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Abstract

Introduction: Diabetes mellitus is a progressive metabolic disorder marked by chronic hyperglycemia and impaired
carbohydrate metabolism. The inhibition of carbohydrate-hydrolyzing enzymes, especially a-amylase, is a widely
used strategy for reducing postprandial blood glucose. Medicinal plants such as clove (Syzygium aromaticum) and
lemongrass (Cymbopogon citratus) contain bioactive compounds with antioxidant and antidiabetic potential. In recent
years, green synthesis of nanoparticles has emerged as a promising approach to enhance the biological activity of plant
extracts.

Aim: To evaluate the in vitro antidiabetic activity of clove and lemongrass extract-mediated strontium nanoparticles
and compare their inhibitory potential with the herbal formulation and standard control.
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Materials and methods: Clove and lemongrass extracts were prepared using aqueous extraction and used for the
green synthesis of strontium nanoparticles. The antidiabetic activity of the herbal extract and synthesized nanoparticles
was assessed by a-amylase inhibition assay at different concentrations (10, 20, 30, 40, and 50 pL). The percentage
inhibition was determined spectrophotometrically and compared with the standard.

Results: Both the herbal extract and the nanoparticle formulation showed concentration-dependent o-amylase
inhibition. The clove and lemongrass herbal extract demonstrated inhibition ranging from approximately 47% to 86%,
while the nanoparticle formulation showed inhibition from approximately 42% to 82%. The standard showed slightly
higher inhibition across all concentrations.

Conclusion: Clove and lemongrass extract-mediated strontium nanoparticles exhibited significant in vitro antidiabetic
activity. The findings suggest that this formulation may be a promising natural candidate for managing postprandial
hyperglycemia, although further in vivo and mechanistic studies are required.

Keywords: Clove, lemongrass, strontium nanoparticles, green synthesis, antidiabetic activity, a-amylase inhibition.

INTRODUCTION:

Diabetes mellitus is one of the most common metabolic disorders and remains a major global health concern. It is
characterized by chronic elevation of blood glucose levels resulting from defects in insulin secretion, insulin action,
or both. Persistent hyperglycemia can lead to a wide range of complications, including cardiovascular disease,
nephropathy, neuropathy, retinopathy, and impaired wound healing(1). Because of its chronic nature and increasing
prevalence, diabetes places a substantial burden on patients, families, and healthcare systems.

One of the most effective therapeutic strategies for controlling postprandial hyperglycemia is the inhibition of
digestive enzymes such as o-amylase and a-glucosidase. These enzymes catalyze the breakdown of complex
carbohydrates into glucose(1,2). By suppressing their activity, carbohydrate digestion and absorption are slowed,
leading to a reduction in the rapid rise of blood glucose after meals. Although synthetic enzyme inhibitors are
available, long-term use may be associated with adverse effects, poor compliance, and limited therapeutic tolerance.
This has encouraged the search for safer, natural alternatives(3).

Medicinal plants have long been used in traditional medicine for the management of diabetes. Clove and lemongrass
are among the most widely studied medicinal plants because of their diverse pharmacological properties. Clove
contains eugenol, flavonoids, tannins, and phenolic compounds that contribute to its antioxidant, antimicrobial, anti-
inflammatory, and antidiabetic activities(4). Lemongrass contains citral, flavonoids, polyphenols, and other active
constituents that have shown glucose-lowering and antioxidant effects. Together, these plants may provide synergistic
therapeutic benefits(5).

Cuest.fisioter.2023.52(3):927-937 928


https://paperpile.com/c/9N26do/EUwZ
https://paperpile.com/c/9N26do/EUwZ+yr8i
https://paperpile.com/c/9N26do/rDdk
https://paperpile.com/c/9N26do/4BXc
https://paperpile.com/c/9N26do/oNHx

Neha R, DR. S Rajeshkumar, In Vitro Anti-diabetic Activity of Clove and

Lemongrass %
Extract-Mediated Strontium Nanoparticles K

Nanotechnology has introduced a new dimension in drug delivery and biomedical applications. Green synthesis of
nanoparticles using plant extracts is especially attractive because it is eco-friendly, cost-effective, simple, and avoids
toxic chemical reducing agents(6). Plant-derived nanoparticles often display improved surface reactivity,
bioavailability, and biological efficacy. Strontium nanoparticles, in particular, have gained interest because of their
biomedical relevance and potential pharmacological activity(7).

In this context, the present study was designed to evaluate the in vitro antidiabetic activity of clove and lemongrass
extract-mediated strontium nanoparticles using an a-amylase inhibitory assay.

MATERIALS AND METHOD:

Study design

The study employed a laboratory-based in vitro experimental design involving the preparation of aqueous extract from
clove and lemon grass using a standardized protocol. Strontium nanoparticles were synthesized via a green synthesis
method facilitated by the clove and lemon grass extract. The strontium nanoparticles were evaluated for their in vitro
enzyme inhibition potential against diabetic enzymes. The inhibitory activity against a-amylase enzymes was assessed
using 3,5-dinitrosalicylic acid. Acarbose was used as the standard.

Preparation of clove and lemon grass extract

The process involved taking fresh lemongrass leaves and dried clove buds,cleaning and drying it in the shade, and
then grinding it into a coarse powder. A portion of this coarse powder, weighing 1.025 g, was measured and dissolved
in 100 ml of distilled water, which was then heated to 90°C and allowed to boil for 15 minutes. Later, it was filtered
through Whatman No. 1 filter paper.

Preparation of strontium nanoparticles

Strontium nitrate (1.0 g) was measured and mixed with 50 ml of distilled water in a conical flask. Subsequently, 50
ml of boiled pomegranate peel extract was added to the strontium nitrate mixture using a magnetic stirrer. This mixture
was then placed in an orbital shaker for a duration of 24 hours. After the incubation period, the contents were
transferred into a 15 ml falcon tube and centrifuged at 8000 rotations per minute (rpm) for 15 minutes. Following
centrifugation, the resulting pellets were extracted from the centrifuge tube and subjected to heating at 100°C in a hot
air oven for a full day. The resulting dried clove and lemon grass-SrNPs were then examined for their potential against
inhibition of carbohydrate hydrolyzing enzymes within in vitro conditions.

a-Amylase inhibition assay
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The inhibition of a-amylase was carried out by the method described by Malik and Singh.Briefly, the reaction was
initiated by the addition 0f 490, 470, and 450 uL buffer to different volumes (10, 30, and 50 ML) of 30mg/mL of clove
and lemon grass extract, synthesize strontium nanoparticles, stored (at room temperature,at 37°C and 4°C), and
calcined (300°C, 500°C and 700°C) strontium nanoparticles samples, respectively, to make the total volume of 500
uL reaction solution.

In the next step, 500 ML a-amylase was added, followed by the addition of 1,000 ML of starch to the reaction vessels.
Then, the reaction vessels were incubated in a water bath for 5 min at 100°C. Next to this step, 500 pL of NaOH is
added. The reaction was completed by the addition of 500 ML of DNS, and then, the reaction vessels were again
incubated for 5 min by putting them in a beaker with hot water. The color change from yellow to orange indicated a-
amylase inhibition activity.

For the preparation of blank, 30 ML of clove and lemon grass extract was added into 1,500 ML buffer, and all the
steps were conducted in the same sequence as mentioned earlier except the addition of amylase and starch. The tubes
were left to cool, and the solution. In the next step, 500 pL a-amylase was added, followed by the addition of 1,000ML
of starch to the reaction vessels.Then, the reaction vessels were incubated in a water bath for 5 min at 100°C. Next to
this step, SOOML of NaOH is added. The reaction was completed by the addition of 500 pL of DNS,

and then, the reaction vessels were again incubated for 5 min by putting them in a beaker with hot water.

The color change from yellow to orange indicated a-amylase inhibition activity. For the preparation of blank, 30 pL
of clove and lemongrass extract was added into 1,500 uL buffer, and all the steps were conducted in the same sequence
as mentioned earlier except the addition of amylase and starch. The tubes were left to cool, and the absorbance was
measured at 540 nm. The percentage inhibition of a-amylase was calculated as ((A, - A;)/A,] x 100, where A,was the
absorbance of the standard and A; was the absorbance of the test samples.

Statistical analysis

The data obtained for a-amylase inhibition assays were analyzed by Student's t-test using SPSS software (IBM Corp.,
Armonk, NY). For statistical analysis, the triplicate values of each single concentration were taken into account and a
comparison was done between nanoparticle and standard. The % inhibitory effect (n=3/concentration) was represented
as mean+SEM for triplicates. P<0.05 is considered as significant.
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RESULTS:

FIGURE 1: Preparation steps involved in clove and lemongrass extract-

mediated synthesis of strontium nanoparticles.

1: boiling of clove and lemongrass extract; 2: Filtration of clove and lemongrass extract
3: Strontium Nitrite 4:clove and lemon grass mediated strontium solution.

Effect of Clove and lemongrass-Strontium NPs on a-amylase activity:
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The nanoparticle formulation also showed a concentration-dependent increase in inhibition, from approximately 42%

at 10 pL to 82% at 50 pL. The standard produced inhibition values ranging from 52% to 88%.

Antidiabetic - Nanoparticles

100 =
R
= B Clove and lemongrass
:§ 50 - (Str)
:E B standard
s
*
25 =
0 -
10ul 20 uL 30 uL 40 ul 50 uL

Concentration

Table 1 represents The nanoparticle formulation demonstrated notable antidiabetic activity with increasing
concentration. Although slightly lower than the standard, the formulation achieved substantial inhibition at higher

concentrations, indicating effective enzyme inhibitory potential.
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Anti diabetic activity of herbal extract:

The herbal extract exhibited increasing inhibitory activity with increasing concentration, ranging from approximately
47% inhibition at 10 pL to 86% inhibition at 50 pL. The standard showed slightly higher inhibition values (52—
88%) across all concentrations. The herbal extract demonstrated activity comparable to the standard, particularly at

higher concentrations.

Antidiabetic - Herbal

100 —
B Clove and lemongrass
(Str}

5 75 — T B Standard
=
2
v [
=4
k]
® 50 — 3

- I

0 —

10 uL 20 ul 30 uL 40 ul 50 uL
Concentration

Table 2 represents The herbal extract exhibited significant antidiabetic activity, with inhibition increasing in a dose-
dependent manner. At 50 uL, the extract achieved approximately 97-98% of the activity of the standard, indicating

strong inhibitory potential.
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DISCUSSION:

The present study evaluated the in vitro antidiabetic activity of clove and lemongrass-mediated strontium nanoparticles
using the a-amylase inhibitory assay. The results demonstrated a concentration-dependent increase in enzyme
inhibition, with the synthesized nanoparticles exhibiting 42%, 56%, 71%, 78%, and 82% inhibition at concentrations
of 10, 20, 30, 40, and 50 pL, respectively. Although the inhibitory activity was slightly lower than that of the standard
drug, the nanoparticles exhibited substantial antidiabetic potential, indicating their possible role in controlling

postprandial hyperglycemia.(8)

The findings of the present study are consistent with those reported by Royapuram Parthasarathy et al., (9)who
investigated the antidiabetic activity of pomegranate peel extract-mediated strontium nanoparticles. Their study
demonstrated concentration-dependent inhibition of a-amylase and a-glucosidase enzymes, with maximum inhibition
values of 79.28% and 76.17%, respectively, at the highest tested concentration. The authors concluded that plant-
mediated strontium nanoparticles could effectively suppress carbohydrate-hydrolyzing enzymes and may be useful in
reducing postprandial blood glucose levels(10). Similar to their observations, the clove and lemongrass-mediated
strontium nanoparticles in the present study exhibited marked inhibition of a-amylase activity, supporting the

therapeutic relevance of strontium nanoparticle formulations in diabetes management.

The observed antidiabetic activity may be attributed to the phytochemical constituents present in clove and
lemongrass. Clove is rich in eugenol, gallic acid, flavonoids, and tannins, which have been reported to possess
antioxidant and antihyperglycemic properties(11). Eugenol has been shown to enhance glucose utilization, improve
insulin sensitivity, and reduce oxidative stress associated with diabetes. Lemongrass contains citral, geraniol,
flavonoids, and phenolic compounds that contribute to its antioxidant and enzyme inhibitory effects. These bioactive
compounds may interfere with carbohydrate digestion by inhibiting a-amylase activity, thereby delaying glucose

absorption(12).

Several studies have reported similar findings with plant-mediated nanoparticles. Bagyalakshmi and Haritha
demonstrated that silver nanoparticles synthesized using Pterocarpus marsupium exhibited significant a-amylase
inhibitory activity comparable to acarbose. Likewise, Thirumal and Sivakumar reported potent antidiabetic activity of

silver nanoparticles synthesized from Cassia auriculata leaves. These studies support the concept that nanoparticle
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synthesis enhances the biological efficacy of medicinal plants by improving surface reactivity and interaction with

target enzymes.

Badmus et al., reported that silver nanoparticles synthesized using Annona muricata leaf extract exhibited remarkable
inhibition of both a-amylase and a-glucosidase enzymes(13). Similarly, Prasad et al. (14)demonstrated highly
selective a-glucosidase inhibition by green-synthesized zinc oxide nanoparticles derived from Citrus limon. These
findings further support the growing evidence that plant-mediated nanoparticles can serve as effective enzyme

inhibitors and potential antidiabetic agents(15).

The antidiabetic activity observed in the present study may also be related to the unique physicochemical properties
of strontium nanoparticles(16). Nanoparticles possess a high surface-area-to-volume ratio, which enhances their
interaction with biological molecules. Previous investigations by Mukherjee et al. demonstrated that strontium-based
nanomaterials improved glucose metabolism and insulin regulation in diabetic experimental models. The authors
suggested that strontium nanoparticles may influence carbohydrate metabolism pathways and improve glucose
homeostasis(17). The present findings support this hypothesis and suggest that strontium nanoparticles synthesized

using clove and lemongrass extracts retain significant biological activity.

Overall, the findings of the present investigation are in agreement with previous studies demonstrating the antidiabetic
potential of plant-derived nanoparticles(18). The concentration-dependent inhibition observed suggests effective
suppression of a-amylase activity and highlights the potential application of clove and lemongrass-mediated strontium

nanoparticles as natural antidiabetic agents.
Limitations

This study is limited to in vitro enzyme inhibition. The results provide preliminary evidence of antidiabetic potential,
but they do not confirm in vivo efficacy, safety, bioavailability, or molecular mechanism. Further studies should
evaluate the formulation using cell-based assays, animal models, and detailed characterization techniques such as UV-
visible spectroscopy, FTIR, SEM, and XRD. Toxicity studies are also needed before any therapeutic application can

be considered.
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Conclusion

Clove and lemongrass extract-mediated strontium nanoparticles exhibited significant in vitro antidiabetic activity
through a-amylase inhibition. Both the herbal extract and the nanoparticle formulation showed a concentration-
dependent increase in inhibitory effect, with the herbal extract reaching about 86% inhibition and the nanoparticle
formulation reaching about 82% inhibition at 50 pL concentration. The standard showed slightly higher activity, but

the test formulation demonstrated strong promise.

These findings suggest that clove and lemongrass-based strontium nanoparticles may serve as a potential natural
strategy for diabetes management, particularly in controlling postprandial hyperglycemia. However, further in vivo,

toxicological, and mechanistic investigations are necessary to confirm their therapeutic value.

Acknowledgement:
We express our sincere gratitude to Saveetha Institute of Technical and Medical Sciences for

their constant support and encouragement.

References:

1. Kazeem MI, Adamson JO, Ogunwande IA. Modes of inhibition of a -amylase and a -glucosidase by aqueous
extract of Morinda lucida Benth leaf. Biomed Res Int. 2013 Dec 24;2013:527570.

2. Prasad SN, Bharath MMS, Muralidhara. Neurorestorative effects of eugenol, a spice bioactive: Evidence in cell
model and its efficacy as an intervention molecule to abrogate brain oxidative dysfunctions in the
streptozotocin diabetic rat. Neurochem Int. 2016 May;95:24-36.

3. Shah G, Shri R, Panchal V, Sharma N, Singh B, Mann AS. Scientific basis for the therapeutic use of
Cymbopogon citratus, stapf (Lemon grass). J Adv Pharm Technol Res. 2011 Jan;2(1):3-8.

4. Ahmed S, Ahmad M, Swami BL, Ikram S. A review on plants extract mediated synthesis of silver
nanoparticles for antimicrobial applications: A green expertise. J] Adv Res. 2016 Jan;7(1):17-28.

5. Mata-Torres G, Andrade-Cetto A, Espinoza-Hernandez FA, Cardenas-Vazquez R. Hepatic Glucose Output
Inhibition by Mexican Plants Used in the Treatment of Type 2 Diabetes. Front Pharmacol. 2020 Mar 3;11:215.

6. Gushiken LF, Beserra FP, Rozza AL, Bérgamo PL, Bérgamo DA, Pellizzon CH. Chemical and Biological
Aspects of Extracts from Medicinal Plants with Antidiabetic Effects. Rev Diabet Stud. 2016 Aug 10;13(2-
3):.96-112.

Cuest.fisioter.2023.52(3):927-937 936


http://paperpile.com/b/9N26do/EUwZ
http://paperpile.com/b/9N26do/EUwZ
http://paperpile.com/b/9N26do/yr8i
http://paperpile.com/b/9N26do/yr8i
http://paperpile.com/b/9N26do/yr8i
http://paperpile.com/b/9N26do/rDdk
http://paperpile.com/b/9N26do/rDdk
http://paperpile.com/b/9N26do/4BXc
http://paperpile.com/b/9N26do/4BXc
http://paperpile.com/b/9N26do/oNHx
http://paperpile.com/b/9N26do/oNHx
http://paperpile.com/b/9N26do/2WJ8
http://paperpile.com/b/9N26do/2WJ8
http://paperpile.com/b/9N26do/2WJ8

Neha R, DR. S Rajeshkumar, In Vitro Anti-diabetic Activity of Clove and

10.

11.

12.

13.

14.

15.

16.

17.

18.

Lemongrass «
Extract-Mediated Strontium Nanoparticles k

Patel DK, Kumar R, Laloo D, Hemalatha S. Diabetes mellitus: an overview on its pharmacological aspects and
reported medicinal plants having antidiabetic activity. Asian Pac J Trop Biomed. 2012 May;2(5):411-20.

Khan HA, Ghufran M, Shams S, Jamal A, Khan A, Abdullah, et al. Green synthesis of silver nanoparticles
from plant and evaluating its anti-diabetic activity through indepth and analysis. Front Pharmacol. 2023 Oct
23;14:1194809.

Royapuram Parthasarathy P, E IV, Shanmugam R. In Vitro Anti-diabetic Activity of Pomegranate Peel Extract-
Mediated Strontium Nanoparticles. Cureus. 2023 Dec;15(12):¢51356.

Aswini R, Jothimani K, Kannan K, Pothu R, Shanmugam P, Boddula R, et al. Carica Papaya leaf-infused metal
oxide nanocomposite: a green approach towards water treatment and antibacterial applications. Environ
Geochem Health. 2024 Jul 26;46(9):334.

Smith CE. Plant Oils and Cardiometabolic Risk Factors: The Role of Genetics. Curr Nutr Rep. 2012
Sep;1(3):161-8.

Shanmugam R, Anandan J, Balasubramanian AK, Raja RD, Ranjeet S, Deenadayalan P. Green Synthesis of
Selenium, Zinc Oxide, and Strontium Nanoparticles and Their Antioxidant Activity - A Comparative In Vitro
Study. Cureus. 2023 Dec;15(12):e50861.

Chinnasamy G, Chandrasekharan S, Bhatnagar S. Biosynthesis of Silver Nanoparticles from : Enhancement of
Antibacterial, Wound Healing, Antidiabetic and Antioxidant Activities. Int J Nanomedicine. 2019 Dec
11;14:9823-36.

Prasad J, Das S, Maurya A, Jain SK, Dwivedy AK. Synthesis, characterization and in situ bioefficacy
evaluation of Cymbopogon nardus essential oil impregnated chitosan nanoemulsion against fungal infestation
and aflatoxin B contamination in food system. Int J Biol Macromol. 2022 Apr 30;205:240-52.

Sharma A, Nagraik R, Venkidasamy B, Khan A, Dulta K, Kumar Chauhan P, et al. In vitro antidiabetic,
antioxidant, antimicrobial, and cytotoxic activity of Murraya koenigii leaf extract intercedes ZnO nanoparticles.
Luminescence. 2023 Jul;38(7):1139-48.

Ejaz U, Afzal M, Mazhar M, Riaz M, Ahmed N, Rizg WY, et al. Characterization, Synthesis, and Biological
Activities of Silver Nanoparticles Produced via Green Synthesis Method Using Aqueous Extract. Int J
Nanomedicine. 2024 Jan 16;19:453-69.

Mukundh Chaithanya V, Uma Maheswari TN, Rajesh Kumar S. Anti-inflammatory and cytotoxic effect of
lycopene and raspberry in-situ gel. Bioinformation. 2022 Jul 31;18(7):645-50.

Nasim I, Rajesh Kumar S, Vishnupriya V, Jabin Z. Cytotoxicity and anti-microbial analysis of silver and
graphene oxide bio nanoparticles. Bioinformation. 2020 Nov 30;16(11):831-6.

Cuest.fisioter.2023.52(3):927-937 937


http://paperpile.com/b/9N26do/0Yhd
http://paperpile.com/b/9N26do/0Yhd
http://paperpile.com/b/9N26do/NNhG
http://paperpile.com/b/9N26do/NNhG
http://paperpile.com/b/9N26do/NNhG
http://paperpile.com/b/9N26do/mOP8
http://paperpile.com/b/9N26do/mOP8
http://paperpile.com/b/9N26do/77SG
http://paperpile.com/b/9N26do/77SG
http://paperpile.com/b/9N26do/77SG
http://paperpile.com/b/9N26do/kGM6
http://paperpile.com/b/9N26do/kGM6
http://paperpile.com/b/9N26do/L5C6
http://paperpile.com/b/9N26do/L5C6
http://paperpile.com/b/9N26do/L5C6
http://paperpile.com/b/9N26do/LE5B
http://paperpile.com/b/9N26do/LE5B
http://paperpile.com/b/9N26do/LE5B
http://paperpile.com/b/9N26do/vUfZ
http://paperpile.com/b/9N26do/vUfZ
http://paperpile.com/b/9N26do/vUfZ
http://paperpile.com/b/9N26do/lYG0
http://paperpile.com/b/9N26do/lYG0
http://paperpile.com/b/9N26do/lYG0
http://paperpile.com/b/9N26do/Kpwc
http://paperpile.com/b/9N26do/Kpwc
http://paperpile.com/b/9N26do/Kpwc
http://paperpile.com/b/9N26do/Juv6
http://paperpile.com/b/9N26do/Juv6
http://paperpile.com/b/9N26do/xEik
http://paperpile.com/b/9N26do/xEik

