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Abstract: Stevioside is a low-calorie high-power sweetener with a variety of positive pharmacological effects. With the
growing attention to health, stevia leaf has garnered widespread interest at home and abroad. This article reviews the main
pharmacological effects of stevioside and their mechanisms, in order to provide references for the research on the edible

and medicinal value of stevioside.
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1. Introduction

Stevioside is extracted from the dried leaves of Stevia (Asteraceae). It is a natural sweetener with high sweet-
ness and low calories and does not produce toxic side effects on the human body ", The basic structure of ste-
vioside is shown in Figure 1 and related compounds are presented in Table 1. Stevioside and rebaudioside A
are the main extracts of stevia leaf, and the average sweetness of the two compounds is about 200 to 300 times
that of sucrose (Table 1), but the calorie is only about 1/250 times that of sucrose . Therefore, stevioside is the
third natural sugar source with commercial value after sucrose and beet sugar. A large number of studies have
shown that stevioside possesses a variety of pharmacological effects, with certain therapeutic and auxiliary ther-

apeutic effects on diabetes, obesity, hypertension, and the prevention of dental caries.

Figure 1. Chemical structure of stevioside
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Table 1. Structure and sweetness of stevioside ™

Serial no. Compound name R, R, Sweetness

1 Steviol H- H- 0

2 Stevioside G- G-G- 100~300
3 Steviolbioside H- G-"G- 10~15
4 Rebaudioside A G- G-'G-'G- 150~300
5 Rebaudioside B H- G-'G-'G- 10~15
6 Rebaudioside D G-"G- G-"G-"G- 200~250
7 Rebaudioside E G-"G- G-"G- 150~200
8 Dulcoside A G- G-'Rh- 40~60
9 Dulcoside B G- G-'G-"Rh- 40~60
10 Rubusoside G- G- -

Note: Sweetness is based on sucrose, “G” stands for glucose, “Rh” stands for rhamnose

2. Pharmacological effects of stevioside
2.1. Anti-diabetic and obesity effects

Diabetes and obesity are global health concerns that place long-term and complex demands on patients’ lives,
including strict dietary control and medication. Stevioside has attracted much attention due to its high sweetness
and low-calorie characteristics, and it is thought to play a positive role in the treatment of type 2 diabetes and
obesity. Gregersen et al. ¥ found that taking stevioside with meals in patients with type 2 diabetes can reduce
postprandial blood glucose, without affecting urine glucose content, and can promote insulin secretion in pa-
tients. It is speculated that when stevioside enters the digestive tract, glucosidase cannot decompose and digest
stevioside, so it does not cause an increase in blood glucose, and it also promotes the secretion of insulin *'. Sta-
mataki et al. " have shown that daily consumption of stevia can affect individual glucose homeostasis, energy
intake, and body weight. They found that consumption of stevia reduced energy intake, leading to weight loss,
but had no effect on blood glucose levels.

2.2. Blood pressure-lowering effects

Studies have found that isosteviol in stevioside can reduce the concentration of intracellular free calcium ions
by indirectly inhibiting calcium channels, which makes blood vessels relax and play a role in lowering blood
pressure. This effect is achieved through the activation of ATP-sensitive K channels, voltage-dependent K"
channels, and conductance calcium-activated K™ channels .

Chan et al. " conducted a study that followed 106 hypertensive patients for one year and found that after 3
months of oral administration of stevioside (250 mg/day), systolic and diastolic blood pressure significantly de-
creased without significant changes in blood biochemical parameters, suggesting that stevioside can be used as
an adjuvant therapy for hypertensive patients. Another study found that intravenous injection of stevioside (200
mg/kg) in spontaneously hypertensive rats significantly reduced blood pressure within 10 minutes and lasted for

more than one hour, without affecting blood dopamine, norepinephrine, and catecholamine levels .

2.3. Anti-tumor effects

Many traditional herbs are used to treat cancer or relieve related symptoms, and natural ingredients such as As-
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teraceae plants have been found to have anti-tumor effects. One of the plants is stevia leaves, which have been
found to have anti-tumor potential. Paul et al. """ found in their study that stevioside can induce apoptosis and
inhibit cell proliferation in human breast cancer cells, and its mechanism may be increasing the expression of
apoptotic protein Bax through reactive oxygen species (ROS) signaling. In addition, steviol and isosteviol de-
rivatives have certain anti-tumor activities, and their main mechanism of action is to induce apoptosis of tumor
cells through Ras/Raf/ERK, Akt, or NF-«B signaling pathways "),

2.4. Anti-caries effects

Some animal experiments have used plaque to produce acid in vitro to observe the anti-caries effect of stevia
and found significant anti-caries effect. A study showed that stevia reduces the production of acid, reduces the for-
mation of plaque, and thus reduces the incidence of dental caries "' Another study compared the depth of enamel
demineralization induced by glucose, fructose, and stevia extracts and found that the average demineralization
depth of stevia extract was 170.66 um, which was much lower than that induced by glucose and fructose (Table 2).
The reason for this phenomenon was that stevia extract reduced the amount of microbial acid production and cell

surface hydrophobicity, and inhibited the adhesion of streptococci, thereby reducing dental plaque "',

Table 2. Enamel demineralization depth of different solutions (pum)

Groups Number Aver.age d?pth of Minil.num (!ept.h of Maxil.num (.iept.h of
of teeth demineralization demineralization demineralization
A 20% glucose solution 12 237.08 198 281
A 20% fructose solution 12 216.08 173 251
A solution of 20% stevia extract 12 170.66 119 211

2.5. Other pharmacological effects

In addition to the above effects, stevioside also has antidiarrheal, immunomodulatory, anti-inflammatory, and
other effects. Shiozaki et al. 'Y found that stevioside can reduce the symptoms of diarrhea by inhibiting the con-
traction of gastrointestinal smooth muscle. Sehar er al. " showed that stevioside can promote the proliferation
of B cells and T cells, enhance the function of macrophages, and play an immunomodulatory role. Wang ef al.
%I showed that stevioside could effectively inhibit the expression of key inflammatory mediators TNF-a, IL-1p,
and IL-6, and the inhibitory effect was more obvious with the increase of the amount of stevioside (33 mg/kg,

100 mg/kg, and 300 mg/kg).

3. Safety of stevioside

According to relevant survey data, up to now, hundreds of regions or food regulatory agencies (such as the
Food and Drug Administration) at home and abroad have agreed that stevioside can be used as a food additive.
According to the certification of some authoritative agencies and the current scientific research, stevioside is
relatively safe in terms of pharmacological effects !'”".

At the same time, the pharmacological effect of stevioside is different from that of most artificial sweeten-
ers. Stevioside cannot be degraded by gastric juice, and its metabolism in vivo is mainly phase II metabolism,
which occurs in the colon "®. It was found that the metabolites of stevioside were mainly excreted in the urine,
rather than metabolized or deoxidized to metabolites such as sucralose. Undoubtedly, there are also some con-
troversies about its safety. Through a variety of experimental studies, the results found that stevioside shows a

t [19]

dose-dependent effect ', so further research is necessary for an in-depth study of stevioside.
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4. Conclusion

As a new type of low-calorie sweetener, stevioside not only helps to treat cardiovascular and cerebrovascular

diseases, obesity, and diabetes, but also plays a positive role in the prevention and treatment of dental caries.

Thus, stevioside has a wide range of application value in food and medicine.
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