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ABSTRACT: Androgtraphis paniculata (Burm. f.) Nees is an important medicinal plant
belonging to the family Acanthaceae and is widely used in traditional systems of
medicine. Commonly known as the “King of Bitters,” the plant is characterized by its
intensely bitter taste and diverse phytochemical composition. It contains several
bioactive constituents, among which andrographolide, a labdane diterpenoid represents
a chemically versatile scaffold for the development of bioactive derivatives with
potential therapeutic applications. This research describes the synthesis and biological
evaluation of four semisynthetic derivatives, designated L-1-L-4, using infrared (IR)
spectroscopy, proton nuclear magnetic resonance (‘H-NMR), mass spectrometry,
molecular docking, and in-vitro a-glucosidase and a-amylase inhibition assays. These
complementary approaches were employed to investigate the derivatives reported
structural features and their potential enzyme-inhibitory activities. The research reports
mass-to-charge (m/z) values of 407.27, 435.30, 457.28 and 423.30 for L-1, L-2, L-3 and
L-4, respectively. Among the tested derivatives, L.-2 exhibited the greatest reported
inhibitory activity, with ICsg values of 15 pM against a-glucosidase and 22 uM against o-
amylase. L-3 showed the next most favourable activity, with corresponding ICsq values
of 20 and 28 uM. In contrast, L.-1 and L.-4 were reported to be less active, although their
ICs¢ values were presented as a broad range of 50—100 uM rather than as compound-
specific measurements. Molecular docking results further suggested favourable
interactions for -2 and L-3, including proposed hydrogen-bonding contacts involving
hydroxyl and carbonyl groups. Collectively, these preliminary findings identify 1.-2 and
1.-3 as promising candidates for further investigation.
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1. INTRODUCTION

Natural products remain valuable starting points for medicinal chemistry because their stereochemical complexity and
functional-group diversity provide multiple sites for molecular recognition. Andrographis panicutata (Burm. f.) Nees, a member
of the Acanthaceae and commonly known as kalmegh or the “king of bitters”, is used in several traditional medicinal systems.
Its characteristic diterpenoid lactones include andrographolide and related compounds, alongside flavonoids and other
secondary metabolites. Reviews describe a broad preclinical pharmacological literature for A. paniculata, while also
emphasizing variability in plant material, extraction procedures, composition and study quality (Akbar, 2011; Hossain et al.,
2014; Jarukamjorn and Nemoto, 2008).

Andrographolide contains a labdane diterpenoid framework, an a-alkylidene-y-butyrolactone and multiple hydroxyl groups.
These structural features offer sites for derivatization and allow medicinal chemists to investigate how changes in polarity,
hydrogen-bonding capacity and steric environment affect biological activity. Prior work has described semisynthetic
andrographolide derivatives with enzyme-inhibitory, anti-inflammatory, antiviral and other activities; the observed effects
depend on the location and nature of the chemical modification (Xu et al., 2007; Zhang et al., 2021; Wang et al., 2022).

a-Glucosidase and o-amylase are established targets for slowing carbohydrate digestion and postprandial glucose
excursions.|[1] Inhibitors of these enzymes are therefore frequently used as initial in-vitro screening tools for compounds with
potential antidiabetic activity. However, enzyme inhibition alone does not establish in-vivo efficacy, pharmacokinetic
suitability or safety. Likewise, molecular docking can generate hypotheses about binding poses but cannot substitute for
measured activity or experimental target engagement. A related published report by Sachan, Singh and Wal (2025) also
describes semisynthetic andrographolide derivatives and antidiabetic evaluation. However, the uploaded article reports
different compound formulae/molecular weights and enzyme-inhibition values from those recorded in the research used for

the present manuscript.
2. MATERIALS AND METHODS
2.1. Plant material and precursor

The plant material that A. paniculata material was purchased from a local herbal market and that authentication was
undertaken at Chandra Shekhar Azad University of Agriculture and Technology, Kanpur, by Dr P. N. Katiyar, Department of
Horticulture, CSAU, Kanpur.

2.2. Synthesis of derivatives

The research describes four semisynthetic derivatives designated L-1, L-2, -3 and L-4, prepared through multistep
transformations described generally as esterification, alkylation and cyclization. Compound-specific reaction schemes,
reagents, equivalents, solvents, reaction temperatures, reaction times, work-up, purification, yields and purity values are not

reported in the source section in a form sufficient for independent replication.

For each derivative, the final article should include: (i) a numbered structure and unambiguous chemical name; (i) reaction
scheme and isolated yield; (iif) physical appearance and melting point, where measured; (iv) chromatographic purity and

method; and (v) full spectral assighments and raw spectra as supplementary information.
2.3. Spectral characterization

IR, '"H-NMR and Mass spectrometry were reported as the principal characterization techniques. The selected IR bands and
proton chemical-shift ranges, as well as mass-to-charge values. [2-4] Instrument manufacturer/model, acquisition conditions,
sample preparation, NMR solvent, operating frequency, reference standard, ionization mode, adduct assignment, exact-mass
error and elemental formula are not consistently specified in the supplied text and must be added. Because several listed IR
bands occur at unusually high frequencies, the raw spectra and instrument output should be checked before the peak

assighments are accepted.
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2.4. Molecular docking

The research reports docking of the derivatives against a-glucosidase and a-amylase using Protein Data Bank structures and
molecular-docking software. The exact protein identifiers, chain selection, ligand preparation, protonation states, binding-site
definition, grid coordinates, software/version, scoring function, validation by redocking, reference ligand, docking scores and
replicate/pose-selection procedute are not specified sufficiently for reproduction. These details must be provided. Any claim
that hydrogen bonds or particular residues explain activity should be supported by the actual docking files and residue-level
interaction diagrams.[5]

2.5. In-vitro enzyme inhibition assays

The research reports a-glucosidase and a-amylase inhibition ICsq values for the four derivatives. The complete protocols,
enzyme source and activity, substrate, buffer, incubation time and temperature, detection wavelength, solvent concentration,
positive-control results, concentration ranges, replicate number, curve-fitting model and confidence intervals are not present
in the supplied research-article section.[6-8] These parameters should be added from the original experiment records. ICsg
values should be calculated from concentration—response curves and reported as mean = SD or 95% confidence interval,

with the number of independent experiments stated.
2.6 In-Vivo Antidiabetic Activity

Male Wistar rats (180-220 g) were housed under standard laboratory conditions with free access to food and water, following
approval from the Institutional Animal Ethics Committee (IAEC). Diabetes was induced by a single intraperitoneal injection
of streptozotocin (STZ, 55 mg/kg) dissolved in citrate buffer (pH 4.5). After 72 houts, rats with blood glucose levels above
250 mg/dL were consideted diabetic and divided into groups of six animals each. Andrographis paniculata detivatives were
administered orally at doses of 100, 200, and 400 mg/kg for 28 days, while metformin (150 mg/kg) setved as the standard
control. Blood glucose levels were monitored periodically using a glucometer. At the end of the treatment period, blood
samples were collected to estimate serum insulin using ELISA and glycated hemoglobin (HbAlc) using HPLC. Liver and

pancreatic tissues were collected for histopathological examination.[9-10]
3. RESULTS AND DISCUSSION

3.1. Spectral characterization

IR Spectra of Products
Table 1 represents Structure of Products & their Molecular weight
S.No. Structure of Product Molecular weight
o o
1 HO)J\O g )\/OH C23H37NOs
HO” A CH;
CH,

= o

2 Ho/lj\o/\/\/\/\/\éj"\/ /|\/0H C,5H4;NOs
HO" £ Ha
CH;

2 o

3 — NH M _on C,7H39NOs
HO™ & CHz
CH,

° o

4 Ho)l\o/\/\A/\/\éN\/ A/OH C24H41NOs
HO" £ CHz
CH,
IR SPECTRA-1
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Table 2: Interpretation of FTIR Spectrum and Functional Group Assignments

Wavenumber | Functional | Vibrational .
S. No. _ . Interpretation
(cm™) Group Assignment
May indicate hydroxyl groups; verify
1 3024.79 O_H O-H stretching whether the peak is a'ttributable to the
sample or atmospheric/background
effects.
May indi free hydroxyl i
2 3700.34 O-H O-H stretching ay indicate free hydroxyl groups in
alcohols or phenols.
3 3404.45 O_H OH stretching Support.s the Possible presence of hydroxyl
groups, including alcohols or phenols.
Aliphatic C—
4 2975.37 i phatic C—H stretching Indicates aliphatic CHj or CH, groups.
5 2901.91 Aliphatic C— C—H stretching Suggests the presence of saturated aliphatic
H chains.
c=c/ May indicate an alkyne or nitrile group; the
6 2256.77 C;N Triple-bond stretching | assignment requires confirmation from
B peak intensity and other spectral evidence.
Possible
carbonyl- . . An unusual region for a typical carbonyl
Stretchi binati
7 1900.22 related or .kr)e il ng/combination absorption; further verification is required
ibr
combination | T before assigning a functional group.
band
May indicat t th bonyl-
8 1758.83 c=0 Carbonyl stretching Ay TACicate 4Tl esict O anotier cathony:
containing functional group.
C=C/
May indicate alk ti
9 1645.95 conjugated | Double-bond stretching 4y InCicate 4 Ketie, a7ofatie, o
B conjugated carbonyl vibrations.
C=0
May correspond to C—O stretching in
10 1242.63 C-O / C-N | Stretching vibration ethers or esters, or C-N stretching in
nitrogen-containing compounds.
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Suggests possible alcohol, ether, or ester

11 1054.00 C-O C-O stretching o
functionality.

1 881,76 Aromatic or Out-of-plane bending May ‘indicate subéﬂtuted aromatic rings or
alkene C-H terminal/exocyclic alkene groups.
Aromatic

13 65745 C-H / other Bending vibration May correspond to out-of-plane Pend}'ng
skeletal or other low-frequency skeletal vibrations.
vibrations

Skeletal or
14 485.50 heavy-atom | Bending vibration

vibrations

May arise from low-frequency skeletal
modes ot heavy-atom bonds; a metal—
halogen assignment cannot be confirmed
from this peak alone.

IR SPECTRA-2

1727.

™ T T T
4000 3500 3000 2500 1500

Table 3: Interpretation of FTIR Spectrum and Functional Group Assignments

Wavenumber Vibrati 1
S. No. av_e wmbe Functional Group ! Ta tona Interpretation
(cm™) Assignment
Possible o Higher-order Uncommon re.gion. for
1 4053.1 overtone/combination . . fundamental vibrations; may reflect
vibrational feature .
band instrumental or background effects.
i i ification; ifi
Possible o Higher-order Requ%res verification; no sp.ecl ic
2 3960.3 overtone/combination . . functional group can be assigned
vibrational feature
band confidently.
May indicate free hyd 1
3 3750.2 O-H O-H stretching . ay Indicate free ydroxyl groups
in alcohols or phenols.
Indi -
4 2981.4 Aliphatic C-H C—H stretching ndicates possible CHs or CH;
groups in aliphatic chains.
5 1727.9 c=0 Carbonyl stretching | My indicate carbonyl-containing
groups, such as esters, aldehydes,
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ketones, or carboxylic acids.
6 1674.9 C=C / conjugated Double-bond May indicate alkene or conjugated
' C=0 stretching carbonyl vibrations.
S hy ibl f
7 1595.4 Aromatic C=C Ring stretching 1BBests the possible presence 0
aromatic rings.
May hy f
8 1494.7 Aromatic C=C Ring stretching 4y support the presence 0
aromatic structures.
) i i May correspond to bending
9 1387.0 Aliphatic C-H C—H bending L
vibrations of CHz or CH; groups.
May indicate ether, ester, or other
10 1268.7 C-O /C-N Stretching vibration | oxygen- or nitrogen-containing
functional groups.
May correspond to C—O stretching
11 1201.1 C-O /C-N Stretching vibration | in ethers or esters, or C—-N
stretching in amines.
Suggests possible alcohol, ether,
12 1139.3 C-O C—O stretching ester, or carboxylic acid
functionality.
May indicate oxygen-containing
13 1098.9 C-O C—O stretching functional groups, particularly
ethers or alcohols.
14 1030.9 C-0 /C-H Stret?hing. or . May arise fron.l C—O. stret.chin.g or
bending vibration other fingerprint-region vibrations.
—C-H / aromatic C— | Out-of-plane May ind.icate alkene. or aromatic C—
15 980.7 . H bending, depending on
H bending
molecular structure.
16 878.3 Aromatic Cfl Out—?f—plane May indicate substituted aromatic
bending rings.
. Out-of-plane May Prox.dde information abou'lt the
17 816.0 Aromatic C-H . substitution pattern of aromatic
bending .
tings.
Aromatic C—H / - May f:orrespond to aromatic C—H
18 714.7 L Bending vibration bending or other low-frequency
skeletal vibrations S
vibrations.
Low-f May arise from skeletal
-fr
19 5721 Skeletal vibrations bo“(ltl' eqrency deformation or other low-
i
encing frequency molecular vibrations.
IR SPECTRA-3
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Table 4: Interpretation of FTIR Spectrum and Functional Group Assignments
S. Wavenumber | Functional Vibrational )
- . Interpretation
No. (cm™) Group Assignment
Indicates the possible presence of
1 3350.1168 O-H O-H stretching hydroxyl groups in alcohols or
phenols.
Al tdec C-H
2 3079.7370 _g)n;? ¢ / C—H stretching May indicate aromatic rings or alkenes.
h f
3 2917.4682 Aliphatic C-H | C—H stretching Suggests the presence of CHg or CH,
groups in aliphatic chains.
S ts th ibl f
4 2848.9200 Aliphatic C-H | C—H stretching UPPOTLS the possible presence o
saturated aliphatic groups.
May indicate carbonyl-containing
5 1738.9023 C=0 Carbonyl stretching groups, such as esters, aldehydes,
ketones, or carboxylic acids.
May indicate alkene or conjugated
= le- 1 vibrations; th
5 1643.9741 C C / Doubci bond car.bony Vlbrano.ns, the .e?zact
conjugated C=0O | stretching assignment requires additional
evidence.
S h ibl f
7 16154713 Aromatic C=C | Ring stretching 188ests the possible presence 0
aromatic rings.
g 1497 4885 Aromatic C=C / | Ring stretching or May correspond to aromatic ring
' C-H bending vibrations or aliphatic C—H bending.
. . . May indicate bending vibrations of
9 1450.7719 Aliphatic C-H C—-H bending
CH; or CH3 groups.
. . . May correspond to symmetric bending
10 1376.9022 Aliphatic C-H C—H bending
of methyl groups.
Bendi cretchi May arise from C—H bending or C-N
ing or stretchi
11 | 1346.6565 C-H/C-N CnAing of SUELCHNS | Stretching, depending on the
vibration .
compound's structure.
May indicate C—O stretching in eth
12 | 1241.3886 C-0/C-N Stretching vibration 4y indleate 7~ SHELChing 1 ehers
or esters, or C—N stretching in amines.
. Suggests possible alcohol, ether, ester,
13 1124.1748 C-O C-O stretching L S
or carboxylic acid functionality.
Nav indi - —
14 | 1077.3798 C-O C-O stretching 4y indicate oxygen-containing
functional groups, particulatly alcohols
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for

or ethers.
May correspond to C-O stretching in
15 1033.4877 C-O0/C-N Stretching vibration alcohols or ethers, or C-N stretching
in amines.
May indi bstituted i
16 | 882.8857 Aromatic C-H | Out-of-plane bending | ) [CAt¢ substituted aromatic
rings.
May ide infa ion ab h
17 | 8227537 Aromatic C-H | Out-of-plane bending | ) Droviae itormation about the
substitution pattern of aromatic rings.
S h ibl f
18 754.9412 Aromatic C-H Out-of-plane bending i F)rts e pOSSl, € presence o
substituted aromatic structures.
19 7197369 Aromatic C-H / | Out-of-plane bending | May correspond to aromatic C—H
' aliphatic chain or rocking bending or CH; rocking vibrations.
IR SPECTRA-4
120
110
100
£ 90
£ o 1678.07
% 1 1406.11
R i 1033.85
" 60
50 -
40 T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber cm™!
Table 5: Interpretation of FTIR Spectrum and Functional Group Assignments
S. . o
Wavenumbe Functional Vibrational .
No B . Interpretation
r(cm™) Group Assignment
1 3352.00 O_H O—H Indicates the Possible presence of hydroxyl
stretching groups in alcohols or phenols.
2 2918.30 Aliphatic C-H | C—H stretching | - "88¢Sts the presence of CHs or CHj groups in
aliphatic chains.
Possible C=N / Tripli—.bond l\}/][jay inc.licate a nitrile zgro?p, but absoritic.)n g;ar
3 2314.20 atmospheric stretching or this r.eg1on can also arise from atmospheric CO,
CO background or instrumental background effects. Further
2 absorption verification is required.
Carbonyl or May indicate a conjugated carbonyl group, an
4 1678.07 C=0/C=C double-bond amide carbonyl, or C=C stretching, depending on
stretching the compound's structure.
o Bendi
Aliphatic C-H / ending ?r May correspond to C—H bending or symmetric
5 1406.11 _ symmetric .
COO . stretching of a carboxylate group.
stretching
5 1033.85 C-0 / C-N St.retc}.ling May indicate C-O stretchi.ng i.n alc?hols or ethers,
vibration or C-N stretching in amines.
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TH-NMR and MS value of Products

The reported '"H-NMR summary gives an OH-associated singlet at 5.83 ppm for L.-1, an OH-associated singlet at 2.00 ppm
for I.-2, and an NH-associated singlet at 8.10 ppm for both L.-3 and L-4. The result reports other signals over 1.15-5.17 ppm
L-1), 1.15-4.20 ppm (L.-2), 1.91-7.14 ppm (L-3) and 1.33-7.00 ppm (L-4).

Table 6: '"H-NMR & MS value reported of the following derivatives

Derivative '"H-NMR features reported (ppm) MS value reported (m/z)
L-1 Singlet at 5.83; other signals 1.15-5.17 407.27
L-2 Singlet at 2.00; other signals 1.15-4.20 435.30
L-3 NH-associated singlet at 8.10; signals 1.91-7.14 457.28
L-4 NH-associated singlet at 8.10; signals 1.33—7.00 423.30

This data interprets the mass-spectrometric values as supporting the molecular weights of the derivatives. The values should
be stated as obsetved m/z rather than molecular weights unless the ion species is defined. The final version must provide

calculated and observed exact masses, molecular formulae, ionization mode and the assigned ion (for example, [M+H]* or
[M+Na] ™).

3.2. Enzyme inhibition

This reports that L.-2 gave 1Csq values of 15 uM for a-glucosidase and 22 uM for a-amylase, while 1.-3 gave 20 and 28 pM,
respectively. Thus, based on the reported point estimates, L-2 was the most active of the four derivatives and L-3 was the
next most active. L.-1 and L.-4 were described as showing moderate-to-low activity, with ICsg values in a broad 50-100 uM
range; compound-specific estimates were not supplied. [11-13] Since lower 1Cg values indicate greater inhibition under the
same assay conditions, these results support prioritizing I.-2 and L.-3 for repeat concentration—response experiments, but they
do not establish selectivity, mechanism or therapeutic potential.

Table 7 reports enzyme inhibition & inhibition

-Gl idase IC
Derivative * uczs;/[:;se 50 a-Amylase ICgq (uM) Interpretation
n
L1 50-100 50-100 Lower activity; exact values not provided
L-2 15 22 Most active by reported point estimates
L-3 20 28 Second most active by reported point estimates
L-4 50-100 50-100 Lower activity; exact values not provided

Reported enzyme inhibition (L-1/L-4 plotted at range midpoint)

B o-glucosidase
B a-amylase

L-1 L-2 L-3 L-4

Note: L-1 and L-4 were reported as a broad 50-100 uM range; midpoint (75 uM) is illustrative, not an exact measured
value.

Figure 1: Reported #n-vitro enzyme 1Csq values. L-1 and L-4 are displayed at the midpoint of the reported 50-100 uM range

solely to aid visual comparison
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3.3. Molecular Docking and Preliminary SAR

The data describes L-2 and L-3 as having more favorable docking interactions than I.-1 and 1.-4 and proposes that hydroxyl

and carbonyl groups contribute hydrogen-bonding interactions within the enzyme binding sites. This is a plausible hypothesis,

docking interpretation should therefore be framed as preliminary and hypothesis-generating. A structure—activity relationship

cannot be established reliably until the chemical structures of L.-1-L-4 are explicitly drawn, and the exact substitutions are

identified. If L-2 and L-3 indeed contain approptiately positioned hydrogen-bond donots/acceptors, those groups may

contribute to recognition; however, binding affinity also depends on desolvation, conformational entropy, steric

complementarity and protonation state.[14-15] The docking poses should be validated against a co-crystallized ligand or

known inhibitor where possible, and the predicted interactions should be compared with experimentally measured inhibition.

Table 8- Results of Molecular Docking

CCL Docking | Amino acid Residue |Category Type
Score

ARG125 Hydrogen Conventional Hydrogen Bond;Halogen
Bond;Halogen (Fluorine)

ARG358 Hydrogen Bond Conventional Hydrogen Bond

TYRG62 Hydrogen Bond Conventional Hydrogen Bond

ASN710 Hydrogen Conventional Hydrogen Bond;Halogen
Bond;Halogen (Fluorine)

GLU205 Hydrogen Bond Conventional Hydrogen Bond

GLU206 Hydrogen Bond Conventional Hydrogen Bond

GLU205 Halogen Halogen (Fluorine)

TYR547 Hydrogen Bond Pi-Donor Hydrogen Bond

TYRG62 Hydrogen Bond Pi-Donor Hydrogen Bond

PHE357 Hydrophobic Pi-Pi Stacked

PHE357 Hydrophobic Pi-Pi Stacked

TYR662 Hydrophobic Pi-Pi Stacked

TYR666 Hydrophobic Pi-Pi T-shaped

TYRG666 Hydrophobic Pi-Alkyl

ARG358 Hydrophobic Pi-Alkyl

L-1 7.2

ARG356 Hydrogen Bond Conventional Hydrogen Bond

ARG358 Hydrogen Bond Conventional Hydrogen Bond

ARG356 Hydrogen Bond Carbon Hydrogen Bond

GLU361 Hydrogen Bond Carbon Hydrogen Bond

ARG358 Hydrophobic Alkyl

PHE357 Hydrophobic Pi-Alkyl
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L-2 8.1
ARG356 Hydrogen Bond Conventional Hydrogen Bond
ILE405 Hydrogen Bond Carbon Hydrogen Bond
L-3 8.2
TYR547 Hydrogen Bond Conventional Hydrogen Bond
LYS554 Hydrogen Bond Conventional Hydrogen Bond
ASP545 Hydrogen Bond Conventional Hydrogen Bond
SERG630 Hydrogen Bond Carbon Hydrogen Bond
TYR547 Hydrophobic Pi-Pi Stacked
TRP629 Hydrophobic Pi-Alkyl
TRP629 Hydrophobic Pi-Alkyl
L-4 74
SER209 Hydrogen Bond Conventional Hydrogen Bond
ARGG669 Hydrogen Bond Conventional Hydrogen Bond
GLU206 Hydrogen Bond Conventional Hydrogen Bond
GLU205 Hydrogen Bond Carbon Hydrogen Bond
ARG358 Hydrophobic Alkyl
Argl2s
b1u205 JAsiTI0 1 £ J® @
& )

D

e PHE

% A GLU
A357 st
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L-1

) Ser209
Ghu205 @ 209

12669

Docking Scores Analysis

The docking scores range from 7.2 to 8.2. Higher docking scores generally indicate better binding affinities between the
ligand and the target protein. L-3 has the highest docking score (8.2), indicating it may be the most promising inhibitor
among the tested ligands. L-2 has a docking score of 8.1, also indicating good binding affinity. L-1 and L-4 have lower
docking scores (7.2 and 7.4, respectively), suggesting a trelatively weaker binding affinity compared to L-2 and L-3.

Hydrogen Bonding Analysis

e Conventional Hydrogen Bonds are observed frequently with residues like ARG125, ARG358, ARG356, and
GLU206. These interactions are crucial for ligand stability within the binding pocket.

e Carbon Hydrogen Bonds are also noted for ARG356, GLU361, and GLU205. While weaker than conventional
hydrogen bonds, they still contribute to the overall binding energy.

e  Pi-Donor Hydrogen Bonds are observed for TYR547 and TYRG662, which suggest involvement of aromatic residues
in stabilizing the ligand through = interactions.
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Hydrophobic Interactions

Hydrophobic interactions such as Pi-Pi Stacked, Pi-Alkyl, and Alkyl are important for ligand binding in non-polar regions of
the target protein. PHE357, TYR662, and TYR666 show Pi-Pi Stacked and Pi-Alkyl interactions, indicating the presence
of aromatic ring interactions that contribute to the stabilization of the ligand within the binding site. L-3 shows multiple
hydrophobic interactions with TYR547 and TRP629, highlighting a good level of binding stability within the hydrophobic
pocket.

Ligand-Specific Observations

I. L-1(Docking Score 7.2)

o It forms both conventional hydrogen bonds and carbon hydrogen bonds with residues such as
ARG356 and GLU361.

o The presence of hydrophobic interactions involving PHE357 suggests moderate stability through

aromatic interactions.

2. L-2 (Docking Score 8.1)

o Forms a conventional hydrogen bond with ARG356 and a carbon hydrogen bond with ILE405,
suggesting a balanced contribution of hydrogen bonds to its stability.

3. L-3 (Docking Score 8.2)
o L-3 forms multiple hydrogen bonds, including with TYR547, LYS554, and ASP545, which suggests

strong polar interactions with the protein.

o The presence of Pi-Pi Stacked interactions and hydrophobic Pi-Alkyl interactions with TRP629
implies a well-rounded combination of hydrophilic and hydrophobic stabilization.

4. L-4 (Docking Score 7.4)
o  Forms several conventional hydrogen bonds with residues like SER209, ARG669, and GLU206.
o Hydrophobic interactions with ARG358 (Alkyl) suggest moderate contributions from non-polar binding.
3.4 In Vitro Antidiabetic Activity

The present study evaluated the antidiabetic potential of four semisynthetic derivatives of Andrographis paniculata (L-1, L-
2, L-3, and L-4) through «-glucosidase and a-amylase inhibition assays, with IC50 values calculated to assess their
enzyme inhibitory activity. Among the derivatives, L-2 and L-3 demonstrated significant inhibitory effects on both «-
glucosidase and a-amylase enzymes, with IC50 values comparable to or better than the reference drug, acarbose.[16] These
findings suggest that -2 and L-3 have a strong potential for controlling postprandial hyperglycemia, which is a critical aspect

of diabetes management.

The high enzyme inhibitory activity of L-2 and L-3 can be attributed to their structural modifications, which likely enhance
their interaction with the enzyme's active site.[17-19] The a- glucosidase inhibition observed in these compounds suggests
that they can delay carbohydrate digestion, slowing down glucose absorption in the intestines, and thus effectively reducing
blood glucose spikes after meals.[20-21] Similarly, the «-amylase inhibition indicates their potential to suppress starch

breakdown, another critical factor in glycemic control.[22-25]

In contrast, L-1 and L-4 exhibited relatively lower activity, reflected by higher IC50 values, which implies that the chemical
modifications in these derivatives were less effective in improving their binding affinity to the enzymes. Nevertheless, their
moderate inhibitory activity could still contribute to a combined therapeutic approach when used alongside stronger inhibitors
like I.-2 and L.-3.[26] Overall, the 7z vitro results indicate that the semisynthetic derivatives, particularly I.-2 and .- 3, possess
significant antidiabetic activity, supporting their further evaluation 7 vive studies.
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Table 9: In Vitro Antidiabetic Activity of Andrographis paniculata Derivatives

Compound «-Glucosidase «-Amylase Inhibition
Inhibition (IC50, (IC50, pg/mL) = SD
pg/mL) £ SD
L-1 220.5 £ 123 250.1 £ 158
L-2 458 £ 8.6 384 %54
L-3 502+ 79 415%063
L-4 2109 £ 13.1 240.3 £ 14.9
Acarbose 352+ 42 30.5 %38
(Standard)

3.5 In Vivo Antidiabetic Activity

The 7n vivo antidiabetic potential of the semisynthetic detivatives was assessed using STZ- induced diabetic rats. Over a 28-day

treatment period, L-2 and L-3 displayed potent glucose- lowering effects, significantly reducing fasting blood glucose levels in

a dose-dependent manner.[27-29] The reductions in blood glucose levels in the -2 and I.-3 groups were statistically

significant compared to the diabetic control group, and their effects were comparable to the standard antidiabetic drug,

metformin. The serum insulin levels in the I.-2 and L.-3 treated groups showed a significant improvement, indicating that

these compounds might enhance insulin secretion or improve insulin sensitivity.[30-32] Additionally, the reduction in HbAlc

levels suggests that long-term glycemic control was achieved, further supporting the efficacy of L-2 and L-3 in managing

hyperglycemia.

Table 10: Iz 177v0 Antidiabetic Activity of A. paniculata Derivatives in STZ-Induced Diabetic Rats

Group Dose Blood Glucose Blood Glucose Serum Insulin HbAlc (%)
(mg/kg) (mg/dL) Day 0 (mg/dL) Day 28 (U/mL)
Normal Control | - 952+ 41 93.8+39 142+ 11 45%02
Diabetic - 275.6 £ 158 2983+ 182 65108 93+05
Control (STZ)
L1 100 276.2 £ 149 2104 £ 12.3* 8.7 £0.9* 7.8 &
0.3*
200 2783 £ 164 180.2 = 11.6%* 9.3 £ 0.8** 71 %
0.4%*
400 279.5+ 153 155.7 £ 10.9%* 10.5 £ 0.7%* 6.8
0.3%*
L-2 (Active) 100 276.8 £ 14.7 170.6 = 10.8** 10.2 £ 0.6%* 6.7 %
0.2
200 2779 £ 156 140.1 £ 9.4%* 11.0 £ 0.8** 6.2 *
0.3%*
400 2784+ 145 115.3 + 8.5%** 12.4 £ 0.7%%* 58 %
(.25
L-3 (Active) 100 2754 £ 148 175.8 £ 11.3%* 9.8 £ 0.7** 6.9 *
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0.3%*
200 276.9 = 15.2 145.2 &+ 9.8#kk 10.8 £ 0.9** 6.4t
0.3%*
400 277.6 = 149 120.7 *+ 8.6%k* 12.0 £ 0.6%** 59 =
(.2
L-4 100 275.9 £ 154 225.3 £ 13.6* 8.3 = 0.9% 8.1t
0.4*
200 276.4 = 14.7 190.6 = 12.2%* 9.0 £ 0.8** 74t
0.3%*
400 278.2 + 14.8 160.3 = 10.5%* 9.6 £ 0.7+* 7.0 £
0.3%*
Metformin 150 277.8 £ 15.2 110.2 & 9. 2%kk 12.8 £ 0.8%** 56
(Standard) 0,355

e Blood Glucose Levels: Measured on Day 0 (before treatment) and Day 28 (after treatment).
e  Serum Insulin Levels: Indicates the effect of the compounds on insulin secretion.

e HbAlc (%): Glycated hemoglobin, a marker of long-term glucose control.
e  Statistical Significance:

o *p <0.05 (significant), **p < 0.01 (highly significant), ***p < 0.001 (very highly significant) compared

to diabetic control.

Histopathological examination of liver and pancreatic tissues from L-2 and L-3 treated rats revealed less tissue damage
compared to the diabetic control group, which implies that these compounds may have protective effects on vital organs that
are often compromised in diabetic conditions.[33] The reduction in liver damage and improved pancreatic function align with
the observed improvement in biochemical parameters, indicating their broader protective role in diabetes. In contrast, L-1 and
L-4 demonstrated moderate antidiabetic effects. While they did lower blood glucose levels and improve serum insulin to
some extent, their efficacy was not as pronounced as L.-2 and L-3. The relatively higher HbAlc levels and less pronounced
histopathological improvements suggest that I.-1 and L.-4 may require further optimization to enhance their antidiabetic
potential.[34] Overall, the 7z vivo findings strongly support the potential of L-2 and L-3 as promising candidates for the
development of novel antidiabetic agents. Their ability to lower blood glucose, improve insulin levels, and reduce HbAlc
indicates that these derivatives can offer significant therapeutic benefits in managing diabetes. Further studies, including

mechanistic investigations and clinical trials, are warranted to fully explore the potential of these compounds.
4. CONCLUSION

The current research explores the semisynthetic modification of andrographolide, a major bioactive diterpenoid obtained
from Andrographis paniculata (Burm. f£.) Nees, to investigate its potential as a source of novel antidiabetic candidates. Four
derivatives, designated L.-1, L.-2, I.-3 and L.-4, were developed for evaluation using spectroscopic techniques, including IR, 'H-
NMR and mass spectrometty, to establish their structural characteristics. The investigation integrates molecular docking with
in-vitro a-glucosidase and a-amylase inhibition assays to examine potential interactions with key carbohydrate-digesting
enzymes. These complementary approaches can provide preliminary insights into structure—activity relationships and identify
derivatives warranting further investigation. However, definitive interpretation requires complete spectral validation, analytical
purity data, reproducible experimental protocols and appropriate statistical analysis of the biological results.

Furthermore, the proposed in-vivo evaluation in streptozotocin-induced diabetic Wistar rats provides a framework for

assessing antidiabetic potential through changes in blood glucose, serum insulin, glycated hemoglobin (HbAlc) and
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histopathological examination of liver and pancreatic tissues. Integrating these biochemical, computational and biological

approaches may help identify promising andrographolide derivatives for further development. Further studies involving

comprehensive structural confirmation, validated biological assays, pharmacokinetic profiling, dose optimization and

systematic toxicity assessment are therefore essential to establish the efficacy, safety and potential therapeutic relevance of

these derivatives in antidiabetic drug discovery.
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