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INTRODUCTION

ABSTRACT

Introduction/Aims: Insufficient insulin secretion or inefficient insulin response are
responsible for the clinical outcome of type 2 diabetes mellitus. Administration of insulin
alone is prone to cause secondary effects, resulting in an unsatisfactory outcome. Shen-
Qi-Formula (SQF), a well-known Chinese medicinal formula, has been used for diabetic
treatment for a long time. The present study was designed to investigate whether SQF in
combination with insulin improved the clinical outcome of type 2 diabetes mellitus, and
what mechanisms were possibly involved in the treatment.

Materials and Methods: A total of 219 patients were included in the study. Of these,
110 patients were treated with insulin monotherapy, and 109 with the combination ther-
apy of SQF and insulin. Before and after 12-week treatment, the fasting blood glucose,
postprandial blood glucose, B-cell function, insulin resistance and blood lipids were
measured.

Results: The 12 weeks of SQOF treatment in combination with insulin significantly
decreased the fasting and postprandial blood glucose levels. Insulin secretion was not
increased after the treatment, but B-cell function and insulin resistance were obviously
improved. Furthermore, 12 weeks of treatment with SQF and insulin improved the levels of
glucagon-like peptide-1, oxidative stress, blood lipids, coagulation function and bodyweight.
Conclusion: The results from our study showed that the combination therapy of SQF
and insulin significantly improved the clinical outcome of type 2 diabetes mellitus com-
pared with insulin monotherapy. The mechanism of improvement was possibly involved
in the multiple pathways.

secretion. The B-cell function is dominantly modulated by glu-

Diabetes mellitus is a metabolic disorder caused by insufficient
insulin secretion or inefficient insulin response, which is associ-
ated with an increased blood glucose level'. Diabetes mellitus is
divided into two main categories: insulin-dependent type 1 and
non-insulin-dependent type 2. Approximately 90% of diabetic
patients are diagnosed with type 2 diabetes™. Type 2 diabetes
features insulin insensitivity, in which the tissues and cells do
not properly respond to insulin®, and loss of pancreatic B-cell
function, resulting in impairment of insulin production and
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cagon-like peptide-1 (GLP-1) and oxidative stress’ in reducing
glucagon secretion, attenuating gastric emptying, and decreasing
appetite and weight gain®. The action of GLP-1 is impaired in
type 2 diabetes” °. These cause hyperglycemia. Hyperglycemia
leads to clinical complications, such as cardiovascular diseases,
kidney dysfunction and neuropathy. Furthermore, abnormal
lipid metabolism can result in lipid toxicity, which can further
worsen diabetic complications'®. Therefore, maintenance and
enhancement of B-cell function are of importance for the treat-
ment of type 2 diabetes''. However, no antidiabetic drugs are
shown to be effective for the prevention of B-cell dysfunction'.
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Shen-Qi-Formula (SQF), a well-known Chinese herbal for-
mula, has been used for the treatment of diabetes for a long
time in traditional Chinese medicine. SQF consists of ginseng,
kudzu vine root (Huang Qi), rehmannia, Chinese yam, dog-
wood, radix trichosanthis, salvia and cooked rhubarb. Some of
those components have been extensively studied, and their
antidiabetic mechanisms have been identified. For example,
ginseng as one of the main active ingredients in SQF is shown
not only to have significant antihyperglycemic effect in both
animal models and clinical studies'”'*, but also significantly
decreases insulin resistance and fasting blood glucose levels in
patients with type 2 diabetes'®!”. Kudzu vine root (Huang Qi),
the other one of the main active ingredients in SQF, has been
shown to have a strong antihyperglycemic effect'®. Because the
complexity of the phytochemicals and bioactivities exists in the
herbs, a single antidiabetic herb could contain thousands of
phytochemicals, which might have multiple benefits by target-
ing multiple metabolic pathways. A combination therapy of
herbal and synthetic drugs in the treatment of type 2 diabetes
and its complications has been documented'. In contrast, a
therapy using insulin alone, although blood glucose level is rela-
tively controlled, could bring up different secondary or undesir-
able effects®. Therefore, the combination of insulin with SQF
might be of importance for the improvement of type 2
diabetes.

The present study was designed to examine whether the clini-
cal outcome of type 2 diabetes was improved by the administra-
tion of SQF and insulin, and explored what possible
mechanisms were involved in the combination therapy. The
changes in fasting blood glucose (FBG), postprandial blood glu-
cose (PBG) and glycosylated hemoglobin (HbAlc) as primary
outcomes were examined. The alterations of insulin, lipids, GLP-
1 (7-36), oxidative stress, coagulation function, blood pressure,
body mass index (BMI) and bodyweight as secondary outcome
results were examined in order to understand the primary out-
come treated by the combination therapy, and explore the multi-
ple pathways linked to diabetes influenced by the therapy.

MATERIALS AND METHODS

Patients

Patients (aged >18 years, men and women) with type 2 diabe-
tes presented at the Department of Endocrinology, Teaching
Hospital of Chengdu University of Traditional Chinese Medi-
cine, Chengdu, Sichuan Province, China, between January 2011
and December 2013 were eligible to participate in the study.
The review board of the Chengdu University of Traditional
Chinese Medicine approved the study.

For inclusion in the study, all patients had to meet the crite-
ria for type 2 diabetes defined by the World Health Organiza-
tion®!. Patients included in the study were those who were
diagnosed as type 2 diabetes, and treated with insulin alone.
Exclusion criteria included those who had systemic treatment
with glucocorticoids, clinical trials of drugs within 12 weeks,
liver and kidney dysfunction, pregnant or lactating women,
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anemia, and diabetic ketoacidosis. Individuals with those condi-
tions or treatments would interfere with participation or com-
pletion of the protocol, which influenced the outcomes of the
study. Therefore, patients who had any one of the aforemen-
tioned exclusion criteria were excluded from the study. Patient
characteristics including age, sex and duration of the disease
were recorded (Table 1).

Randomization and Patient Allocation

The participants and investigators were blind to group assign-
ment. The included patients were sequentially numbered. A
computer-generated randomization list was used for treatment
allocation. Randomization was carried out by a spss 21.0 version
of software (SPSS, Chicago, IL, USA). The participants were
randomly categorized as the insulin-alone group and
SQF + insulin group (SQF+Ins).

SQF and Preparation

SQF is comprised of eight herbs with different dosages
(Table 2). All herbs were purchased from Tianjin Central Phar-
maceutical Group Corporation Ltd, a pharmaceutical manufac-
turer in Tianjin, China, in a joint venture with well-known
pharmaceutical enterprises, such as Glax Smith line America
and Baxter America. All purchased herbs were identified by
Professor Chun-Guang Xie from the Chengdu Traditional
Chinese Medicinal University.

SQF was extracted by an automatic extraction machine (Sha-
anxi Aipu Medical Equipment Co., Ltd., Xi’an, China). Briefly,
SQF was extracted twice by refluxing with boiling water (1:10
and 1:5, respectively) for 90 min, and a concentration at 29.8 g
of SQF extract was obtained at a volume of 300 mL of solu-
tion. The SQF extract was then packed in a container with a
volume of 100 mL.

Treatment Regimen

Participants were randomly allocated to receive either SQF plus
insulin (SQF+Ins) or insulin alone (Ins). In the SQF+Ins group,
100 mL of the SQF extract was orally administered three times
daily, plus insulin injection (Novo Nordisk, Beijing, China) at a
dose of 3 mL (300 IU) twice daily before breakfast and dinner.
In group Ins, the same dose of insulin was injected and no
SQF was given.

A registered dietitian developed a plan including foods
lowered in sodium and fat for those individuals. Fasting blood
glucose level was tested by biweekly measurement. Insulin
started at a dose of 3 mL (300 IU) twice daily, the dose was
adjusted according to the tested glucose levels. Blood glucose
was targeted at 5-7 mmol/L of the fasting glucose level or
<7-9 mmol/L of postprandial glucose level.

A period of 12 weeks was spent to complete the study. Dur-
ing the period, all participants were required to not alter their
regimen. This was monitored by biweekly phone call or
monthly visit. A follow-up visit was carried out at 12 weeks at
completion of the study.
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Table 1 | Patient characteristics and effects of Shen-Qi-Formula/insulin on the primary and secondary outcomes

Characteristics Ins SQF+Ins
Patient (n) 110 109
Age (years) 57.1 569
Sex, male (%) 503 528
Duration of diabetes (years) 109 106
Baseline At 12 weeks Baseline At 12 weeks
Primary outcome
FBG (mmol/L) 83+ 29 69 + 12§ 82+ 30 60 + 03§*
PBG (mmol/L) 18 £ 49 117 +£23 177 £ 36 85+ 17§
HbATc (%) MmM+12 8710 108 £ 1.1 65+ 1.1§*
Secondary outcome
Insulin (mmol/L) 1M12+24 221 + 25§ 11.1+19 96 + 25§
TC (mmol/L) 59+ 10 56+ 1.1 590+ 1.1 57 %11
TG (mmol/L) 18+ 13 18+ 17 19+ 13 1.1+ 1.3§%
HDLC (mmol/L) 08+ 0.1 09+ 0.1 08+ 0.1 12 £ 01§*
LDLC (mmol/L) 35+03 33+ 04 35+ 04 22+ 03§*
NEFA (umol/L) 650.1 £ 278 5741 £ 28.9 66568 = 263 2429 + 2228§*
GLP-1 (pg/mL) 2123 £ 138 2270+ 122 22159 £ 121 3262 + 136§*
T-SOD (U/mL) 588 + 26 615+ 28 5596 + 23 734 £ 23§
MDA (nmol/L) 153t72 152t 74 1155+ 72 106 + 66§
PT () 126 £ 08 127 £08 1127 £ 08 138 £ 0.7§*
APTT (s) 342+ 27 346 + 34 3337+ 33 370 + 2.8§*
Fib (g/L) 3105 3105 332+ 05 28 £ 05§*
BMII (kg/mz) 325+ 27 317 £28 3324+ 28 306 £ 24§*
BW (kg) 912+ 62 921 +£58 916+ 53 883 + 66§*
Systolic BP (mmHg) 1448 £ 11 1301 £ 92 11443 £ 92 1246 + 42§*
Diastolic BP (mmHg) 893 £ 142 886 £ 103 906 £ 125 821 £ 98§

APTT, activated partial thromboplastin time; BP, blood pressure; BW, bodyweight; FBG, fasting blood glucose; FIB, fibrinogen concentration; HbATc,
glycosylated hemoglobin; GLP-1, glucagon-like peptide-1; HDLC, high-density lipoprotein cholesterol ester; Ins, insulin; LDLC, low-density lipoprotein
cholesterol ester; NEFA, non-esterified fatty acids; PBG, post-prandial blood glucose; PT, prothrombin time; SQF, Shen-Qi-Formula; TC, total choles-
terol; TG, triglyceride. *P < 0.05, compared with the insulin alone (Ins) group; **P < 0.01, compared with the Ins group; §P < 0.05, compared within

the group; §§P < 0.01, comparing within the group.

Table 2 | Components and dosage of Shen-Qi-Formula

After baseline venous blood samples were collected as fasting
blood glucose, patients were required to have standard food

Components Dosage (@) containing100 g of carbohydrate. The postprandial glucose lev-
Ginseng 5 els were tested 120 min after food intake.

Kudzuvine root (Huang Qi) 30

Rehmannia 15 Measurement of the Secondary Outcomes

Chinese yam 15 Insulin, lipids, GLP-1 (7-36), oxidative stress, coagulation func-
Dogwood 15 tion, blood pressure, BMI and bodyweight as the secondary
Radix trichosanthis 10 outcomes were tested before the start and after completion of
Salvia 15 the study.

Cooked rhubarb 6

Measurement of the Primary Outcomes

Before the start and after completion of the study, FBG, PBG
and HbAlc as primary outcome measurements were tested.
The administration of insulin was stopped before dinner on the
day before an oral glucose tolerance test (OGTT) was carried
out, and the OGTT was carried out after a 12-h overnight fast.

Measurement of B-Cell Function, Insulin Resistance and Insulin
Sensitivity

B-Cell function, insulin resistance and insulin sensitivity were
studied by homeostatic model assessment (HOMA)*2. HOMA
%S is a measure of insulin sensitivity, HOMA%B is a measure
of B-cell function and HOMA-IR is a measure of insulin resis-
tance. Together, the three measures can show credible results
with proper interpretation. HOMA has been shown not only to
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correlate closely with the euglycemic clamp method, but also to
be a simple and economic measure.

Statistical Analysis

Statistical analyses were carried out using spss version 17 (SPSS).
Statistical differences between groups were evaluated by one-
way of analysis of variance (ANovA). Student’s f-test was used to
examine the differences between groups. A P-value <0.05
showed a significant difference.

RESULTS

A total of 219 patients (51.5% men, range 38-74 years) were
included in the study, after exclusion of 21 patients with heart,
brain and psychiatric disorders; four patients on medication
with glucocorticoids; six patients with liver and kidney dysfunc-
tion; and one patient with a history of diabetic ketoacidosis in
the past 3 months. A total of 110 of those patients were treated
with Ins and 109 with SQF+Ins (Figure 1). There was no sig-
nificant difference between the groups regarding their ages, sex
and duration of the disease (Table 1).

Effects of SQF+Ins on the Primary Outcomes

The baseline of fasting blood glucose was not different between
the two groups before the start of the study. After 12-week
treatment with SQF+Ins, the fasting blood glucose (P < 0.05)
and postprandial blood glucose levels (P < 0.01) were signifi-
cantly decreased, compared with the levels in the Ins group
(P <0.01). Similarly, the administration of SQF+Ins signifi-
cantly decreased the level of HbAlc (P < 0.05), compared with
that in the group treated by Ins (P < 0.05; Table 1).
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Effects of SQF+Ins on the Secondary Outcomes

After 12 weeks, the secondary outcomes were changed greatly
in the group treated with the combination therapy of SQF+Ins
(Table 1).

The insulin level decreased from 11.6 mmol/L of the baseline
level to 9.6 mmol/L (P < 0.05) in the SQF+Ins group, but it
was increased from 11.2 mmol/L of the baseline to 22.1 mmol/
L (P < 0.05) in the Ins group. The increased insulin level sug-
gested an inappropriate utility of insulin, as the postprandial
blood glucose level was not as decreased as that in the SQF+Ins
group.

The cholesterol levels were not changed. The triglyceride lev-
els were significantly decreased (P < 0.05). The decrease in tri-
glyceride level was probably as a result of the improvement of
glucose metabolism after the combination therapy. Low-density
lipoprotein cholesterol ester was decreased in the SQF+Ins
group (P < 0.05), the decrease was not seen in the Ins group.
High-density lipoprotein cholesterol ester was increased in the
two groups, but a significant increase was seen in the SQF+Ins
group (P < 0.05). Similarly, the level of non-esterified fatty
acids was markedly reduced after 12 weeks of the combination
therapy (P < 0.001).

There was no significant difference between the two groups
regarding the blood GLP-1 (7-36) levels before the start of the
study. However, a significant increase was observed in the
SQF+Ins group (P < 0.05). Although the GLP-1 (7-36) level
was also increased in the Ins group, the increase was lower
than that in the SQF+Ins group (P < 0.05), suggesting that the
combination of SQF and insulin obviously stimulated GLP-1
(7-36) amide secretion.

Assessed for eligibility
(n =240 cases)
Excluded ineligible
—> _
(n =21 cases)
\ 4

219 cases wer

e included

7 g

Insulin only
(n=110)

/

SQF+Ins
(n=109)

AN

Completed Wk 12 and follow-up
(n=110)

Completed Wk 12 and follow-up
(n=109)

Figure 1 | Participant flow from recruitment to completion of the study. SQF+Ins, Shen-Qi-Formula and insulin.
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Compared with insulin monotherapy, the combination
therapy significantly increased the total superoxide dismutase
(T-SOD) level (P < 0.05), but greatly decreased the melondial-
dehyde (MDA) level (P < 0.001). Treatment with insulin alone
did not change the MDA level.

The administration of SQF in combination with insulin sig-
nificantly improved the coagulation factors including prothrom-
bin time (P < 0.05), activated partial thromboplastin time
(P < 0.05) and fibrinogen (P < 0.05) activity.

In patients treated with SQF+Ins, mean bodyweight
decreased from 91.6 to 88.3 kg (P < 0.05), whereas in the Ins
group, bodyweight increased from 91.2 to 92.1 kg.

BMI significantly decreased after the SQF+Ins treatment
(P < 0.05). In the Ins group, although BMI was decreased, the
change was not statistically different.

The administration of SQF+Ins significantly lowered blood
pressure (P < 0.05). Although Ins treatment also decreased
blood pressure, no statistical difference was seen.

Effect of SQF+Ins on Insulin Resistance, Insulin Sensitivity and

p-Cell Function

There was no significant difference between the two groups
before start of the study. After 12 weeks of SQF+Ins treatment,
the levels of HOMA%B and HOMA%S were significantly
increased (P < 0.05). In the group using insulin monotherapy,
the levels of HOMA%B were not changed. The 12 weeks of
combination therapy decreased the level of HOMA%IR
(P < 0.01). These results suggested that the combination ther-
apy of SQF+Ins improved the insulin resistance and insulin
sensitivity. Insulin sensitivity was decreased in the Ins group
(P < 0.05; Table 3).

Effect of SQF+Ins on the Consumed Amount of Insulin

During 12 weeks of the study, the daily insulin dose consumed
was monitored. Administration of SQF+Ins reduced the
amount of insulin consumed from an initial 600 IU/day to a
final 596 IU/day. Because of better control of blood glucose in
the SQF+Ins group, 10% of patients stopped using insulin
injection, and used SQF only, before termination of the study.
Administration of insulin alone increased the amount of insulin
consumed from an initial 600 IU/day to a final 602 IU/day.

http://onlinelibrary.wiley.com/journal/jdi

Safety and Adverse Effects of SQF+Ins

The volume of hemoglobin, and liver and kidney functions
were tested in all patients before the start and throughout the
study to monitor for any possible adverse reactions. SQF+Ins
was well tolerated with no adverse event. There were no abnor-
malities in liver or kidney functions in the two groups. In the
Ins group, one case developed mild fatigue, and was found to
be transient hypoglycemia. The other case in the SQF+Ins
group had loose bowel motions associated with fatigue due to
influenza. These two patients had symptoms in the early stage
of taking medicine. The symptoms were resolved in a few days
(Table 4).

DISCUSSION

The present study, using Chinese antidiabetic herbal medicine
in combination with insulin, showed a significant improvement
on the glycemic outcome. Although insulin secretion was not
significantly increased after the combination therapy, some
interesting findings were observed: (i) insulin resistance
(HOMA-IR), insulin sensitivity (HOMA%S) and f-cell function
(HOMA%B) were greatly improved; (ii) the amount of insulin
consumed decreased; and (iii) the secondary outcome results
including blood lipids, T-SOD, MDA, GLP-1 secretion, coagu-
lation function, blood pressure and bodyweight were greatly
improved. These results suggested that SQF enhanced the anti-
hyperglycemic effect of insulin possibly through multiple path-
ways. To our knowledge, this is the first study reporting the
mechanisms of SQF and insulin treatment of type 2 diabetes in
human patients.

Glycemic control in the treatment of type 2 diabetes involves
insulin production, insulin secretion and insulin utilization. All
currently available antidiabetic agents lack efficacy, and have
undesirable adverse effects'®*. Furthermore, drugs including
insulin are not only unable to prevent or rescue B-cell dysfunc-
tion, but also result in side-effects®**>. Drugs targeting one or
two metabolic pathways are reported to be insufficient to treat
type 2 diabetes. Drugs with the ability to target more metabolic
pathways are more encouraging than those targeting a single
pathway, but these drugs targeting multiple pathways are often
associated with adverse effects®®. Therefore, a combination of
herbal medicine with other antidiabetic medicine is applied to

Table 3 | Effects of Shen-Qi-Formula and insulin on insulin resistance, insulin sensitivity and B-cell function

Variable Ins SQF+Ins

Baseline After 12 weeks Baseline After 12 weeks
HOMA%B 768 £ 22.1 744 £ 275 713 £ 268 824 + 282§*
HOMA-IR 34+02 43+ 03§ 34105 20+ 031§
HOMA%S 782 x 321 626 + 302§ 763 £ 20.1 81.2 £ 193§*

HOMA%%B, homeostatic model assessment of B-cell function; HOMA%S, homeostatic model assessment of insulin sensitivity; HOMA-IR: homeostatic
model assessment of insulin resistance; Ins, insulin; SQF, Shen-Qi-Formula. §P < 0.05, compared within the group; *P < 0.05, compared with the

insulin alone (Ins) group; **P < 001, compared with the Ins group.
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Table 4 | Safety and adverse effects of Shen-Qi-Formula and insulin treatment

Variable Ins SQF+Ins
Baseline After 12 weeks Baseline After 12 weeks
Laboratory data
HGB (g/L) 1345 + 142 1321 £ 10 1354+ 113 1342 £ 112
ALT (IU/L) 328 £ 202 295 £ 137 356+ 213 324 £ 196
AST (IU/L) 286 + 204 2646 £ 17.1 291+ 213 264+ 1
CCr (mL/min) 862+ 172 997 £ 138 894 + 214 101.7 £ 187
BUN (mg/dL) 162+ 26 18.3+ 32 171+ 34 169+ 27
Clinical data
Loose bowels 0 0 0 1
Fatigue 0 1 0 1

ALT, alanine transaminase; AST, aspartate transaminase; BUN, blood urea nitrogen; CCr, creatinine clearance rate; HGB, hemoglobin; Ins, insulin; SQF,

Shen-Qi-Formula.

increase insulin production, sensitization of the insulin receptor
and other pathways''. Because of the complexity of the phyto-
chemicals and bioactivities in plants, medicinal herbs have been
shown to contain diverse bioactive compounds, and have multi-
ple effects on insulin production, insulin section and insulin
utilization'. A single antidiabetic herb with thousands of phy-
tochemicals could have multiple benefits by targeting several
metabolic pathways; therefore, a combination therapy of ortho-
dox medicine and herbal medicine has shown a better effect
than either medicine alone'®.

In the present study, the administration of SQF in combina-
tion with insulin greatly lowered the postprandial plasma glu-
cose level; whereas in insulin monotherapy, the postprandial
plasma glucose level was still at a higher level, although insulin
controlled the plasma glucose level. Postprandial hyperglycemia
is a result of the body being unable to control blood glucose
adequately after a loading of “sugar,” which was thought to be
toxic to the B-cells and result in dysfunction of B-cells””. The
tissues and cells do not respond to insulin properly, with fea-
tures of insulin insensitivity*. The so-called “insulin resistance”
is a decrease in responsiveness of the target tissues to normal
levels of circulating insulin. Therefore, higher insulin resistance
might have a higher blood insulin level, and a smaller amount
of insulin response is seen in those with better insulin sensitiv-
ity. In the present study, postprandial glucose level was greatly
improved in patients treated with SQF+Ins, but insulin secre-
tion was not increased. Cut-off values for normal HOMA-IR
were reported to be from 2.5 to 4.1°*°, The baseline levels in
the present study were 3.38 in the insulin monotherapy group
and 3.39 in the combination therapy group. These levels from
our study should be considered to be in the non-clinical range.
However, the 12-week combination therapy of SQF+Ins signifi-
cantly decreased the HOMA-IR level from 3.39 to 2.02;
whereas in the insulin monotherapy group, the HOMA-IR level
increased from 3.38 to 4.28. These results suggested that the
combination therapy of SQF+Ins decreased insulin resistance,
and increased insulin sensitivity.

Theoretically, while insulin sensitivity is improved, [-cell
function (HOMA%B) is also improved. A HOMA%B value
near to 100% is associated with better B-cell function®. How-
ever, in the SQF+Ins group, the level of insulin secretion did
not increase, even though B-cell function (HOMA%B) and
insulin sensitivity appeared to improve. Thus, a high HOMA%
B might not always mean better B-cell functioning, perhaps the
opposite. This was consistent with the recent study by Grant
et al>" Although it is unclear why insulin secretion decreases
when insulin sensitivity increases, a possible explanation is that
B-cells do not have to produce more insulin when insulin sen-
sitivity is improved®. Decreased B-cell function as represented
by HOMA%B does not seem to predict the development of
diabetes®', and low insulin secretion might be adequate for an
insulin-sensitive patient™.

HbAlc is a form of hemoglobin primarily used to identify
blood glucose concentration. Many factors including blood lip-
ids™, blood pressure**** and diabetes complications™® can affect
HbAlc level. HbAlc was tested as an indicator of how blood
glucose level was controlled, and monitored the influence of
the combination therapy on those factors. The present findings
showed that the combination therapy of SQF+Ins decreased the
HbAIc level, and was associated with improvements of blood
pressure, bodyweight, BMI and blood lipids.

The improvement of blood lipids could be a result of the
improvement of insulin resistance by the administration of
SQF+Ins, because insulin resistance is usually associated with
dyslipidemia®. Targeting insulin resistance was shown to be an
effective treatment of dyslipidemia®. Oxidative stress is greatly
associated with the progress of type 2 diabetes and complica-
tions of the disease’*’. The T-SOD activity and MDA level
are correlated with the glycemic variability and oxidative
stress’’. A significant increase in SOD and reduction in MDA
in the combination therapy of SQF+Ins suggested that the
combination therapy enhanced the ability of anti-oxidative
stress, and reduced the responsiveness to oxidative stress.
Hypertension and increased BMI are common in type 2 diabe-

© 2015 The Authors. Journal of Diabetes Investigation published by AASD and Wiley Publishing Asia Pty Ltd

J Diabetes Investig Vol. 6 No. 6 November 2015 713



ORIGINAL ARTICLE

Zhang et al.

tes**, a better control of blood pressure and the reduced BMI

are effective to control diabetes**. The combination therapy of
SQF+Ins greatly improved the disturbance of glucose metabo-
lism, associated with improvement of blood pressure, BMI,
blood lipids and hypercoagulable state. Weight loss occurred in
the combination therapy group, but did not develop in the Ins
group, as insulin alone was associated with insulin insensitivity
and bodyweight increase’**”. The weight loss observed in the
combination therapy group might be linked with the increase
in GLP-1 level and the improvement of B-cell function regu-
lated by GLP-1°.

The major effects of GLP-1 are stimulating insulin secretion,
enhancing sensitivity of the tissue to insulin and enhancing -
cell proliferation, which is associated with a decrease in blood
glucose and glucose toxicity*>*’, GLP-1 also suppresses food
intake and appetite, and helps reduce bodyweight in patients
who are overweight or obese”. The present study showed that
there were correlations between the glucose-lowering effect of
the combination therapy and an increase in GLP-1 level. The
increase in GLP-1 level was associated with the decrease in the
postprandial glucose level. The combination of SQF+Ins
increased GLP-1 secretion, which is associated with an
improved f-cell function and enhanced insulin sensitivity.

The euglycemic clamp might provide an accurate result in
assessment of insulin sensitivity, but it is costly, and not feasible
in a large population; therefore, using HOMA in the study was
cost-effective, with validity for clinical trials. In addition, a
longer study period could provide more information regarding
oxidative stress, but a significant increase in SOD and reduction
in MDA were observed with SQF+Ins treatment.

In summary, the present results showed that SQF enhanced
the antihyperglycemic outcome when combined with insulin.
The actions and therapeutic potential of the SQF compounds
were through the regulation of multiple metabolic pathways in
the treatment of type 2 diabetes. Furthermore, SQF+Ins was
safe and without side-effects, and provided a significant poten-
tial with polypharmacy in the clinical treatment of type 2 dia-
betes.
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