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Abstract

SX-fraction (SXF) is a bioactive glycoprotein with anti-diabetic and hypoglycemic
activities that have been documented in several reports. We have reviewed those
studies herein and also explored the possible mechanism of its hypoglycemic
activity. The early animal studies of SXF using diabetic mice showed the
significant reduction in the three diabetic parameters, serum glucose, insulin, and
triglyceride, suggesting its anti-diabetic activity. The limited clinical studies also
showed that SXF led to the significant reduction in the fasting blood glucose levels
of type 2 diabetic patients within 2 wk or a month, suggesting its hypoglycemic
activity. To explore the hypoglycemic mechanism of SXF, its possible effects on
the insulin signal transduction pathway was examined in vitro. Particularly,
activities of insulin receptor, insulin receptor substrate 1, and protein kinase B,
which are essential elements playing a key regulatory role in the signal pathway,
were studied using skeletal muscle L6 cells. The status of these three parameters
were examined under a high glucose (35 mmol/L) milieu with SXF and assessed
using the enzyme-linked immunosorbent assay. Such studies revealed that all
three parameters (insulin receptor, insulin receptor substrate 1, and protein kinase
B) were inactivated by high glucose, indicating a disruption of the signal
pathway. However, such an inactivation was reversed or re-activated by SXF to
successfully carry out the sequential signaling events. In fact, a measurement of
glucose uptake in cells showed that SXF did increase a glucose uptake while high
glucose decreased it. Therefore, SXF has anti-diabetic and hypoglycemic activities
through activation of the insulin signal pathway and appears to be a safe, natural
agent for lowering the serum glucose levels in type 2 diabetic patents and
improving their diabetic conditions.

Key Words: SX-fraction; Diabetes; Anti-diabetic; Hypoglycemic; Insulin signal pathway
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Konno S. SX-fraction on type 2 diabetes

Core Tip: We have been searching for a natural agent capable of controlling diabetic
conditions in patients with type 2 diabetes for years. We then came across “SX-fraction
(SXF)”, isolated from maitake mushroom (Grifola frondorsa), with anti-diabetic and
hypoglycemic activities. In this short review, we chronologically described several key
studies of SXF such as animal studies using diabetic mice (to demonstrate anti-diabetic
activity), limited clinical studies on volunteer patients with type 2 diabetes (to show
hypoglycemic activity), and in vitro study using skeletal muscle cells (to elucidate the
hypoglycemic mechanism). After all, SXF appears to be a natural, safe, effective agent
for treatment of patients with type 2 diabetes, although more (clinical) studies are yet
required for confirmation.

Citation: Konno S. SX-fraction: Promise for novel treatment of type 2 diabetes. World J
Diabetes 2020; 11(12): 572-583

URL: https://www.wjgnet.com/1948-9358/full/v11/i12/572.htm

DOI: https://dx.doi.org/10.4239/wjd.v11.i12.572

INTRODUCTION

Diabetes mellitus, or simply diabetes, is a metabolic ailment of steady high blood
glucose condition (hyperglycemia) that affected over 34.2 million Americans (10.5% of
the United States population) in 2018!". Those include 26.9 million diagnosed cases and
7.3 million undiagnosed cases and among diagnosed people, men (14 million) had a
slightly higher prevalence than women (12.8 million)!". This is a chronic disease with
high blood glucose level, which can cause various adverse clinical complications,
including retinopathy, neuropathy, and nephropathy. If left untreated, it could then
lead to blindness, renal failure, amputation, coma, and even death™. It is not a simple
physiological disorder and requires medical attention.

The two types of diabetes, type 1 (insulin-dependent) and type 2 (non-insulin-
dependent) diabetes!], are commonly represented. Type 1 diabetes is primarily
attributed to insulin deficiency, representing < 20% of all cases of diabetes”], whereas
type 2 diabetes has a > 80% incidence rate, involving multiple factors such as
insufficient insulin secretion, peripheral insulin resistance (in muscle and adipose
tissue), and excessive hepatic glucose production“. Hence, type 2 diabetes with such
complex etiologies seems to be more prevalent than type 1 diabetes. Regarding
treatment, type 1 diabetes due primarily to insulin deficiency (from dysfunction of
pancreatic P-cells) can be better managed through insulin injection than type 2
diabetes. On the other hand, insulin deficiency is not the primary problem in many
type 2 diabetic patients but peripheral insulin resistance is rather a major factor for
their hyperglycemic conditions, making it more difficult to treat!’l. Because of such
insulin resistance, for instance, sulfonylurea derivatives!” that are currently used in
oral therapy to stimulate insulin secretion (from pancreatic B-cells) have often failed to
show the expected efficacy and outcomes. Other pharmaceuticals, such as
troglitazone! and metformin®'", have been also used to enhance peripheral insulin
sensitivity. Although these drugs led to some improvements in a glycemic control,
several adverse effects also drew attention. Metformin was found to have potential
adverse effects such as lactic acidosis due to renal impairment, sepsis, septic shock,
cardiac arrest, or liver failure”. Similarly, troglitazone has been taken off the United
States market, due to severe hepatoxicity!.

Hence, there are yet no specific and effective regimens for treatment of type 2
diabetes even after all these years. At least, we now understand that more effective
modalities rely primarily on how to overcome insulin resistance. In fact, it is urgently
and strongly demanded to implement specific therapeutic modalities or find safer and
more effective agents to abolish insulin resistance, eventually alleviating complicated
diabetic conditions.

We have been seeking for some natural products/agents with hypoglycemic activity
and came across a mushroom extract known as “SX-fraction (SXF)”, isolated from
maitake mushroom (Grifola frondosa). SXF with an approximately 20000 Da molecular
weight is a water-soluble glycoprotein and a number of scientific and medical studies
have been performed on SXF. Those include diabetic mice and limited clinical studies
of type 2 diabetic patients, which demonstrated hypoglycemic and anti-diabetic
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activities of SXF!'""“l. We chronologically described those studies herein and also
explored the possible hypoglycemic mechanism of SXF, which had not been yet fully
understood. Our working hypothesis was that SXF might stimulate or activate the
dysfunctional insulin signal transduction pathway!".. It is rather an oversimplified
scheme depicting that SXF might primarily act on the signal pathway, which carries
out a cascade of biochemical events and eventually leads to the increase in glucose
uptake by insulin responsive cells. We then focused on the possible status changes in
the three key diabetic parameters, such as insulin receptor (IR)!"’, insulin receptor
substrate 1 (IRS-1)I'], and protein kinase B (Akt)!"l. More details are described later on.

Before we start discussing the SXF studies, it is worthwhile mentioning a little more
about “maitake mushroom” because it is where SXF originally comes from. This
mushroom is not just another mushroom people are familiar with. It is an edible, tasty,
medicinal mushroom, which has been available by cultivation since the mid-1980s.
This mushroom is often used in cooking and also believed to provide us with certain
health benefits, which have been claimed in anecdotes and folklore. Nevertheless, a
number of scientific and medical studies have been extensively performed on
“Maitake D-fraction (PDF)”[""], a bioactive extract from maitake mushroom, in the past
35 years. Such studies then revealed or postulated a number of physiological benefits
including immunostimulatory, anticancer/antitumor, and antiviral effects”*!, and
potential treatments of hypertension, hypercholesterolemia, obesity etc.!*.
Particularly, it is significant that its antiviral activity on human immunodeficiency
virus/acquired immune deficiency syndrome (HIV/AIDS) has been confirmed by the
United States National Cancer Institute in 1992 In addition, apoptosis-inducing
activity of PDF has been also demonstrated in human prostate cancer cells in vitrot**1,
Most importantly, as far as the safety of PDF is concerned, the United States Food and
Drug Administration has exempted PDF from a phase I toxicology study and also
approved it for the investigational new drug application allowing a phase II pilot
study on those patients with advanced breast and prostate cancers?”). Moreover, a
randomized clinical study of PDF on healthy subjects (non-cancerous participants)
reported no apparent adverse effects on any participantst™. Thus, these findings
support the safety of PDF without any potential side effects, granting its use in cancer
patients as well as normal healthy people.

Similar to PDF, we now have SXF with potential anti-diabetic and hypoglycemic
activities, which has been also isolated from maitake mushroom. Accordingly, we
have reviewed the available data from the early and recent SXF studies, providing
with essential /valuable information on SXF in terms of its safety and potential efficacy
on patients with type 2 diabetes.

RESULTS AND DISCUSSION

Regarding the terms used for “SXF” in this review, it should be advised that SXF
currently available today has been developed and formulated several times in the past.
Initially, it was called a whole maitake powder containing SXF component, followed
by a crude SXF (20%-feed), a formulated SXF, maitake powder caplet, and current SXF.
To avoid any confusions with these names, we purposely and nearly exclusively used
the term, SXF, throughout this review. No matter how its name has been changed, the
key active ingredient responsible for its anti-diabetic and hypoglycemic activities was
“SXF” presented in all former products. Hence, although you may find these different
names in the literatures, the outcomes of such studies were indeed attributed to SXF
after all.

Anti-diabetic effects of SXF on diabetic mice

First of all, SXF and other similar materials/products used in all studies described
herein were primarily provided by the manufacturer (Mushroom Wisdom, Inc., East
Rutherford, NJ, United States). In this study!", diabetic mice were equally divided into
the two groups: the experimental group received both normal feed and crude SXF
(20%-feed) daily, while the control (sham) group consumed only normal feed. After 8
wk, compared to the control group, the experimental group showed significant
improvements in the three diabetic parameters, blood glucose (Glc), insulin (Ins), and
triglyceride (Tgl) levels. The Glc, Ins, and Tgl levels were 400 mg/dL, 1200 pU/mL,
and 780 mg/dL, respectively, in the control group, whereas those were 200 mg/mL,
220 pU/mL, and 410 mg/dL, respectively, in the experimental group (Figure 1). Thus,
such a significant decrease in these diabetic parameters with SXF indicates its anti-
diabetic effect in diabetic mice.
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Figure 1 Effects of crude SX-fraction on three diabetic parameters in diabetic mice. In this study, the levels of three diabetic parameters, glucose,
insulin, and triglyceride, in diabetic mice were compared between the experimental group (with crude SXF) and the control (sham) group after an 8-wk trial. All data
are mean of 5 mice from each group (°P < 0.03 vs control) and expressed with an arbitrary scale (without units). SXF: SX-fraction; Glc: Glucose; Ins: Insulin; Tgl:
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The study was continued with a “feed-switch” of crude SXF supply between the
two former groups. The former control group now received crude SXF while the
former experimental (with SXF) group served as the control. This “switch” continued
for 4 wk to eliminate the possibility of body weight that could affect the outcomes
because changes in body weights were actually seen during the previous (8-wk) study
period. It became clear even only 1 wk later that all three parameters were significantly
improved or lowered with SXF supplement, whereas they sharply elevated once SXF
was deprived. However, no changes in body weights were detected this time (4-wk
period). For instance, Glc of the former control group decreased from 400 mg/dL to
155 (with SXF) but that of the former experimental group increased from 180 to 365
(without SXF). All these changes in parameters are summarized in Table 1. Therefore,
this study confirmed that SXF has indeed improved all diabetic parameters,
supporting the notion that SXF is a potential anti-diabetic agent.

In the next study!”, as SXF has a direct/primary impact on diabetic conditions (in
mice), whether it could be as effective as (or better than) an anti-diabetic drug
clinically used was then assessed. Glipizide (Glp), one of oral medications, was chosen
to compare with formulated SXF. Diabetic mice were divided into the three groups as
the control, the SXF, and the Glp groups. Specified amounts of SXF or Glp were
separately given to mice daily for 7 d (1 wk), and the two diabetic parameters, Glc and
Ins, were measured at Days 0, 4, and 7. As shown in Figure 2A, the Glc levels in the
SXF group were significantly (P < 0.05) lower than those of the control group at Days 4
and 7. Although those of the Glp group also declined, the difference was not
statistically significant (P > 0.06). Similarly, the Ins levels at Days 4 and 7 were also
significantly (P < 0.05) lowered in the SXF group, while those values of the Glp were
not significantly lowered (Figure 2B). Thus, these results show that SXF is capable of
effectively and significantly lowering the Glc and Ins levels in mice within a week,
improving their diabetic conditions. This finding also demonstrates that “SXF” is
practically the key ingredient with anti-diabetic activity because the two different
forms of SXF, formulated SXF (used in this study) and crude SXF (in the early studies
above), yet showed the consistent results. Moreover, this study also indicates that SXF
appears to have a better efficacy than an oral anti-diabetic drug (Glp) tested.

Taken together, these animal studies show that SXF does have anti-diabetic activity,
capable of directly lowering the Glc, Ins, and Tgl levels, as evidenced by the fact that a
withdrawal of SXF immediately raised those parameters back to the diabetic state
within a week. Additionally, SXF appears to more effectively work on diabetic
conditions (in mice) than Glp, by adequately controlling glucose/insulin metabolism
without any side effects. Although the potential (long-term) side effects of Glp have
been rarely documented at present, such a possibility cannot be utterly ruled out. This
further assures that SXF is safer and more effective (than a drug) on ameliorating
diabetic conditions presumably in type 2 diabetic patients. Nonetheless, as more
tests/studies are required for confirming the actual efficacy of SXF on those patients,
especially more clinical studies should be actively conducted.

Hypoglycemic effects on type 2 diabetes patients

Encouraged by the early animal studies described above, some clinical case/studies
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Table 1 Changes in diabetic parameters after 1 wk of “feed-switch” in mice

Parameters (Former) Control— +SXF (Former) SXF—Control
Gle (mg/dL) 400155 180—365"

Ins (U/mL) 790—20° 120—990°

Tgl (mg/dL) 560125 230620

Body weight (g) 46—41 3437

4P < 0.01 (note: No statistical differences in body weight). Glc: Serum glucose; Ins: Serum insulin; Tgl: Serum triglycerides; SXF: SX-fraction.

A —-Con B - Con
250 - - +SXF
[ -+ +Glp
s
3 T
S 200F S
£ )
et a 2
o a =
150

0 1 2 3 4 5 6 7
Days of study Days of study

Figure 2 Effects of formulated SX-fraction and anti-diabetic drug (glipizide) on diabetic parameters in mice. The two diabetic parameters,
glucose and insulin, in the control, SX-fraction, and glipizide groups were analyzed at indicated periods in a one-week trial. The results of glucose and insulin in the
three groups are shown in the panels (A) and (B), respectively. All data are mean of 5 mice from each group (P < 0.05 vs control). SXF: SX-fraction; Glc: Glucose;
Ins: Insulin; Glp: Glipizide.

were then conducted to assess the possible hypoglycemic effect of SXF on several
volunteers with type 2 diabetes (25 to 75 years old).

The first case study!"! presents a complete glycemic control with SXF in a newly
diagnosed male patient with type 2 diabetes. He had the initial fasting blood glucose
(FBG) value of 248 mg/dL (the normal FBG range of 55-115 mg/dL) with the
glycosylated hemoglobin A,  (HbA,) level of 11.5% (the normal HbA,  range of 5%-
7.5%). No diabetes-related complications such as retinopathy, neuropathy efc. had yet
developed. He immediately received oral glyburide (2.5 mg)"! daily and his FBG level
declined to approximately 180 mg/dL over the next 2 d. He then started also taking a
SXF tablet daily with glyburide and his FBG dramatically declined to approximately
100 mg/dL in a couple of days and remained at nearly 80-90 mg/dL for the next 3 mo.
At the same time, his HbA,  also went down to normal 5.2% (from initial 11.5%).
Glyburide was next cut down to a half (1.25 mg) with daily SXF, and his FBG levels
remained similarly at 80-90 mg/dL for another 2 mo. Eventually, he was kept on daily
SXF only while glyburide was completely withdrawn; however, his FBG levels yet
remained at approximately 90 mg/dL and his HbA,, also remained at normal 5.6%
over 6 mo. This patient currently remains normoglycemic over 20 years only with a
daily SXF intake since his initial diagnosis. His chronological improvements with SXF
are summarized in Table 2.

Another case study included 7 volunteers with type 2 diabetes who received a SXF
tablet three times a day for 4 wk. Their FBS levels were measured at a beginning of a
SXF trial (Day 0), 2wk (Day 14), and 4"wk (Day 28). What percent (%) of FBG
declined with SXF (if any) was also calculated by the differences of FBG values
between Day 0 and Day 28. We found that all 7 patients demonstrated the significant
decreases in their FBG levels, with over 30% (30%-63%) decline, under a SXF regimen
in 2 to 4 wk (Table 3). Actually, we found that the apparent improvements or
decreases in the FBG levels were seen in 2 wk after the first SXF intake, although those
values yet kept gradually declining until 4 wk. Additionally, no participants have
presented any palpable ailments associated with SXF during this trial, further
confirming its safety in human use without adverse effects. Therefore, these results
imply that SXF has a hypoglycemic activity, capable of effectively lowering the FBG
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Table 2 Hypoglycemic effect of SX-fraction on patient newly diagnosed with type 2 diabetes

Diagnosis/Prognosis FBG (mg/dL) HbA,, (%)
Initial diagnosis 248 115

3" month prognosis (with 2.5 mg glyburide and SXF) 80-90 52

5" month prognosis (with 1.25 mg glyburide and SXF) 80-90 N/D

9" month prognosis (with SXF only) Approximately 90 5.6

N/D: Not determined. SXF: SX-fraction; FBG: Fasting blood glucose; HbA, : Glycosylated hemoglobin A, .

Table 3 Hypoglycemic effects of SX-fraction on type 2 diabetic patients

Patients Age (yr) Sex FBG (mg/dL) Before SXF* After SXF* % of FBGdeclined with SXF
A 44 M Approximately 260 90-100 Approximately 63
B 75 F Approximately 200 110-130 Approximately 40
C 25 B 150-180 110-120 Approximately 30
D 37 M 180-200 120-140 Approximately 32
E 64 F Approximately 220 130-150 Approximately 37
F 41 M Approximately 210 100-110 Approximately 50
G 53 F 170-190 100-110 Approximately 42

“Before and after SX-fraction indicates the fasting blood glucose values measured at Day 0 and Day 28 of a trial, respectively. SXF: SX-fraction; FBG: Fasting
blood glucose; M: Male; F: Female.

levels of type 2 patients.

Opverall, theses limited clinical studies demonstrated the hypoglycemic effect of SXF
on actual type 2 diabetic patients. Once patients started a SXF regimen, its
hypoglycemic effect could be seen within 2 wk to a month. Moreover, SXF can be
taken safely with medications without any contraindications since all participated
patients were also taking some oral medications with few adverse effects during this
SXF trial. Interestingly, we were able to follow up the two patients, the first case
patient and one of 7 additional patients, and they are still normoglycemic today (2020)
even without taking SXF. Unfortunately, although we have lost a contact with the rest
of 6 patients, we are confident that they are doing well as long as they keep taking
daily SXF. We then wonder if SXF might have cured diabetes in those two patients
after they took SXF daily over 10 years. Is it possible that a long term (over 10 years)
intake of SXF may cure diabetes? As we have only the two valid cases, we could
speculate but are yet unable to draw an affirmative conclusion at this point. Additional
studies and evidences are undoubtedly required for confirmation. However, these
findings are indeed noteworthy and will give us a hope and promise of SXF.

Possible effects of SXF on the insulin signal pathway
Animal and clinical studies of SXF!'"""“l tend to support the anti-diabetic and
hypoglycemic effects of SXF for prevention and/or treatment of type 2 diabetes.
However, it is yet important to understand or elucidate how it actually works, i.e., the
hypoglycemic mechanism of SXF, which is not fully understood at present. In fact,
although the primary cause of developing type 2 diabetes is due to “insulin resistance”
of insulin responsive cellsl’), why or how they become insulin resistant remains
unknown. Nevertheless, the problem would be substantially solved if insulin
resistance were somehow reversed to “insulin response”. We then hypothesized that
such insulin resistance could be primarily due to a dysfunction or inactivation of the
insulin signal transduction pathway. If SXF were somehow capable of activating this
pathway to be functional, insulin resistance might be abolished, becoming insulin
responsive/sensitive.

Hence, our study focused on examining if SXF would modulate activities of the
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three key parameters that play a significant role in the signal pathway, i.e., IR, IRS-1,
and Akt Activation of these parameters requires “phosphorylation” or they must
be phosphorylated to become active and functional"?. For such activation, specifically
the tyrosine (y) residues in both IR and IRS-1 but the serine (s) residues in Akt should
be more or highly phosphorylated!“l. Their activation is essentially required for
carrying out a cascade of biochemical events in the signal pathway, leading to the
increased glucose uptake by cells that eventually lowers the blood glucose level!”l. We
thus tested if SXF would be able to actually activate the (dysfunctional) signal
pathway.

In this study™, rat skeletal muscle L6 cells (American Type Culture Collection;
Manassas, VA, United States) were used as our in vitro model. They were cultured in
Roswell Park Memorial Institute 1640 medium containing 10% fetal bovine serum,
penicillin (100 U/mL), and streptomycin (100 mg/mL). We first examined if a high
concentration (hyperglycemia) of Glc would affect activities of IR, IRS-1, and Akt in
differentiated L6 cells (myotubes). Cells were exposed to high Glc (35 mmol/L) for 24
h and then cultured with SXF (300 pg/mL) or insulin (INS; 100 nmol/L) for 15 min.
INS was used as a positive control. After 15 min, all cells were harvested, lysed, and
subjected to enzyme-linked immunosorbent assay for IR, IRS-1, and Akt separately.

Enzyme-linked immunosorbent assay was performed following the vender’s
protocol (Invitrogen, Carlsbad, CA, United States). Briefly, 40 pg of cell lysates
obtained from all cells involved in experiments was introduced to the 96 -well plate
coated with antibodies [anti-IR(y), -IRS-1(y), or -Akt(s)] and incubated at room
temperature for 24 h to complete the antigen-antibody binding. After removing cell
lysates, antibody detection solution was then added to the plate, which was incubated
at room temperature for 1 h. After discarding solution, anti-rabbit IgG-HRP conjugate
was next added to the plate, followed by 30-min incubation. Chromogen reagent was
added to the plate that was incubated for another 30 min. Stop solution was then
added to end the colorimetric reaction, and the intensities of (yellow-colored) products
were measured at 450 nm in a microplate reader. The phosphorylation levels of IR(y),
IRS-1(y), or Akt(s) were assessed relative to that of the respective standard that was
run simultaneously. The results are interpreted as - the higher phosphorylation level,
the greater activity.

Figure 3 shows that the phosphorylation level of IR(y) in control cells was reduced
by approximately 15% with 24 -h Glc (35 mmol/L) exposure, representing the loss of
IR activity. However, SXF has elevated the reduced IR level to approximately 10% and
approximately 29% higher than controls and Glc-suppressed level, respectively. This
elevated IR(y) level with SXF was rather similar to that with INS exposure. Thus, these
results indicate that SXF may re-activate Glc-suppressed/inactivated IR to convey the
signal to carry on the subsequent events.

A significance of IR should be emphasized again. The IR is a heterotetrameric
glycoprotein consisting of two extracellular a-subunits with approximately 135000 Da
and two transmembrane pB-subunits with 95000 Da linked by disulfide bonds to form a
B-a-a-B structuret™l. Particularly, the B-subunit of the IR is an insulin-sensitive
tyrosine kinase (TK), which can autophosphorylate itself and also phosphorylate
tyrosine (y) residues of intracellular substrates such as IRS-1". This activation (via
autophosphorylation) of IR is substantially required for the IR to be functional and
respond to insulin™*l. Activation of IR then triggers activation of downstream
molecules such as IRS-1, Akt, and other molecules, to carry on a cascade of signaling
events and fulfill the insulin-mediated biological response - i.e. the insulin signal
transduction™*l. Hence, activation of IR (by insulin) is the most critical step in the
insulin signal pathway. However, a marked decrease in TK activity resulted from IR
dysfunction has been often found in the livers of type 2 diabetics, and similarly a
decreased TK activity was seen in skeletal muscle, adipose tissue, and red blood cells
of other patients™ . It thus appears that a significant decrease in TK activity of IR,
likely due to an inability of autophosphorylating B-subunits, is a common pheno-
menon in most of type 2 diabetics.

Figure 4 shows that high Glc led to an approximately 12% decrease in IRS-1(y)
phosphorylation (compared to controls), suggesting inactivation of IRS-1. SXF was yet
capable of increasing the reduced IRS-1(y) level by approximately 11% higher than
controls or approximately 20% higher than Glc-suppressed one. This SXF-elevated
IRS-1 (y) level was also similarly seen in that with INS. As the increase in (Glc-
suppressed) IRS-1(y) phosphorylation with SXF indicates activation of IRS-1, it is
feasible that the subsequent signaling events would be carried out routinely.

Figure 5 shows an approximately 42% decrease in the Akt(s) phosphorylation level
in Gle-treated cells (compared to controls), indicating inactivation of Akt. However,
SXF was capable of preventing this Akt inactivation, elevating its decreased level by
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Figure 3 Effects of SX-fraction or insulin on insulin receptor (y) [IR(y)] phosphorylation under high (35 mmol/L) glucose. Following a 24-h
high glucose (35 mmol/L) treatment, cells were exposed to SX-fraction (300 pg/mL) or Insulin (100 nmol/L) for 15 min and subjected to enzyme-linked
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treated). SXF: SX-fraction; Glc: Glucose; Ins: Insulin; IR(y): Insulin receptor (y).

0.3 4

0.2 4

A450

0.1+

0.0 -

+Glc

+Glc/SXF +Glc/Ins

Figure 4 Effects of SX-fraction or insulin on insulin receptor substrate 1 (y) [IRS-1(y)] phosphorylation under high glucose. Cells were
treated exactly as described in Figure 3 but analyzed for IRS-1(y) by enzyme-linked immunosorbent assay. All data are mean + SD from three separate experiments
(%P < 0.05 vs control or °P < 0.05 vs glucose-treated). SXF: SX-fraction; Glc: Glucose; Ins: Insulin; IRS-1(y): Insulin receptor substrate 1 (y).

JBaishideng®

WJD | https://www.wjgnet.com 579

approximately 2-fold or approximately 18% higher than controls. Similarly, INS also
elevated the Glc-suppressed Akt(s) level by approximately 2.1-fold or approximately
22% greater than controls.

This finding points out that Akt plays a critical role in the progress of the successive
signaling events. Activation of Akt is succeeded by activated phosphatidylinositol 3-
kinase, mediated through activation of IRS-1">"%*l. This Akt activation not only allows
the signal pathway to carry on but also leads to its last event of glucose uptake”l. The
study here showed that high Glc certainly inactivated Akt but SXF was yet capable of
significantly (re)activating it (Figure 4). Thus, it is apparent that the signal pathway
was successfully carried on with activated Akt (through phosphatidylinositol 3-kinase
activation).

Taken together, although high Glc indeed inactivates IR, shutting down the rest of
the signal pathway, SXF is capable of first activating IR, followed by sequential
activation of IRS-1 and Akt, to carry on the signaling cascade. This will eventually lead
to the translocation of glucose transport-4 (GLUT4)!"**"1 to promote glucose uptake.

Effects of SXF on glucose uptake

To confirm if the SXF-activated signal pathway will ultimately facilitate glucose
uptake (by insulin-responsive cells), such a study was also performed following the
method previously described with minor modifications™. Differentiated L6 cells were
seeded in the 6-well plate and treated with high Glc (35 mmol/L) for 24 h. After
discarding Glc, all wells were washed thoroughly with Krebs-Ringer-Phosphate buffer
to remove residual Glc. Cells were briefly cultured with SXF (300 pg/mL) or INS (100
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nmol/L) for 15 min. INS was used as a positive control capable of facilitating glucose
uptake. To initiate glucose uptake, a radioactive ligand, 2-deoxy-D-[1-*H]-glucose ([*H]
-DOG; specific activity of 10 Ci/mmol), was added to the plate, followed by 20-min
incubation at 37 °C. Cells were then washed three times with ice-cold phosphate-
buffered saline and solubilized in 0.1 N NaOH. Two hundred pL aliquot of solubilized
cells was measured for the radioactivity (["H]-DOG) incorporated into the cells using a
scintillation counter. The amount of glucose uptake was then expressed by the percent
(%) of PH]-DOG incorporated relative to controls (100%).

Figure 6 shows that glucose uptake was reduced by approximately 24% with high
Glc (compared to controls) but SXF prevented or reversed its reduction, increasing it
by approximately 1.5-fold greater than Glc-reduced one or approximately 17% higher
than controls. Certainly, INS exhibited the best stimulatory effects of approximately
1.7-fold and approximately 26% higher glucose uptake than Glc-reduced one and
controls, respectively. Overall, these results indicate that high Glc can reduce or inhibit
glucose uptake (due to an incompletion of the signal pathway), but such a reduction
could be reversed or overcome with SXF, subsequently increasing/facilitating glucose
uptake (as a successful completion of the signal pathway).

As seen here, the increased glucose uptake can thus indicate the completion of the
signal pathway. We observed that glucose uptake was substantially reduced with high
Glc, resulting in the incomplete signaling event, whereas SXF was capable of
facilitating glucose uptake even under high Glc, indicating the successful, complete
signaling event. Actually, such an increased glucose uptake (with SXF) would be
closely associated with GLUT4 translocation to the plasma membrane and its
localization is known to be essential and required for active glucose uptakel'**,
Although the induced GLUT4 translocation has not been examined in this study, such
a study is currently in progress.

Taken all together, one of the important findings here is that high Glc concentration
does disrupt the insulin signal pathway by inactivating the key regulatory elements
such as IR, IRS-1, and Akt. It implies that the persistently high blood glucose level
would cause the signal pathway to become dysfunctional and insulin insen-
sitive/resistant, leading subsequently to diabetic manifestation. Another important
finding is that SXF is capable of sequentially activating those key regulators to
successfully carry out the signal pathway, ultimately facilitating glucose uptake. This
will result in lowering the blood glucose level, exhibiting the hypoglycemic effect of
SXF. In brief, the signal pathway impaired with high Glc (becoming insulin resistant)
could be yet (re)activated by SXF, promoting glucose uptake. Therefore, it is plausible
that activation of the signal pathway with SXF may principally account for its
underlying hypoglycemic mechanism. Further confirmation yet requires for additional
studies.

In the meantime, the key question is to promptly find “what agents” would
specifically stimulate or (re)activate the (dysfunctional) IR to trigger and successfully
carry out the entire insulin signal pathway. In other words, we must actively pursue
the finding of the effective means and/or agents/substances capable of activating
IR(y) to execute the signal pathway for a better glucose control (in type 2 patients). At
least, SXF appears to be such a promising candidate at present.
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Figure 6 Effects of SX-fraction or insulin on glucose uptake. Following a 24-h glucose treatment and a 15-min SX-fraction or insulin exposure, glucose
uptake was measured using a radioactive ligand and expressed by the % relative to control (100%). All data are mean + SD from three separate experiments (°P <
0.05 vs control or °P < 0.03 vs glucose-treated). SXF: SX-fraction; Glc: Glucose; Ins: Insulin.

Jaishideng®

CONCLUSION

Animal studies and limited clinical studies support the anti-diabetic and
hypoglycemic effects of SX-fraction on diabetic mice and type 2 diabetic patients. The
possible hypoglycemic mechanism of SX-fraction seems to be primarily associated
with activation of the insulin signal pathway. Particularly, activation of insulin
receptor with SX-fraction is indeed the most critical step that triggers a cascade of
signaling events. Meanwhile, more organized clinical studies on SX-fraction should be
actively and widely conducted to validate the safety and efficacy of SX-fraction as a
potential hypoglycemic agent for patients with type 2 diabetes. Such studies are thus
warranted.
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