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Abstract

Sucralose is one kind of sweetener that is widely applied or used
as an auxiliary material to cover up the bad taste of medicines, es-
pecially the unique bitter taste of Chinese patent medicines. Pre-
vious clinical studies found that Yi-Shen-Hua-Shi (YSHS) granule
can significantly improve chronic glomerulonephritis, but because
of its bitter taste, it is not conducive to long-term use in patients.
Sucralose can improve the taste of Chinese patent medicines such
as YSHS granules, but the effect of sucralose on blood glucose was
not very clear, and whether the dosage of sucralose needs to be
strictly controlled to avoid affecting blood glucose levels, especially
in patients with diabetic nephropathy also should be discussed. For
this purpose, we collected the clinical studies evaluating the effect
of sucralose intake on blood glucose since 1996; the properties and
metabolic characteristics of sucralose, the changes in blood glucose
levels, and related biomarkers of glucose metabolism in different
populations after single and long-term intake of sucralose were also
summarized and reviewed.
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Introduction

Sucralose originated from a cooperative research project between
Tate&Lyle Group and Queen Elizabeth College of London University
in the late 1980s, and it passed the strict regulatory review process, in-
cluding chemical characterization, validation of manufacturing meth-
ods and analytical methods, toxicology, pharmacokinetics, etc [1].
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At present, sucralose is becoming the most frequently-used artificial
sweetener in the world, accounting for 30% of the global low-calorie
sweetener market ($2.29 billion) in 2016 [2]. It is also widely applied
in the medical field and plays an important role in correcting the taste
as a pharmaceutical auxiliary additive, such as suspension agent [3],
oral liquid [4], orally disintegrating tablets [5] and granules [6].

Yi-Shen-Hua-Shi (YSHS) granule (NMPA Approval No.
720090250) is a modern Chinese patent medicine developed by
Guangzhou Consun Pharmaceutical Co., Ltd for the treatment of
stage Il and III chronic glomerulonephritis. The main effective sub-
stances include coumarins, triterpenoids, and flavonoids. Although
the curative effect is remarkable [7-9], the prescription contains ex-
tremely bitter Chinese medicines such as Pinellia ternate and Coptis
Chinensis, which seriously affects the long-term use of patients with
chronic kidney disease. To overcome this shortcoming, YSHS gran-
ule product developers or researchers decided to use sucralose as a
flavoring agent. The previous study found that 0.1g sucralose added
to each sachet of medicine was the appropriate dose to cover up the
bitter taste of YSHS granules. Since patients were required to take 3
sachets of YSHS granules daily (equivalent to a sucralose daily in-
take of 0.3g), we were concerned that the addition of sugar substitutes
may cause potential blood glucose problems, such as the effect of a
single dose of sucralose or the effect of the long term use of sucralose
on the blood glucose of obesity patients, diabetic patients, and ne-
phropathy patients. For this reasons, based on the retrieval formula
“Sucralose[Title/Abstract]) & (Blood glucose[Title/Abstract]”, we
obtained 21 clinical studies in the PubMed database that were directly
related to the observation of blood glucose changes after the intake of
sucralose and aimed to briefly summarize the properties and oral met-
abolic characteristics of sucralose, as well as the effects of sucralose
on blood glucose in different patients at the single dose of sucralose
and the long term use of sucralose.

Properties of Sucralose

The chemical name of sucralose is 4, 1°, 6’-trichloro-4, 1°, 6’-Tri-
deoxygenated galactose sucrose (C,,H,,C,O,) [10], as shown in figure
1. It has a disaccharide base with the substitution of 3 hydroxyl groups
by chlorine, and the relative molecular weight is 397.63. The pure
product appeared as a white or nearly white crystalline powder which
is extremely soluble in water (solubility 28.2 g, 20 °C), ethanol, and
methanol, and slightly soluble in diethyl ether [11]. Sucralose has the
characteristics of high sweetness (600 times as much as sucrose [12])
and stability to light, pH, and high temperature. Thus, the sweetness
level of the product can still be maintained after cooking, baking, and
pasteurization [13]. Because sucralose does not contain calories and
is almost not absorbed by the human body, it has been recommend-
ed by scholars as part of the weight loss strategy for patients with
overweight, glucose intolerance, diabetes, and pregnancy diabetes
[14,15]. The US Food and Drug Administration (FDA), the Canadian
Ministry of Health, and the European Food Safety Administration set
the daily acceptable intake of sucralose as 0.005g/kg, 0.009g/kg, and
0.015g/kg according to body weight, respectively [16-18].
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Figure 1: Schematic diagram of chemical structure of sucralose.

Oral Metabolic Characteristics of Sucralose

Sucralose was hard to absorb and had the short half-life
period

During the whole development process of sucralose as a sweet-
ener, a large number of studies have been conducted to evaluate its
impact on physiology and general safety effect [19-21]. The results
of these studies demonstrated that sucralose is not easy to absorb in
the metabolism of the body. Animal experiments showed that after
oral administration of sucralose, some of them are directly discharged
from the feces in the form of original sucralose, and a small part of
the residues are discharged through urine [22]. The metabolism of
sucralose is similar to that of animals in the human body. After oral
administration of 1mg/kg of sucralose, 78.3% of sucralose is directly
excreted through feces, 14.5% is excreted through urine, and the main
forms in urine are sucralose and a small amount of sucralose glucose
glycolic acid [23]. Sucralose in the plasma reached the highest value
about 2 hours after oral administration of sucralose, and its plasma
half-life period was 13 hours, almost could be undetectable within
24 hours [24]. This feature of poor absorption and short half-life can
be explained by the molecular structure of sucralose. As a relatively
small polyhydroxylated molecule, sucralose is highly water-soluble
rather than lipophilic, and most of it is not absorbed by the human
body after oral administration. It is difficult for researchers to observe
its bioaccumulation and gastrointestinal side effects. Therefore, su-
cralose is considered to be the best and ideal sweet substitute for pa-
tients with obesity, cardiovascular disease, and diabetes.

Sucralose could change the composition of intestinal mi-
crobiota

Many studies have shown that the imbalance of intestinal flora
is related to the tendency of metabolic diseases such as obesity and
diabetes [25]. Four studies reported that the level of insulin stimu-
lating-polypeptide GLP generated by the intestine was significantly
increased in the intake of sucralose in healthy people and patients
with type 1 diabetes [26-29]. The researchers believed that the in-
crease in blood glucose in obese female patients due to the intake of
sucralose may be attributed to the imbalance of intestinal flora [30].
So far, five basic studies have consistently found that habitual con-
sumption of sucralose leads to changes in intestinal microbiota; these
studies were conducted in mice or rats, with doses ranging from 1.1 to
15mg/kg/d and lasting for 6 weeks to 6 months. The observed change
was concentrated on the bacterial genus rather than the whole phy-
lum. However, to further investigate which kind of bacterial genus is
affected by the intake of sucralose, the results in different studies were
inconsistent, and even the opposite change occurs in the same genus
(i.e. bifidobacteria) [31,32].

In contrast, only one study evaluated the effect of sucralose intake
on intestinal microbiota in humans. In this randomized controlled tri-
al, 34 healthy volunteers received 0.78g/d sucralose capsules (equiv-
alent to 2.6 times of YSHS granule) for 7 days [33]. Compared with
the placebo, the intestinal microbiome was evaluated before and after
the intervention, and there was no significant change in the intestinal
microbiome of the sucralose group. It further suggests that the data
obtained in rodent animal models may lack clinical relevance because
of the huge differences in bacterial genera and species between mice
and humans. At present, there is still not enough evidence to rule out
the positive or negative effects of sucralose on human microbiota, and
even the causal relationship between intestinal microbiota and disease
remains to be determined.

The Single Dose of Sucralose has no Effect on Blood
Glucose

Since FDA approved sucralose as a food additive, it can be found
by reviewing many studies since 1996 that the daily single intake of
sucralose in the range of 0.018 ~6 g dose not affect on the blood glu-
cose level of healthy people, type 1 diabetes patients, type 2 diabetes
patients, and obese diabetes patients. As shown in Table 1, this result
is supported by a large number of experiments. In these studies, the
dosage forms include capsule, self-made solution, and commercial
beverage containing sucralose; the comparison method involved the
use of sucralose alone or in combination with other sugar substitutes
(acesulfame or aspartame); the administration routes included oral
administration, intragastric administration, and duodenal infusion.
There was only Pepino et al., study found that the level of blood glu-
cose and insulin in obese participants increased significantly after a
single oral administration of 0.048g of sucralose, and there were no
changes in the levels of glucagon like peptide (GLP)-1 and Glucose
Dependent Insulinotropic Polypeptide (GIP) [34]. It is worth noting
that both GLP and GIP are hormone peptides that enhance insulin se-
cretion in a glucose concentration-dependent manner. But in the study
of Pepino et al., no increase in the expression of GLP and GIP was
detected there seems to be a conflict with the significant increase in
blood glucose and insulin levels that they observed [26]. We suggest
large-scale double-blind experiments are needed for obese people to
verify the phenomenon in the future. In addition to blood glucose,
some clinical markers that may have direct or indirect effects on blood
glucose, such as insulin, GLP, GIP, and C-peptide, are not been shown
to be affected by the intake of sucralose in most studies, with the
proportions of 89.5% (17/19), 80% (16/20), 100% (13/13) and 91.7%
(11/12), respectively.

The long Term Use of Sucralose has no Effect on
Blood Glucose

Although the reports of long-term use of sucralose are quite lim-
ited (Table 2), the conclusions are all in keeping with the above find-
ings of the effect of single dose of t on blood glucose; the effect of
sucralose on blood sugar in healthy people, type 2 diabetes patients
and obese diabetes patients are still within the normal range even it
for 2 to 13 weeks, and more than half of the studies used the dose of
sucralose were exceeded the daily dose of sucralose in YSHS granule.

The experimental design of these studies is also more rigorous. For
example, Grotz’s study is only carried out in young men, which can
avoid the potential effects of menstruation-related hormone changes
on blood glucose control, and the possibility of avoiding a reduction
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.
Adminis- Population Blood C-pep- Gastric Insulin Insulin | Refer
Year Dose Dosage form . . Insulin | GLP GIP ) PYY . Appetite | Glucagon .
tration characteristics | glucose tide emptying sensitivity | clearance | ence
1996 1g/d Capsule Oral TID No / / / No / / / / / / [35]
1996 1g/d Capsule Oral T2D No / / / No / / / / / / [35]
2009 0.08g/d Solution Gavage Healthy No No No No / / No / / / / [36]
2009 0.8g/d Solution Gavage Healthy No No No No / / No / / / / [36]
2009 | 0.046g/d | Sugary cola Oral Healthy No No No / / / / / / / / [37]
2010 | 0.96g/d | Normal saline | Duodenum Healthy No / No / / / / / / / / [38]
Aqueous
2011 50mL/d X Oral Healthy No No No / / No / No / / / [39]
solution
A <
2011 | 6gid dueous Oral Healthy No No / / / / No No No / / [40]
solution
Aqueous
2011 | 0.062¢g/d X Duodenum Healthy No No No / / No / No / / / [41]
solution
Aqueous
2012 0.06g/d X Oral Healthy No No No No / / / / / / / [42]
solution
2012 | 0.046g/d | Sugary soda Oral Healthy No / T* No No No / / / / / [26]
2012 | 0.046g/d | Sugary soda Oral T1D No / 1* No / / / / / / / [26]
2012 | 0.046g/d | Sugary soda Oral Obese T2D No / No No / / / / / / / [26]
Aqueous )
2013 | 0.048g/d . Oral Obesity TH* 1 No No TH* / / / No L** * [30]
solution
Aqueous
2013 | 0.052g/d . Oral Healthy No No No / / / No / / / / [34]
solution
2013 | 0.159g/d Solution Oral Healthy No No / / / / / / / / / [43]
Aqueous
2015 | 0.024g/d . Oral Healthy L** No 1* / No / / / / / / [27]
solution
Aqueous
2015 | 0.024g/d . Oral T2D No No No / No / / / / / / [27]
solution
A
2016 | 0.068¢/d dueous Oral Healthy No No No | No | No | / / / / / / [28]
solution
Aqueous
2016 0.17g/d A Oral Healthy No No No No No / / / / / / [28]
solution
Aqueous
2016 | 0.25g/d . Oral Healthy No No No No No / / / / / / [28]
solution
2016 | 0.068g/d | Sugary cola Oral Healthy No No 1H* No No / / / / / / [28]
Sugary bev-
2016 | 0.018g/d Oral Healthy No No No No No / / / / / / [28]
erage
2016 | 0.068g/d Syrup Oral Healthy No No No No No / / / / / / [28]
Aqueous
2019 | 0.048g/d . Oral Healthy No 1* / / / / / / / / / [44]
solution
Table 1: The effect of single intake of sucralose on the clinic markers of glucose metabolism.
“1”: Elevated; “|”: Decreased; No: no influence; Compared with placebo group/control group/health group (different controls in different studies), *P < 0.05,
**P < 0.01. Abbreviation: T1D, type 1 diabetes; T2D, type 2 diabetes; GLP-1, glucagon-like peptide-1; GIP, glucose-dependent insulinotropic polypeptide;
| PYY, peptide YY.
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) . . Population Blood ) HbA | C-pep- |Insulin sen-| Acute insulin Refer-
Author Year Dose Dosage form | Duration | Administration . Insulin | GLP . R .
characteristics | glucose 1c tide sitivity reaction ence
X 125- Aqueous
Baird 2000 X 90d Oral Healthy No / / / / / / [24]
500mg/d solution
Not )
Reyna 2003 . Cookies 4w Oral T2D No / / | / / / [45]
described
Grotz 2003 0.667g/d Capsule 13w Oral Obese T2D No No / No No / / [46]
Grotz 2017 1g/d Capsule 12w Oral Healthy No No / No / / / [47]
Sugary bev-
Romo 2018 0.036g/d 2w Oral Healthy No / / / / 1* T* [48]
erage
Lertrit 2018 0.2g/d Capsule 4w Oral Healthy No 1H* TH* / / * 1** [29]
Table 2: The effect of long-term sucralose intake on clinical markers of glucose metabolism.
“1”: Elevated; “|”: Decreased; No: no influence; Compared with placebo group/control group/health group (different controls in different studies), *P <
0.05, **P < 0.01. Abbreviation: T2D, type 2 diabetes; GLP-1, glucagon-like peptide-1; HbAlc, glycosylated hemoglobin.

in the sensitivity of older populations to changes in blood glucose lev-
els affecting outcomes [47]. Different from the previously observed
dosage forms (such as solution and capsule), Reyna et al. added su-
cralose as a sweetener in the improved biscuit for a 4-week evaluation
[45]. Baird et al., also designed a 9-day single high dose (10mg/kg)
experiment, a 17-day 2-5mg/kg dose increase experiment, and a 90-
day 125 mg/day, 250 mg/day, and 500 mg/day dose repeat experiment
to observe and evaluate the effect of sucralose on the blood glucose
[24].

It is worth noting that the dosage of sucralose in Baird’s research
[24] and Grotz’s research [47] actually exceeded the expected hu-
man intake. Grotz et al., can only require healthy subjects to eat three
times a day, it is impossible to count whether the food contains su-
cralose; the results of the study demonstrated that sucralose has no
effect on fasting or postprandial blood glucose, insulin, C-peptide,
and HbA Ic. Baird et al. found that healthy volunteers had good toler-
ance to sucralose at a single dose of up to 10mg/kg/day and a repeated

(equivalent to 20 times of YSHS granule), and the longest period of
administration was 13 weeks. The subjects covered healthy individ-
uals, type 1 diabetes patients, type 2 diabetes patients, and obesity
patients. The reason for the low effect of sucralose on blood glucose
may be related to its high water solubility, difficult absorption, and
short half-life period. These studies provide an important basis for the
process optimization of sucralose as a drug flavoring agent, especially
for extremely bitter Chinese patent drugs such as YSHS granule, so
as to facilitate the safe application of patients with abnormal blood
glucose.
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