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This study assessed the in vitro anti-diabetic potential and bioactive constituents of ten Sri Lankan
medicinal herbs. Initial screening of aqueous extracts for starch-digesting enzyme inhibition
prioritised three plants with notable activity (p < 0.05), for further assessment using methanolic
extracts: Phyllanthus emblica (PE), Cassia auriculata (CA), and Hemidesmus indicus (HI). The
selected plants were tested for starch-digesting enzyme inhibition, cytotoxicity, and bioactive
metabolite identification, with PE subjected to GC-MS and LC-HRMS analyses. All three extracts
contained alkaloids, flavonoids, tannins, and terpenoids, except saponins and steroids in PE. GC-
MS analysis of PE annotated ten compounds, eight with anti-diabetic properties, while LC-HRMS
annotated thirty metabolites, including fourteen anti-diabetic compounds. Cell viability assessments
confirmed the non-toxic nature of PE, CA, and HI. The significant enzyme inhibition and non-toxic
nature of PE highlight its potential to treat type 2 diabetes. Further in vivo and clinical studies are

essential to determining effective dosage and toxicity levels.

Graphical Abstract

IST: 2025-01-17: 7:29:59 AV | This track pdf was produced fromthe online proofing tool and is intended to be used as a reference. | Page 3 of 20



Title: In vitro anti-diabetic potential of medicinal herbs commonly ...

The preliminary study » Samples with higher inhibitory potentials ’ Sample with the highest activity

Hemidesmus  Cassia Phylfanthus
Indicus auriculata emblica :
Dried medicinal plant parts I Ir Phyllanthus emblica
a-amylase - T -
2 = I
a-glucosidase @ =1 ‘
enzyme Methanol extraction . LA
inhibition L R
I . GC-MS analysis LC-HRMS analysis
* a-amylase & a-glucosidase enzyme
) inhibition V
+ Total phenolic content v
+ Total flavonoid content

« Cell viability * GC-MS: 8 Anti-diabetic compounds
. identified (out of 10 )

Water extraction

"% * LC-HRMS: 14 Anti-diabetic compounds
¥ identified (out of 30)

KEYWORDS
Medicinal plants; anti-diabetic; starch-digesting enzyme; GC-MS; LC-HRMS

Funding

The author(s) reported there is no funding associated with the work featured in this article JAQS

Introduction

Diabetes Mellitus (DM) is a prominent metabolic disorder, with the International Diabetes Federation
(IDF) estimating 536.6 million cases in 2021, projected to rise to 783 miillion by 2045. There are
primarily two types of DM: type 1 (T1DM) and type 2 DM (T2DM). T2DM accounts for over 90% of
DM cases and primarily arises from insulin resistance or abnormal insulin secretion (Patel et al.

2012; Nazarian-Samani et al. 2018; Hasanpour et al. 2020; Ogurtsova et al. 2022).
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Managing T2DM involves reducing postprandial hyperglycaemia (PPHG) by inhibiting the enzymatic
activities of a-amylase and a-glucosidase, responsible for carbohydrate digestion and glucose
absorption in the digestive tract, respectively. Due to the various side effects of synthetic medicines,
medicinal plants are gaining growing attention worldwide. The World Health Organisation (WHO)
reports that nearly 80% of the population in many developing countries relies on alternative medicine
derived from medicinal plants (Krishnaraju et al. 2005; Tugume and Nyakoojo 2019; Okaiyeto et al.

2023).

Sri Lanka, a tropical island abundant in numerous medicinal plants, lacks scientific validation for the
functional properties and therapeutic applicability of most of these plants. Therefore, this study aims
to assess the in vitro anti-diabetic potential of ten medicinal herbs commonly used in the Ayurvedic
system of Sri Lanka. The plants demonstrating the highest activity would undergo further evaluation
to identify their lead bioactive constituents responsible for treating T2DM. The findings of this study
may not only contribute to scientifically validating the anti-diabetic properties of some Ayurvedic

plants but also help identify novel compounds for managing T2DM or its associated complications.

Results and discussion

a-Amylase and a-glucosidase inhibitory activity

a-Amylase and a-glucosidase inhibitory activities of selected plant samples are listed in Table 1. As
the preliminary study for the current investigation, we assessed the inhibitory potential of a-amylase
and a-glucosidase in aqueous extracts from ten commonly consumed medicinal herbs in Sri Lanka (
Table 1). Many individuals in Sri Lanka regularly drink or use these particular plants as herbal tea to
meet their daily healthcare needs or as a beverage. Extracts from Phyllanthus emblica (PE), Cassia
auriculata (CA), and Hemidesmus indicus (HI) that showed significantly higher inhibitory potentials
(p = 0.05) were further assessed using methanol extraction to determine their effectiveness in
inhibiting starch-digesting enzymes. The findings suggested that, in comparison to the activity of
water extracts, the methanol extracts exhibited a significantly stronger inhibitory effect (p < 0.05)

against both a-amylase and a-glucosidase enzymes among all three examined extracts (Table 1).

Note: The table layout displayed in ‘Edit’ view is not how it will appear in the printed/pdf version.
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Table 1. a-Amylase and a-glucosidase inhibitory activities of plant parts in water and

methanol extracts.

Medicinal

= plants

1 | P.emblica

2 C.
auriculata

3 | H.indicus

4 |A.
marmelos

5 A
marmelos

6 | T. cordifolia

7 C.
fenestratu
m

8 | A. lanata
9 S.
rhombifolia

1 S. dulcis

Acarbose

Parts of
plant

Fruit

Flower

Root

Fruit
Flower

Stem

Stem

Aerial
parts

Aerial
parts

Aerial
parts

Water Extract (IC5¢ pg/mL)

a-Amylase
inhibitory activity

40 + 1.50i
730+ 7.70h

4200 + 1409
7400 + 3.53¢

5900 + 14.14e

8790 + 220b
5330 + 117.5f

6350 + 250d
9760 + 530a
7460 + 250c

5.57 +4.30

a- Glucosidase
inhibitory activity
310+ 5.7¢c

1870 + 10b

4900 + 190a
20% (105 pg/mL)

35.85% (105 pg/mL)

15.51% (105 pg/mL)
8.16% (105 pg/mL)

3.43% (105 pg/mL)
2.31% (105 pg/mL)

90.67% (105 pg/mL)

inhibitory activity
3.14£0.30
512+1.34

36.87 £ 0.90

1.71+0.10

8.51+£0.10

Methanol Extract (IC5q pg/mlL)
a- Glucosidase
inhibitory activity
1.48 £0.05

"Data are presented as mean + standard deviation (n = 3). Mean values with different superscript letters in a column are
significantly different (p < 0.05).

The management of type 2 diabetes mellitus (T2DM) involves delaying the enzyme activities of a-

amylase and a-glucosidase, which are responsible for the [féplace the sentence section highlighted to ‘the

digestion of carbohydrates and the absorption of glucose in the digestive tract '] carbohydrate digestion and

absorption of glucose in the digestive tract (Ighodaro et al. 2016). The a-amylase enzyme breaks

down complex polysaccharides into oligosaccharides and disaccharides, which are then hydrolysed

by the a-glycosidase enzyme into simple absorbable monosaccharides (Sapkota et al. 2022). The

inhibition of both a-amylase and a-glycosidase delays carbohydrate digestion and subsequent
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glucose absorption, thereby lowering postprandial glucose levels (Ighodaro et al. 2016; Sapkota
et al. 2022). Numerous studies have explored the potential of medicinal plants in treating T2DM
(Jarald et al. 2008; Patel et al. 2012; Sapkota et al. 2022). However, due to insufficient and
sustained scientific evidence, a considerable number of medicinal plants have not achieved

prominence as effective medicines.

According to the findings of the present study, for [replace the word for with in the o_amylase inhibitory
assay, water extracts exhibited IC5q values varied from 40 + 1.50 to 9760 + 530 pg/mL, while in
methanol all three samples showed over 90% inhibition at 308 pg/mL, with ICsg ranging from 3.14 +
0.30 to 36.87 £ 0.90 yg/mL (Table 1). IC5q value represents the concentration of the extract that
causes 50% inhibition of enzyme activity. Consequently, higher inhibitory potentials are linked to
smaller ICsq values. For the a-glucosidase inhibitory assay, W [Simple case Wigter extracts of PE,
CA, and HI showed IC5q values ranging from 310 + 5.7 to 4900 + 190 ug/mL. All other samples
showed less than 50% inhibition at 10° pg/mL concentration. Methanol extracts of PE, CA, and HI
exhibited 1C5q ranging from 1.48 + 0.05 to 8.51 + 0.10 pg/mL. According to the statistical analysis,

PE demonstrated significantly the highest inhibitory potential (p < 0.05) for both starch-digesting
enzyme inhibitory assays, followed by CA and HI, based on the results of both water and methanol

extracts.

Numerous studies have documented the efficacy of these three extracts in managing T2DM (Das
and Singh Bisht 2013; Nille et al. 2021; Sapkota et al. 2022). In a previous study by Shrestha et al.
(2021), the methanol extract of PE exhibited potent a-amylase inhibitory activity (using the DNSA
assay method) and a-glucosidase inhibitory activity, yielding ICsq values of 397.67 pg/mL and 0.48

pg/mL, respectively. Upon comparing the a-amylase inhibitory activity of PE in our study with the
reference study, there was an approximately 100-fold difference in the ICsq values. This notable

contrast may be due to the interference in the DNSA method utilised in the reference study and

environmental factors.
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Acarbose is a pseudo tetrasaccharide that suppresses the [émove thel q_amylase activity by

competitive and reversible inhibition (Yilmazer-Musa et al. 2012). All plant extracts tested in our
study, except the methanol extract of PE, demonstrated lower inhibitory potential when compared to

commercially available acarbose, which served as the positive control in this study.

The findings of this study provide promising insight into the potential of utilising extracts of PE, CA,
and HI as therapeutic agents for treating T2DM. However, the complexity of the human digestive
system, including interactions with other dietary components, and enzymatic activities in the
gastrointestinal tract, may significantly influence the bioavailability of bioactive compounds present in
these extracts when consumed. Therefore, further studies, including in vivo and human intervention
studies, are essential to fully understand the therapeutic potential of these extracts in managing

T2DM.

The crude methanol extracts of PE, CA, and HI were again partitioned with solvents of increasing
polarity using n-hexane, dichloromethane (DCM), and ethyl acetate (EtOAc) to assess a-amylase
and o-glucosidase enzyme inhibitory potentials at a concentration of 77 pg/mL (Supplemental Table
S1). The results demonstrated that both enzymes were notably inhibited in all three solvent fractions
of PE. The HI extracts showed significant inhibition solely in the EtOAc fraction. In contrast, the CA
demonstrated over 90% a-amylase inhibition in the EtOAc fraction and a-glucosidase inhibition in
both DCM and EtOAc fractions (Supplemental Table S1). Therefore, both nonpolar and polar
compounds could be responsible for the enzyme inhibition of PE, and only moderate to high polar
compounds may be responsible for the enzyme inhibition of CA, and HI. Our findings resemble with
the previous study showing significant inhibitory activity in various fractions of dried fruit of P

emblica (Sapkota et al. 2022).
Phytochemical screening

Phytochemical screening of PE, CA, and HI indicated that alkaloids, flavonoids, tannins, and
terpenoids were present in all extracts, while saponins and steroids were absent in the PE extract

(Supplemental Table S2).

Total phenolic content (TPC)
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Phenolic concentrations in both aqueous and methanol plant extracts varied widely, ranging from
(7.82 £ 0.22 to 271.23 £ 4.06 mg GAE/qg for water extracts and 680 + 14.142 to 2100 + 141.42 mg
GAE/g for methanol extracts), as shown in Supplemental Figure S2. According to the statistical

analysis (p < 0.05) the highest TPC was recorded in PE followed by CA (p < 0.05) in both extracts.
Total flavonoid content (TFC)

Flavonoid content in the plant extracts varied widely, ranging from 1.86 £ 0.08 to 85.51 £ 0.43 mg
CE/g dry weight in water extracts and from 61.8 + 4.24 to 265.33 + 2.83 mg CE/g dry weight in
methanol. PE reported the maximum TFC (p < 0.05) in water extract, followed by the CA. In
contrast, PE had the least activity, while HI reported the highest TFC in methanol extracts
(Supplemental Figure S3).

GC-MS profiling of hexane extract

In this study, the hexane fraction of PE exhibited strong inhibitory activity against both a-amylase and
a-glucosidase enzymes (Supplemental Table S1). Consequently, GC-MS analysis was conducted to
annotate the volatile organic compounds responsible for its anti-diabetic effect (Supplemental Figure

S4, Table S3).

The GC-MS method is extensively used in plant metabolite profiling due to its high sensitivity and
ability to offer the high resolution required to separate the principal compounds from plant extracts
(Rokkam et al. 2022). However, to the best of our knowledge, no study has been reported on GC-
MS-based metabolite profiling to detect bioactive compounds in n-hexane extracts of dried fruits of

PE.

In the current study, GC-MS analysis tentatively identified ten bioactive compounds, including
terpenes (7, 8, 9, 10), steroids (5 and 6), monounsaturated long-chain fatty acids (3 and 4),
saturated long-chain fatty acids (2), and fatty acid methyl ester (1). Remarkably, eight compounds
such as terpenes (7, 8, 9, 10), steroids (5 and 6), and fatty acids (2 and 4) were previously reported
for their anti-diabetic properties through a variety of mechanisms including in vitro inhibition of a-
amylase, B-glucosidase and protein tyrosine phosphatase-1B (PTP1B) enzyme activities, as well as

lowering serum glucose levels in experimental animal models (Narender et al. 2009; Gupta et al.
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2011; Siddique and Saleem 2011; Ko et al. 2016; Ngenge Tamfu et al. 2022).

Furthermore, a prior study done by Su et al. (2013), found that compounds 2 and 4 exhibited a

delayed mechanism of carbohydrate digestion by inhibiting a-amylase enzyme activity, with I1Csg
values of 0.16 mg/mL and 0.0272 mg/mL, respectively. Additionally, the a-amylase inhibitory activity
of steroids, particularly compounds 6 and terpenes (7 and, [rémove commal gy hag peen previously
reported, showing varying ICsq values of 2939 + 76 uM, 248 + 12 uM, and 2585 + 79 uM

respectively (Yuca et al. 2022). Moreover, in another study, (Javed et al. 2022), terpenes,
particularly compounds 9, 7, 6, and 10, were reported to delay sugar absorption by interacting with
the a-glucosidase enzyme, inhibiting its ability to break down complex carbohydrates into glucose.

Their IC5q values ranged from 15.87 + 1.16 uM, 21.49 £ 0.51 pM, 65.31 £ 0.96 uM and 18.14 £ 0.27

MM respectively, and these compounds displayed significant inhibitory potential compared to

acarbose (IC5q of 38.25 + 1.12 uM), except for compound 6 in this study. Notably, most of these

compounds have been previously reported for their potent anti-diabetic activity with promising o-
amylase and a-glucosidase inhibitory activity, suggesting that they may have contributed to the

significantly higher anti-diabetic effect observed in PE in the present study.
LC-HRMS profiling of dichloromethane and ethyl acetate fractions

DCM and EtOAc subfractions of PE were further analysed using LC-HRMS to annotate the
bioactive constituents responsible for their anti-diabetic activity (Supplemental Table S4). Results
revealed that, among the tentatively identified compounds, eighteen were detected in the DCM
extract, whereas the EtOAc extract contained twelve compounds. These compounds can be
categorised into various subclasses, including terpenes (11, 18, 22, 24, 26, and 40), quinones (12,
13, and 17), xanthones (14 and 34), alkaloids (16 and 38), fatty acids (20 and 28), flavonoids (21,
36, and 39), phenols (29, 30, 32, and 33), and tannins (12 and 15) (Supplemental Table S4).

Among these, only fourteen compounds (13, 14, 15, 18, 21, 23, 26, 29, 30, 32, 33, 34, 36, and 38)
were previously recognised for their anti-diabetic properties using ranged of mechanisms, including

in vitro inhibition of enzyme activities such as protein tyrosine phosphatase-1B (PTP1B), dipeptidyl
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peptidase-4 (DPP-IV), a-amylase, a-glucosidase, and more (Cui et al. 2007; Bu et al. 2010; Ibrahim
et al. 2019; Rakotondrabe et al. 2022).

A prior study demonstrated that compound 5, extracted from Laminaria japonica, exhibited significant

a-glucosidase inhibitory activity with an IC5q value of 38 uM (Bu et al. 2010). Additionally, recent

research (Kovalenko et al. 2020) utilised compound 18 to create active pharmaceutical ingredients
for treating T2DM by combining it with an organic compound of o-phenylenediamine. Further, a
previous study (Cui et al. 2007) highlighted the potential of compound 21 within the flavonoid group
for treating T2DM through in vitro PTP1B inhibitory activity. Another study (Liu et al. 2021) reported
the substantial contribution of compounds 29 and 30 to the mechanism of delayed sugar absorption
through a-glucosidase enzyme inhibition. Notably, compound 34 exhibited a remarkable amylase
inhibitory activity with an 81.8% inhibition percentage (Ibrahim et al. 2019). Furthermore, the a-

glucosidase inhibitory effect of compound 36 was reported as an ICsq value of 42.47 + 4.13 pM,

which was much better than that of the activity of positive drug acarbose (109.54 + 14.23 uM)
(Rakotondrabe et al. 2022). The collective evidence suggests that the PE extract contains a variety
of bioactive constituents, some of which possess well-documented anti-diabetic properties, indicating

its potential significance and utility as a supplement for managing T2DM.
Cell viability assay

Cell viability assay was employed to enhance the reliability of our findings and to investigate their
therapeutic potential. Total extracts and their fractions of PE, CA, and HI were tested against HeLa
(cervix adenocarcinoma) cell line, and results are shown in (Supplemental Table S5). Hexane, DCM,
and EtOAc extracts of PE did not exhibit any toxicity towards HelLa cells. Similarly, hexane and
DCM extracts of CA, and hexane extract of HI were not toxic to HelLa cells. However, other extracts
of CA and HI showed moderate toxicity at the same starting concentration of 50 ug/mL

(Supplemental Table S5).

Our findings are consistent with previous studies that demonstrated the low or no toxicity of P,

emblica fruit extracts on various cell lines, including HeLa cells (IC5p- 30.45 pg/mL) and MRC5 cells

(IC50 > 400 pg/mL) (Ngamkitidechakul et al. 2010; Dinesh et al. 2017). Similarly, (Kalaivani and
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Uava 2008 [This inltext citation is not linked to the reference Iist.]) found that the administration of ethanol

extract of C. auriculata flowers up to a dosage of 1000 mg/kg body weight/day for a month resulted
in no toxicity signs on male Wistar albino rats. In the case of H. indicus, (Shilpha et al. 2022)
reported that the roots of H. indicus had a low cytotoxicity effect on human embryonic kidney cell

lines (HEK-293), with 81.6% cell viability observed at a concentration of up to 300 pg/mL.

Conclusion

In the present study, Phyllanthus emblica (PE) exhibited the highest inhibitory potential (p < 0.05)
for both the a-amylase and a-glucosidase inhibitory assay methods, followed by Cassia auriculata
(CA), and Hemidesmus indicus (HI) in both water and methanol extracts. Both nonpolar and polar
compounds could be responsible for the anti-diabetic activity of PE, while only moderate to high
polar compounds may be responsible for the anti-diabetic activity of CA and HI. Phytochemical
screening revealed the presence of alkaloids, flavonoids, tannins, and terpenoids in all three
extracts, excluding saponins and steroids in PE. GC-MS analysis of the n-hexane fraction of PE
identified ten compounds, eight of which were previously recognised for their anti-diabetic properties.

LC-HRMS analysis of dichloromethane (DCM) and ethyl acetate (EtOAc) subfractions of PE

revealed the presence of 30 [Please type the number 30 as "thirty".] metapolites, with 14 [Please type the

number 14 as *fourteen”. ] compounds known for their anti-diabetic activities. Cell viability assessments
demonstrated the non-toxic nature of hexane, DCM, and EtOAc extracts of PE. Similarly, hexane
and DCM extracts of CA and hexane extract of HI showed no toxicity, while other extracts of CA and
HI exhibited moderate toxicity at a starting concentration of 50 mg/mL for HelLa cells. The significant
anti-diabetic properties of PE and its non-toxic characteristics, underscore its potential to develop
nutraceuticals to treat T2DM. Further in vivo and clinical studies are necessary to determine the

effective doses and toxicity levels, as excessive consumption may pose health risks.

Acknowledgments

The authors would like to acknowledge Bathini Tissera and Majed Bawazeer for running bioassays.

Disclosure statement

IST: 2025-01-17: 7:29:59 AV | This track pdf was produced fromthe online proofing tool and is intended to be used as a reference. | Page 12 of 20



Title: In vitro anti-diabetic potential of medicinal herbs commonly ...

No potential conflict of interest was reported by the author(s).

Note: this Edit/html view does not display references as per your journal style. There is no need
to correct this. The content is correct and it will be converted to your journal style in the published
version.

References

BuT, LiuM, Zheng L, Guo Y, Lin X. 2010. a-glucosidase inhibition and the in vivo hypoglycemic
effect of butyl-isobutyl-phthalate derived from the Laminaria japonica rhizoid. Phytother Res.
24(11):1588-1591. doi:10.1002/ptr.3139. 4]

Cui L, Ndinteh DT, Na MK, Thuong PT, Silike-Muruumu J, Njamen D, Mbafor JT, Fomum ZT,
Jong SA, Won KO. 2007. Isoprenylated flavonoids from the stem bark of Erythrina abyssinica. J Nat
Prod. 70(6):1039—-1042. doi: 10.1021/np060477+. )

Das S, Singh Bisht S. 2013. The bioactive and therapeutic potential of Hemidesmus indicus R. Br.
(Indian sarsaparilla) root. Phytother Res. 27(6):791-801. doi:10.1002/ptr.4788. ()

Dinesh M, Roopan SM, Selvaraj Cl, Arunachalam P. 2017. Phyllanthus emblica seed extract
mediated synthesis of PANPs against antibacterial, heamolytic and cytotoxic studies. J Photochem

Photobiol B. 167:64-71. doi:10.1016/].jphotobiol.2016.12.012. ()

Gupta R, Sharma AK, Dobhal MP, Sharma MC, Gupta RS. 2011. Antidiabetic and antioxidant
potential of B-sitosterol in streptozotocin-induced experimental hyperglycemia. J Diabetes.

3(1):29-37. doi:10.1111/j.1753-0407.2010.00107 .x. 4]

Hasanpour M, Iranshahy M, Iranshahi M. 2020. The application of metabolomics in investigating
anti-diabetic activity of medicinal plants. Biomed Pharmacother. 128:110263.

doi:10.1016/j.biopha.2020.110263. )

Ibrahim SRM, Mohamed GA, Khayat MT, Ahmed S, Abo-Haded H, Alshali KZ. 2019.
Mangostanaxanthone VIIII, a new xanthone from Garcinia mangostana pericarps, a-amylase

inhibitory activity, and molecular docking studies. Rev Brasil Farmacogn. 29(2):206-212.

IST: 2025-01-17: 7:29:59 AV | This track pdf was produced fromthe online proofing tool and is intended to be used as a reference. Page 13 of 20



Title: In vitro anti-diabetic potential of medicinal herbs commonly ...

doi:10.1016/j.bjp.2019.02.005. (1)

Ighodaro OM, Akinloye OA, Ugbaja RN, Omotainse SO, Faokunla O. 2016. FT-IR analysis of
Sapium ellipticum (Hochst) pax ethanol leaf extract and its inhibitory effects on pancreatic a-
amylase and intestinal a-glucosidase activities in vitro. Egypt J Basic Appl Sci. 3(4):343-349.
doi:10.1016/j.ejbas.2016.09.003. 4]

Jarald E, Joshi SB, Jain CD. 2008. Diabetes and herbal medicines. Iran J Pharmacol Ther.
7:97-106. 1)

Javed S, Javaid |, Shoaib A, Perveen S. 2022. Oleanolic acid (pentacyclic triterpenes) as a

potential candidate for a-glycosidase inhibition activity. Adv Life Sci. 9(2):219-223. ()

Kalaivani A, Uava KK. 2008. Anti-hyperglycemic and antioxidant properties of Cassia auriculata

leaves and flowers on alloxan induced diabetic rats. Pharmacologyonline. 1:204-217. 4]

Ko BS, Kang S, Moon BR, Ryuk JA, Park S. 2016. A70% ethanol extract of mistletoe rich in
betulin, betulinic acid, and oleanolic acid potentiated 3-cell function and mass and enhanced hepatic
insulin sensitivity. Evid Based Complement Alternat Med. 2016(1):7836823.
doi:10.1155/2016/7836823. (4]

Kovalenko SM, Konovalova IS, Merzlikin Sl, Chuev VP, Kravchenko DV. 2020. (1 R,3 S)-3-(1 H -
Benzo [d] imidazol-2-yl)-1,2,2-trimethylcyclopentane-1-carboxylic acid as a new anti-diabetic active
pharmaceutical ingredient. Acta Crystallogr E Crystallogr Commun. 76(Pt 9):1407-1411.
doi:10.1107/S2056989020010439. 4]

Krishnaraju AV, Rao TVN, Sundararaju D, Vanisree M, Tsay H-S, Subbaraju GV. 2005.
Assessment of bioactivity of indian medicinal plants using brine shrimp (Artemia salina) lethality

assay t. Int J Appl Sci Eng. 3(2):125-134. ()

Liu X, FuY, Ma Q, Yi J, Cai S. 2021. Anti-diabetic effects of different phenolic-rich fractions from
Rhus chinensis Mill. fruits in vitro. eFood. 2(1):37—46. doi:10.2991/efood.k.210222.002. 4]

Narender T, Khalig T, Singh AB, Joshi MD, Mishra P, Chaturvedi JP, Srivastava AK, Maurya R,

IST: 2025-01-17: 7:29:59 AV | This track pdf was produced fromthe online proofing tool and is intended to be used as a reference. | Page 14 of 20



Title: In vitro anti-diabetic potential of medicinal herbs commonly ...

Agarwal SC. 2009. Synthesis of a-amyrin derivatives and their in vivo antihyperglycemic activity. Eur

J Med Chem. 44(3):1215-1222. doi:10.1016/j.ejmech.2008.09.011. (4]

Nazarian-Samani Z, Sewell RDE, Lorigooini Z, Rafieian-Kopaei M. 2018. Medicinal plants with
multiple effects on diabetes mellitus and its complications: a systematic review. Curr Diab Rep.

18(10):72. doi:10.1007/s11892-018-1042-0. ()

Ngamkitidechakul C, Jaijoy K, Hansakul P, Soonthornchareonnon N, Sireeratawong S. 2010.
Antitumour effects of Phyllanthus emblica L.: induction of cancer cell apoptosis and inhibition of in
vivo tumour promotion and in vitro invasion of human cancer cells. Phytother Res. 24(9):1405-1413.

doi:10.1002/ptr.3127. )

Ngenge Tamfu A, Mfifen Munvera A, Veronica Dediu Botezatu A, Talla E, Ceylan O, Tagatsing
Fotsing M, Tanyi Mbafor J, Shaheen F, Mihaela Dinica R. 2022. Synthesis of benzoyl esters of 3-
amyrin and lupeol and evaluation of their antibiofilm and antidiabetic activities. Results Chem.

4:100322. doi:10.1016/j.rechem.2022.100322. 4]

Nille GC, Mishra SK, Chaudhary AK, Reddy KRC. 2021. Ethnopharmacological, phytochemical,
pharmacological, and toxicological review on Senna auriculata (L.) Roxb.: a special insight to

antidiabetic property. Front Pharmacol. 12:647887. doi:10.3389/fphar.2021.647887. (1)

Ogurtsova K, Guariguata L, Barengo NC, Ruiz PLD, Sacre JW, Karuranga S, Sun H, Boyko EJ,
Magliano DJ. 2022. IDF diabetes Atlas: global estimates of undiagnosed diabetes in adults for 2021.
Diabetes Res Clin Pract. 183:109118. doi:10.1016/J.DIABRES.2021.109118. ()

Okaiyeto K, Kerebba N, Rautenbach F, Kumar Singh S, Dua K, Oguntibeju OO. 2023. UPLC-ESI-
QTOF-MS phenolic compounds identification and quantification from ethanolic extract of Myrtus
communis ‘Variegatha’: in vitro antioxidant and antidiabetic potentials. Arab J Chem. 16(2):104447.

doi:10.1016/j.arabjc.2022.104447. (%)

Patel DK, Kumar R, Laloo D, Hemalatha S. 2012. Diabetes mellitus: an overview on its

pharmacological aspects and reported medicinal plants having antidiabetic activity. Asian Pac J Trop

IST: 2025-01-17: 7:29:59 AV | This track pdf was produced fromthe online proofing tool and is intended to be used as a reference. Page 15 of 20



Title: In vitro anti-diabetic potential of medicinal herbs commonly ...

Biomed. 2(5):411-420. doi:10.1016/52221-1691(12)60067-7. (4]

Rokkam R, Pinipay F, Bollavarapu A, Rapaka G, Botcha S, Tamanam RR. 2022. Phytochemical
investigation, antioxidant profiling and GCMS analysis of Cajanus scarabaeoides seed extracts. J

Food Chem Nanotechnol. 08(04)::147-161 .doi:10.17756/jfcn.2022-137 JAQA] ()

Rakotondrabe TF, Fan M, Guo M. 2022. Exploring potential antidiabetic and anti-inflammatory
flavonoids from Euphorbia humifusa with an integrated strategy. Front Pharmacol.

13(August):980945. doi:10.3389/fphar.2022.980945. ()

Sapkota BK, Khadayat K, Sharma K, Raut BK, Aryal D, Thapa BB, Parajuli N. 2022.
Phytochemical analysis and antioxidant and antidiabetic activities of extracts from Bergenia ciliata,
Mimosa pudica, and Phyllanthus emblica. Adv Pharmacol Pharm Sci. 2022:4929824.
doi:10.1155/2022/4929824. 4]

Shilpha J, Meyappan V, Sakthivel N. 2022. Bioinspired synthesis of gold nanoparticles from
Hemidesmus indicus L. root extract and their antibiofilm efficacy against Pseudomonas aeruginosa.

Process Biochem. 122:224-237. doi:10.1016/j.procbio.2022.10.018. )

Shrestha D, Sharma P, Adhikari A, Mandal AK, Verma A. 2021. A review on nepalese medicinal
plants used traditionally as alpha-amylase and alpha-glucosidase inhibitors against diabetes mellitus.

CTM. 7(5).€020721194443.doi: 10.2174/2215083807666210702144103 [AQ2] o

Siddique HR, Saleem M. 2011. Beneficial health effects of lupeol triterpene: a review of preclinical

studies. Life Sci. 88(7-8):285-293. doi:10.1016/}.1fs.2010.11.020. 4]

Su CH, Lu TM, Lai MN, Ng LT. 2013. Inhibitory potential of Grifola frondosa bioactive fractions on
a-amylase and o-glucosidase for management of hyperglycemia. Biotechnol Appl Biochem.

60(4):446—452. doi:10.1002/bab.1105. ()

Tugume P, Nyakoojo C. 2019. Ethno-pharmacological survey of herbal remedies used in the
treatment of paediatric diseases in Buhunga parish, Rukungiri District, Uganda. BMC Complement

Altern Med. 19(1)::353. doi:10.1186/512906-019-2763-6 [AQ3] ()

IST: 2025-01-17: 7:29:59 AV | This track pdf was produced fromthe online proofing tool and is intended to be used as a reference. Page 16 of 20



Title: In vitro anti-diabetic potential of medicinal herbs commonly ...

Yilmazer-Musa M, Griffith AM, Michels AJ, Schneider E, Frei B. 2012. Grape seed and tea extracts

and catechin 3-gallates are potent inhibitors of a-amylase and a-glucosidase activity. J Agric Food
Chem. 60(36):8924—-8929. doi:10.1021/jf301147n. (1)

Yuca H, Ozbek H, Demirezer LO, Giivenalp Z. 2022. Assessment of the a-glucosidase and a-
amylase inhibitory potential of Paliurus spina-christi Mill. and its terpenic compounds. Med Chem

Res. 31(8):1393—-1399. doi:10.1007/s00044-022-02921-y. 4]

IST: 2025-01-17: 7:29:59 AV | This track pdf was produced fromthe online proofing tool and is intended to be used as a reference. Page 17 of 20



Title: In vitro anti-diabetic potential of medicinal herbs commonly ...

Author Query

1. Query [AQQ] : Please review the table of contributors below and confirm that the Q
first and last names are structured correctly and that the authors are listed in the
correct order of contribution. This check is to ensure that your names will appear
correctly online and when the article is indexed.

Response by Author: "Change name "Rizliya Vishvanathan" to "Rizliya Visvanathan"
(Remove letter "h').

Change name "Isuri Rathnayake" to "Isuri Rathnayaka". (Remove the last letter "e" in

Rathnayake and add "a".

2. Query [AQ1] :Please provide missing page range for the Rokkam et al., 2022 Q
references list entry.

Response by Author: "Answered within text"

3. Query [AQZ2] :Please provide missing page range for the Shrestha et al., 2021 Q
references list entry.

Response by Author: "Answered within text"

4. Query [AQ3] :Please provide missing page range for the Tugume and Nyakoojo, Q
2019 references list entry.

Response by Author: "Answered within text"

5. Query [AQ4] :Please note that the ORCID section has been created from o

information supplied with your manuscript submission/CATS. Please correct if this is

inaccurate.

IST: 2025-01-17: 7:29:59 AV | This track pdf was produced fromthe online proofing tool and is intended to be used as a reference. Page 18 of 20



Title: In vitro anti-diabetic potential of medicinal herbs commonly ...

Response by Author: "Pathumi Ariyarathna ORCID- 0009-0006-9078-
0099Dhanushki Wickramarachchi ORCID- 0009-0004-3816-0605

Rizliya Visvanathan ORCID - 0000-0002-8788-814XMallique Qader ORCID- 0000-
0003-0817-3435Afka Deen ORCID- 0009-0006-3107-7395Isuri Rathnayaka ORCID-
0009-0000-4330-9778Mostafa E. Rateb ORCID -0000-0003-4043-2687

6. Query [AQS5] :No funding details have been found for your manuscript Q
submission, so a Funding section has been added stating that no funding was
received. Please correct if this is inaccurate.

Response by Author: "Accepted"

Comments

1. Comment by Author: "This in-text citation is not linked to the reference list." Q

[AUTHOR: RUVINI LIYANAGE - 1/17/2025 12:12:41 AM]

2. Comment by Author: "Please type the number 30 as "thirty"." Q

[AUTHOR: RUVINI LIYANAGE - 1/17/2025 12:17:17 AM]

3. Comment by Author: "Please type the number 14 as "fourteen". " Q

[AUTHOR: RUVINI LIYANAGE - 1/17/2025 12:18:10 AM]

4. Comment by Author: "replace the sentence section highlighted to 'the digestion Q

of carbohydrates and the absorption of glucose in the digestive tract "

IST: 2025-01-17: 7:29:59 AV | This track pdf was produced fromthe online proofing tool and is intended to be used as a reference. Page 19 of 20



Title: In vitro anti-diabetic potential of medicinal herbs commonly ...

[AUTHOR: RUVINI LIYANAGE - 1/17/2025 11:27:33 AM|
5. Comment by Author: "simple case 'w" Q
[AUTHOR: RUVINI LIYANAGE - 1/17/2025 11:30:22 AM|
6. Comment by Author: "replace the word 'for' with 'in" ()
[AUTHOR: RUVINI LIYANAGE - 1/17/2025 11:31:39 AM|
7. Comment by Author: "remove 'the™ (1)
y
[AUTHOR: RUVINI LIYANAGE - 1/17/2025 11:35:49 AM|
8. Comment by Author: "remove comma" Q
[AUTHOR: RUVINI LIYANAGE - 1/17/2025 11:45:28 AM]
9. Comment by Author: "remove 'h' - correct spelling Visvanathan" Q
[AUTHOR: RUVINI LIYANAGE - 1/17/2025 11:52:06 AM]
10. Comment by Author: "Please change last letter as "a". Correct spelling is Q
"Rathnayaka™
[AUTHOR: RUVINI LIYANAGE - 1/17/2025 4:23:45 PM|
IST: 2025-01-17: 7:29:59 AV | This track pdf was produced fromthe online proofing tool and is intended to be used as a reference. Page 20 of 20



	Comment by Author [Ruvini Liyanage]: [remove 'h' ‑ correct spelling Visvanathan]
	Comment by Author [Ruvini Liyanage]: [Please change last letter as "a". Correct spelling is "Rathnayaka"]
	Comment by Author [Ruvini Liyanage]: [replace the sentence section highlighted to 'the digestion of carbohydrates and the absorption of glucose in the digestive tract ']
	Comment by Author [Ruvini Liyanage]: [replace the word 'for' with 'in']
	Comment by Author [Ruvini Liyanage]: [simple case 'w']
	Comment by Author [Ruvini Liyanage]: [remove 'the']
	Comment by Author [Ruvini Liyanage]: [remove comma]
	Comment by Author [Ruvini Liyanage]: [This in‑text citation is not linked to the reference list.]
	Comment by Author [Ruvini Liyanage]: [Please type the number 14 as "fourteen". ]
	Comment by Author [Ruvini Liyanage]: [Please type the number 30 as "thirty".]
	Deleted by Author [Ruvini Liyanage]: .
	Inserted by Author [Ruvini Liyanage]: :147-161
	Inserted by Author [Ruvini Liyanage]: .
	Inserted by Author [Ruvini Liyanage]: e020721194443.
	Deleted by Author [Ruvini Liyanage]:
	Deleted by Author [Ruvini Liyanage]: .
	Inserted by Author [Ruvini Liyanage]: :
	Inserted by Author [Ruvini Liyanage]: 353.
	Author Query
	Comments

