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ABSTRACT
Diabetes mellitus is a global epidemic, and India being the major epicenter of it. However,
many synthetic drugs are available in the market. But produce specific side effects or residual
effects. The concept of plant-based inhibitors has come up to overcome the adverse effects of
synthetic drugs. Plant-derived inhibitors are less toxic, have minimal side effects, and are
easily adaptable by the human body. Sequential solvent extraction of Premna herbacea
leaves was carried out to evaluate the in-vitro and in-vivo anti-diabetic properties against
streptozotocin (STZ) induced Wister albino diabetic rats. Among all the extracts, methanol
showed the highest inhibitory potential of a-amylase (ICso 68.62 = 2.11) and a-glucosidase
(ICsg 75.01 + 2.40) significantly in comparison to standard acarbose. The toxicity,
carbohydrate tolerance, and biochemical parameters among the experimental animal groups
were performed using the methanol extract. The methanol extract showed no toxicity and side
effects. It had significant tolerance against glucose, maltose, and starch compared to the
diabetic control and standard groups. The methanol extract has shown effective results in
controlling body weight loss, decreased blood glucose level, and other biochemical
parameters like cholesterol, triglycerides, and glycosylated hemoglobin. The in-vitro and in-
vivo results suggested that the methanolic Premna herbacea leaves extract is a dose-
dependent inhibitor of a-amylase and a-glucosidase in managing type 2 diabetes mellitus.
Furthermore, the GC-MS analysis validates the hypoglycemic property of Premna herbacea
by reporting the presence of major active anti-diabetic compounds like Beta-Sitosterol,
Octadecenoic Acid, Triacontanoic Acid, Phytol, Methyl Eicosatetracnoate, Stigmasterol,
Thymol, and D-Mannitol.
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1. Introduction - ‘ ‘
Diabetes mellitus is an acute metabolic syndrome characterized by an increase in blood

glucose levels. It may be cither due to inherited or acquired deficiency in insuliln secretion
leading to a gradual decrease in responsiveness of the secreted insulin by the vital organs,
which damages the organs, blood vessels, and nerves (Matsui et. al., 2007). The most
promising therapeutic approach to retard glucose absorption is inhibiting the carbohydrate
hydrolyzing enzymes, such as a-amylase and a-glucosidase. It will eventually decrease the
postprandial hyperglycemia (Bhandari ef. al., 2008). Many commercial drugs are available
today in controlling diabetes mellitus, which inhibits a-amylase and a-glucosidase. The most
commonly used synthetic drugs are acarbose, miglitol, and voglibose (Saito et. al., 1998). But
these drugs have adverse side effects such as abdominal distension, meteorism, flatulence,
bloating, and diarrhea (Fujisawa et. al., 2005). To overcome dependency on synthetic drugs,
focus on active, effective, and safe inhibitors of o-amylase and o-glucosidase from natural
sources is targeted to treat diabetes (Kao et. al., 2006; Zhishen et. al., 1999; Kazeem et. al.,

2013; Kim et. al., 2009; Oboh et. al, 2013). Many plants reported being beneficial for the

treatment of diabetes in various traditional literature of the world. But very few of the

claimed hypoglycemic properties have received authentic scientific validation, with the

majority yet to assess their efficacy.

Premna herbacea Roxb. is a small herb c.a. 8-20 cm, which dies off during winter
and regenerates from the underground woody rootstock in spring. Leaves are sessile, rosettes,
opposite, obovate, toothed, and membranous. The inflorescence is in terminal corymbose
panicles, with white or greenish-yellow flowers. Fruit are drupe, globose and glossy black
(Patiri and Borah, 2007). Premna herbacea Roxb. leaves, stem, or root decoction helps treat
asthma, neuralgia, rheumatism, diarrhea, obesity, and hyperglycemia, as reported in
Ayurveda (Khare, 2004; Khare, 2004; Thirumalai et. al., 2013). The present investigation
will assist in analyzing the anti-diabetic activity of Premna herbacea Roxb. leaves extracts.

2. Materials and methods
2.1 Identification of plant material

Leaves of Premna herbacea Roxb. (Verbenaceae) was collected from Holtugaon
Reserve Forest under Manas National Park in Kokrajhar, Assam (India). It falls under the
Indo-Burma biodiversity hotspot region. Local indigenous people of Bodo tribes collect it
from the forest under the Forest Act provision of Non-Timber Forest Product. The plant is
locally known as Matiphesua or Matiajam in Assamese and Keradaphini or Matiagaldab in
Bodo. The herbarium was prepared (4ccession no: 18205) for identification and submitted to
Gauhati University Botanical Herbarium, Department of Botany, Gauhati University, Assam,
India.

2.2 Preparation of crude extract
The leaves of Premna herbacea were washed and cleaned with distilled water. Then it

was allowed to shade dry under a controlled environment to prevent the sample from dust and
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decay. After drying, it was ground to a fine powder and stored in an air-tight ¢

powder was subjected to sequential solvent extraction in Soxhlet Apparatus at ZOO.C 'for =
hours using petroleum ether, cthyl acetate, methanol, and water, based 0n the polarity index.
Solvents used in the study for extract preparation were Excess solvents Were separated ﬁf o
the crude extracts using a Rotary Vacuum Evaporator (Buchi Rotavapor® R-100) at sl
The maceration process carried out the aqueous extraction, and the Freeze Dryer (Delvajc
LYODEL-55) removed excess water from the extract. The extracts were stored in Borosil
screw cap glass vials in a 4 °C refrigerator for further analysis.

2.3 In-vitro anti-diabetic studics
2.3.1 o-amylase inhibition activity i
The o-amylase inhibitory assay of the extracts was determined according to a
standardized method with slight modification (Yonemoto et al,, 2014). In brief, 0.2 ml_ of
extract solutions at different concentrations (20-100 mg/mL) and 0.2ml of starch solution
(1% w/v, in 20 mM phosphate-buffered saline, pH 6.9, with 6 mM sodium chloride) was
-amylase solution (0.5 mg/mL) was added.

mixed. Incubated for 12 min at 30° C and 0.2 ml & :
salicylic acid

Incubated for 12 min at 30° C. The reaction terminated by adding 0.4 ml dinitro -
d in the water bath for 10 min. After cooling

(DNS) color reagent. Then, reactions were heate
the reaction solutions to room temperature, samples were diluted by adding distilled wate1: of
0.5 ml, and absorbance reading was measured at O.D. 540 nm using Thermo Scientific
Multiskan GO Multiplate Reader (N10588). Acarbose was used as the positive control. The
a-amylase inhibition was calculated using the following formula:

Inhibition (%) = (1 — As/Ac) x 100.
Where, As = absorbance of the sample.
Ac = absorbance of the control.

2.3.2 a-glucosidase inhibition activity
The a-glucosidase inhibitory assay of the extracts was determined according to a

standardized method with slight modification (Kim, 2013). In brief, 0.2 ml of extract
solutions at different concentrations (20-100 mg/mL) was added with 0.4 ml a-glucosidase
solution (1.0 U/mL) dissolved in 0.1 M phosphate buffer, pH 6.9. Reactions were incubated
for 12 min at 30° C. Then, 0.2ml SmM PNPG (p-nitrophenyl-a-D-glucopyranoside) was
dissolved in 0.1 M phosphate buffer, pH 6.9, and added. Incubated for 18 min at 37° C and
the reaction was terminated by adding 0.8ml sodium carbonate solution (Na2CO3). All
samples were diluted with distilled water 0.4ml. Absorbance was recorded at O.D. 405 nm
using Thermo Scientific Multiskan GO Multiplate Reader (N10588). Acarbose was used as
the positive control. The a-glucosidase inhibition was calculated using the following formula:
Inhibition (%) = (1 — As/Ac) % 100.
Where, As denotes, the absorbance of sample; Ac denotes absorbance of control.
2.4 In-vivo anti-diabetic studies

2.4.1 Animal used in experiments
Prior approval (IAEC/Per/2019/HoD/2019-029) was taken from the Institutional

Animal Ethics Committee (Gauhati University) and carried out following the National
Institutes of Health guideline (NIH Publications No. 8023, revised 1978) for the use and
maintenance of laboratory animals. Wistar albino rats of both sexes, male and female
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ABSTRACT
Keywords: - S
Optical sensars Optical sensors with distinet colorimetric output upon binding with luaride offer a comsenient, fast and reliable
Flucride sensing mvellmdology for its on-site detection, Most of such eensors lose their affinity towards flucride in aquecis e
Metal complexation d-"-"ﬂl. limiting their applicability in real time analyeis, In this report, we have been succrsslul in welective,
Deprotonation ratiometric and naked eye eensing of P~ jon in aqueous medium by a pyrrolebenzimidiole conjugar Ve

receptor R, in presence of Ni** ealt. It is noteworthy that the receptor R interacts vith neither ¥ nox N oz
alone in aqueous medium. As studied by UV-Vis spectioccopy and EPR analysis, tie wesitig e lasisin 1oz
F~ induced deprotonation of (e receplor R, lollowed by the formation of an in-situ Nilll) complex, iR,”
This complex is reaponsible for the colorimetric change from dark yellow o tangerine atange. The strsctiice of

Real-life sample detection

the complex is further elucidated by DFT calculations. The limit of deteetion (LOD) is found 1 be 0.5% gy

1. Introduction

Optical chemosensors that selectively recognize fluoride, especially
in aqueous medium, have been intensively studied in the area of su-
pramolecular chemistry as flucride contamination in drinking water is
considered as one of the major issues that needs to be addressed
worldwide[1]. At low concentration, fluoride prevents dental carries in
human beings|1,2). However, its longtime exposure at high concentra-
tions can result in the development of dental fluorosis and in severe
cases, skeletal fluorosis along with other linked disorders such as pre-
mature child birth, stillbirth, anemia, abnormalities related to thyroid
hormone, inefficient renal system, gastricirritation, numbness, lowering
of the IQ score in the children etc[3]. Human exposure to fluoride
mainly occurs via drinking of fluoride contaminated ground water.
e of fluoride in ground water is mostly geogenic in nature.
Approximately 200 million people throughout the world are affec‘ted by
overexposure to fluoride and hence fluoride related anomalies(4].
World Health Organization (WHO) and Bureau of Indian Standards (BIS)
recommend the permissible fluoride consumption limits as 1.5 ppm and
1.0 ppm respectively[5, 6]. It is imperative to monitor l!lc t].u?nde lcv'cl
in drinking water at regular interval of time for maintaining public

Presenc

health benefits. Various commercial fluoride detection methods are
available like "’F NMR spectroscopy, Inductively coupled plasma mass
spectrometry (ICP-MS), lon selective electrode (ISE) methods, “c
|7-10]. However, these methods are not cost effective as they require
advanced instrumentations, well-equipped laboratories and expertise
technical knowledge, eventually making them inappropriate for onzite
routine monitoring of fluoride(11). In contrast, optical sensors offer
convenient and economical alternatives to such conventional tech-
niques. Also, smart phone based mobile applications are nowadays
frequently devised for quantification of the optical response. It provides
the scope for regular real time monitoring of fluoride level in drinking
waters, especially in rural and sub-urban areas. Traditionally, SPADNS-
Zirconium Lake method is used for colorimetric estimation of fluoride in
aqueous medium. However, this commercialized method entails labo-
ratory treatment of water samples prior to the estimation as it is sus-

ceptible to interference by A**, C1°, Fe’”, SOF and PO} ions(12-16).

Significant efforts have been made to develop optical chemosensors with

distinct colorimetric and/or fluorometric output with no interference

from other ions. In this regard, strategies such as H-bonding interactions,
Lewis acid-base interactions, fluoride-r interactions and fuoride
induced chemical reactions such as deprotonation, cleavage of Si-O

* esponding authors.
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Fig. 1. Structures of the receptors $1, S2 and R.
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these, the most ‘:1 vity in organic medium only(17-20]. Among
Eae prevalent anes are the probe molecules with one or more
acidic hydrogen atoms that can form H-bonding with fluoride followed
by subsequent deprotonation reaction. Polar aprotic solvents fadlitate
such deprotonation reactions by stabilizing the conjugate base and lead
to the bathochromic colorimetric response by stabilizing the excited
state[21,22]. Unfortunately, such molecules lose their affinity towards
fluoride even in presence of small amount of water. Fluoride induced
deprotonation reactions are not favorable owing to high hydration en-
ergy and relatively lower basicity of fluoride in aqueous medium(23].
Therefore, there is a need to develop a methodology to facilitate the
fluoride induced deprotonation reaction in presence of water to improve
the performance of these sensors in aqueous medium.

Recently, sensors based on metal complexes as well as metal organic
frameworks (MOFs) are widely explored in the design of sensor for
detection of analytes in water medium due to relatively higher hydro-
philicity of the metal complexes[24-27]. Das et al. demonstrated a
transition metal mediated strategy in which the in situ complexation of
the conjugate base of the probe malecule with a furnished transition
metal makes the reaction favorable in aqueous medium[28,29]. They
have successfully established the methodology with probe molecules S E
§2, which were previously reported as fluoride sensors in organic me-
dium (Fig. 1a and b). The methodology involves two crucial steps:
firstly, selection of suitable receptor molecule having acidic hydrogen
and potential metal coordination site and secondly, selection of proper
metal ions.

In our present study, we have extended this strategy to a pyrrole-

benzimidazole conjugate based receptor (R) having two H-bond donor
N-H sites (Fig. 1c). Presence of nitro group in the benzimidazole moiety
has mainly two effects: 1) 1t ensures different acidity of these two pro-
tons and 2) Intramolecular charge transfer (ICT) from deprotona[ed site
towards nitro group stabilizes the excited state leading to a sharp
colorimetric charlge[28,30—32]. The ICT process is highly influenced by

the dipole moments (u) and dielectric constants (e) of the solvents[33].
i the excited state. Sal-

vents with sufficient polarity stabilize
pathochromic shift in the UV-vis spectra
change!33-35]- Previously it is reported that receptor R detects !7‘,
CH,CO0™ and HzPOx in organic medium primarily through H—Pondmg
interaction followed by deprotonaﬁon[%], while possesses 0 inherent
affinity towards F~ as well as metal ions independently in aqueous
medium. In case of R, suitable metal binding sites are generat.ed by F
induced deprotonation resulting in the formation of an i.n sitn metal
complex, which in tumn drives the deprotonation qu!:bnmn towards
right Itis envisaged that strategic deprotonation of acidic protons of the
selected receptor in presence of particular anion followed by cc{mplex-
ation of the consequential Brénsted conjugate base with a metal ion can
provide an indirect mn;;l

jon of a jon i
I:f;go:i[\‘lantases like enhanced electrostatic inter?cfion with .t.he
anionic species, well defined geometry for anion selectivity and v.an:hty
of unique properues like redox acuvity, spect;’o:gpl::ursc:?;e: c;nWi ;

isible region, magnetism and luminescence. : :
:’:epm?nowy through n-electrons of other electron rich centers Via

non covalent in!eraclions[24.20,37]. It is envisioned that the in situ

Rsues in Cherisry 5 1298) 199927

metal complexation and subsequent swiitching of the redox 2% Of the
11 the reaction 18 xlure

wetal on furthermore triggers a colour diang= i :
and hence reinforces the optical readout for naked €7¢ ‘_"f"“m
[21,28,29]. This report has been successful in enhancing selectivity 204
efficiency of R in aqueous medium by specifically introducing, aquecs
Ni?* to the system.

2. Exprimental
21. Materials and methods

All metal salts [NaF (99.5%), BaCl, (99.5%), caCl, (~9%%);
CoCl,6H,0 (99%), CuCly (95%), PeClz3H (oek), NiCiy 5H/0
(98%), SrCly-6H;0 (99%), ZnCl, (98%)] were purchased from Merck,
India. Similarly, the tetrabutylammonium salts of anions F~ (929%), €I~
(98%), I” (98%), HSO5 (97%), H,PO7 (99%) and CH,COT (97%) were
purchased from and Sigma-Aldrich®
furUV—VisstudywasobtainedfromMerckaniAandnsedperse,m
spectra were recorded with a Nicolet Impact 1410 FT-IR spectrometer.
The NMR spectra ('H, '°C and 197} were obtained by a “JEOL NMP.
spectrophotometer in DMSO-ds using Me,Si (TMS) as internal mnt?ad
A Shimadzu UV-2600i spectrophotometer
spectra. EPR analysis was performed

spectrometer.

22 Methodology

To investigate pynole-bazzimidazole conjugate as sensor probe for
fluoride-ion detection in aqueous medium, 1 mM stock solution of R was
prepared in DMSO and diluted as required. 10 mM stock solutions of
anions as their tetrabutylammonium salts and cations were prepared in

10 mM stock solution

DMSO and distilled water, respectively. Similarly, :
and used as per reguirement

i was performed with the B
F([R]1= 4.6x10°M, [F 1= 4.6 10*M) solution by monitoring the
absorption behavior of the solution in presence of different metal ions-
Oncetheappro;xia:emetalionhad been identified, the anion selectivity
ofthememodwasstudiedbycmfyingmnasimﬂarsaee:ﬁngexpai—
ment with different anions, such as fluoride, chloride, iodide, bisul-
phate, dihydrogenphnsphate and acetate in presence of the metal ion
ﬁe&m&inhsabwrpﬁonq:ecnaofra:eptmandmaaliou solo-
tions on interaction with these anions were observed. UV-Vis titration
expeximentswa‘emnied outbyinaanentaladdiﬁon of a known con-
centration of the anion to the receptor solution. To confirm the precision
andaccuxacyofthzmed:od,achsdofexpaimmuwasaarﬁed out in

triplicate.

Initially, a metal ion screening

23. LoD calculation

The limit of detection (LOD) is determined as 3(c/K), where s and K
represent the calculated standard deviaﬂmofimarceptsandtheslopeof
the absarption calibration curve respectively. The standard deviation is
calculated from the standard errar and the sample size by the relation
SE = SD/y/(sample size)i38l.

24, Analysis of fluoride ion in toothpaste

To analyze the amount fluoride ions in toothpaste, 1 g of the tooth-
paste sample (Brand name: Sensodyne) was accurately weighed and
dissolved in 30.0 mL of water and stirred at 70 “C for 3 b. The resulting
solution was cooled to room temperature and filtered to eliminate solids
in suspension. The insoluble part was washed repeatedly with water
and the resulting solution was diluted to 200 mL by adding water forthe
analysis of fluoride content. ’
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Fig. 2. a) change in uv-Vis spectra of RNi** ([R] = 4.6x107> M, [Ni**] = 1,56x10™* M) solution on gradual addition of F~solution in DMSO (5x 107 M, 10-100
#LJ; b) Plot of the ratio of absorbance of B.Ni’*-F~ solution at ). = 443 nm to that at J. = 286 nm vs [FJ; ¢} UV-Vis spectra of R (4.6 10" M) in DMSO upon titration
aqueous solution of NaF (10 mM, 10-150 pL) in presence of 1.56x10~* M aqueous NiCl, sohution; d) UV-Vis spectra of RF ([R] = 4.6x10™° M), [F] = 1.56x10*
M) solution in DMSO upon titration with agueous solution of Ni** (5x10™2 M, 10-200 yL).

2.5. Computational method

Kohn-Sham density functional theory (DFT) as available on
Gaussian09 software was used to study the structural and electronic
properties of the ligand as well as the complex[29]. Unrestricted b3lyp
density functional and 6-311++g(d,p) basis sets were employed for
optimization[40]. In order to characterize the electronic transitions
within the complex, we performed time dependent density functional
theory (TD-DFT), which provides us the information of the excited states
[41]. The Conductor-like Polarizable Continuum Model (CPCM) was
used as available in Gaussian 09 to account the solvent environment
around the species during calculation of ligand and complex{412,43].

3. Results and discussion

The receptor R was synthesized by condensation of pyrrole-2-

aldehyde and 4-Nitro-o-phenylenediamine in accordance with the re-
ported procedure and confirmed by FT-IR and NMR spectroscopy [24].
The ion (anion and transition metal ion) recognition affinity of R in
DMSO as well as in aqueous medium was investigated with UV-Vis
spectroscopy. To elucidate the sensing mechanism EPR and DFT study

were performed.

3.1. UV-Vis spectroscopic analysis
The solution of receptor R in DMSO exhibits two absorption maxima

at 299 and 387 nm, and shows affinity towards F~, CH;COQ™ and H,POZ,
with associated colorimetric change from light yellow to dark yellow
[36]. The basicity of these anions in DMSO medium results in deproto-
nation of the acidic N-H moieties of R leading to the appearance of the
new charge-transfer peak at 450 nm. In addition, the peak at 299 nm
undergoes a slight bathochromic shift to 305 nm. However, receptor R
in DMSO does not lead to any change in the UV-Vis spectrum upon
addition of the agueous solutions of the above-stated anions. This
observation clearly reveals that R does not have affinity for the anions
when they are present in aqueous medium. The lower basicity of the F~
and the relatively lower stability of the conjugate base of the pyrrole-
benzimidazole conjugates in aqueous medium may resist the deproto-
nation of R and hence, no colorimetric change is observed upon addition
of F~ in aqueous medium[31].

As per the transition metal mediated strategy reported by Das et al,
deprotonation reaction equilibrium of R in aqueous medium can be
facilitated by stabilizing the deprotonated species through in situ tran-
sition metal complexation [1.78 79]. For this, a metal ion screening
experiment was performed by adding 1.5x10™* M aqueous solutions of
different metal chlorides (Co", Cu®", Fe?™, Ni%", S22, Zn?") to a so-
lution of R in DMSO (4.6x107> M). Furthermore, the affinity of the
receptors to chloride salts of Ba’” and Ca?" are also tested. The metal
chloride salts are chosen for the study as the counter ion chloride does
not have any affinity forR No remarkable change in the UV-Vis spectra
was Dh_ff"ﬁd upon addition of the metal ions to the receptor solution,
which infers that R does not have any inherent affinity for the studied
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. ABSTRACT:
S favormable ade v S'ah e : o
¢ made volune of a country in the present dynamic world has great significance

on the country's IC grow ‘ s directi i
o ITY'S economie growth and prosperity. In this direction, the most fabulous step
that India has taken is the

L adoption of economic reforms in 1991, The conservative
approaches of India's

foreign trade had thrown out and adopted barrier-less approaches to
b:‘“‘ the country’s external trades. The South Asian Association for Regional Cooperation
(SAARC) comprising eight states of the south Asian countries was formed to enhance the
volume of trade among the member countries. In this connection, the present paper is an
attempt u? analyze the changes that occurred due to adoption of new trade policies in India’s
trade performance with SAARC countries as well as with rest of the world. The secondary
data from various sources are collected and used 1o analyze the India’s trade performance
with SAARC countries after adoption of economic reforms in 1991, The analysis of the
study indicates a positive relationship in India’s trade performance and adoption of
economic liberalization in 1991. It is also endorses from the analysis of the study that
growth of trade with SAARC countries shows a positive trend compare to India’s overall
trade performance with rest of world.

Key Words: SAARC, Trade, Economic Growth, Economic Reforms, Compound Annual
Growth. Paired t test.
JEL: F1. GO1, G18.

INTRODUCTION:

India’s external trade was endowed with new energy due to adoption of liberal trade policies
in 1991. As India had been following a conservative approach of strict economic
management, import-substitution and exchange controls policies, which significantly
restricted external trade during pre-liberalization period. After adoption of new liberalization
policies India’s volume of trade reaches a new momentum with its neighboring countries as
well as rest of the world.

To promoting the greater regional economic cooperation and trade, the south Asian countries
forms South Asian Association for Regional Cooperation (SAARC) comprising seven South
Asian countries; Bangladesh, Bhutan, India, Maldives, Nepal, Pakistan and Sri Lanka was
formed in 1985 with the adoption of its Charter at its first Summit in Dhaka, Bangladesh
(Hirantha, 2004).
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