualized using a phase-contrast microscope and a Zeiss LSM 900 
confocal laser scanning microscope (Zeiss, Oberkochen, Germany).  

 

 3.9.2 Acridine orange/Ethidium bromide staining (AO/EB) 
To assess apoptosis through fluorometric changes, acridine orange/ethidium 

bromide (AO/EB) double staining was performed as described by Chen et al.,2024 (149). 
Cells were stained with 10 µL of AO/EB stain solution, consisting of a 1:1 mixture of 
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100 µg/mL acridine orange and 100 µg/mL ethidium bromide in PBS. The stained cells 
were immediately observed and photographed using a Zeiss LSM 900 confocal laser 
scanning microscope. Viable cell nuclei displayed green fluorescence, whereas 
apoptotic cell nuclei exhibited orange-red fluorescence. 
 
3.10 Assessment of protein expression of the extract on HSG cells against t-BHP-
induced oxidative stress using western blot analysis 

The HSG cells were grown in 100 mm dishes with a density of 10×106 cells/dish. 
As a result of the treatment with the reagents, the cells were harvested, and total protein 
was extracted using RIPA buffer supplemented with 1% protease and phosphatase 
inhibitor cocktails. The determination of protein concentrations was conducted with a 
commercial kit. Equal amounts of protein were separated by SDS-PAGE, including 14% 
gels for phosphorylated p38 MAPK, AQP5, and Bcl -2, and 15% gels for cleaved 
caspase-3 and Bax. Next, the proteins were transferred onto nitrocellulose membranes, 
which were subsequently blocked with a 5% skim milk in TBS-T buffer for 1 hour, 
followed by overnight incubation at 4°C with primary antibodies against Bax, Bcl -2, 
Phosphorylated p38 MAPK, cleaved caspase-3, and AQP5. GADPH was used as an 
internal control. After extensive washing, the membranes were incubated with with 
secondary antibodies conjugated to horseradish peroxidase. The resulting protein 
bands were visualized using a chemiluminescence imaging system. (Alliance Q9 
Advanced Chemiluminescence Imager). 
 
3.11 Assessment of mRNA expression by using Real-time quantitative reverse 
transcription PCR (Real-time qRT-PCR) 

HSG cells were cultured in dishes at a density of 2.5x106 cells/dish and exposed 
to different reagents and exposure times according to the experimental plan. After 
treatment, RNA will be extracted from the cells using the RNA extraction kit. The 
conversion of RNA to cDNA will be carried out using a reverse transcription-PCR (RT-
PCR) kit. The protocol specified by the manufacturer will be followed with slight 
modification. Afterward, the cDNA amplification will be upregulated using the SentiFast 
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SYBR® Hi-ROX mix (Bioline, TN, USA), in accordance with StepOnePlus (Applied 
Biosystems, Waltham, MA, USA). Moreover, the real-time relative gene expression will 
also be analyzed using QuantStudio™ Real-Time PCR System (Applied Biosystems, 
Waltham, MA, USA). The relative gene expression was calculated using the 2 -ΔΔCT 
method, normalizing to GAPDH expression. Primers used in the experiment are listed in 
Table 1    
 
Table  1 The primer sequences used for real-time PCR 

 

3.12 Assessment of amylase activity of the extract on HSG cells against t-BHP-induced 
oxidative stress  

The amylase activity was determined using a spectrophotometric method in 
accordance with the protocol provided in the Amylase Activity Assay Kit (Sigma-Aldrich, 
St. Louis, MO, USA). Homogenized HSG cells (4×106) in 0.5 mL of Amylase Assay Buffer 

were centrifuged at 13,000 g for 10 min to remove insoluble material. Samples (1–50 µL) 
or 5 µL of Amylase Positive Control were added to the wells of a 96 -well plate and 
adjusted to 50 µL with Amylase Assay Buffer. Nitrophenol standards (0–20 nmol/well) 
were prepared by adding 0–10 µL of a 2 mM Nitrophenol Standard solution and bringing 
the volume to 50 µL with water. A Master Reaction Mix (50  µL of Amylase Assay Buffer 
and 50 µL of Amylase Substrate Mix) was prepared, and 100 µL was added to each 

Gene Forward Primer Reverse Primer 
Bax 5’-CCCGAGAGGTCTTTTTCCGAG-3’ 5’-CCAGCCCATGATGGTTCTGAT-3’ 

BCl-2 5’-GGTGGGTCATGTGTGTGG-3’ 5’-CGGTTCAGGTACTCAGTCATCC-3’ 

AMY1 5’-GTAATGGCCGGGTGACAGAA-3’ 5’-CCCAACCTTCTCCCCAGTTC-3’ 

AQP5 5’-CGGGCTTTCTTCTACGTGG-3’ 5’-GCTGGAAGGTCAGAATCAGCTC-

3’ 

GAPDH 5’-ACAACTTTGGTATCGTGGAAGG-
3’ 

5’-GCCATCACGCCACAGTTTC-3’ 
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well. The plate was incubated at 25 °C, and absorbance readings at 405 nm (A 405 initial) 
were taken every 5 min until the most active sample approached the highest standard 
(20 nmol/well). The final absorbance (A405 final) used for calculating enzyme activity was 
taken just before this point. Amylase activity was calculated using this formula: 
Amylase activity (nmol/min/mL) = B × Sample Dilution Factor/ Reaction Time × V 

Where: B is the amount (nmol) of nitrophenol generated (ΔA405   = A405 final − A405 

initial), Reaction Time is Tfinal– Tinitial in minutesม V is the sample volume in mL 
One unit of amylase activity was indicated as the amount of enzyme that 

produces 1 µmol of p-nitrophenol per minute at 25°C. Experiments were performed in 
duplicate for accuracy. 

 
3.13 Statistical analysis 

To ensure experiment reproducibility, all assays were performed in triplicate. 
Results from the in vitro determination of phenolic and flavonoid contents, and 
antioxidant capacities, are presented as mean ± standard deviation (SD) from 
independent experiments, while other results are indicated as mean ± standard error of 
the mean (SEM) from three independent experiments. Statistical analysis was conducted 
using one-way ANOVA followed by Tukey's post-hoc test in GraphPad Prism version 8 to 
discern significant differences across groups (p < 0.05, p<0.01 and p<0.001). 
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CHAPTER 4  
RESULTS 

4.1 E. latifolia extraction yield measurement 
Water is considered a highly efficient solvent for extracting antioxidants from 

herbal medicines, including the heated water extract of E. latifolia fruits, due to its ability 
to dissolve a diverse range of phytochemical constituents, particularly phenolic 
compounds and flavonoids. The heated extraction yielded 29.7 g of dry extract from 100 
g of fresh E. latifolia fruit, resulting in an extraction yield of 29.7%.  
 
4.2 Total phenolic and flavonoid contents 

The quantification of total phenolic content in the E. latifolia fruit extract was 
performed using a calibration curve for standard gallic acid, constructed with solutions 
ranging from 0.1 to 0.5 mg/mL. This calibration curve was defined by the linear equation 
y=0.9115x + 0.0256 (R2 = 0.9947), as illustrated in Figure  22A. A calibration curve 
based on standard quercetin, with concentrations from 0.02 to 0.10 mg/mL, was used to 

measure the total flavonoid content (y=3.194x  + 0.0217, R2 = 0.9918), as shown in 
Figure 22B. Utilizing these calibration curves, the total polyphenolic and flavonoid 
contents of the extract were quantified and conveyed as mg GAE/g extract and mg QE/g 
extract, respectively, as presented in Table 2. 
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A 

B 

Figure 22 Calibration curves for the quantification of (A) total phenolic and (B) flavonoid 
contents, with gallic acid and quercetin standards, respectively. 
 

The analysis determined the levels of phenolic and flavonoid compounds in the 
E. latifolia fruit extract, with results demonstrating a presence of 24.38 ± 0.40 mg GAE/g 
extract for phenolic compounds and 0.13  ± 0.06 mg QE/g extract for flavonoid 
compounds, respectively (Table 2). These values demonstrate the substantial presence 
of bioactive compounds in the extract, which are known for their antioxidant properties 
and potential health benefits. 
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Table  2 The contents of total phenolic and flavonoid the heated water extract of E. 
latifolia  fruits. 
 

 
4.3. HPLC analysis 

 4.3.1 Malic acid 
The malic acid contents of the E. latifolia fruit extract was quantified using 

HPLC analysis, with the results detailed in Table 3. The HPLC chromatogram, using 
standard malic acid (Y=2.48e0.02X + 1.26e002, R2 = 0.99941) with a retention time of 7.324 
min, confirmed the presence of malic acid in the extract, with a retention time of 7.280 
min, respectively (Figure 23).  
 
 
 

E. latifolia 
Phenolic contents 

(mg GAE/g extract) 
Flavonoid contents 
(mg QE/g extract) 

Fruit extract 24.38±0.40 0.13±0.06 
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Figure 23 HPLC chromatograms illustrate the retention time of the (A) Standard malic 
acid, and (B) the presence of malic acid in the heated water extract of E. latifolia fruits. 
 

 

A 

B 



 
73 

 

 

4.3.2 GABA 
The GABA content of E. latifolia fruit extract was quantified using HPLC 

analysis. The standard GABA (Y=1.3e4X + 4.12e3, R2 =0.99994) exhibited a retention 
time of 15.892 min. GABA was detected in the extract with a retention time of 15.820 min 
(Figure 24). The GABA content of the extract, as in Table 3. 
A 

B 

 
Figure 24 HPLC chromatograms depicting the retention time of the Standard (A) GABA 
and (B) the presence of GABA in the heated water extract of E. latifolia fruits. 

Quantitative analysis of malic acid and GABA contents in the E. latifolia fruit 
extract revealed distinct compositional characteristics, with results shown in Table 3. The 
analysis indicated that malic acid was quantified at 0.55 mg/mg. In addition, GABA 
content analysis demonstrated substantial GABA level in the extract was found at 2.215 
µg/mg. This suggests that the heating process is essential for the release or synthesis of 
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GABA in the extract. These findings suggest that heating not only modulates the 
concentration of existing compounds such as malic acid but also facilitates the formation 
of bioactive compounds like GABA, which are crucial for the extract's potential health 
benefits. 
 
Table  3 Malic acid and GABA contents in the heated water extract of E. latifolia fruits. 

E. latifolia  
 

Malic acid contents  
(mg/mg crude extract) 

GABA contents 
(µg/mg crude extract) 

Fruit extract 0.55 2.215 
 
 

4.3.3 Metabolomics-Based Profiling of E. latifolia Using LC-Q-TOF-MS/MS 
A comprehensive phytochemical investigation of the E. latifolia fruit extract 

was conducted through LC-Q-TOF-MS/MS. This investigation uncovered the presence of 
34 secondary metabolites in the extract (Table 4). Tentative metabolite assignments 
were made by comparing molecular ions of [M+H]+ in the positive ionization mode to 
their respective lower m/z fragment ions with data reported in the literature and available 
online public databases, as shown in Table 4 and Figure 25.   

The analysis revealed several classes of compounds including amino acids. 
(1) L-Asparagine was detected at a retention time (tR) of 2.59 min and had molecular ion 
peaks [M+H]+ at m/z of 133.060, (2) GABA was identified at tR 2.63 min with [M+H]+ at 
m/z of 104.071(Figure 26), (3) Glutamic acid was found at tR 2.66 min with [M+H]+ at m/z 
of 148.061. (7) Proline was detected at tR 2.79 min with [M+H]+ at m/z of 116.070, (10) 
L-Tyrosine was found at tR 3.08 min with [M+H]+ at m/z of 182.082, (12) Norleucine was 
identified at tR 4.48 min with [M+H]+ at m/z of 132.102, and (16) L-Tryptophan was 
detected at tR 7.20 min with [M+H]+ at m/z of 205.097. 

Additionally, monosaccharides and oligosaccharides were identified such 
as (5) D-(+)-Mannose was found at tR 2.73 min with [M+H]+ at m/z of 361.137, and (6) 2-
alpha-Mannobiose was detected at tR 2.78 min with [M+H]+ at m/z of 360.152. 
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Other organic compounds identified included (4)1,3,5-Benzenetriol at tR 
2.72 min with [M+H]+ at m/z of 127.039, and (9) Citric Acid at tR 3.00 min with [M+H]+ at 
m/z of 210.062. Additionally, (14) 3-Nonen-1-ol, (Z) was found at tR 5.14 min with [M+H]+ 
at m/z of 143.034, and (15) 3-Indoleacrylic Acid was detected at tR 7.20 min with [M+H]+ 
at m/z of 188.071. The analysis also revealed the presence of some nucleobases and 
nucleosides, such as (8) Adenine at tR 2.91 min with [M+H]+ at m/z 136.062, and (11) 
Adenosine at tR 4.19 min with [M+H]+ at m/z 268.105.The extract contained various 
lipids and fatty acids, including (24) 1-Oleoyl-L-alpha-lysophosphatidic acid at tR 24.45 
min with [M+H]+ at m/z 437.195, (22) Tuberostemonine at tR 23.74 minutes with [M+H]+ 
at m/z 393.288, (23) 5-trans-17-Phenyltrinorprostaglandin F2α ethyl amide at tR 23.75 
min with [M+H]+ at m/z 398.243, and (25) 12(13)-Epoxy-9Z-octadecenoic acid at tR 
24.57 min with [M+H]+ at m/z 314.270. 

Analysis of the phytochemicals within the E. latifolia fruit extract disclosed a 
diverse array of compounds, including amino acids (particularly GABA), sugars, 
oligosaccharides, and unique compounds such as tuberostemonine and oleoyl -L-α-
lysophosphatidic acid. High concentrations of certain metabolites, including 1,3,5 -
Benzenetriol and citric Acid, were also observed. These findings suggest that the heat 
extraction process significantly alters the metabolite composition of E. latifolia fruits, 
resulting in a more diverse array of bioactive compounds. 
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4.4 In vitro antioxidant activity 
4.4.1 DPPH scavenging activity 

The extract from E. latifolia fruit showed a concentration-dependent effect 
on its ability to scavenge DPPH radicals. The extract exhibited scavenging activity 
ranging from 28.21% to 81.54% across concentrations of 5-25 mg/mL, yielding an IC50 
value of 14.01±0.60 mg/mL (Figure27B). 

 
Table  5 IC50 values for DPPH scavenging activity in the heated water extract of E. latifolia 
fruits. 
 

% Inhibition on 
DPPH free radical 

Concentrations (mg/mL) 
IC50 

(mg/mL) 
5 10 15 20 25  

Fruit extract 
28.21± 

2.20 
37.72± 

1.60 
50.71± 

1.17 
65.06± 

1.64 
81.54± 

1.97 
14.01± 0.60 

STD Ascorbic acid - - - - - 0.101±0.002 

Standard Ascorbic acid was formulated at concentrations between 0.05 and 0.15 mg/mL. 
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A 
  
 
 
 
 
 
 
 
 
B 

Figure 27 Percentage of DPPH scavenging activity of (A) standard ascorbic acid and (B) 
the heated  water extract of E. latifolia fruits at various concentrations. 

As indicated in Table 5, the E. latifolia fruit extract demonstrated scavenging 
activity across all tested concentrations. The extract attained a scavenging rate of 
28.21% at a concentration of 5 mg/mL. At 25 mg/mL, it exhibited a scavenging capability 
of 81.54%. The IC50 value for the extract was determined to be 14.01 ± 0.60 mg/mL, The 
highest activity recorded was 81.54% at 25 mg/mL (Figure 27B). The reference standard 
ascorbic acid showed an IC50 of 0.101 ± 0.002 mg/mL (Figure 27A). These findings 
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confirm the antioxidant potential of the extract in facilitating efficient free radical 
scavenging. 
 

4.4.2 ABTS scavenging activity 
The scavenging activity against ABTS radicals exhibited by the E. latifolia 

fruit extract indicated activity patterns that depend on concentration (Table 6). The 
extract exhibited scavenging activities ranging from 26.50% to 68.40% at concentrations 
between 0.25 and 2 mg/mL (Figure 28B). Trolox, a standard antioxidant, was utilized as 
a reference  Figure 28A. 

 
Table  6 IC50 values for ABTS radical scavenging activity in the heated water extract of E. 
latifolia fruits. 
 

% Inhibition on 
ABTS radical 

Concentrations (mg/mL) IC50 (mg/mL) 

0.25 0.50 1.00 2.00 3.00  

Fruit extract 
28.21± 

2.20 
37.72± 

1.60 
50.71± 

1.17 
65.06± 

1.64 
81.54± 

1.97 
1.18± 0.03 

STD Trolox - - - - - 0.169±0.002 

Standard Trolox was prepared at concentrations ranging from 0.1 to 0.2 mg/mL. 
 
 
 
 
 
 
 



 84 
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B  

Figure 28 Percentage of ABTS scavenging activity of (A) standard Trolox and (B) the 
heated water extract of E. latifolia fruits at various concentrations. 

Table 6 presents the specific percent inhibition observed at each 
concentration for the extract, showing an increase in scavenging activity correlated with 
higher concentrations. At 0.25 mg/mL, the extract achieved a scavenging activity of 
28.21 ± 2.20%, progressing to the maximum scavenging capability recorded was 
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81.54 ± 1.97% at concentration of 3 mg/mL. The IC50 value for the extract, indicative of 
its antioxidant effectiveness, was determined to be 1.18  ± 0.03 mg/mL. This value 
signifies the concentration required to achieve 50% inhibition of the ABTS radical, 
reflecting the potent antioxidant properties of the E. latifolia fruit extract. In comparison, 
the standard antioxidant Trolox was utilized, with an IC 50 value determined to be 
0.169 ± 0.002 mg/mL (Figure 28A). These findings reinforce the antioxidant poten tial of 
the E. latifolia fruit extract, demonstrating substantial capacity for ABTS radical 
scavenging across varying concentrations. 
 

4.4.3 Ferrous ion chelating activity 
The capacity of the E. latifolia fruit extract to chelate ferrous ions was 

measured quantitatively, as in Table 7. The  extract displayed chelating activity ranging 
from 3.71% to 6.53% across concentrations of 10 to 50 mg/mL. While the IC 50 values for 
ferrous ion chelation could not be determined at the highest tested concentrations,  the 
maximum chelating activity was observed at 50 mg/mL, achieving 6.53%. 
 
Table  7 IC50 values of ferrous ion-chelating activity in the heated water extract of E. 
latifolia fruits. 
 

%Fe2+ chelating 
activity 

10 
(mg/mL) 

20 
(mg/mL) 

30 
(mg/mL) 

40 
(mg/mL) 

50 
(mg/mL) 

IC50 
(mg/mL) 

Fruit extract 
3.71± 
1.57 

3.98± 
1.41 

3.89± 
1.15 

4.27± 
1.69 

6.53± 
4.28 

- 

EDTA - - - - - 0.18±0.01 

Standard EDTA was prepared at concentrations ranging from 0.10 to 0.25 mg/mL. 
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Figure 29 Percentage of ferrous ion chelating activity of the standard EDTA at different 
concentrations. 
 

The standard EDTA exhibited significantly higher chelating efficiency, with 
an IC50 value of 0.18 ± 0.01 mg/mL (Figure 29). Despite, the extract demonstrated limited 
chelation activity across all tested concentrations. At the maximum concentration of 50 
mg/mL, the extract achieved a chelation rate of only 6.53%, indicating a modest 
enhancement in chelating capacity because of thermal processing. 

These findings suggest that while the E. latifolia fruit extract exhibits some 
capacity for ferrous ion chelation, its effectiveness is modest. The enhancement in 
chelating activity due to thermal processing remains insufficient to reach critically 
relevant levels. 
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4.4.4 Ferric reducing antioxidant power 
 The reducing capabilities of the E. latifolia fruit extract was evaluated using 

the Fe3+/TPTZ methodology. The reducing potential was quantified by measuring the 
conversion of Fe3+/TPTZ complex to TPTZ/Fe2+ complex, using a calibration curve of 
Trolox standards with concentrations ranging from 0.2 to 1.0 mg/mL. The calibration 
relationship was defined by the equation y=1.1752x + 0.0454 (R2 = 0.9945), as shown in 
Figure 30. 

Figure 30 Calibration curves for the quantification of total ferric reducing power, using 
standard Trolox. 

The extract exhibited a reducing power of 64.07 ± 0.01 mg TE/g extract 
(Table 8). This value indicates a significant capacity for electron donation in the reduction 
of ferric ions. The results exhibited the antioxidant properties of the E. latifolia fruit 
extract, demonstrating its potential effectiveness in reducing power assays. 
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Table  8 Ferric reducing power in the heated water extract of E. latifolia fruits. 

E. latifolia 
Ferric reducing power 

(mg TE/g extract) 
Fruit extract 64.07±0.01 

 
 

4.4.5 Lipid peroxidation inhibition 
The lipid peroxidation inhibition capacity of the E. latifolia fruit extract 

exhibited concentration-dependent responses (Table 9). Quantitative analysis revealed 
that the extract demonstrated inhibition activities ranging from 33.33% to 87.07% across 
concentrations of 5-40 mg/mL (Figure 31). 

 
Table  9 IC50 values for lipid peroxidation inhibition scavenging activity in the heated 
water extract of E. latifolia fruits. 
 

% Lipid 
peroxidation 

inhibition 

Concentrations (mg/mL) IC50 (mg/mL) 

5 10 20 40  

Fruit extract 33.33±5.08 40.31±2.93 67.07±2.27 87.07±2.15 14.23±1.75 
STD Trolox - - - - 0.048±0.001 

Standard Trolox was prepared at concentrations ranging from 0.025 to 0.100 mg/mL. 
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A 

B 

Figure 31 Percentage of lipid peroxide inhibition of (A) standard Trolox and (B) the 
heated water extract of E. latifolia fruits at various concentrations. 

Analysis of IC50 values provided quantitative measures of extract efficacy. 
The extract demonstrated an IC50 value of 14.23 ± 1.75 mg/mL, while the reference 
compound Trolox exhibited an IC50 value of 0.048 ± 0.001 mg/mL within its tested range 
(0.025-0.100 mg/mL). At a concentration of 5 mg/mL,  the extract achieved 33.33% 
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inhibition, which increased to 87.07% inhibition at 40 mg/mL. These results indicate that 
the extract possesses effective inhibitory potential against lipid peroxidation. 

 
4.4.6 Superoxide radical scavenging activity 

The assessment of superoxide radical scavenging activity demonstrated 
concentration-dependent responses from the extract, as shown in Table 10. The extract 
demonstrated scavenging activities ranging from 27.71% to 71.65% (5 -50 mg/mL), with 
an IC50 value of 20.99 ± 1.55 mg/mL (Figure 32B). Trolox, a standard antioxidant, was 
utilized as reference as in Figure 32A. 
 
Table  10 IC50 values for superoxide radical scavenging activity in the heated water 
extract of E. latifolia fruits. 
 

% Inhibition on 
superoxide 

radical 

Concentrations (mg/mL) IC50 (mg/mL) 

5 10 20 40  

Fruit extract 
27.71± 

4.61 
31.73± 

1.73 
56.95± 

2.10 
71.65± 

1.37 
20.99±1.55 

STD Trolox - - - - 0.114±0.005 

      
Standard Trolox was prepared at concentrations ranging from 0.05 to 0.125 mg/mL. 
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A 

B 

Figure 32 Percentage superoxide radical inhibition of (A) standard Trolox and (B) the 
heated water extract of E. latifolia fruits at various concentrations. 

The  extract exhibited concentration-dependent scavenging activity for 
superoxide radicals, with inhibition levels ranging from 27.71% at 5 mg/mL to 71.65% at 
40 mg/mL. The IC50 value for the extract was determined to be 20.99 ± 1.55 mg/mL 

y = 513.81x - 8.4246

R² = 0.997

10

15

20

25

30

35

40

45

50

55

60

0.025 0.05 0.075 0.1 0.125%
 S

u
p

er
o

x
id

e 
ra

d
ic

al
 s

ca
v
en

g
in

g
 a

ct
iv

it
y

STD Trolox (mg/ml)

y = 1.301x + 22.616

R² = 0.9273

20

30

40

50

60

70

80

0 10 20 30 40

%
S

u
p

er
o

x
id

e 
ra

d
ic

al
 s

ca
v
en

g
in

g
 a

ct
iv

it
y

E. latifolia fruit  extract (mg/ml)



 92 
 

 
 

 

 

(Figure 32B). These findings demonstrate the effective scavenging potential of the 
extract against superoxide radicals. 

 
4.4.7 Hydroxyl radical scavenging activity 

The capacity of the E. latifolia fruit extract to scavenge hydroxyl radicals was 
systematically evaluated across multiple concentrations (Table 11). The extract exhibited 
significant concentration-dependent scavenging activity, with inhibition ranging from 
27.71% to 71.65% (20-80 mg/mL) and an IC50 value of 53.69 ± 2.54 mg/mL (Figure 33B). 
Ascorbic acid, a standard, was utilized as a reference  Figure 33A. 
 
Table  11 IC50 values for hydroxyl radical scavenging activity in the heated water extract 
of E. latifolia fruits. 
 

% Inhibition on 
hydroxyl radical 

Concentrations (mg/mL) IC50 

20 40 60 80  

Fruit extract 27.71±4.61 31.73±1.73 59.95±2.10 71.65±1.37 
53.69±2.54 

mg/mL 
STD Ascorbic 

acid 
- - - - 

364.78±4.84 
ng/mL 

Standard Ascorbic acid was prepared at concentrations ranging from 50 to 500 ng/mL. 
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A 

B 

Figure 33 Percentage hydroxyl radical inhibition of (A) standard Ascorbic acid and (B) 
the heated water extract of E. latifolia fruits at various concentrations. 

At 20 mg/mL, the extract demonstrated 27.71% hydroxyl radical inhibition. 
At 40 mg/mL, the inhibition increased to 31.73%. As the concentration increased, the 
extract continued to show enhanced performance, achieving 59.95% inhibition at 60 
mg/mL. At the highest concentration tested (80 mg/mL), the extract reached 71.65% 

y = 0.7852x + 7.7507

R² = 0.9399

20

30

40

50

60

70

80

0 20 40 60 80

%
H

y
d

ro
x
y
l 

ra
d

ic
al

 s
ca

v
en

g
in

g
 a

ct
iv

it
y
 

E.latifolia fruit extract (mg/mL)

y = 0.1236x + 4.926

R² = 0.986

0

10

20

30

40

50

60

70

80

0 100 200 300 400 500

%
 H

y
d

ro
x
y
l 

ra
d

ic
al

 s
ca

v
en

g
in

g
 a

ct
iv

it
y
 

STD Ascorbic acid (ng/mL)



 94 
 

 
 

 

 

inhibition. The IC50 value of the extract indicates its capacity to neutralize hydroxyl 
radicals, requiring a 

concentration of 53.69 ± 2.54 mg/mL to achieve 50% inhibition. These 
results emphasize the effective hydroxyl radical scavenging potential of the E. latifolia 
fruit extract. 

 
4.4.8. Nitric oxide radical scavenging activity 

The evaluation of nitric oxide radical scavenging capability demonstrated 
that the extract displayed concentration-dependent scavenging activities, which ranged 
from 31.02% to 58.06% (20-50 mg/mL). The IC50 value for the extract was determined to 
be 41.51 ± 1.55 mg/mL (Figure 34B). The gallic acid positive control demonstrated an 
IC50 value of 63.24 ± 2.99 µg/mL (Figure 34A). 

 
Table  12 IC50 values for NO radical scavenging activity in the heated water extract of E. 
latifolia fruits 
 

% Inhibition on 
NO free radical 

Concentrations (mg/mL) IC50 

20 30 40 50  

Fruit extract 31.02±3.06 39.31±3.02 48.02±1.77 58.06±2.14 
41.51±1.55 

mg/ml 

STD Gallic acid - - - - 
66.65±3.53 

µg/ml 

Standard Gallic acid was prepared at concentrations ranging from 40 to 100 µg/mL. 
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Figure 34 Percentage of NO radical scavenging activity of (A) standard Gallic acid and 
(B) the heated water extract of E. latifolia fruits at various concentrations. 
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At the lowest concentration (20 mg/mL), the extract achieved scavenging 
efficiency of 31.02%. At the maximum concentration (50 mg/mL), the extract achieved a 
scavenging activity of 58.06%. The IC 50 value for the extract was determined to be 
41.51± 1.55 mg/mL, indicating its effective capacity to nitric oxide scavenging capacity 
of the E. latifolia fruit extract 

 
4.4.9 Hydrogen peroxide scavenging activity 

The capacity of the E. latifolia fruit extract to scavenge hydrogen peroxide 
(H2O2) was evaluated quantitatively (Table 13). The extract also exhibited concentration-
dependent activity ranging from 12.59% to 68.50% at concentrations of 1.25 to 10 
mg/mL, with an IC50 value of 6.88 ± 0.26 mg/mL (Figure 35B). Ascorbic acid, used as a 
s tandard ,  exh ib i ted  super io r  scaveng ing potent ia l  w i th  an  IC 50 va lue  o f 
88.52 ± 1.88 ng/mL (Figure 35A). 
 
Table  13 IC50 values for H2O2 scavenging activity in the heated water extract of E. 
latifolia fruits 
 

% Inhibition on 
H2O2 

Concentrations (mg/mL) IC50 

1.25 2.5 5 10  

Fruit extract 12.59±1.31 28.62±2.94 37.52±0.61 68.50±1.84 
6.88±0.26 

mg/ml 
STD Ascorbic 

acid 
- - - - 

88.52±1.88 
ng/ml 

Standard Ascorbic acid was prepared at concentrations ranging from 5 to 100 ng/mL. 
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Figure 35 Percentage of H2O2 scavenging activity of (A) standard ascorbic acid and (B) 
the heated water extract of E. latifolia fruits at various concentrations. 
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At the lowest concentration (1.25 mg/mL), the extract achieved scavenging 

efficiency of 12.59%. At the highest concentration tested (10 mg/mL), the extract 
demonstrated a scavenging activity of 68.50%. The IC 50 value for the extract was 
determined to be 6.88 ± 0.26 mg/mL, indicating its effective capacity to neutralize 
hydrogen peroxide. These findings demonstrate the substantial hydrogen peroxide 
scavenging potential of the E. latifolia fruit extract. 
 
 
 
 
 
 
 
 
 
 



 
 

     

99 

Ta
ble

  1
4 T

ota
l p

he
no

lic
, fl

av
on

oid
, a

nd
 an

tio
xid

an
t a

cti
vit

ies
 IC

50
 va

lue
s o

f th
e h

ea
ted

 w
ate

r e
xtr

ac
t o

f E
. la

tifo
lia

 fru
its

. 

As
se

ss
me

nt 
E.

 la
tifo

lia
 fr

uit
 

ex
tra

ct 
(m

g/
mL

) 

St
an

da
rd

  
Ga

llic
 ac

id 
(µ

g/
mL

) 
ED

TA
 

(m
g/

mL
) 

Tr
olo

x (
mg

/m
L)

 
As

co
rb

ic 
ac

id 
(n

g/
mL

) 

To
tal

 p
he

no
lic

 co
nte

nt 
24

.38
±0

.40
a  

- 
- 

- 
- 

To
tal

 fla
vo

no
id 

co
nte

nt 
0.1

3±
0.0

6b  
- 

- 
- 

- 
DP

PH
 ra

dic
al 

sc
av

en
gin

g 
ac

tiv
ity

 
14

.01
± 0

.60
 

- 
- 

- 
0.1

01
±0

.00
2 (

mg
/m

L)
 

AB
TS

 ra
dic

al 
sc

av
en

gin
g 

ac
tiv

ity
 

1.1
8±

 0.
03

 
- 

- 
0.1

69
±0

.00
2 

- 
Fe

rro
us

 io
n c

he
lat

ion
 ac

tiv
ity

 
- 

- 
0.1

8±
0.0

1 
 

- 
Fe

rric
 re

du
cin

g 
an

tio
xid

an
t p

ow
er

 
64

.07
±0

.01
c  

- 
- 

 
- 

Lip
id 

pe
ro

xid
ati

on
 in

hib
itio

n 
14

.23
±1

.75
 

- 
- 

0.0
48

±0
.00

1 
- 

Su
pe

ro
xid

e r
ad

ica
l s

ca
ve

ng
ing

 ac
tiv

ity
 

20
.99

±1
.55

 
- 

- 
0.1

14
±0

.00
5 

- 
Hy

dr
ox

yl 
ra

dic
al 

sc
av

en
gin

g 
ac

tiv
ity

  
53

.69
±2

.54
 

- 
- 

- 
36

4.7
8±

4.8
4 

Ni
tric

 ox
ide

 ra
dic

al 
sc

av
en

gin
g 

ac
tiv

ity
 

41
.51

±1
.55

 
66

.65
±3

.53
  

- 
- 

- 

Hy
dr

og
en

 p
er

ox
ide

 sc
av

en
gin

g 
ac

tiv
ity

 
6.8

8±
0.2

6 
 

- 
- 

88
.52

±1
.88

  

Re
su

lts
 ex

pr
es

se
d 

as
 m

ea
n ±

 S
D,

  a mg
 G

AE
/g

 ex
tra

ct 
b  m

g 
QE

/g
 ex

tra
ct 

c mg
 TE

/g
 ex

tra
ct.



 
100 

 

4.5. In vitro cell-based study of E. latifolia fruit extract 
4.5.1 Effect of E. latifolia fruit extract on cell viability of human submandibular 
gland (HSG) cells 

Assessing the toxicity of E. latifolia fruit extract in HSG (HTB-41) cells is a 
crucial step to confirm that only non-toxic concentrations are employed in subsequent 
experiments. Due to their relevance in pharmacological studies, HSG cells originating 
from the human submandibular gland were selected as an appropriate model for toxicity 
assessment. 

To determine the non-cytotoxic concentrations, HSG cells were treated with 
the extract at varying concentrations ranging from 0 to 100 µg /mL. Cell viability was 
measured after 24 hours using a resazurin cell viability assay. The results indicated that 
the extract did not significantly alter cell viability across the tested concentration range 
compared to the untreated control (p>0.05) (Figure 36). This finding confirms that the 
extract does not cause cytotoxicity or induces proliferation in HSG cells. It ensures that 
any observed effects in further experiments can be directly attributed to the extract's 
specific properties rather than to cellular stress or growth stimulation.  

Based on these findings, concentrations of 25, 50, and 100 µg/mL were 
chosen for subsequent experiments to evaluate the pharmacological activity of the 
extracts, as these concentrations showed no toxicity to HSG cells. 
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Figure 36 Cell viability of the heated water extract of E. latifolia fruits at various 
concentrations.  Data are expressed as mean ± SEM (n = 4). 
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4.5.2 Effect of tert-butyl hydroperoxide (t-BHP) on cell viability of human 
submandibular gland cells 

Cytotoxicity testing of t-BHP in HSG cells is a crucial step in determining 
safe concentrations that induce oxidative stress without markedly affecting cell viability. 
This ensures that the effects observed in subsequent experiments are specifically 
attributed to the targeted biochemical pathways rather than to excessive toxicity. 

To evaluate the cytotoxicity of t-BHP, cell viability assays were performed on 
HSG cells using various concentrations and exposure times. The experimental design 
involved treating HSG cells with a range of t -BHP concentrations, from 0.07 to 5 mM for 
4, 6, and 24 hours. Cell viability was then measured using the resazurin cell viability 
assay, and the results were expressed as a percentage of the untreated control. The 
viability of HSG cells under these conditions was illustrated in Figure 37. 

After 4 h of incubation, the effect on HSG cell viability was mild (not 
especially pronounced). Viability decreased slightly from 94.59±0.28% at 0.07 mM to 
75.83±0.29% at 5 mM, compared to 100% viability in the untreated control. In contrast, 
24-h exposure to t-BHP resulted in a dramatic decrease in cell viability, with 97.42±1.51% 
cell death at 0.07 mM and 7.05 ±0.04% cell death at 5mM. For the 6-hour exposure, cell 
viability gradually decreased from 90.80± 0.37% at 0.07mM to 42.40 ±0.14% at 5mM. 

Based on these results, a 6-h incubation period and a t-BHP concentration 
of 0.4 mM (400 µM) were determined to be the optimal conditions for subsequent 
experiments in this study. At this concentration, cell viability was approximately 
55.64±0.22%, providing an appropriate balance between inducing cellular stress and 
maintaining sufficient cell survival for further analysis. 
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Figure 37 Cytotoxic effect of t-BHP on relative HSG cell viability induced by various 
concentrations (0 to 5 mM) and exposure times (4, 6 and 24 h). 
Data are presented as mean ± SEM (n ≥ 4). 
###p<0.001 compared with untreated control group. 
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4.5.3 Effect of E. latifolia fruit extract on t-BHP-induced toxicity in HSG cells 
The t-BHP-induced oxidative damage in HSG cells was used as a model to 

determine the protective effect of the E. latifolia fruit extract. Exposure to 400µM t-BHP 
was for 6 h significantly decreased percent cell viability (p < 0.001) compared to the 
untreated control group (Figure 38).  

Co-treatment of HSG cells with the extract and t-BHP showed significant 
improvements in cell viability. At concentration of 25, 50, and 100 µg/mL, cell viability 
was 79.21 ±1.22, 88.98 ±0.82, and 96.60± 0.74, respectively (all p<0.001), compared to 
the t-BHP alone group (Figure 38). 

These results indicate that the extract significantly enhances cell viability at 
all tested concentrations, demonstrating protective effects against t -BHP-induced 
oxidative damage in HSG cells. This supports their use in further experiments to 
maximize antioxidant benefits. 
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Figure 38 Protective effect of the heated water extract of E. latifolia fruits on t-BHP-
induced HSG cell viability.   
Values were represented as mean ± SEM (n ≥ 4); ###p<0.001 as compared with untreated 
control group; ***p<0.001 as compared with only t-BHP treated group. 
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4.5.4 Effect of the E. latifolia fruit extract on t-BHP-induced HSG cells apoptosis 
4.5.4.1 Morphological assessment of apoptosis using phase contrast and 
Hoechst 33342 staining  

Phase contrast microscopy was used to observe live, unstained cells, 
providing insight into their natural state without the need for dyes or labels that could 
potentially alter cellular behavior. Moreover, Hoechst 33342 staining was utilized to 
visualize nuclear chromatin under a confocal microscope. This technique allowed for the 
identification of apoptotic characteristics, such as fragmentation and chromatin 
condensation, offering a more detailed view of nuclear structure and organization. 

In Figure 39A and 39B, the cells exposed to 400 µM t-BHP demonstrated 
markedly condensed and fragmented nuclear chromatin, indicative of apoptosis. In 
contrast, cells treated with the highest concentration of E. latifolia fruit extract (100 
µg/mL) showed some degree of chromatin condensation and fragmentation, but to a 
lesser extent than t-BHP-treated cells. Regarding cell morphology, untreated control 
cells displayed typical characteristics: flat, polygonal shapes with ro und, central nuclei 
and low fluorescence intensity when stained with Hoechst dyes. These cells were closely 
connected with clear outlines. Exposure to 400 µM t -BHP caused significant cell 
morphological changes, including increased roundness, reduced size, looser 
intercellular connections, and significantly and heightened fluorescence intensity of 
Hoechst dyes. In contrast, co-treatment with the extract (100 µg/mL) resulted in cell 
morphology more like untreated cells, with lower intensity of Hoechst dyes, compared to 
t-BHP-treated cells. Moreover, the extract effectively alleviated t-BHP-induced oxidative 
stress, exhibiting antioxidant effects. Cells treated with the extract were larger and more 
polygonal with rounded nuclei, in contrast to the smaller, altered shape of t-BHP-treated 
cells. 
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Figure 39 (A) Morphological features and (B) nuclear alterations stained with Hoechst 
33342 during apoptosis in HSG cells, visualized using phase contrast (scale bar: 20 µm) 
and confocal laser scanning microscope (scale bar: 10 µm; Zeiss, Germany). 
 

4.5.4.2 Analysis of cell death using Acridine Orange (AO)/Ethidium Bromide 
(EB) Staining  

Apoptotic morphological changes were identified through acridine 
orange-ethidium bromide (AO/EB) fluorescent staining of t-BHP-induced HSG cell and 
compared with the extract treatment. The AO/EB staining method reveals cellular states 
through color: green nuclei indicate viable cells, green nuclei signify viable cells, 
greenish-yellow nuclei indicate early apoptosis, condensed orange-red nuclei denote 
late apoptosis, and bright red is indicative of dead cells. 

Figure 40 indicated that the untreated cells and the group treated 
with 100 µg/mL E. latifolia fruit extract alone appeared with normal nuclei, almost entirely 
presenting bright green. In contrast, cells treated with 400µM t-BHP showed significantly 
increased intensity of orange and red fluorescence, indicating hallmark signs of 
apoptosis, including condensed chromatin, fragmented nuclei, formation of apoptotic 
bodies, and membrane blebbing. These distinctive features were clearly observable in 
the AO/EB-stained cells, providing significant evidence of the apoptotic process. 

Combination treatment of 400µM t-BHP and E. latifolia fruit extract 
significant decreased red fluorescence while increasing green fluorescence in dose -
dependent manner. This effect was most pronounced at the highest concentration (100 
µg/mL), where cell morphology was similar to the extract -alone group when compared 
with the t-BHP-induced group. 
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Figure 40 Apoptotic morphology detection by acridine orange-ethidium bromide (AO/EB) 
fluorescent staining of HSG cells visualized using confocal laser scanning microscope 
(scale bar: 10 µm; Zeiss, Germany). 
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4.5.5 Effect of E. latifolia fruit extract on t-BHP-induced intracellular ROS 
The preventive effect of the extract on intracellular ROS induced by t -BHP 

was evaluated by measuring fluorescent intensity of DCF. As illustrated in Figure 41, t -
BHP, a known inducer of oxidative stress, significantly increased intracellular ROS levels, 
resulting in the highest intensity of green fluorescence observed (Figure 41A). 
Quantitatively, the ROS-related fluorescence intensity increased to 3.66 ± 0.14 -fold 
compared to the control group (p<0.001) (Figure 41B).  

In contrast, the combination of t -BHP with E. latifol ia  at 100 µg/mL 
dramatically reduced the green fluorescence intensity, indicating a substantial decrease 
in ROS production down to 1.22 ± 0.06-fold of the control. Similarly, lower concentration 
of the extract at 25 and 50 µg/mL were able to gradually lower the fluorescence and 
significantly decreased the ROS levels to 2.62 ± 0.10 and 1.85± 0.22-folds of the control, 
respectively (p<0.001), compared to t-BHP group.  These findings demonstrate that the 
extract's ability to reduce intracellular ROS in a statical significance. Moreover, treatment 
with the extract alone did not increase intracellular ROS generation, producing an effect 
similar to the untreated control group (p=0.872). 
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Figure 41 Antioxidant effect of the heated water extract of E. latifolia fruits on intracellular 
ROS of t-BHP-induced cells oxidative stress. (A) Fluorescence images and (B) the 
percentage of DCF fluorescence intensity. 
Values were represented as  mean ± SEM (n = 4); ###p<0.001 as compared with 
untreated control group; ***p<0.001 as compared with only t-BHP treated group. 
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4.5.6 Effect of E. latifolia fruit extract on mRNA expression of salivary genes in t -
BHP-induced HSG cells using real-time RT-PCR analysis 

4.5.6.1 Effect of E. latifolia fruit extract on Bax and Bcl-2 mRNA expression  
The effect of the extract on cellular apoptosis was investigated by 

measuring the Bax/Bcl-2 mRNA expression ratio in t-BHP-induced HSG cells. As 
illustrated in Figure 42, treatment with 400 µM t-BHP significantly increased the Bax/Bcl-
2 mRNA ratio to 6.33 ± 0.67 compared to untreated control group (p<0.001). Conversely, 
combining 400 µM t-BHP with various concentrations of the extract (25, 50, and 100 
µg/mL) resulted in a gradual reduction of the Bax/Bcl -2 mRNA ratio, with relative 
expression levels of 4.29 ± 0.30, 1.94 ± 0.17, and 1.18 ± 0.05-folds of the control, 
respectively. This indicated a significant decrease in Bax/Bcl -2 mRNA expression 
compared to t-BHP-induced cells alone, with reductions being statistically significant at 
p<0.01, p<0.001, and p<0.001, respectively.   

Treatment with E. latifolia extract alone did not significantly alter the 
Bax/Bcl-2 ratio compared to untreated cell (p>0.999). These findings suggest that E. 
latifolia fruit extract effectively reduces the Bax/Bcl-2 ratio at the mRNA expression level, 
thereby shifting the balance between pro- and anti-apoptotic factors towards cell 
survival. 
 
 
 
 
 
 
 
 
 
 



 
113 

 
 

 

 

 
 

 
Figure 42 The relative mRNA expression levels of Bax/Bcl-2 ratio in t-BHP induced HSG 
cells and the co-treatment with the heated water extract  E. latifolia fruits. GAPDH was 
used as the internal control. 
Values were represented as mean ± SEM (n = 4); ###p<0.001 as compared with untreated 
control group; **p<0.01 and ***p<0.001 as compared with only t-BHP treated group. 
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4.5.6.2 Effect of E. latifolia fruit extract on AQP5 mRNA expression  

The modulation of AQP5 mRNA expression in t-BHP-induced HSG cells 
by E. latifolia fruit extract was explored, as illustrated in Figure 43. This study found that 
combining 400 µM t-BHP with 25 µg /mL of the extract slightly increased AQP5  gene 
expression, but the change was not significant compared to t-BHP alone (p=0.448), with 
relative expression at 0.80 ± 0.05-fold of the control.   

However, higher concentrations of the extract (50 and 100 µg /mL) led to 
a significant increase in AQP5 gene expression, with relative levels at 0.97 ±0.05 and 
1.25 ± 0.11-fold of the control, respectively, compared to cells treated with t -BHP alone 
(p<0.05 and p<0.001, respectively).  

The extract alone group at 100 µg /mL significantly enhanced AQP5 
mRNA expression to 1.75± 0.09-fold of the control, compared to both untreated and t-
BHP alone (p<0.001). In contrast, the t-BHP alone group showed a marked decrease in 
AQP5 expression compared to untreated control, with relative expression of 0.59 ±0.10 
(p<0.01). The results suggest a trend of E. latifolia fruit extract to upregulate AQP5 
expression in t-BHP-induced HSG cells. 
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Figure 43 The relative mRNA expression levels of AQP5 in t-BHP induced HSG cells and 
the co-treatment with the heated water extract of E. latifolia fruits. GAPDH was used as 
the internal control. 
Values were represented as mean ± SEM (n = 4); ##p<0.01 compared to untreated 
control group; *p<0.05 and ***p<0.001 as compared with only t-BHP treated group. 
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4.5.6.3 Effect of E. latifolia fruit extract on AMY1 mRNA expression  
The effect of E. latifolia fruit extract on AMY1 mRNA expression in t-BHP-

induced HSG cells was investigated. Results revealed that HSG cells treated with 400 
µM t-BHP exhibited a significant decrease in AMY1 expression compared to the 
untreated control group, with a relative expression of 0.29 ± 0.06 (p<0.001) (Figure 44).  

In contrast, combining 400 µM t-BHP with three concentrations of the 
extract (25, 50, and 100 µg/mL) led to a significant increase in AMY1 expression levels 
compared to t-BHP-induced cells alone, with a relative expression levels were 0.49 ± 
0.03, 0.58 ± 0.05 and 0.90 ± 0.03-fold of the control, respectively, with statistical 
significance of p<0.05, p<0.01, and p<0.001, respectively. While treatment with the 
extract alone at 100 µg/mL showed no significant difference in AMY1 gene expression 
compared to untreated cells (p=0.897). 

These observations indicate that E. latifolia fruit extract may upregulate 
AMY1 expression in t-BHP-induced HSG cells in a dose-dependent manner. In 
particular, the 100 µg/mL concentration of the extract markedly enhanced AMY1 
expression levels, suggesting a potential preventive effect against t -BHP-induced 
dysfunction in HSG cells. Moreover, the gene expression analysis demonstrated that all 
tested concentrations significantly elevated AMY1 levels in t -BHP-treated HSG cells, 
implying that the extract could support salivary function following oxidative stress 
exposure. 
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Figure 44 The relative mRNA expression levels of AMY1 in t-BHP induced HSG cells and 
the co-treatment with the heated water extract of E. latifolia fruits. GAPDH was used as 
the internal control. 
Values were represented as mean ± SEM (n = 4); ###p<0.001 as compared with untreated 
control group; *p<0.05, **p<0.01 and ***p<0.001 as compared with only t-BHP treated 
group. 
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4.5.7 Effect of E. latifolia fruit extract on protein expression in t-BHP-induced HSG 
cells using western blot analysis 

4.5.7.1 Effect of E. latifolia fruit extract on Bax and Bcl-2 protein expression 
To investigate the effect of the extract on t -BHP-induced HSG cells 

involving the apoptotic signaling pathway of the Bcl -2 family, the Bax/Bcl-2 protein 
expression ratio was measured using GAPDH as an internal reference, as shown in 
Figure 45. Treatment with 400 µM t-BHP significantly increased the Bax/Bcl-2 ratio to 
2.98 ± 0.21 compared to the untreated control group  (p<0.001). In contrast, combining 
400 µM t-BHP with extracts at 25, 50, and 100 µg/mL resulted in a gradual decrease in 
the Bax/Bcl-2 ratio compared to t-BHP alone, with levels at 2.30 ± 0.14, 1.40 ± 0.19, and 
1.04 ± 0.12-folds of the control, respectively. This demonstrated a trend of decreasing 
the Bax/Bcl-2 protein expression ratio, with a statistical significance at p<0.01, p<0.001, 
and p<0.001, respectively.   

Treatment with the extract alone did not significantly change the Bax/Bcl-
2 ratio compared to untreated group. These findings suggest that E. latifolia fruit extract 
effectively lowered the Bax/Bcl-2 ratio at the protein expression level, potentially 
diminishing apoptotic signaling pathway and enhanced cell survival. 
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Figure 45 Relative expression of Bax/Bcl-2 ratio in t-BHP induced HSG cells and the co-
treatment with the heated water extract of E. latifolia fruits. (A) Representative protein 
bands of Bax, Bcl-2, and GAPDH. (B) Bax/Bcl-2 ratio normalized to GAPDH protein 
levels 
Values were represented as mean ± SEM (n = 4); ###p<0.001 as compared with untreated 
control group; *p<0.05 and ***p<0.001 as compared with only t-BHP treated group. 
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4.5.7.2 Effect of E. latifolia fruit extract on phosphorylation of P38 protein 
expression  

The protective effect of E. latifolia fruit extract was investigated. In 
particular, this study examined the phosphorylation levels of P38 (P -P38) under stress 
conditions induced by t-BHP in HSG cells, as illustrated in Figure 46. GAPDH protein 
was used as an internal reference for this analysis.  

P-P38 protein expression significantly increased after treatment with 400 
µM t-BHP alone compared to the untreated control group, with a relative expression of 
1.66 ± 0.11-fold (p<0.001). The combination of 400 µM t-BHP with 25 µg/mL of the E. 
latifolia fruit extract slightly reduced P-P38 protein expression, but not significantly, with 
the relative P-P38 expression at 1.51 ± 0.07-fold of the control, compared to t-BHP alone 
(p=0.548). 

However, combining 400 µM t-BHP with the extract at 50 and 100 µg/mL 
led to a significant decrease in P-P38 protein expression, with relative expression levels 
of 1.94 ± 0.17 and 1.18 ± 0.05-folds of the control, respectively, compared to t -BHP-
induced cells alone. These reductions were statistically significant at p<0.01. E. latifolia 
fruit extract alone at a concentration of 100 µg/mL showed no significant difference in 
protein expression compared to untreated cells (p=0.826). These results suggest that 
treatment with the extract demonstrated a trend towards reducing P-P38 protein 
expression and could effectively decrease its levels even under oxidative stress 
conditions. 
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Figure 46 Phosphorylation of P38 expression in  t-BHP induced HSG cells and the co-
treatment with the heated water extract of E. latifolia fruits. (A) Representative protein 
bands of P-P38, total P38, and GAPDH. (B) Calculation of the P-P38/GAPDH protein 
ratio. 
 Values were represented as mean ± SEM (n = 4); ###p<0.001 as compared with 
untreated control group; **p<0.01 as compared with only t-BHP treated group. 
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4.5.7.3 Effect of E. latifolia fruit extract on caspase-3 protein expression  
To investigate the effect of E. latifolia fruit extract on t-BHP-induced HSG 

cells in relation to the apoptotic pathway involving caspase-3 protein changes, this study 
assessed cleaved caspase-3 protein expression using GAPDH as an internal reference, 
as shown in Figure 47.  

This study found that treatment with t-BHP alone showed a marked 
increase cleaved caspase-3 protein expression compared to untreated control, with a 
relative expression of 1.79 ±0.10 fold (p<0.001). The combination of 400 µM t-BHP with 
25 µg /mL of the extract showed no difference compared to t-BHP alone (p>0.999), and 
did not decrease the cleaved caspase-3 protein expression, with relative protein 
expression at 1.77± 0.18-fold of the control.  

However, higher concentrations of the extract (50 and 100 µg /mL) led to 
a significant decrease in cleaved caspase-3 protein expression, with relative expression 
at 1.49 ±0.07 and 1.28 ± 0.05-folds of the control, respectively, compared to t-BHP-
induced cells alone (p<0.05 and p<0.001, respectively).  

The extract alone at 100 µg /mL  significantly reduced the protein 
expression of cleaved caspase-3 compared to t-BHP alone and showed no significant 
difference to untreated group (p=0.967). The results suggest that the E. latifolia fruit 
extract could downregulate cleaved caspase-3 protein expression under oxidative stress 
conditions in HSG cells. 
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Figure 47 Cleaved caspase-3 protein expression in t-BHP induced HSG cells and the 
co-treatment with the heated water extract of E. latifolia fruits. (A) Representative protein 
bands of cleaved caspase-3 and GAPDH determined by western blot. (B) Protein ratio 
calculation of caspase-3 and GAPDH. 
Values were represented as mean ± SEM (n = 4); ###p<0.001 as compared with untreated 
control group; *p<0.05 and ***p<0.001 as compared with only t-BHP treated group. 
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4.5.7.4 Effect of E. latifolia fruit extract on AQP5 protein expression  
The effect of E. latifolia fruit extract on water channel protein aquaporin-5 

(AQP5) was investigated by measuring the AQP5 protein expression under stress 
conditions induced by t-BHP in HSG cells, using GAPDH as an internal reference, as 
shown in Figure 48. 

Treatment with 400 µM t-BHP significantly decreased the AQP5 protein 
expression level to 0.60 ± 0.04 compared to the untreated control group  (p<0.001). 
Conversely, combining 400 µM t-BHP with the extract (25, 50, and 100 µg/mL) resulted 
in a gradual elevation of the expression levels compared to t -BHP-induced cells alone, 
with relative expression levels of 0.88 ± 0.04, 0.93 ± 0.04, and 0.97 ± 0.0 5-folds of the 
control, respectively. This indicated a marked increase in AQP5 protein expression, with 
statistical significance at p<0.01, p<0.001, and p<0.001, respectively.   

Treatment with the extract alone did not significantly change the AQP5 
protein expression compared to the untreated group. These findings suggest that the   
extract treatment effectively increased the AQP5 water channel at the protein expression, 
thereby potentially rescuing AQP5 protein levels under t -BHP induced cellular oxidative 
damage.  
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Figure 48 Aquaporin-5 protein expression in t-BHP induced HSG cells and the co-
treatment with the heated water extract of E. latifolia fruits. (A) Representative protein 
bands of AQP5 and GAPDH determined by western blot. (B) Protein ratio of AQP5 and 
GAPDH. 
Values were represented as mean ± SEM (n = 4); ###p<0.001 as compared with untreated 
control group; **p<0.01 and ***p<0.001 as compared with only t-BHP treated group. 
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4.5.8 Effect of E. latifolia fruit extract on amylase activity in t-BHP-induced HSG 
cells 

The quantification of nitrophenol was performed using calibration curves 
specific to each time point. For the initial 5-min measurement (Tinitial), the calibration curve 
equation y=0.0316x+0.0469 was employed, as illustrated in Figure 49. Subsequent time 
points (T final) varied depending on the sample and utilized distinct equations for 
calculation, as detailed in Table 15. The complete set of nitrophenol calibration curves 
for each time point can be found in Figure 55, providing a comprehensive reference fo r 
the analytical methodology utilized in this study. 
 
Table  15 Nitrophenol standard curve parameters at each time point. 

Time Equation from STD nitrophenol  R2 
Tinitial at 5 min y=0.0316x+0.0469 0.9987 
Tfinal at 10 min y=0.0318x+0.0486 0.9991 
Tfinal at 15 min y=0.0320x+0.0485 0.9991 
Tfinal at 20 min y=0.0322x+0.0489 0.9989 
Tfinal at 25 min y=0.0324x+0.0485 0.9990 
Tfinal at 30 min y=0.0326x+0.0488 0.9989 
Tfinal at 35 min y=0.0327x+0.0468 0.9990 
Tfinal at 40 min y=0.0327x+0.0485 0.9992 
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Figure 49 Standard curve of nitrophenol for amylase activity quantification at Tinitial=5 min 
 
Amylase activity in HSG cells under t-BHP-induced stress conditions was 

evaluated following treatment with E. latifolia fruit extract (Figure 50). Quantification was 
performed using a nitrophenol calibration curve ranging from 4 to 20 nmol (Figure 49).  
Exposure to 400 µM t-BHP alone significantly reduced amylase activity to 0.85 ± 0.36 
nmol/min/mL compared to the untreated control (p<0.001). Co-treatment with 25 µg/mL 
E. latifolia fruit extract slightly increased amylase activity to 1.73 ± 0.39 nmol/min/mL, 
though this change was not statistically significant ( p=0.561). However, higher 
concentrations of E. latifolia fruit extract (50 and 100 µg/mL) in combination with 400 µM 
t-BHP resulted in significant increases in amylase activity to 4.77 ± 0.46 and 3.87 ± 0.43 
nmol/min/mL, respectively (p<0.001 for both). Interestingly, co-treatment with 50 µg/mL 
of the extract exhibited the most pronounced effect in enhancing amylase a ctivity in t-
BHP-induced HSG cells. In addition, the extract treatment alone did not significantly alter 
amylase activity compared to untreated cells (p>0.999). These findings suggest that the 
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extract exhibited a protective effect on amylase activity under oxidative stress conditions, 
potentially mitigating t-BHP-induced cellular damage. 
 

 
Figure 50 Amylase activity in t-BHP induced HSG cells and the co-treatment with the 
heated water extract of E. latifolia fruits. 
Values were represented as mean ± SEM (n ≥ 4); ###p<0.001 as compared with 
untreated control group and ***p<0.001 as compared with only t-BHP treated group. 
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CHAPTER 5  
DISCUSSION AND CONCLUSION 

An imbalance between reactive oxygen species (ROS) and antioxidant levels 
leads to the phenomenon known as oxidative stress, significantly contributing to various 
diseases, including oral health disorders (150). This imbalance leads to cellular damage 
through the oxidation of lipids, proteins, and DNA, resulting in pathological conditions 
such as oral health issues and cancer progression (151). Elaeagnus latifolia Linn. (E. 
latifolia), known as Malod in Thailand, is renowned for its potent antioxidant properties, 
attributed to its rich valuable bioactive compounds that provide protection against 
oxidative stress(152). 

The levels of antioxidant and bioactive compounds in E. latifolia fruits vary 
across ripening stages, influencing their potential health benefits. Research on various 
fruits, including peaches, apples, and grapes, has demonstrated that unripe fruits often 
contain higher levels of polyphenols and exhibit antioxidant activity compared to ripe 
fruits (153-155). Similarly, studies on Carissa carandas have indicated that unripe fruits 
display stronger radical-scavenging activity, demonstrating the importance of the 
ripening stage in determining antioxidant effectiveness (27). In line with these findings, 
Niwaspragrit et al. observed elevated levels of polyphenols and flavonoids in unripe E. 
latifolia fruits, correlating with enhanced antioxidant properties(112). These observations 
guided the focus on unripe E. latifolia fruit to maximize the therapeutic potential of its 
bioactive compounds. 

Methanol and ethanol extractions are widely used to isolate diverse bioactive 
compounds from E. latifolia fruits, including both polar and non-polar phytochemicals(119, 

156). While methanol extracts generally yield higher concentrations of these compounds, 
water extracts can exhibit comparable or superior antioxidant activity, as evidenced in 
Oldenlandia corymbosa(157). This suggests that water may extract certain synergistic 
phytoconstituents that enhance antioxidant activity, despite lower polyphenol levels. 
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However, research on water extracts of E. latifolia is still limited. Therefore, this study 
utilizes water-based extraction, aligning with green chemistry principles by replacing 
hazardous organic solvents with an environmentally sustainable, cost -effective 
alternative that effectively recovers valuable bioactive components (158). This study 
focused on optimizing E. latifolia’ s bioactive yield using heated water extraction 
methods. Heating facilitates the production of stable bioactive compounds, contributing 
to the antioxidant profile of E. latifolia. This thermal disruption of plant cell walls, releasing 
phenolic compounds from the plant matrix and making them more accessible to the 
solvent(159, 160), as observed in studies involving heating tomato and black mulberry 
extracts(161, 162). Heated water extraction effectively alters the total flavonoid content of E. 
latifolia fruits by converting flavonoid glycosides into more readily extractable aglycone 
forms. This process corresponds with findings from studies on tomato and E. rhamnoides 
(sea buckthorn) fruits, where thermal disruption of cell walls facilitated flavonoid 
release(163, 164). Advanced extraction methods, such as ultrasound-assisted extraction 
and ohmic heating, can further optimize flavonoid yield(165). However, careful temperature 
control is essential to avoid thermal degradation of these sensitive compounds(166). 

To comprehensively evaluate the antioxidant potential of E. latifolia extracts, a 
dual-assay approach was employed using DPPH and ABTS methods. The DPPH assay 
detects hydrogen-donating antioxidants in non-polar environments, the ABTS assay 
measures a broader spectrum of antioxidants in both water and organic solvents (167). 
Research has established the antioxidant potential of 70% methanol extract of E. latifolia 
fruits, demonstrating moderate antioxidant activity (14) and the flower extract 
demonstrated significant DPPH scavenging activity(116). Furthermore, the ethanolic 
extract of E. latifolia fruits exhibited considerable antioxidant potential in the ABTS 
assay(119). Consistent with these findings, our findings indicate that thermal processing 
is effective for the antioxidant activity of the water extracts, as evidenced by IC50 values 
and scavenging efficiency in both DPPH and ABTS assays.  
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The antioxidant profile of E. latifolia fruit extract was further characterized 
through ferric reducing antioxidant power (FRAP) and ferrous ion chelating activity (FIC) 
assays. The FRAP assay quantifies electron-donating capacity through the reduction of 
ferric to ferrous ions (168), the chelating assay measures the ability to bind Fe2+ ions, 
preventing 

Fenton reaction-mediated oxidative damage(169). Comparative studies across 
Elaeagnus species have shown varying antioxidant mechanisms. The acetone extract of 
E. indica leaves demonstrated substantial FRAP activity due to high phenolic content(156), 
while methanolic extracts of E. kologa fruits exhibited significant chelating effects (170). In 
contrast, previous research on the 70% methanolic extract of E. latifolia fruits showed 
significant ferrous ion chelating activity but limited reducing power (14).  

Our analysis of E. latifolia fruits revealed that heated water extract exhibited 
both reducing power and chelating activity, although the chelating effect was modest 
compared to EDTA controls. This suggests that the extract may have limited 
effectiveness as an iron chelator, whereas the observed reducing power indicates its 
potential as a reducing agent. Further investigation into the isolation of specific bioactive 
compounds is warranted to optimize both properties. 

The antioxidant capacity of E. latifolia fruits extends to their interaction with 
specific reactive species. Research within the Elaeagnus genus has demonstrated a 
variety of radical-specific activities, with the heated water extract E. umbellata fruit, the 
acetone extract of E. indica leaves and the water extract of E. pyriformis fruit exhibiting 
remarkable superoxide scavenging abilities(156, 171, 172).  

Previous studies on methanolic extract of E. latifolia fruits specifically 
emphasized its effectiveness in neutralizing superoxide radicals(14). Regarding hydroxyl 
radical scavenging, the Elaeagnus genus has demonstrated diverse capabilities. The E. 
umbellata fruits extract and E. indica leaves extract showed potent scavenging effects(156, 

171), while the E. latifolia fruits extract exhibited specific hydroxyl radical scavenging 
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capacity and DNA protective properties(14). The nitric oxide scavenging profile also 
varies across Elaeagnus species, with the ethanolic extract of E. latifolia fruits 
demonstrating the ability to significantly reduce nitric oxide levels in acetaminophen -
induced liver damage through NF-KB target gene modulation (173). Our experiments 
revealed significant radical scavenging capabilities, with the E. latifolia fruit extract 
enhancing effectiveness against superoxide, hydroxyl, and nitric oxide radicals, as 
indicated by the IC50 values. These findings suggest that therma l processing may 
optimize the bioavailability or efficacy of active compounds, emphasizing its potential as 
a valuable method for utilizing E. latifolia in antioxidant-based health products.  

Hydrogen peroxide (H2O2) scavenging activity varies within the Elaeagnus 
genus. The water extract of Hippophae salicifolia fruits showed superior activity among 
actinorhizal fruits, while the water extract of E. pyriformis fruits demonstrated the lowest 
direct H2O2 scavenging capacity among all tested fruits (174). Meanwhile, the methanolic 
extract of E. latifolia leaves achieved an IC50 of 444.59 µg/mL for H2O2 scavenging 
capacity(116). Our results indicated effective H2O2 neutralization, likely due to heat -
induced changes that optimize the availability of active compounds. 

Lipid peroxide scavenging represents a distinct protective mechanism against 
cellular oxidative damage, and research across Elaeagnus species reveal varying 
degrees of lipid peroxidation inhibition. The methanolic extract of E. angustifolia fruits 
and the heated water extract of E. umbellata fruits effectively reduced malondialdehyde 
formation(175-177), while previous studies indicated moderate efficacy for E. latifolia fruits 
extract(14). Our findings revealed that thermal processing of E. latifolia fruit exhibited 
lipid peroxidation inhibition capacity, suggesting that heated water extraction may 
activate or release additional membrane-protective compounds. This enhancement 
broadens the potential applications of E. latifolia fruit extract in antioxidant applications. 

The presence of malic acid in the heated water extract of E. latifolia fruits carries 
significant potential benefits for oral health. Studies have demonstrated malic acid's dual 
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effects on salivary function and antioxidant capacity within the oral cavity. In stressed rat 
models, malic acid has been shown to normalize oxidative stress markers and 
neurotransmitter levels (178, 179). This clinical significance was particularly evident in the 
treatment of dry mouth, where a 1% malic acid spray effectively increases salivary 
flow(180). The enhanced salivation provided natural protection against dental caries and 
infections while bolstering the oral cavity's antioxidant defense system against conditions 
such as gingival inflammation(181). 

The E. latifolia fruit extract was found to contain GABA, a neurotransmitter 
recognized for its ability to reduce neuronal excitability. Importantly, GABA also exhibits 
potent antioxidant properties outside the nervous system. Key protective mechanisms 
include stimulating important antioxidant enzymes such as superoxide dismutase and 
catalase, coupled with the upregulation of the Nrf2 pathway, which strengthens cellular 
defenses by increasing the expression of detoxifying enzymes (182-184). These antioxidant 
effects have been demonstrated in various biological systems, from muscle cells to plant 
tissues, where GABA consistently reduces oxidative damage and improves cell viability 
under stress conditions(182, 183). 

Our HPLC analysis confirmed the presence of both malic acid and GABA in the 
heated water extract of E. latifolia fruits, aligning with the findings by Niwaspragrit and 
Meeploy, respectively(108, 112). The presence of malic acid and GABA in the extracts 
suggests the potential for synergistic antioxidant effects. The comprehensive antioxidant 
profile, encompassing phenolic compounds and flavonoids, has the potential to deliver 
enhanced defense against oxidative stress-related issues within the oral cavity. These 
phenolic compounds and flavonoids may contribute synergistic benefits that exceed 
those of individual compounds alone. The combination of these antioxidant compounds 
could contribute to maintaining oral tissue integrity, reducing the risk of inflammatory 
conditions, and supporting overall oral health through multiple mechanisms(185).  
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The metabolic profiling of the heated water extract of E. latifolia fruits was 
performed utilized LC-Q-TOF-MS/MS, revealing a diverse array of bioactive compounds 
with potential health benefits. The identification of GABA (tR=2.63 min, [M+H]+ m/z 
104.071), confirmed by HPLC, was significant given its established antioxidant and 
neuroprotective properties (182, 184). Its presence, along with 1,3,5-benzenetr iol 
(phloroglucinol) (tR=2.72 min, m/z 127.039), a potent ROS scavenger with demonstrated 
antioxidant, antibacterial, and antidiabetic properties (186). Similar findings in the 
methanolic extract of E. umbellata berries, identified phloroglucinol. The identification of 
several amino acids (L-asparagine, glutamic acid, and proline) further supports this, 
given their roles in protein synthesis, tissue repair, and protection against oxidative 
damage(187-189).  

The presence of citric acid (tR = 3.00 min; [M+H]+ m/z 210.062), a key 
component of the Krebs cycle that may support cellular energy production and exhibit 
antioxidant effects, potentially benefiting salivary gland cells(190, 191), particularly beneficial 
for meeting the metabolic requirements of salivary gland cells, especially during 
oxidative stress. Previous investigations of related Elaeagnus species have identified 
multiple organic acids, including citric acid and malic acid,  as important contributors to 
the overall antioxidant capacity (119, 192). The identification of mannobiose and D-(+)-
Mannose suggests a role for these oligosaccharides in metabolic function and 
maintaining a balanced oral microbiome (193, 194), consistent with findings in the water 
extract of E. angustifolia pulps (195). Our analyasis found L-Tyrosine (tR = 3.08 min; m/z 
182.082), suggests a potential role in supporting neurotransmitter synthesis in response 
to stress. This findings aligns with the study by Abizov et al., reported the presence of 
amino acid, including tyrosine, in the water extract of E. angustifolia fruits (191). while 
adenosine (tR = 4.19 min; m/z 268.105) may be important for energy metabolism and 
cellular signaling under oxidative stress conditions (196). The presence of adenosine has 
not been extensively documented previously within the Elaeagnus genus making this 
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finding particularly noteworthy. Furthermore, the extract includes corosolic acid 
(tR=30.33 min; [M+H]+ m/z =473.364) and palmitamide (tR=36.86 min; [M+H]+ m/z 
=256.263), both known for their antioxidant and anti -inflammatory properties (197, 198) 
further strengthens the extract's protective potential. The next logical step is to 
investigate the protective effects of this extract in cell -based models, exploring their 
mechanisms in combating oxidative damage within salivary gland cells. 

The human submandibular gland (HSG) cells are an important model for 
studying oxidative damage and antioxidant strategies due to their vital role in saliva 
production and oral health (199). Dysfunction in these glands, linked to conditions like 
hyposalivation, diabetes, radiation-induced damage, and dry mouth, is closely 
associated with oxidative stress, making HSG cells ideal for investigating oxidative 
damage mechanisms and the interplay between ROS production and antioxidant 
defenses(200).  

Tert-butyl hydroperoxide (t-BHP) is identified as a powerful inducer of oxidative 
stress, distinct from hydrogen peroxide (H2O2). T-BHP activates NADPH oxidase for 
superoxide radical generation and disrupts mitochondrial electron transport, enhancing 
ROS production(201, 202). It induces stronger cellular responses, including apoptosis and 
ferroptosis, which are not typically observed with H2O2 (202, 203). T-BHP may convert to 
H2O2 through specific proton transfer mechanisms(204) and it significantly affects cellular 
protective mechanisms by modulating glutathione synthesis and nuclear factor 
pathways(205, 206). On the other hand, H2O2 is valuable for studying signaling and 
mitochondrial function, t -BHP's unique properties make it particularly useful for 
investigating severe oxidative stress responses (207-209). These specific pathways are 
crucial for developing therapeutic interventions for oxidative stress -related conditions, 
including submandibular gland dysfunction. 

At low concentration of t-BHP (50 µM), it induces caspase-dependent apoptosis 
in endothelial cells (210). With increasing concentrations (100-200 µM), a significant 
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reduction in cell viability is observed in HepG2 cells, correlating with oxidative stress and 
decreased glutathione levels (211). Around 200 µM, t-BHP triggers both oxidative stress 

and apoptosis with DNA fragmentation (212). At higher concentrations of t-BHP (≥500 
µM), the response shifts from apoptosis to necroptosis(210). Our findings indicate that 400 
µM t-BHP is optimal for studying oxidative damage and apoptosis in HSG cells, aligning 
with IC50 values from cytotoxicity assays. 

Cytotoxicity assessment of the E. lat i fol ia fruit  extract revealed that 
concentrations ranging from 6.25 to 100 µg/mL are nontoxic to HSG cells. The extract at 
25, 50, and 100 µg/mL effectively protected cells from oxidative damage and death 
induced by 400 µM t-BHP, likely due to its potent free radical scavenging properties 
demonstrated in in vitro assays. Previous studies indicated that the water extract of E. 
angustifolia fruits reduced tissue damage in mice exposed to graphene oxide 
nanoparticles(213), and E. latifolia fruit extract significantly diminished liver damage and 
oxidative stress in models of acetaminophen-induced hepatotoxicity(173). 

Oxidative stress occurs when excessive ROS production disrupts intracellular 
redox balance, resulting in oxidative damage and inflammation (214).  In this study, we 
measured intracellular ROS using the H2DCFH-DA assay, which indicates ROS levels 
through fluorescence. The findings revealed that t-BHP exposure significantly increased 
DCF fluorescence, indicating elevated ROS levels. In contrast, co -treatment with the E. 
latifolia fruit extract reduced fluorescence, suggesting effective ROS scavenging and 
restoration of redox balance. This antioxidant action helps maintain the structural and 
functional integrity of salivary gland tissues, enhancing saliva production and quality 
while reducing tissue degradation and inflammatory responses. These results align with 
findings by Ianuzzi et al., who noted that bioactive compounds from the methanolic 
extract of E. umbellata fruits effectively reduce ROS in human gingival fibroblasts (215), 
and cis-3-O-p-hydroxycinnamoyl ursolic acid extracted from E. oldhamii leaves 
demonstrates antioxidant properties while promoting apoptosis in cancer cells(216). 
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Apoptosis is characterized by distinct morphological hallmarks that can be 
visualized using Hoechst and acridine orange-ethidium bromide (AO/EB) staining 
method. These apoptotic features include chromatin condensation, nuclear 
fragmentation, and alterations in cell shape and size, often leading to increased 
fluorescence intensity (217). In this study, exposure of HSG cells to t -BHP induced 
characteristic morphological changes, evidenced by heightened fluorescence intensity 
associated with apoptotic cell death. In contrast, co-treatment with between t-BHP and 
E. latifolia fruit extract demonstrated protective effects against t -BHP-induced 
morphological alterations, reducing Hoechst staining intensity and preserving normal 
cell morphology.  

Similar analyses with AO/EB staining showed that t -BHP exposure typically 
resulted in orange to red fluorescence patterns indicative of late -stage apoptosis, while 
co-treatment with the extract reversed these changes, increasing green fluorescence 
related to viable cells. These viable cells retain their integrity and exhibit bright green 
nuclei due to acridine orange uptake, indicating that they are not undergoing apoptosis 
or necrosis. This suggests a reduction in both apoptotic and necrotic cell populatio ns, 
indicating that the extract may exert anti-apoptotic effects. 

Previous investigations revealed the effect of the ethanolic extract of E. latifolia 
fruits on key apoptotic regulators. The extract has been shown to significantly 
downregulate Bax expression while upregulating Bcl-2 in acetaminophen-treated mice 
liver tissues, resulting in a decreased Bax/Bcl-2 ratio indicative of reduced apoptotic 
activity and enhanced cell survival (173). In our study, t-BHP-induced HSG cell death was 
accompanied by an elevated Bax/Bcl-2 ratio at both mRNA and protein levels, signaling 
the presence of apoptosis. These findings align with the previous research demonstrating 
that t-BHP treatment significantly increased the Bax/Bcl-2 ratio in various cell types (218-

220). However, co-treatment with E. latifolia fruit extract reversed this effect by 
downregulating Bax and upregulating Bcl-2, decreasing the Bax/Bcl-2 ratio. This 
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modulation suggests an anti-apoptotic effect of the extract. The Bax/Bcl-2 ratio governs 
cell fate in apoptosis; Bax promotes apoptosis by increasing mitochondrial membrane 
permeability, while Bcl-2 stabilizes the membrane, thus regulating mitochondrial integrity 
and intracellular calcium levels (221, 222). Moreover, p38 MAPK activation occurs prior to 
Bax translocation, and inhibiting p38 MAPK's effect on Bcl-2 significantly increases Bax 
translocation, cytochrome c release, and apoptosis. Consequently, p38 MAPK is thought 
to play a crucial role in regulat ing the balance between Bax and Bcl -2, thereby 
influencing the apoptotic process(223). 

Our study demonstrated that t-BHP-induced HSG cell death was accompanied 
by significant increases in cleaved caspase -3 and p38 phosphorylation levels. 
Consistent with prior studies, these results demonstrate an increase in p38 
phosphorylation after exposure to t-BHP(210). The p38 MAPK pathway is a key mediator of 
cell death in response to oxidative stress and inflammation, regulating diverse biological 
functions, including apoptosis and autophagy (224). Dysregulation of p38 MAPK pathway 
is linked to conditions such as dry mouth, as its activation can contribute to inflammation 
and tissue damage (224, 225) . Additionally, p38 MAPK directly regulates the activity of 
caspases. For instance, active p38 MAPK can phosphorylate cleaved caspase-3 on 
serine-150, a critical step in the apoptotic cascade(226, 227).  

Our resul ts  correlated with pr ior  research showing increased p38 
phosphorylation in salivary gland cells, leading to caspase-3 activation(228). Cleaved 
caspase-3 plays a crucial role in the apoptotic process through its involvement in the 
execution phase of apoptosis and non-apoptotic functions. In the apoptotic pathway, 
cleaved caspase-3 acts as an executioner caspase, which facilitates the cleavage of 
various cellular substrates, leading to the morphological and biochemical changes 
associated with the process of apoptosis(229). Recent studies also suggest non-apoptotic 
roles for cleaved caspase-3, such as promoting oncogenic transformation and regulating 
angiogenesis(230).  
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Furthermore, we demonstrated that co-treatment with the E. latifolia fruit extract 
significantly downregulated p38 phosphorylation and cleaved caspase-3 levels in t-BHP-
induced HSG cells. These findings align with previous studies showed that the ethanolic 
extract of E. glabra leaves reduced p38 phosphorylation by significantly lowering P-P38 
levels in LPS-activated BV-2 microglial cells (231)  and the heated water extract of E. 
umbellata flowers modulate apoptosis by downregulating caspase-3 and other apoptotic 
markers in response to cadmium-induced cytotoxicity in HepG2 cells(232). These findings 
suggest that E. latifolia fruits could inhibit intracellular ROS generation through its 
antioxidant and anti-apoptotic activities. 

Aquaporin-5, encoded by the AQP5 gene, a water-selective channel located in 
the apical membrane of salivary glands, enables rapid water transport essential for 
gland function(233). Disruption in AQP5 expression can lead to physiological issues, 
including conditions like Sjögren's syndrome and xerostomia (dry mouth) (234). Our study 
found that t-BHP treatment decreased AQP5 mRNA and protein levels in HSG cells, 
indicating that oxidative stress impairs normal fluid transport functions. This reduction 
may be influenced by transcription factors such as NF-kB, which regulates AQP5 during 
inflammatory responses. Furthermore, oxidative stress may affect AQP5 stability and 
trafficking through post-translational modifications(235, 236). While limited data exists on the 
relationship between the effect of Elaeagnus genus on AQP5, our findings demonstrated 
that E. latifolia fruit extract significantly elevated AQP5 expression in t-BHP-induced HSG 
cells at both gene and protein levels. This finding is in line with previous studies showing 
the protective role of antioxidant compounds in combating oxidative stress -related 
damage on AQP5. For instance, cordycepin has been shown to increase AQP5 gene 
expression in H2O2-induced HSG cells(13) and apigenin could activate AQP5 
transcription through estrogen receptor signaling, restoring saliva flow rates in 
xerostomia models.(237). 
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Salivary α-amylase, encoded by the AMY1 gene, is essential for human 
carbohydrate digestion, breaking down starch into simpler sugars. This enzyme, 
primarily produced in the salivary glands, initiates digestion by catalyzing the hydrolysis 

of α-1,4 glycosidic bonds in starch, generating maltose and oligosaccharides for further 
breakdown in the intestine. Efficient salivary amylase activity allows starch digestion to 
begin before food reaches the stomach, enhancing overall digestive efficiency (238). 
Dysfunction in amylase production, such as low AMY1 expression or reduced enzymatic 
activity, can negatively impact oral health and lead to dry mouth, increasing the risk of 
dental caries and infections(239). 

The relationship between t -BHP and amylase activity remains poorly 
understood; however, some studies provide relevant insights. For example, research on 
t-BHP perfusion in isolated rat pancreas models reported no significant effect on 
pancreatic enzyme levels, including amylase. This suggests that t-BHP may not directly 
interfere with amylase activity under such conditions(240). Conversely, t-BHP injection into 
the bile-pancreatic duct led to significant elevations in serum amylase levels, indicating 
substantial pancreatic damage (241). In our study, we observed that t-BHP exposure 
significantly reduced both amylase expression and activity in HSG cells, reflecting a 
complex and context-dependent interaction. This aligns with findings from Jaiboonma et 
al., who reported that oxidative stress induced by H2O2 in HSG cells reduced amylase 
mRNA expression and activity(13). This consistency suggests that oxidative stress 
whether induced by t-BHP or H2O2 similarly impacts amylase production in salivary 
gland cells, contrasting with effects seen in pancreatic tissue. Moreover, post -treatment 
with cordycepin was shown to enhance both amylase activity and AMY1 expression in 
HSG cells(13). Similarly, our study revealed that co-treatment with the E. latifolia fruit 
extract significantly improved AMY1 mRNA expression and amylase activity in t -BHP-
induced HSG cells. These findings hint at potential protective or restorative effects of the 
extract against oxidative stress-induced reductions in amylase levels. The restoration of 
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amylase activity under oxidative stress by E. latifolia may involve ROS -mediated 
signaling pathways such as MAPK, Nrf2/Keap1, and NF-KB, known to regulate both 
antioxidant and pro-oxidant gene expression (242). This suggests a complex interplay 
between oxidative stress, cellular signaling, and amylase production. Furthermore, this 
extract probably promotes effective AQP5 function, which is crucial for regulating 
salivary fluid secretion(243).  

Our findings indicate that the E. latifolia fruit extract holds significant benefits for 
alleviating a salivary dysfunction and probably managing oral diseases. This potential 
arises from its antioxidative properties and ability to modulate apoptosis, as o xidative 
stress is a common underlying factor in numerous oral conditions. The mechanisms by 
which E. latifolia fruit extract exert its protective effects can be attributed to its interactions 
with key signaling pathways and cellular function. 

For conditions like xerostomia, it commonly referred to as dry mouth, results 
from reduced salivary production caused by dysfunction or injury to the salivary glands. 
The mechanisms underlying this condition vary based on the cause, which may include 
the use of certain medications, systemic illnesses, or exposure to radiation therapy. 
Xerostomia is often caused by chemotherapy or radiation therapy, which can damage 
the acinar cells of the salivary glands and reduce their saliva -producing capability. 
Radiation-induced ROS play a significant role in promoting glandular atrophy and 
fibrosis(244). Our studies demonstrated  that  the E. latifolia fruit extract upregulated AQP5 
expression, a  crucial element for promoting hydration in glandular tissues, while also 
minimizing oxidative damage in submandibular gland cells. By supporting proper water 
transport and lowering ROS levels, this mechanism contributes potential benefits for 
individuals experiencing xerostomia by aiding in the restoration of salivary gland function 
and alleviating related symptoms. 

In addressing Sjögren's syndrome (SS), an autoimmune disorder characterized 
by diminished salivary and lacrimal secretion, leading to dryness and inflammation. A 
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key pathological feature of SS is apoptosis, which plays a significant role in glandular 
dysfunction and tissue damage. In SS, activated  immune cells, including T cells, B cells, 
and macrophages, infiltrate the salivary and lacrimal glands, producing ROS as a 
component of the inflammatory response. Moreover, immune cells release pro -

inflammatory cytokines such as TNF-α, IFN-γ, and IL-6, which trigger intracellular 
apoptotic pathways in glandular epithelial cells, ultimately resulting in cell death. 
Excessive production of ROS damages cellular components, triggering apoptosis 
through mitochondrial dysfunction.  Damaged mitochondrial in epithelial cells results in 
the release of cytochrome c, which activates caspase-9 and downstream apoptotic 
cascades, ultimately resulting in finally cell death (245). E. latifolia fruit extract regulates 
apoptotic regulators by modulating the Bax/Bcl-2 ratio, restoring balanced apoptosis 
levels, and strengthening cellular antioxidant defenses. These effects may support 
improved salivary gland function, ultimately enhancing hydration and alleviating 
discomfort in patients with xerostomia. 

In cases of hyposalivation, often linked to medication side effects or systemic 
diseases(11, 246) . The extract could reduce oxidative damage caused by excessive ROS 
production. It also restores the expression of critical mRNAs and proteins, such as AQP5 
and AMY1, helping to maintain a balanced oral biochemical environment. While dental 
caries and periodontitis are closely linked to oxidative stress-induced inflammation(247). 
The antioxidant properties of E. latifolia fruit extract provides a dual defensive mechanism 
by preserving HSG cell integrity through reduced ROS levels and potentially improving 
salivary function via increased amylase activity and upregulated AMY1 and A QP5 
expression. This combined action helps regulate bacterial populations, strengthens 
innate oral defenses, reducing tissue damage, and supports a healthier oral microbiome, 
ultimately reducing the risk of these oral diseases.  

As summarized in Figure 51, t-BHP exposure triggered excessive ROS 
production, inducing oxidative stress in HSG cells. This leads to increased p38 MAPK 
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phosphorylation, subsequently activating apoptosis through upregulation of pro -
apoptotic markers such as cleaved caspase-3 and the Bax/Bcl-2 ratio, ultimately results 
in decreased cell viability and promotes cell death through apoptosis. The E. latifolia fruit 
extract demonstrated  high bioactive chemical composition and antioxidant properties, 
effectively scavenges ROS and reduces oxidative damage in HSG cells. Co -treatment 
with the E. latifolia fruit extract with t-BHP significantly decreased intracellular ROS 
levels, enhancing HSG cell survival. This protective effect is achieved through 
modulation of apoptotic pathways and restoration of key proteins like AQP5 and AMY1, 
thereby enhancing overall salivary gland function. 

 

 
Figure 51 Impact of heated water extract of E. latifolia fruits on t-BHP-induced oxidative 
stress in HSG cells 
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Limitations 
While this study provides valuable insights into the protective effects of the E. 

latifolia fruit extract on HSG cells, several limitations warrant attention in future research 
such as animal studies are necessary to examine the extract's effects within a 
physiological context and to explore complex in vivo interactions. Future investigations 
should assess the activity of key bioactive compounds, such as malic acid and GABA, in 
HSG cells to understand their individual contributions to the observed protective effects. 
Research should be extended to additional signaling pathways (e.g., AKT, cytochrome 
C, Nrf-2, HO-1, TNF-α, and AP-1) for a more comprehensive understanding of E. latifolia 
fruit extract ’s influence on cellular responses under oxidative stress. Incorporating flow 
cytometry to quantify apoptotic and necrotic cell populations would provide stronger 
evidence for the extract's protective role. Examining mechanisms involving NF -kB, 
mTOR, and COX-2 would yield deeper insights into E. latifolia fruit extract’s effects on 
inflammatory responses and salivary gland function. Predicting binding affinities 
between bioactive compounds and relevant proteins could further elucidate their 
pharmacodynamics. Systematically assessing the extract’s impact on salivary secreti on 
would bridge the gap between research findings and clinical application, further 
studying  E. latifolia’s therapeutic potential in managing oxidative damage and salivary 
dysfunction. 
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Conclusion 
This study demonstrated that E. latifolia fruit extract effectively protects human 

submandibular gland cells from t-BHP-induced oxidative damage. Its potent antioxidant 
properties enable it to scavenge ROS, thereby alleviating the harmful effects of oxidative 
stress. Furthermore, the extract demonstrated an anti-apoptotic mechanism by inhibiting 
apoptosis-related signaling pathways and reducing the expression of these markers 
such as p38 MAPK, the Bax/Bcl-2 ratio, and caspase-3. Importantly, the extract 
increased the expression of salivary marker genes and enhanced amylase activity, 
suggesting its ability to support and maintain salivary gland function. Taken together, E. 
latifolia fruit extract could be a promising phytomedicine for reducing or possibly 
preventing oxidative stress-related injury to the salivary glands, suggesting its viability as 
a novel supportive treatment option for managing salivary gland and oral disorders 
associated with oxidative stress. 
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1. Plant harvest and extraction 
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2. Reagents for in vitro studies 
2.1 Preparation of Standard Solutions 

2.1.1 Gallic acid (2 mg/mL) 

• Gallic acid      20 mg 
Add methanol to 10 mL 

Quercetin (2mg/mL) 

• Quercetin      20 mg 
Add methanol to 10 mL 

Malic acid (1mg/mL) 

• Malic acid      10 mg 
Add dH2O to 10 mL 

GABA (0.1mg/mL) 

• GABA       100 mg 
Add dH2O to 10 mL 

Ascorbic acid (1 mg/mL) 

• Ascorbic acid      10 mg 
Add dH2O to 10 mL 

Trolox (2 mg/mL) 

• Trolox        20 mg 
Add dH2O to 10 mL 

EDTA (1mg/mL) 

• EDTA       10 mg 
Add dH2O to 10 mL 
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2.2 Preparation of Auxiliary solution 
2.2.1 TPC assay 
- Saturated Na2CO3 solution 

• Na2CO3      25 g 
Add ddH2O to100 let stand for 24 hours, filter through Whatman No. 1, and adjust 
with ddH2O to125 mL. 
 
2.2.2 TFC assay 

- Potassium acetate 1 M 

• CH3COOK      9.814 g 
Add ddH2O to 100 mL 
- Aluminum chloride (10%) 

• AlCl3       10 g 
Add ddH2O to 100 mL 
 
2.2.3 Determination of malic acid content 

- Potassium dihydrogen phosphate 25mM     

• KH2PO4      3.61 g 
Add dH2O to 1000 mL (adjusted with NaOH to pH=10.0) 
 
2.2.4 Determination of GABA content 

- Borate buffer 0.4M      

• Boric Acid (H3BO3)     24.73 g 
Add dH2O to 1000 mL (adjusted with NaOH to pH=10.0) 
 

- Citrate buffer 5mM      

• Sodium Citrate (C6H5Na3O7·2H2O)   3.83 g 
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Add dH2O to 1000 mL (adjusted with citric acid to pH=8.5) 
2.2.5 DPPH assay 

- DPPH solution     

• DPPH       1 g 
Add methanol to 50 mL adjusted absorbance to 1.0-1.2 
 
2.2.6 ABTS assay 

- 7mM ABTS solution     

• ABTS       0.234 g 

• Potassium persulfate (K2S2O8) 2.45mM  0.061 g 
Using 1:0.5 ratio of ABTS to potassium persulfate, adjusted with 50 mL methanol, 
and adjusted absorbance to 0.8±0.02 
 
2.2.7 FIC assay 

- Ferrous Sulfate 2 mM       

• FeSO4·7H2O      0.0554 g 
Add dH2O to 100 mL 
 

- Ferrozine 5 mM       

• Ferrozine      0.0197 g 
Add dH2O to 100 mL 
 
2.2.8 FRAP assay 

- Acetate buffer 300 mM       

• Sodium acetate     2.46 g 
Add dH2O 100mL (adjusted with acetic acid to pH=3.6) 

- TPTZ 10 mM       
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• TPTZ       24.1 mg 
Add dH2O 10mL 

- FeCl3·6H2O 10 mM       

• FeCl3·6H2O      27.0 mg 
Add dH2O 10mL 
To prepare working solution, mix 100 mL of 300 mM acetate buffer, 10 mL of 10 mM 
TPTZ, and 10 mL of 10 mM FeCl3·6H2O 
 
2.2.9 lipid peroxidation inhibition assay 

- LDL 300 µg/mL       

• LDL stock solution      300 µg 
Add 1 mL of nuclease free water 

- Copper sulfate (CuSO4) 55 µM       

• CuSO4       11.9 mg 
Add dH2O 200mL  

- EDTA 1%   

• EDTA       0.1 g 
Add dH2O to 10 mL 

- TCA-TBA Stock Solution (20% w/v) 

• Trichloroacetic Acid (TCA)    2 g 

• Thiobarbituric Acid (TBA)     2 g 
Add dH2O to 10 mL 
 

Superoxide radical scavenging activity assay 

- Sodium Phosphate Buffer 50 mM,  

• Sodium phosphate dibasic (Na2HPO4·7H2O)  1.42 g 

• Sodium phosphate monobasic (NaH2PO4·H2O) 0.83 g 
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Add ddH2O to 100 mL (adjust with HCl or NaOH to pH=7.5)    
 
 

- Xanthine Oxidase (XO) solution  

• XO       0.2 units/mL 

• Sodium phosphate dibasic (Na2HPO4·7H2O)  1.42 g 

• Sodium phosphate monobasic (NaH2PO4·H2O) 0.83 g 
Add ddH2O to 100 mL (adjust with HCl or NaOH to pH=7.0)   

 
- Xanthine 0.15mM  

• Xanthine      0.234 g 
Add ddH2O to 100 mL 
 

- HCl 0.5M  

• Glacial HCl      1.53 mL 
Add ddH2O to 100 mL 
 
2.2.11 Hydroxyl radical scavenging activity assay 

- 2-deoxyribose 10mM  

• 2-deoxyribose      2 mg 
Add ddH2O to 1 mL 
 

- Ferric Chloride (FeCl3)10mM  

• FeCl3·6H2O      0.0165 g  
Add ddH2O to 10 mL 
 

- Hydrogen peroxide (H2O2) 10mM  
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• H2O2 30% solution     1.16mL  
Add ddH2O to 100 mL 
 
 

- EDTA 1mM 

• EDTA       19 mg 
Add ddH2O to 10 mL 

- Ascorbic acid 1mM 

• Ascorbic acid      17.6 mg 
Add ddH2O to 10 mL 
 

- TCA 2.8% w/v 

• TCA       2.8 mg 
Add ddH2O to 100 mL 
 

- TBA 1% w/v 

• TBA       0.5 g 
Add 50 mM NaOH 50 mL 

 
2.2.12 Nitric oxide radical scavenging activity assay 

- Sodium nitroprusside (SNP) 10 mM 

• SNP       0.26 g 
Add phosphate buffer 100 mL (adjust with HCl or NaOH to pH=7.4)    
 

- Sulfanilamide 1% 

• Sulfanilamide      1 g 
Add 2% H3PO4 to 100 mL 
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- N-(1-naphthyl) ethylenediamine dihydrochloride (NED) 0.1% 

• NED        0.1 g 
Add ddH2O to 100 mL 

 
 

2.2.13 Hydrogen peroxide scavenging activity assay 
- Phenol red 0.2 mg/mL 

• Phenol red      2 mg 
Add ddH2O to 10 mL 
 

- Horseradish Peroxidase (HRP) 0.1 mg/mL 

• HRP       1 mg 
Add ddH2O to 10 mL 

 
3. Reagents for in vitro cell-based studies 
 3.1 Cell culture media 

• DMEM      13.4 g 

• Sodium bicarbonate     3.7 g 
Add dH2O to 1000mL 
To prepare working solution; 

• 10% FBS      50 mL 

• 1% non-essential amino acid    5 mL 
Add DMEM solution to 500mL 
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4. Hoechst staining assay 

 

Figure 52 Nuclear alterations stained with Hoechst 33342 visualized using confocal laser 
scanning microscope (scale bar: 100 µm; Zeiss, Germany). 
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5. AO/EB staining assay 

 

Figure 53 Apoptotic morphology detection by AO/EB staining of HSG cells visualized 
using confocal laser scanning microscope (scale bar: 100 µm; Zeiss, Germany). 
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6. Preparation and reagents for Western Blot analysis 

6.1 Gel preparation 

Lower gel preparation 

- Monomer:   
Acrylamide       60g 

Bis-acrylamide      1.6g 

Add dH2O 200 mL 

- 4x running gel buffer:  
1.5 M Tris-HCl      36.3 g  

Add ddH2O 200 mL (adjusted with HCl to pH=8.8) stored at 4°C 

- 10% SDS: 
SDS       10g 

Add ddH2O 100 mL stored at room temperature 

- 10% Ammonium persulfate (APS) 
APS        1g 

Add dH2O 1 mL stored at -20°C 

- TEMED stored at 4°C 
- Ponceau staining: 

Ponceau        100 mg  

dissolved with 5% acetic acid (5mL in ddH2O 95 mL) 
Upper gel preparation 

- 4x stacking gel buffer  
0.5M tris-HCl      12.11 g  

Add ddH2O 200mL (adjusted with HCl to pH=6.8) stored at 4°C 
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14% gel preparation 
Lower gel: 

- monomer        9.4 mL 
- 4x running gel buffer     5 mL   
- 10%SDS       200 µL 
- ddH2O       5.4mL 
- 10%APS       130µL 
- TEMED       10µL 

   Upper gel: 

- Monomer       880 µL 
- 4x stacking gel buffer     1.66mL 
- 10%SDS       60 µL 
- ddH2O       4.06 mL 
- 10%APS       50µL 
- TEMED       6µL 
15%gel preparation 

Lower gel: 

- Monomer       10 mL 
- 4x running gel buffer     5 mL   
- 10%SDS       200 µL 
- ddH2O       4.8mL 
- 10%APS       130µL 
- TEMED       10µL 

   Upper gel: 

- monomer        880 µL 
- 4x stacking gel buffer     1.66mL 
- 10%SDS       60 µL 
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- ddH2O       4.06 mL 
- 10%APS       50µL 
- TEMED       6µL 

 

6.2 Buffer preparation 
Running buffer or tank buffer (10x) 
: 
- 0.25M Tris-base       30.3g 
- 1.924M Glycine       144.13g 
- SDS        10g 
Add ddH2O 1000mL 

running buffer (1x): 

- 10x running buffer      100mL 
Add ddH2O 900mL 

 
Transfer buffer (10x): 

- 25mM tris-base       30.30g 
- 192mM Glycine       144.2g 
Add ddH2O 1000mL 

transfer buffer (1x): 

- 10x transfer buffer      80 mL 
- Methanol       200mL 
Add ddH2O 720mL   

 

Wash buffer:  

- 1M tris-HCl       157.6g  
Add ddH2O 1000mL (adjusted with NaOH to pH=7.4) 
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- 3M NaCl       175.32 g 
Add ddH2O 1000mL 

TBST wash buffer preparation:  

Add ddH2O 2250mL mixed with 1Mtris-HCl 125mL and 3NaCl 125 mL 

 6.3 Other reagents 
6x loading dye (1 tube): 

- 0.5M tris HCl pH=6.8     700 µL 
- 10%SDS       0.1g 
- Glycerol        300 µL 
- DTT        0.093g 
- Bromophenol blue       0.0012g 
2% BSA: 

- BSA       10g  
- TBST       500mL 
Mild stripping 

- Glycine       15g 
- SDS       1g 
- Tween-20       10mL 
Add ddH2O 1000mL (adjusted with HCl to pH=2.2) 
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7. Quantification of protein concentration for western blot analysis using a 
standard BSA calibration curve with the Bradford assay 
 

Figure 54 Calibration curve for protein quantification using BSA standard via Bradford 
Assay 
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8. Nitrophenol calibration curve for each time point at Tfinal   
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G 

 

Figure 55 Comprehensive calibration curves of Nitrophenol for amylase activity 
measurement at various final time points (Tfinal). 
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