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ABSTRACT

Background: Adiantum philippense (AP) is a pteridophyte that shows
antihyperglycemicactivity in vivodiabetic model, butthe mechanism ofaction
is unknown. Objective: AP was found to play a pivotal role in minimizing
the high blood glucose in alloxan-induced diabetic rats. Simultaneously, it
was observed that it could maintain the normal lipid profile even in diabetic
condition. To investigate its insulin-like activity along with its inhibitory role
on adipocyte differentiation became the objective of our present study.
Materials and Methods: Glucose uptake potential of this fern was done
in isolated pancreatic islets and inhibition of adipocyte differentiation was
assessed in 3T3-L1 cell line. Before this, the cytotoxic concentration was
determined by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
assay on L929 cell line. To determine its role in lipid metabolism, the oil
droplets produced in adipocytes were stained with Qil ‘O’ red staining,
and triglyceride levels of various drug treatments were measured
spectrophotometrically. Results: This fern extract was found to be actively
utilizing glucose in the glucose uptake assay. Moreover, it was also involved
in inhibiting differentiation of pro-adipocyte to adipocyte in the 3T3-L1 cell
lines. The percentage inhibition as obtained from the absorbance showed
that the ethanolic extract at the concentration of 200 ug/ml showed
32.48% inhibition. Conclusion: All the above-mentioned parameters when
appraised indicated that this fern could be used as an alternative medicine
in managing diabetes associated with obesity.
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SUMMARY

* Adiantum phillippense (AP)is a pteridophyte that can work as antihyperglycemic
agent by minimizing some adverse effects produced by diabetes. Diabetes
produces oxidative stress, hampers normal glucose uptake in the pancreas,
promotes adipocyte differentiation, and leads to obesity, and as a result,
it generates catastrophic effect to the normal cells. The present study has
shown that ethanolic extract of AP gives better protection rate against
H,0,-induced cytotoxicity, elicits insulinotropic activity in isolated mouse
pancreatic glucose uptake assay. It also inhibits the preadipocytes to become
mature adipocytes judged by morphology or lipid-specific Oil-Red-O staining
of 3T3-L1 cell line.

INTRODUCTION

Modern medicine which reduces blood glucose in hyperglycemia
contributes to weight gain which is not desirable.!"! Type 2 diabetes
is often associated with obesity in a way that excessive adipogenecity
contributes to and increases insulin resistance.’” Moreover, diabetes
and obesity causes substantial morbidity, mortality, and leads to
long-term complication.””! Thus, to provide an herbal drug to lower
hyperglycemia and to avoid adipogenesis, we initiated our efforts
toward evaluating the role of Adiantum philippense (AP) on two
different aspects. The first aspect was to focus on its insulin-like activity
on isolated pancreatic islet cells which led to increase glucose uptake
in vitro. The second was to monitor if it could inhibit pro-adipocyte
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Abbreviations used: AP: Adiantum phillipense; MTT. (3-(4,5-
Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide); BSA: Bovine

serum albumin; FCS: Fetal calf serum; DMEM: Dulbecco’'s minimum
essential media; RPMI: Roswell park memorial institute medium; DTZ:
Dithizone; TG: Triglyceride; PPARy: Peroxisome proliferatoractivated
receptor gamma; IBMX: 3-isobutyl-1-methylxanthine; nm: Nanometer;
Gl: Growth Inhibition; ELISA: Enzyme linked
immunosorbent assay.
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differentiation, i.e., 3T3-L1 cell line to differentiate into lipid-laden
mature adipocytes.
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Polyphenols and flavonoids isolated or derived from plants have been
used to treat various disease such as diabetes, aging, and prevention
of cardiovascular disease.”’ AP which is commonly known as walking
maidenhair fern is a cosmopolitan pteridophyte.”! This vascular fern,
AP is reported to have antimicrobial activity,’® antitumor activity,
platelet aggregation, anti-inflammatory action”’ as well as hypotensive,
antiviral, and antibacterial activity.”) Ethnomedicinally, the whole plant
is made into paste and used for healing of wounds.!

MATERIALS AND METHODS

Chemicals

Collagenase Type V, soyabean trypsin inhibitor, bovine serum
albumin (BSA), Dulbecco’s modified Eagles medium (DMEM), 10%
fetal calf serum (FCS), RPMI 1640. All these chemicals were procured
from Sigma-Aldrich, St. Louis, USA, and other chemicals used were of
analytical grade.

Collection and authentication

The fern AP was collected from Chandraprabha Vanrai, Dapoli in
the Ratnagiri district of Maharashtra in the end of monsoon and was
authenticated by Dr. P.G Diwakar from Botanical Survey of India, Pune,
under the number BSI/WC/Tech./2011/306. A voucher specimen of the
herbarium was submitted in APT Research Foundation, Pune.

Preparation of plant extracts

The fronds were cleaned and shade dried in a dryer, and the dried fronds
obtained were powdered. It was then extracted in Soxhlet apparatus with
water and ethanol. The aqueous as well as ethanolic extracts obtained
were concentrated in rotary evaporator under vacuum, and their percent
yields were determined.

Isolation of mouse pancreatic islets

Pancreaticislet cells were isolated from mice following the procedure given
by Shewade et al., 1999.) In brief, two mice were sacrificed by cervical
dislocation, and pancreas was excised from adhered spleen and duodenum
aseptically. Pieces of pancreas were then immersed in dissociation media
for 10 min containing DMEM supplemented with 1 mg/ml collagenase
Type V (Sigma), 2 mg/ml soybean trypsin inhibitor (Sigma), and 2% BSA
fraction V (Sigma). After dissociation, it was centrifuged and pellets with
sufficient amount of supernatants were separated and seeded in culture
flasks containing RPMI 1640 with 10% FCS. After 48 h of incubation,
intact islets of diameter >100 um were handpicked, counted, and used for
viability assay and glucose uptake assay.

Assessment of islet viability

Islet viability was assessed by trypan blue dye exclusion test, and
specificity of islets was determined by dithizone (DTZ) staining. The
stained islets were then counted under inverted microscope.

Protective effect of the extracts on islets from H,O,
stress

At the end of 48 h, 15 ul of the media containing approximately 10 viable
islets were handpicked and placed in 96-well plate. The islets were
preincubated with 5 ul/well (100 ug) of ethanolic and aqueous extract
of AP for 30 min at 37°C. These islets were then stressed with 100 ul
of 0.5, 1, 5, and 10 mM H,0, in RPMI for 30 min. After completion of
30 min, viability of these islets was checked by trypan blue staining.!'"!

Glucose uptake assay

The method described by van de Venter et al., 2008!"! was adopted
to determine the glucose uptake in pancreatic cells. Briefly, in a
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96-well plate, 15 ul of 48 h cultured pancreatic islet cells containing
approximately 10 islets were put. It was followed by incubation of the
islets at 37°C for 15 min with 10 ul of various treatments of extracts,
insulin, glibenclamide, and quercetin at a concentration of 1 mg/ml.
The control wells were devoid of treatment. Then, each well was treated
with 75 ul of 8 mM glucose in RPMI 1640 supplemented with 10%
FCS and BSA.

After incubation, 15 pl of the supernatant was taken at an interval of
15, 1, and 2 h with a micropipette, and glucose was estimated by glucose
oxidase/peroxidase method™ in biochemistry analyzer and percent
difference calculated.

3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide assay for
determination of cytotoxic concentration

This is a colorimetric assay that measures the reduction of yellow
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
by mitochondrial succinate dehydrogenase. The MTT enters the cells
and passes into the mitochondria where it is reduced to an insoluble,
colored (dark purple) formazan product. This assay directly assesses cell
viability and requires only a small amount of test sample.!"¥ The cells are
then solubilized with isopropanol, and the released solubilized formazan
is measured spectrophotometrically." Since the reduction of MTT can
occur in metabolically active cells the level of activity is a measure of the
viability of the cells.! In short, 1929 fibroblastic cells were seeded in the
96-well plate and permitted to adhere for 24 h at 37°C in an incubator.
Four concentrations of 100, 200, 400, and 1000 pg/ml was prepared
by dissolving the extract in the medium and incubated for 48 h. After
completion of 48 h, 10 ul of MTT (5 mg/ml) was added and percentage
of dead cells by taking absorbance in an ELISA plate reader at 570 nm.
The percentage growth inhibition (GI) was calculated using the formula
given below.['!

% GI = (100 — absorbance [sample]/absorbance [control] x 100).

Adipocyte differentiation assay

Adipocyte differentiation assay was carried out following the protocol
given by Kalekar et al.l'”! Briefly, 3T3-L1 cells were grown in DMEM
and 5 x 10° cells were seeded into 24-well plate. After 48 h, the culture
medium was replaced with induction media containing dexamethasone,
IBMX, and insulin."® The wells were allowed to incubate for 2 more
days followed by addition of test extracts at a concentration of 100 pg
and 200 pg per well. Standard cerulenin was used at a concentration of
10 ug/well, respectively. After 24 h, wells were observed under inverted
microscope for oil droplets. The media was replaced with DMEM + 10%
FBS for 5 more days. At the end of 5 days, 100 ul of the supernatant was
tested for triglyceride (TG) on biochemistry analyzer using Standard
kit. Later, medium was removed, and formalin was added for fixation.
Once fixed the wells were washed thrice with isopropanol and allowed
to dry. The dried wells containing fixed oil droplets were stained with
Oil ‘O’ red. It was followed by destaining the wells by washing thrice
with distilled water. Finally, 1 ml of 100% isopropanol was added, mixed
properly, and absorbance was read at 520 nm in a spectrophotometer.

Statistical analysis

All data were expressed as mean * standard error of the mean.
RESULTS

Isolation of pancreatic cells

In the given condition only pancreatic islets survive, and surrounding
acinar cells gradually die. The islets appear as follows shown in Figure 1.
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Viability of pancreatic islets

The trypan blue staining indicated 90% viability whereas DTZ staining
showed the specificity and identity of the pancreatic islets.

Protective effect of the extracts on islets from H,O,
stress

In the present study, the untreated normal pancreatic islets when treated
with 0.5 mM H,O, showed 63.33% viability of islets while at 10 mM
concentration, it was reduced to 13.33%. The aqueous and ethanolic
extracts of AP have shown 73.33% and 76.66% viability, respectively,
at 0.5 mM concentration of H,O,. However, at 10 mM concentration
of H O,, the aqueous and the ethanolic extracts have shown 33.33 and

272

43.33% viability [Figure 2].

Glucose uptake assay

The glucose uptake assay of the pancreatic islets was carried out by treating
approximately 10 islets with various treatments such as extracts of AP,
insulin, standard drug glibenclamide, and standard flavonoid quercetin.
All the experiments were carried out in triplicates (n = 3) [Figure 3].

3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide assay for
determination of cytotoxic concentration in L929
cell lines

Out of the four concentrations used, 1000 ug/ml was found to be most
toxic as it produced 40% viability. The lower concentration of 100 pg
produced 92% viability, the 200 pg produced 87% viability, and 400 pg
produced 79% viability, respectively [Figure 4].

Islets after 24 h Islets after 48 h

Figure 1: Isolated pancreatic islets on day 1 and 2, respectively
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Figure 3: Glucose uptake assay by pancreatic islets
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Adipocyte differentiation assay

In the adipocyte differentiation assay, the oil droplets were stained with
Oil ‘O’ red, and their absorbance was measured at 520 nm. The percent
inhibition as obtained from the absorbance showed that the ethanolic
extract at the concentration of 100 ug/ml showed 21.22% inhibition.
While the same extract at 200 ug/ml concentration showed 32.48%
inhibition of adipocyte differentiation. The standard cerulenin, however,
showed 55.92% inhibition of adipocyte differentiation at 10 pg/ml
concentration [Figure 5].

Effect of Adiantum philippense on triglyceride
accumulation after adipocyte differentiation

The TG levels were measured from the supernatants of the ethanolic
extract of AP at 100 and 200 ug/ml and compared with standard drug,
cerulenin and induction control wells [Table 1].

Table 1: Effect of Adiantum philippense on triglyceride levels

Group Triglyceride (mg/dl)
Induction control 40.17+2.02
Standard drug (10 pg/ml) 11.43+1.40
AP ethanolic (100 pg/ml) 20.50+2.00
AP ethanolic (200 pg/ml) 15.00£1.50

Data obtained in triplicate and expressed as mean + SD. AP: Adiantum philippense;
SD: Standard deviation
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Figure 2: Percent protection of pancreatic islets on treatment with H,0,
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Figure 4: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
assay in L929 cell lines
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AP ethanolic 100 pg/ml

AP ethanolic 200 pg/ml

Figure 5: Adipocyte differentiation assay (Oil ‘O’ red staining)

The TG accumulation in 3T3-L1 adipocytes was found to be decreased
in the ethanolic extract treated wells at both concentrations of 100 and
200 ug/ml respectively. The results were comparable with standard
drug cerulenin at a concentration of 10 pg/ml. The positive control
wells, however, showed elevated levels of TG indicating increased
differentiation of 3T3-L1 pro-adipocytes to adipocyte and TG synthesis.

DISCUSSION

Herbal drug that possesses hypoglycemic activity should have
insulin-sensitizing action to improve insulin secretion, protect pancreatic
beta cell survival, and relieve insulin resistance.”” Insulin suppresses
lipolysis through the activation of its downstream kinase, AKT, resulting
in the inhibition of protein kinase A, the main positive effector of
lipolysis. During insulin resistance, this process is ineffective, leading
to a characteristic dyslipidemia, and the worsening of impaired insulin
action and obesity.?") Therefore, it is virtually impossible to reduce body
fat levels with elevated blood sugar levels.

Earlier we reported that AP effectively lowered hyperglycemia and
maintained normal lipid profile.?!! To further evaluate its insulinotropic
effects, in vitro glucose uptake assay was performed in isolated pancreatic
islets.

Before glucose uptake assay, the pancreatic islets were stressed with H,O,
which is known as a potent oxidative damaging agent. From the results,
it is evident that the ethanolic extract showed better protection rate
against H,O,-induced cytotoxicity.

In the glucose uptake assay, at 1 h interval, both the aqueous and
ethanolic extract of AP was found to increase the glucose uptake
capacity of the pancreatic islets by 6.01% and 10.06% while the insulin
and glibenclamide have shown 7% and 4% glucose uptake, respectively.
The standard flavonoid, quercetin have also shown 5% glucose uptake.
At 2 h interval, the glucose uptake became 28.62% in the ethanolic
extract treated islets which was higher than islets treated with aqueous
extract (12.86%), glibenclamide (5.67%), and quercetin (6.66%). The
effect of insulin on pancreatic islets, however, was not observed as there
was a rise in the glucose concentration at the end of 2 h.

As the ethanolic extract was found to be more effective than aqueous
extract of AP in the glucose uptake assay, further studies on adipocyte
differentiation assay were carried out with ethanolic extract. However,
it was necessary to determine the concentration of the ethanolic extract
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that can be used for adipocyte differentiation, for which the cytotoxic
concentration was determined by MTT assay. Owing to the toxicity to
1929 cell lines by 1000 and 400 ug/ml concentration [Figure 4], lower
doses were considered for adipocyte differentiation assay.

Hypertriglyceridemia is a common lipid abnormality in persons
with visceral obesity, metabolic syndrome, and type 2 diabetes.’”
Preadipocyte when incubated with the standard cerulenin along with
differentiation inducers, showed decreased adipocyte differentiation rate
and reduced TG accumulation. Simultaneously, AP ethanolic extract
showed inhibition of adipocyte differentiation in a dose-dependent
manner. The TG levels were also low as compared to the induction
control. Adipocytes are the sites for storing triacylglycerol and releasing
free fatty acid in response to changes in energy demands.*®) Excessive
differentiation and growth of adipocytes leads to increased fat cell
mass and number, adipogenesis including structural changes, lipid
accumulation and lipogenic enzyme expression, and surplus energy
accumulation stored as TG in adipocytes.?"

Thus, our in vitro results showed that AP increases glucose uptake in
pancreatic beta cell as well as inhibit the preadipocytes to become mature
adipocytes judged by their morphology or lipid-specific Oil-Red-O
staining. The probable mechanism of action involved in the inhibition
of adipocyte differentiation may be due to decreased activity of
peroxisome proliferator-activated receptor gamma (PPARY) expression.
As PPARy/regulating activity are targets for the development of
therapeutics for the treatment of obesity and type 2 diabetes,? this plant
might be desirable in type 2 diabetic obese patients. It is also suggested
by Lee and Sung, 20161%%) that phytochemicals isolated from natural plant
source produce anti-adipogenic activity which highlight its potential in
the prevention and treatment of obesity.

CONCLUSION

Thus, analyzing all the above parameters, it can be assumed that
pteridophytes like AP could be used as an alternative medicine in
managing diabetes associated with obesity. Although primitive in nature,
these plants contain certain phytochemicals which can be isolated in
pure form in the near future.
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