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Abstract

Understanding the mechanism by which the exogenous biomolecule modulates the GLUT-4 signalling cascade along with
the information on glucose metabolism is essential for finding solutions to increasing cases of diabetes and metabolic disease.
This study aimed at investigating the effect of hamamelitannin on glycogen synthesis in an insulin resistance model using
L6 myotubes. Glucose uptake was determined using 2-deoxy-p-[1->H] glucose and glycogen synthesis were also estimated
in L6 myotubes. The expression levels of key genes and proteins involved in the insulin-signaling pathway were determined
using real-time PCR and western blot techniques. The cells treated with various concentrations of hamamelitannin (20 uM
to 100 uM) for 24 h showed that, the exposure of hamamelitannin was not cytotoxic to L6 myotubes. Further the 2-deoxy-p-
[1->H] glucose uptake assay was carried out in the presence of wortmannin and Genistein inhibitor for studying the GLUT-4
dependent cell surface recruitment. Hamamelitannin exhibited anti-diabetic activity by displaying a significant increase in
glucose uptake (125.1%) and glycogen storage (8.7 mM) in a dose-dependent manner. The optimum concentration evincing
maximum activity was found to be 100 um. In addition, the expression of key genes and proteins involved in the insulin sign-
aling pathway was studied to be upregulated by hamamelitannin treatment. Western blot analysis confirmed the translocation
of GLUT-4 protein from an intracellular pool to the plasma membrane. Therefore, it can be conceived that hamamelitannin
exhibited an insulinomimetic effect by enhancing the glucose uptake and its further conversion into glycogen by regulating
glucose metabolism.
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Abbreviations PBS Phosphate buffer saline

DM Diabetes mellitus DMSO  dimethylsulfoxide

T2DM Type 2 diabetic mellitus KRPH Krebs—Ringer phosphate buffer solution
IRS insulin receptor substrate IRTK Insulin receptor tyrosine kinase

PI3Ks phosphoinositide 3-kinases DEPC Diethyl pyrocarbonate

GLUT-4 glucose transporter type 4 IRB Insulin receptor f3

GS Glycogen synthase GSK-3p  Glycogen synthase kinase 33

ROS Reactive oxygen species

DMEM  Dulbecco’s modified eagle’s medium

NCCS  National Center for Cell Science Introduction

Diabetes mellitus (DM) is a metabolic disorder with the
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metabolism, causing inappropriate insulin release, activ-
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hyperosmolar state which may further lead to brain damage
and even proved to be fatal without a timely treatment. In the
long run, DM could also result in visual impairment, renal
disorder, diabetic foot ulcers and infertility. In addition to
these morbidities, the patient is also prone to peripheral vas-
cular, cardiovascular and cerebrovascular disorders [1-3].

Type 2 diabetic mellitus (T2DM) condition result from
factors involving lack of insulin sensitivity exhibited by the
liver and skeletal muscle cells, it also affects the other physi-
ological end-points such as de novo synthesis of glucose in
liver and altered levels of free fatty acids derived from the
breakdown of triglycerides from adipose tissue, even though
the blood glucose levels can be achieved through diet restric-
tions and physical activity to an extent. In severe cases, oral
drugs and/or insulin administration is required for T2DM
treatment [4-6].

In accordance with the metabolic functioning of the tissue
and organs, the effect of insulin, its deficiency and resist-
ance are varied. In particular, muscle and fat cells depend on
insulin for glucose transport [7]. Metabolism in the fasting
state is primarily regulated by glucagon that induces glyco-
gen breakdown, gluconeogenesis and ketone synthesis. The
balance of insulin versus glucagon determines the level of
activation or deactivation of the relevant enzymes [8]. Cat-
echolamine regulates lipid and glycogen catabolism; gluco-
corticoids promotes gluconeogenesis, and lipid breakdown.
Increased production of such hormones may also augment
insulin sensitivity [8]. T2DM can be also manifested at the
molecular level, such as dysregulation in insulin signalling
mechanism as result of genetic polymorphisms in insulin
receptor, insulin receptor substrate (IRS) proteins or phos-
phoinositide 3-kinases (PI3Ks). Aberrant glucose transporter
type 4 (GLUT-4) function also suggested to be a contribu-
tory factor in the T2DM pathology [9]. Thus, T2DM is mul-
tifactorial disease resulting from the interaction of various
altered physiological and cellular process together leading
to disrupted glucose homeostasis.

The intracellular intake of glucose in muscle cells is pri-
marily a insulin-dependent mechanism [10]. In post-pran-
dial state insulin stimulates glycogen synthesis through the
activation of glycogen synthase (GS). In basal state, myo-
cytes do not only depend on glucose or glycogen for energy
requirement. When low insulin levels are encountered, the
condition stimulate the release of amino acids for gluconeo-
genesis during starvation, thus the protein synthesis is nearly
reduced to half of its volume [11]. Muscle glycogenesis is
decreased in the case of insulin resistance, which mainly
results in reduced glucose levels inside the cells [12].

Hamamelis virginiana is a species of flowering shrub
which contain a specific type of tannins referred as hama-
melitannin (2'5-di-O-galloyl hamamelose). It is made up
of two gallate moieties and one sugar units forming its
molecular structure (E-Suppl Fig. 1). Hamamelitannin has
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been studied to protect cells against ultraviolet B radiation-
induced cell death, mainly mediated by the mechanism
involved in scavenging of reactive oxygen species (ROS).
The free radicals e.g. superoxide anion and hydroxy radicals
are scavenging to act as an anti-aging agent in the skin [13,
14]. Hamamelitannin was also studied to show antibacte-
rial activity against pathogenic organisms such as Staphy-
lococcus epidermidis, S. aureus, Acinetobacter baumannii
and Candida albicans [15]. Hamamelitannin exposure was
shown selectively toxic against colon cancer cells [16].
Hamamelitannin treatment increased host survival following
infection by inhibiting the bacterial biofilm formation [17].
Even though Hamamelitannin or H. virginiana extracts have
been studied for their beneficial effects such as antioxidant,
anti-aging and anti-bacterial characters, till now there are no
reports characterizing their antidiabetic or insulinomimetic
activity related to glucose metabolism. In this study, we have
reported the effect of hamamelitannin on glycogen synthesis
in an insulin resistance model using L6 myotubes.

Materials and methods
Chemicals and reagents

Hamamelitannin was obtained from Sigma-Aldrich, India
(purity >98.0%). The reagents and chemicals such as MTT,
acrylamide, bisacrylamide, SDS, APS, sucrose, sodium
azide, TEMED, Tris HCI, Tris BASE, Glycine, -mercapto
ethanol, bovine serum albumin, HEPES, PMSF, Aprotinin,
Pepstatin, EGTA, Insulin, Rosiglitazone, Trypsin EDTA,
DMSO, Phosphate buffer saline (10x) and Dulbecco’s
modified eagle’s medium (DMEM) (4.5 g glucose, 4.0 mM
L-glutamine, 1 mM sodium pyruvate and 1.5 g/L of sodium
bicarbonate) were of higher analytical grade and purchased
from Himedia, Mumbai, India. FBS was acquired from
GIBCO Life Technologies, USA. Wortmannin and genistein
were procured from Calbiochem, Germany. TRIZOL reagent
was obtained from Sigma-Aldrich, USA. Quantitative PCR
analysis was carried out using KAPA SYBR® FAST qPCR
Master Mix (2X) reagents and primers were obtained from
EUROFINS. Antibodies including anti-GLUT-4, p-Insulin
Rp antibody, Anti-GSK3 pAb (serine phosphorylation 9th
residue) were obtained from Calbiochem, Germany. Sec-
ondary antibody conjugated with HRP and anti-goat IgG-
FITC were obtained from Santa Cruz Biotechnologies, USA.
Luminol reagent was obtained from Santa Cruz, USA. All
the other chemicals and reagents used unless otherwise
stated were of high analytical grade.



Molecular Biology Reports (2020) 47:6727-6740

6729

In vitro assays for anti-diabetic activity
of hamamelitannin

Maintenance of L6 myoblast cell line

L6 myoblast was procured from National Center for Cell Sci-
ence (NCCS) Pune, India. The cells were obtained at pas-
sage number 14. The obtained cells were cultured in DMEM
medium with 10% FBS supplemented with antibiotic-antimy-
cotic solution and incubated in laboratory condition at 37 °C
in 5% CO,. The cells passaged and cryopreserved in liquid
nitrogen for further experiments.

Differentiation of L6 myoblasts into L6 myotubes for in vitro
assessment

L6 myoblast was maintained in Dulbecco’s Modified Eagle
Medium (DMEM) with high glucose (25 mmol/L) supple-
mented with 10% fetal bovine serum (FBS) and with a cock-
tail containing antibiotic-antimycotic solution (10,000 U
Penicillin), 10 mg Streptomycin and 25 ug Amphotericin B
per mL in 0.9% normal saline. Cells were maintained in 5%
CO, environment at 37 °C [18]. For differentiation, 2 days of
post- confluence, the L6 myoblasts cells were transferred to
DMEM containing 2% FBS. The cell differentiation was con-
firmed through the development of cell multinucleation. The
differentiated L6 myoblasts cells were further maintained in
high glucose DMEM (25 mmol/L) medium for 24 h and used
for the in vitro assessment [19].

Assessment of cell viability by MTT assay

Using MTT assay, the cell viability of L6 myoblasts cells
were assessed [20]. Briefly, 3 x 10° cells/wells, were seeded
in a 96 well plate. The cells were treated with various con-
centrations of hamamelitannin (20, 40, 60, 80 and 100 uM)
for 24 h. Triton X-100 (0.01%) served as the positive control.
The cells were washed with 1X Phosphate buffer saline (PBS).
Twenty uL of MTT reagent (5 mg/mL) was added to wells and
incubated in dark condition for 4 h. Later the supernatant was
aspirated, 100 pL of dimethylsulfoxide (DMSO) was added to
all the wells and absorbance was measured at 570 nm using
ELISA plate reader (Multiskan GO, Thermo scientific, Fin-
land). The percentage of cell viability was determined by using
the following calculation:

OD of treated sample
OD of control

%Cell viability = x 100

Glucose uptake assay

The 2-deoxy-p-[1->H] glucose uptake was performed in L6
myoblasts as previously described [21]. Briefly, 0.75 x 10°
L6 myotubes were cultured in a 24 well plate and differ-
entiated for two days as described elsewhere. After serum
deprivation for 8 h, the cells were treated with various con-
centrations of hamamelitannin (20, 40, 60, 80 and 100 uM).
The cells were treated with 10 nM of insulin for 20 min
prior to the assay. 10 nM insulin maintains a base level glu-
cose uptake by the cells. The 10 nM of insulin was used in
the current study because, as this concentration is within
the physiological range [22]. 100 nM of insulin was used
as positive control. Following incubation, the cells were
washed with 1 mL of HEPES buffer and Krebs—Ringer phos-
phate buffer solution (KRPH). Followed by an incubation
along with 0.5 uCi of 2-deoxy-p-[1-*H] glucose for 20 min.
The process was stopped by removing the KRPH solution
containing 2deoxy-p-[1-*H] glucose and washed twice with
ice-cold HEPES-buffer. Cell lysis was performed with 0.1%
SDS and following the lysates were transferred to a 96 well
plate to assess the cell-associated radioactivity using a liquid
scintillation counter. The non-specific uptake of glucose was
corrected using 10 uM of cytochalasin B (5-10% of total
uptake). Assays were conducted in triplicates for concord-
ance. Extent of radioactivity from 2-deoxy-p-[1-*H] glucose
incorporated cells was quantified in a scintillation counter
and the results were compared with respect to untreated
control.

Glucose uptake in L6 myotubes in presence of IRTK
and PI3K inhibitors

2-Deoxy-p-[1-H]-glucose uptake was performed with
insulin receptor tyrosine kinase (IRTK) and PI3K inhibi-
tors (genistein and wortmannin) as described [23]. Briefly,
L6 myotubes were subjected to serum starvation for 8 h,
then followed by the treatment with 50 nM of genistein and
100 nM of wortmannin for 30 min. After treating the cells
with any one of the inhibitors either genistein or wortman-
nin, the cells were again treated with 100 uM of hamameli-
tannin for 24 h and 2-deoxy-p-[1-*H]-glucose uptake assay
was performed as mentioned earlier and the results were
compared with respective inhibitor untreated group.

Estimation of glycogen content in L6 myotubes

L6 myotubes were serum starved for 8 h accompanied by
incubation with hamamelitannin (20 to 100 pM) 10 nM
insulin, thus the reaction stimulated. 100 nM of insulin
was used as positive control. The cells were incubated with
10 mM of glucose dissolved in HEPES (4-(2-hydroxyethyl)-
1-piperazineethanesulfonic acid) buffer for 30 min. Later,
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30% potassium hydroxide was added on to the wells and
incubated for 5 min. The lysates were heated for 30 min at
70 °C followed by the addition of ice-cold ethanol (95%) and
incubated overnight at 8 °C to enable glycogen precipitation.
The pellet was obtained after centrifugation at 8000xg for
10 min. The pellet was dissolved in distilled water followed
by the addition of anthrone reagent and cooled on ice for
10 min. This solution was heated at 80 °C for 10 min and
again cooled using ice water. To estimate the glycogen con-
tent, the solution’s absorbance was measured at 620 nm and
glycogen was used as standard [24].

Isolation of RNA from L6 myotubes by TRIZOL method

L6 myotubes treated with 100 uM hamamelitannin was used
for the total RNA isolation. The RNA extraction was carried
out using trizol reagent. Briefly, after 24 h incubation, the
cells were stimulated with 10 nM of insulin and incubated
for 20 min. After the incubation, medium was removed from
the plate and the cells were rinsed with 1 mL of 1x PBS. The
cell lysate was obtained by adding 1 mL of TRIZOL solu-
tion and vigorously pippeted to lyse the cells. The cell lysate
was transferred to 2 mL Eppendorf tube and inverted for
5-10 times and incubated in ice for 10 min. To this mixture,
200 uL of chloroform was added and inverted briefly for 4 to
5 times and incubated in ice for 10 min to facilitate precipita-
tion, further centrifuged at 14,000 rpm for 20 min at 4 °C for
phase-separation. The upper aqueous phase was transferred
to the fresh vial and remaining solution was discarded and
500 pL of isopropanol was added and inverted 2 to 5 times
and kept in ice for 10 min and centrifuged at 14,000 rpm for
10 min at 4 °C. The supernatant was discarded completely
and the pellet was then air dried. The pellet was suspended

Table 1 Primer sequences used for the amplification of genes studied

in Diethyl pyrocarbonate (DEPC) treated water and stored at
— 20 °C and used within a day for further experiments [25].

Reverse transcription and Real time PCR analysis

RNA was isolated from the myotubes after the expo-
sure period, converted to cDNA by reverse transcription
[26-28] using MuLV reverse transcriptase enzyme (40 U/
uL ) [29-32]. The cDNA was further used for real-time PCR
analysis carried out using KAPA SYBR FAST qPCR Master
Mix [33-35] amplified with specific primers (Table 1). The
AAct value was calculated after normalizing with GAPDH
and the fold change was estimated using 2"24 method.

Measurement of IRp and GSK-3 by western blot analysis

L6 myoblasts were seeded in 6 well plates (5 x 10° cells/
well) and induce to differentiate into L6 myotubes for two
days. The L6 myotubes cells were dosed with 100 uM hama-
melitannin for 24 h and stimulated with 10 nM of insulin for
15 min. After incubation, cells were rinsed with ice-cold
1X PBS and lysed with 1 mL of lysis buffer containing,
HEPES 50 mM, NaCl 150 mM, EDTA 10 mM, Na,P,0,
10 mM, Sodium orthovanate 1 mM, NaF 50 mM, Aprotinin
10 pg/mL, Leupeptin 10 pg/mL and Triton X 100 [41]. Cell
lysates were homogenized using a dounce homogenizer (20
strokes, 0.5 cycles, 10 pulses); 2 min each and lag time of
1 min for each pulse. Further, the cell homogenate was cen-
trifuged at 12,000 rpm for 20 min at 4 °C to isolate total pro-
teins. The protein concentration was determined using Brad-
ford’s method and proteins were separated using SDS-PAGE
(5% stacking gel and 12% separating gel) and separated
proteins were blotted on to nitrocellulose membrane. Then
the membrane immunoblotted with the respective Insulin

S.no. Gene Primer sequence References

1 IRTK Forward: 5' ATC TGG ATC CCC CTG ATA ACT GTC 3’ GenBank ID: NM_017071
Reverse: 5" ATG TGG GTG TAG GGG ATG TGT TCA 3’

2 IRS-1 Forward:5" AAG TGG CGG CAC AAG TCG AG 3’ GenBank ID: XM_002749924
Reverse: 5' CGG GTG TAG AGA GCC ACC AG 3’

3 PI3K Forward: 5’ TGA CGC TTT CAA ACG CTA TC 3’ [36]
Reverse: 5' CAG AGA GTA CTC TTG CAT TC 3’

4 GLUT-4 Forward: 5' CGG GAC GTG GAG CTG GCC GAG GAG 3’ [371
Reverse: 5" CCC CCT CAG CAG CGA GTG A 3’

5 GSK-3p Forward: 5' GGT GAA TCG AGA AGA GCC AT 3’ [38]
Reverse: 5' CTC CTG AGT CAC AAA GTT TG 3'

6 GS Forward: 5' CGT GGT GAG AGG AAG GAA CTG AGC 3’ [39]
Reverse: 5" CCG TCA GAC CGT GGA GAC A 3’

7 GAPDH Forward: 5' CCA CCC ATG GCA AAT TCC ATG GCA 3’ [40]

Reverse: 5" TCT AGA CGG CAG GTC AGG TCC ACC 3’
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receptor B (IRP), Glycogen synthase kinase 3 (GSK-3p)
and GLUT-4 antibodies. The immunosignals were detected
using luminol/H, O, reagent and visualized using chemiDoc
XRS +imaging system (Biorad, USA). Protein quantifica-
tion was done using densitometric scanning using Image
Studio Lite version 5.2.

Sub cellular fractionation and western blot analysis
for GLUT 4 translocation

Plasma membrane (PM) fraction was separated by density
gradient centrifugation method using Sucrose (Sucrose 250
mmol/L, NaN; 5 mM, HEPES 20 mM, PMSF 200 uM/L,
Pepstatin 1 uM/L, Aprotinin 1 uM/L, EGTA 2 uM/L, pH 7.4)
[21]. Briefly, L6 myotubes (5 X 10° cells/well) after treat-
ment with hamamelitannin (100 uM) for 24 h were washed
with 1x PBS and resuspended in buffer. Cell lysates was
obtained using dounce homogenizer. The cell homogenate
was centrifuged at 750X g for 5 min at 4 °C. The supernatant
was centrifuged at 30,000 g for 40 min at 4 °C. The result-
ant pellet was re-suspended with buffer to constitute the PM
fraction. The PM fraction was subjected to electrophoresis
on 10% SDS-PAGE and transferred to nitrocellulose mem-
brane. Then the membrane was blocked overnight with 5%
skimmed milk at 4 °C and later immunoblotted with anti-
GLUT 4 antibody.

Immunofluorescence analysis

For performing the immunoflurocence analysis, L6 myo-
tubes were grown on coverslips and treated with the opti-
mal concentration of the hamamelitannin (100 uM) for 24 h.
Formaldehyde (3.7%) dissolved in PBS is used for fixing
the cells. The cell permeablization was performed with PBS
containing 0.01% Triton-X-100, for 10 min. The cells were
blocked with 3% FBS in PBS for 10 min and then incubated
with anti-goat GLUT-4 antibody (1:250 dilution) along with
3% FBS dissolved in PBS for 1 h at 4 °C. This was fol-
lowed by incubation with anti-goat IgG-FITC (Santa Cruz
Biotechnology, USA) used in 1:100 dilution. All the cover-
slips were washed thrice with PBS during each incubation
step and mounted with Mowiol and used for imaging using
confocal microscopy (Carl Zeiss laser scanning microscope
LSM?700, Austria). The excitation and emission levels were
set at 468 nm and 543 nm, respectively [33].

Statistical analysis

All in vitro experiments were carried out in triplicates and
the data were expressed as mean + SD of three independ-
ent experiments. The difference between mean values were
analyzed using one-way ANOVA followed by Tukey’s post
hoc test for finding the statistical significance (level set at

p<0.05). The data was analysed using Graph pad prism 5.03
statistical software (Graphpad software Inc. La Julla, CA).

Results
Hamamelitannin on cell viability

Treatment of the cells with various concentrations of hama-
melitannin (20 to 100 uM) did not defect the cell viability,
indicating that they were not cytotoxic to L6 myotube cells
in the concentration tested (Fig. 1).

Hamamelitannin on glucose uptake by L6 cells

L6 myotubes were treated with various concentrations of
hamamelitannin (20 to 100 uM) to evaluate the glucose
uptake activity. A dose-dependant increase in glucose uptake
was observed in hamamelitannin exposure groups. The high-
est concentration (100 uM) showed significantly (p <0.05)
enhanced (125.1 +2.5% 2-deoxy-p-[1-°H]-glucose) uptake
compared to the control, which enabled the uptake in L6
myotubes (Fig. 2).

IRTK and PI3K dependent 2-deoxy-p-[1->H]-glucose
uptake

Decrease in glucose uptake (94.4 +3.6%) was witnessed
in the cells exposed with insulin pretreated with genistein,
IRTK inhibitor. The presence of genistein significantly
(p <0.05) lowered the glucose uptake percentage, whereas
the cells treated with the hamamelitannin (100 uM) without
inhibitor showed high glucose uptake (213.9 +£2.5%). This

1251
100+
75+

50

% cell viability

Hamamelitannin
4

Fig.1 Assessment of cell viability in the presence of hamamelitan-
nin (20 pM to 100 uM) in L6 myoblasts. 0.01% Triton X-100 used
as a positive control. Data shown depict the mean +S.D in triplicates
of three independent experiments. *p<0.01 as compared with control
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Fig.2 Dose-response analysis of hamamelitannin on 2-deoxy-p-
[1-*H]-glucose uptake in L6 myotubes for 24 h. The results were
expressed as percentage (%) glucose uptake and were compared with
respect to untreated control. 100 nM Insulin were used as positive
controls. Data were expressed as mean+SD of three independent
experiments. *p <0.05 as compared with control

characterizes that hamamelitannin mediate glucose uptake
activity though IRTK dependent mechanism (Fig. 3a).

The hamamelitannin upon pre-treatment with wortmannin
exhibited a significant (p < 0.05) decrease in glucose uptake
96.7 +£2.1% compared with the respective hamamelitannin
(100 uM) without inhibitor which showed 200.2 +2.6%.
Decrease (84.4+2.6%) in glucose uptake activity was
observed in group with insulin treatment (Fig. 3b).

Hamamelitannin on glycogen storage in L6
myotubes

The glycogen content in the cells treated with the hama-
melitannin (20 to 100 uM) and insulin were found to be
significantly (p <0.05) higher when compared to the control.
The highest concentration of hamamelitannin (100 uM) was
found to increase (8.7 mM) the synthesis of glycogen in L6
myotubes (Fig. 4).

Hamamelitannin on expression of genes involved
in insulin signaling cascades

To evaluate the impact of hamamelitannin on glucose sig-
nalling cascade the key genes such as IRTK, IRS-1, PI3K,
GLUT-4, GSK-3p and GS mRNA expression was quantified
using Real Time-PCR. The results showed that hamameli-
tannin treated cells showed significant upregulation in the
expression of genes: IRTK (2.8 fold), IRS-1 (2.7 fold) PI3K
(2.9 fold), GSK-38 (2.7 fold), GS (2.5 fold) and GLUT 4 (2.8
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Fig.3 2-Deoxy-p-[1-*H]-glucose uptake pattern of hamamelitannin
100 nM in the presence of IRTK inhibitor—genistein (a) and PI3K
inhibitor—Wortmannin (b). 50 uM Genistein and 100 uM wartman-
nin were added to L6 myotubes 30 min prior to the incubation with
100 nM hamamelitannin, followed by 2—de0xy—D—[1—3H]—glucose
uptake assay. 100 nM Insulin were used as positive controls. The
results were expressed as % glucose uptake and were compared with
the respective group. Data were expressed as mean=+SD of three
independent experiments. *p < 0.05 as compared with control

fold) when normalized and compared to the house keeping
gene (Fig. Sa—f).

Hamamelitannin activated IRB and GSK-3B in L6
myotubes

Western blot analysis revealed that L6 myotubes treated
with highest concentration of hamamelitannin (100 pM)
significantly (p <0.05) enhanced the phosphorylation of
key insulin signaling marker IRp, similar to positive control
as shown in (Fig. 6a). A 100 uM hamamelitannin exposure
group also showed a significant (p < 0.05) increase in phos-
phorylated GSK-3p expression in the L6 myotubes (Fig. 6b
and c).
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Fig.4 Dose-response analysis of hamamelitannin (20 pM to 100 uM)
in glycogen synthesis in L6 myotubes. The concentration of glycogen
was measured on L6 myotubes at indicated doses of hamamelitannin
at 24 h. 100 nM Insulin were used as positive control. The concentra-
tion of glycogen was expressed as mM. Data represent the mean+ SD
in three independent experiments in triplicates. *p <0.05 as compared
with control

GLUT-4 expression

The localization of GLUT 4 in the cell was studied using
confocal microscopy. L6 myotubes were deprived of serum
and treated with an optimum concentration of 100 pM hama-
melitannin for 24 h compared to the untreated control cells.
Hamamelitannin (100 um) treatment enhanced the GLUT-4
expression within the L6 myotubes cell (Fig. 7a and f).

Hamamelitannin on GLUT-4 nuclear translocation

The PM fractions were isolated using density gradient cen-
trifugation and further subjected to immunoblot (Fig. 8a).
Results revealed that hamamelitannin exposure had signifi-
cantly (p <0.05) increased the GLUT-4 protein content in
PM fractions at 24 h. Expression levels were quantified by
densitometry method (Fig. 8b). Hamamelitannin (100 uM)
and insulin showed 2.6- and 2.8-fold increase in GLUT-4
expression levels, respectively in the PM fraction.

Discussion

Diabetes, a chronic disease which necessitates drug
therapy, is increasing in an epidemic proportion. Plants
have been the primary source of drugs and bioactive com-
pounds, and myriad drugs which are currently available,
are either directly or indirectly, derived from them [42].

Mechanism of action of the plant compounds in diabetic
treatment has proposed numerous possibilities in which
they could be responsible for the anti-hyperglycemic and
anti-hyperlipidemic effects. Some of them evidence their
effects on pancreatic p cell activity (synthesis, release,
cell regeneration/revitalization), enhancement in activity
pertaining to its protective nature and increment of sen-
sitivity of the hormone insulin or insulin-like activity of
the plant compounds. Mechanisms which are involved in
maintenance of stable glucose level in the body include
amelioration of glycogenolysis by regulating enzymes,
suppression of glucose absorption by intestinal cells and
slack in glycogenic index of carbohydrates or reduction
of the effect of glutathione [43]. The present investigation
emphasises the defensive impact of hamamelitannin in L6
myotubes.

Skeletal muscle is one of the most important insulin-
target tissues liable for repairs of regulation of blood sugar.
Insulin stimulus of glucose uptake in skeletal muscle cells
is facilitated through translocation of GLUT-4 from the
endoplasmic reticulum to the PM [44]. Skeletal muscle is
a suitable model for the study of glucose transportation.
Skeletal muscles are the major site for glucose utilization
and disposal [45]. Rat skeletal muscle L6 myotubes cell line
which were secluded primarily by rat thigh muscle which
fuse upon culturing in medium form multinucleated myo-
tubes and striated fibres that is suitable model for in vitro
study. An earlier report on L6 myotubes demonstrated that
troglitazone was able to enhance the glucose transport two
fold over control [46].

MTT [3-(4,5-dimethylthiazol-2-y1)-2,5 diphenyl tetra-
zolium bromide] assay principled on the transformation of
formazan crystals from MTT, corresponds to mitochondrial
activity related to the number of viable cells [47]. As shown
in Fig. 1, treatment of the cells with varying concentration
of hamamelitannin from 20 to 100 uM did not alter the cell
viability indicating that they were not cytotoxic even at the
highest concentration tested.

Hamamelitannin were examined for 2—deoxy—D—[1—3H]—
glucose uptake; this 2-deoxy-p-[1-*H]-glucose accumu-
lates in the cell after its entry into the cells as it cannot be
metabolized further and hence the up taken glucose can be
exactly determined. Treatment of L6 myotubes with vari-
ous concentrations of hamamelitannin (20 to 100 uM) were
assessed for glucose uptake activity. A dose-dependant
augment in glucose uptake was observed and prime con-
centration exhibit utmost activity for hamamelitannin was
found to be 100 uM (Fig. 2). These results are suggestive
of insulinomimetic activity of hamamelitannin as they bind
to the target tissue (skeletal muscles), thereby stimulate the
downstream signaling events such as IRTK and PI3K activa-
tion, which is quintessential importance in glucose uptake.
Similar result was observed in Acacetin which enhanced
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Fig.5 a—f Effects of extracts on a IRTK, b IRS-1, ¢ PI3K, d GSK-3p,
e GS and f GLUT-4 mRNA expression level using quantitative
(real-time) PCR. 100 nM Insulin were used as positive control. The
reactions were prepared according to the standard protocol for one

the glucose uptake through insulin-independent GLUT-4
translocation in L6 myotubes that strengthens our data [48].

Comparative analysis of glucose uptake in presence
or absence of genistein, an IRTK inhibitor was carried

@ Springer

Hamamelitannin 100 pM

Control Insulin (100 nM)

step KAPA SYBR® FAST qPCR Kit Master Mix (2x). Data were
expressed as mean+SD of three independent experiments in tripli-
cates. *p <0.05 as compared with control

out. Genistein inhibits insulin-induced phosphorylation of
the insulin receptor at the 4th and 8th tyrosine residues,
thereby lowering the glucose uptake activity. The percent-
age glucose uptake was significantly lowered (p <0.05)
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Fig.6 a Effect of hamamelitannin on protein expression at 24 h.
Lane 1 denotes untreated control, Lane 2 Insulin (100 nM) was used
as positive control, and Lane 3 indicates hamamelitannin (100 pM)
treated cells respectively. IRp and GSK-3p protein expressions were

in the presence of genistein for the cells treated with the
hamamelitannin. This validated the claim that the hama-
melitannin mediate glucose uptake though IRTK activa-
tion (Fig. 3a). Glucose uptake activation upon treatment
with hamamelitannin was strongly inhibited by genistein
suggesting that the transport of glucose is unquestionably
reliant on activation of the insulin receptor.

Wortmannin is a selective inhibitor of PI3K [49]. Since
the treated cells showed a decrease in glucose uptake with
wortmannin (96.7 +2.1%), the glucose uptake activity was
observed in hamamelitannin pre-treated with wortman-
nin as compared with the treated cells in the absence of
inhibitor which showed 200.2 +2.6% of glucose uptake
(Fig. 3b). The results revealed that hamamelitannin mimic
insulin by reverting insulin resistance though PI3K activa-
tion. Therefore, it can be inferred the glucose uptake which
is mediated though IRTK and PI3K dependent pathway.

GoK3p | M . f0KD:

Y — - —

Fold change

Control Insulin (100nM)  Hamamelitannin 100pM

shown. f actin served as a loading control. IRp (b) and GSK-38 (c)
protein expression upon treatment with hamamelitannin (100 uM).
Data were expressed as mean+ SD of three independent experiments
in triplicates. *p <0.05 as compared with control

Earlier report [33] have shown that in existence of Gen-
istein and Wortmannin inhibitors (3p)-stigmast-5-en-3-ol
pretreatment with genistein resulted in glucose uptake reduc-
tion from 67.20+7 to 49.68 +3%; and wortmannin show
decline in glucose uptake from 50.67 +3 to 41.35 + 6%, it
suggests the contribution of IRTK and PI3K in boosting
transport of glucose. Our results provide the evidence that
hamamelitannin enhances the glucose transport through acti-
vation of IRTK and PI3K.

Insulin increases glucose utilization in the muscle by
stimulating transport of glucose and initiating glycogen syn-
thase enzyme for the synthesis of glycogen. The deactivated
glycogen synthase is impaired in skeletal muscle of diabet-
ics with glucose intolerance and insulin resistance [50].
In addition to the play of insulin in synthesis of glycogen,
PKB showed a significant role in insulin facilitating glucose
transportation and glycogen synthesis [51]. The stimulated
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Fig.7 Confocal microscopic analysis using FITC tagged GLUT-4
in L6 myotubes. a—c Refer to untreated control cells, a refers to the
fluorescence pattern with FITC (543 nm) and b with DAPI stain
(461 nm) and c refers to merged images of FITC and DAPI. d refers

PKB upsurges GS over an inhibition of GSK3-f [52, 53]
because the active GSK3-f is the key donor of insulin resist-
ance. Grounded on this the hamamelitannin was examined
for its role in synthesis of glycogen in L6 myotubes and the
optimum concentration of hamamelitannin was found to be
100 pM which enabled the synthesis of 8.7 mM of glycogen
in L6 myotubes (Fig. 4). Hamamelitannin promoted glucose
storage by activating PKB and inhibiting GSK-3, thus aid-
ing glycogen synthesis. Similarly, Aloe emodin glycosides
isolated from Cassia fistula stimulates the uptake of glucose
and storage of glycogen via insulin signaling pathway, hence
exhibiting a significant increase in glycogen synthesis 121%
at 100 pg/mL [54].

To examine the molecular-mechanisms beneath the
effects of hamamelitannin on glucose uptake, IRTK, IRS-
1, PI3K, GLUT-4, GSK-3p and GS mRNA expression was
quantified using Real Time-PCR. The results revealed that
hamamelitannin treated cells significantly increased the
expression of IRTK, IRS-, PI3K, GLUT-4, GSK-3p and
GS (Fig. 5a—f). These results propound that hamamelitan-
nin trigger insulin to bind to its tyrosine kinase receptor,

@ Springer

(9]

to hamamelitannin (100 uM) treated cells, the fluorescence pattern of
the cells emitted at 543 nm (FITC). e Refers to the hamamelitannin
(100 uM) treated cells with DAPI stain (emission at 461 nm). f Refers
to the merged images of FITC and DAPI

leading to tyrosine phosphorylation of insulin receptor
substrate (IRS-1), followed by the activation of PI3K. The
downstream targets of PI3K includes AKT/PKB (Protein
Kinase B) and PKC, whose activation/phosphorylation
triggers the translocation of GLUT-4 to the plasma mem-
brane and increases glycogen synthase through inhibition
of GSK-3f. Previous study [55] demonstrated that tannins
present in Cichorium intybus enhanced GLUT-4 and PI3K
mRNA expression. Sujatha et al. [33] reported that crude as
well as (38)-STIGMAST-5-EN-3-OL were capable to exten-
sively augment mRNA expression of IRTK, IRS-1 and PI3K
followed by downstream kinases activation. Cinnamalde-
hyde at altered concentrations such as 10, 20 and 50 uM in
C2C12 cell line increased GLUT 4 gene expression by 1.25,
1.6 and 3.01 folds, correspondingly when compared with the
control cells [56].

Insulin binds to IR prompting the downstream signaling
events leading to a betterment in glucose uptake. Diabetic
patients linked with lessen level of IR have been reported
[57]. Optimum concentration of hamamelitannin (100 uM)
remarkably enhanced the phosphorylation of key insulin
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Fig. 8 a Protein expression of GLUT-4 by hamamelitannin (100 uM)
at 24 h. 100 nM Insulin was used as a positive control. Lane 1
denotes untreated control, Lane 2 Insulin (100 nM), Lane 3 indicates
hamamelitannin (100 uM). b Densitometric analysis of transloca-
tion of GLUT-4 using PM fractions. The fold increase of GLUT-4
upon treatment with hamamelitannin was quantified arbitrarily. The
data was expressed over untreated control. Data were expressed as
mean+ S.D of three independent experiments in triplicates. *p < 0.05
as compared with control

signaling marker IR, similar to positive control as shown
in Fig. 6a and b. Reports have proven that triterpenoids [57],
AEG [54], (3p)-STIGMAST-5-EN-3-OL [33] can activate
IRp and mimic insulin in exerting the anti-diabetic efficacy.

PKB has a quintessential task in insulin-mediated glucose
transport and glycogen synthesis. PKB activation inhibits
GSK-3p and increase the glycogen synthesis [58]. Vari-
ous reports have shown that GSK-3f inhibitors promote an
upshot in glycogen synthesis and insulin sensitivity. Instiga-
tion of GSK-3f contributes to lesser synthesis of glycogen
and decreased insulin sensitivity. The insulin sensitivity
and glycogen metabolism support the role of GSK-3p in the
regulation of insulin action in skeletal muscle [59-61]. The
optimum concentration of hamamelitannin showed increase
in GSK-3p (serine phosphorylation at 9th residue) in L6
myotubes thereby suggesting the inactivation of GSK-3f as
shown in Fig. 6a, c. These results evince that hamamelitan-
nin follow the footsteps of insulin in activating GSK-3p and
contributing to its insulinomimetic activity. Anand et al. [54]
have proved that AEG prompt glucose storage through the
inhibition of pGSK-3p and activation of PKB.

The next important target is GLUT-4 as it is a major
glucose transporter in skeletal muscles. Impairment in this
translocation is the major cause of insulin resistance, it is
therefore important to actuate GLUT-4 in skeletal muscle to

ease insulin resistance. The localization of GLUT-4 in the
cell was studied using confocal microscopy. Hamamelitan-
nin exhibited enhanced fluorescence within the cell which
proves the localization of GLUT-4 inside the cell (Fig. 7).
Similar results were observed with (33)-STIGMAST-5-EN-
3-OL, which showed increased fluorescence throughout
the cell, thereby suggesting the increased GLUT-4 content
within the cell prior to the translocation [33]. The increase
in glucose uptake by hamamelitannin is attributable to the
translocation of GLUT-4 from light microsomes to PM.
This translocation pattern was studied semi-quantitatively
by measuring the GLUT-4 protein content using immuno-
blot. Hamamelitannin (100 uM) significantly increased the
GLUT-4 protein content in PM fractions at 24 h (Fig. 8a
and b). Previous study [22] with troglitazone revealed that
the translocation of GLUT-4 from light microsome to the
PM attributed to its glucose uptake efficacy, which supports
our data.

Conclusions

In conclusion, the above studies in vitro, evidenced the anti-
diabetic efficacy of hamamelitannin. The insulinomimetic
activity evinced by hamamelitannin can be a key player in
reverting insulin resistance and enhancing the synthesis of
glycogen. Hamamelitannin treatment mediates the effect
on glucose transport and metabolism in a IRTK and PI3K-
dependent manner. Hamamelitannin exposure was also
shown to upregulate the expression of key genes: IRS-1,
GLUT-4 and GSK-3f which involved in glucose transport
machinery. Therefore, our findings suggest that hamameli-
tannin, thus could have a therapeutic value for the treatment
against insulin resistance.
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