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ABSTRACT

Diabetes mellitus (DM) is a multifactorial metabolic disorder characterised by
abnormally elevated blood glucose levels (hyperglycemia). Diabetes Mellitus is caused by
insufficient insulin synthesis or inappropriate insulin usage by the cells (American Diabetes
Association). In 2017, more than 425 million people aged 20 to 79 had diabetes, including 72
million Indians; by 2045, this number is expected to rise to 629 million (IDF diabetes atlas -
2017). Hyperglycemia is associated with microvascular (retinopathy, nephropathy, and
neuropathy) and macrovascular (cardiovascular, cerebrovascular, and peripheral artery disease)
problems. In addition, hyperglycemic situations are reported to damage smaller and larger
blood vessels. o-glucosidase inhibitors (a-GI) are used for treating Type 2-diabetes mellitus
(T2-DM). They function by inhibiting the catalytic activity of a-glucosidase, slowing the
glucose release rate from oligosaccharides. Thereby reducing the rate of glucose absorption in
the small intestine. Thus, a-Gls are used primarily to treat postprandial hyperglycemia, are the
first-line treatment for T2-DM and are recommended as first-line drugs for pre-diabetic
conditions.

Natural products have been used since ancient times and are used by the current society
as they are potential resources. With the future rise of the diabetic population and the limitations
of the available drugs, it becomes a meaningful task to identify new phytomolecules with a-
glucosidase inhibitory activity. Plants are a rich source of bioactive chemicals that display
decisive pharmacological actions. a-GIs compounds are ubiquitously present in the plants. This
study explored the potential of plants belonging to diverse families as o-GIs using a
combinatorial approach.

Objective 1: The preliminary step was to establish a physical library of plant materials
collected across different sites in India. In this objective, a high throughput screening of the

plant extracts has been carried out to analyze their potential to inhibit a- glucosidase. This has



helped to validate the existing literature of various plants reported for a-glucosidase inhibition
and find new plants with their potential to inhibit the enzyme. Among 420 crude extracts from
70 plants, 174 extracts had ICso concentration of < 3 mg/ml, which was dominated by the
hexane extract. Terminalia arjuna — bark (Arjuna) (ICso < 0.001 to 1.23 mg/ml), Eucalyptus
tereticornis — leaves (forest red gum) (ICso 0.001 to 2.18 mg/ml), Artocarpus heterophyllus —
bark (jackfruit) (ICso 0.005 to 1.15 mg/ml), Curcuma longa — rhizome bark (turmeric) (ICso <
0.001 to 0.082 mg/ml), Tribulus terrestris — fruit (devil’s weed) (ICs0 0.12 to 1.11 mg/ml), and
Cassia anugustifolia - leaves (senna) (ICso 0.045 to 3.06 mg/ml) were categorised based on the
presence of a-glucosidase inhibitory plant secondary metabolite (PSM) in all six solvents. It
suggested that these plants may have a broad range of PSM with different polarities that inhibit
a-glucosidase at low concentrations in crude/purified form. For the plants like Murraya
koenigii- leaves (kadi patta), Swertia chirayita- whole plant (chirayata), Withania coagulans-
fruit (Punir dodi), Dillenia indica- fruit (elephant apple) only their hexane extracts showed ICso
values < 1 mg/ml. The others solvent extracts of these plants did not show any inhibition.
Objective 2: In-silico studies were conducted to understand the possible role of
structurally diverse PSM in inhibiting a- glucosidase activity. A virtual PSM library of 2752
molecules from 50 shortlisted a-glucosidase inhibitor plants selected from the first objective
was prepared. Further, they were subjected to molecular docking against a-glucosidase. The
structural activity relationship studies revealed that among the top 100 molecules with the least
binding energy, 34% belonged to sesquiterpenoids. Through ADMET and pkCSM studies, 539
molecules were found to have a drug-like properties. For the first time on in silico basis, this
study reports the following molecules, Withanolide M, 17 B-hydroxyl withanolide K
(17BHWK), Withanolide J, Coagulansins A and B, Withasomniferol C, Withacoagulin I, 1, 8-
Dihydroxy-3-carboxy-9, 10-anthraquinone (DHCA), and Swerilactone C as a potential a-

glucosidase inhibitors which can be studied further.



Objective 3: Based on the literature and our experimental data Withania coagulans was
selected to isolate bioactive compound for a- glucosidase inhibition. Only the hexane extract
(2% yield) showed a- glucosidase inhibitory properties with ICso of 0.013 mg/ml and Ki of
0.012 mg/ml. The purification strategy of the bioactive fraction was designed, and at the final
purification stage, the bioactive fraction S-IV-F3 showed ICs¢ of 0.004 mg/ml and Ki of 0.0037
mg/ml. The characterization and structure elucidation studies showed that the bioactive fraction
consisted of olefinic fatty acids and fatty acid methyl esters. The NMR analysis also supports
the presence of fatty acid-like compounds in the S-IV-F3.

Objective 4: Withania coagulans fruit extract has shown a better a- glucosidase inhibiting
activity than the standard drug acarbose. At various stages of its purification, it has shown
increasing activity, thus inferring that it has the potential to be used as an a-glucosidase
inhibitor. So, it becomes essential to understand the additional benefits it may provide to
individuals consuming it to manage DM. Withania coagulans bioactive fractions were analysed
for their antioxidants, anti-microbial, and cytotoxic activities. Enzyme kinetics studies revealed
the non-competitive inhibition nature of bioactive fraction against a- glucosidase. This may be
mainly due to the type of compounds present in the extracts and the molecules binding to the
allosteric site of the enzyme, thus reducing the affinity of the enzyme towards the substrate
from interacting with the active site of the enzyme. Among the five bacterial strains tested S.
aureus was found to be highly sensitive to S-1 with ICso of 4 mg/ml, followed by B. cereus (8
mg/ml), K. pneumoniae (25 mg/ml), P. aeruginosa (25 mg/ml), and E. coli (32 mg/ml).
However, S-I showed lower antioxidant activity. Consumption of W. coagulans extract may
provide additional benefits/ safety apart from diabetes management. The purification strategy
and the reported molecules in this study have shown an immense potential to reduce

cytotoxicity and may be represented as a potential venture for drug molecules.



Objective 5: As the bioactive fraction (S-1 and S-IV-F3) of W. coagulans predicted non-
competitive inhibition under in-vitro conditions, evaluating the PSMs for their interaction with
the enzyme under in-silico conditions becomes interesting. In this objective, a library of known
PSMs was prepared through GC-MS analysis of WC bioactive fractions. These PSMs were
subjected to blind ensemble docking with the enzyme to evaluate the allosteric binding affinity
to different allosteric pockets of the enzyme. The molecular dynamics studies used the Enzyme-
PSM binary structure and Enzyme-PSMs-Isomaltose ternary structure. The molecular dynamic
simulation (MDS) studies of selected molecules showed that Methyl 12,13-tetradecadienoate
(MTDD) was consistently found to bind the allosteric site at pocket 3 throughout the simulation
period. Further, binding to the allosteric site of the enzyme, MTDD reduced the affinity of the

enzyme towards isomaltose, predicted its non-competitive nature of enzyme inhibition.
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L3108

HYAE AelcH (DM) Ueh Sg-HR TAMTT Gl AR § fSaehr fadwer QR
ITATHT TG 8 3T T (AT & | FHEYAG HelcH AT SgTlaT TReITOT AT RIS
AT 37Tl STt 3UANIT o HROTEIAT & (A ReheT STITIETST TAITATLE) | 2017 H, 209
79 Y T 371G o 425 TATTST & 3TRen St ot FegAe o1, foae 72 faferaeT AR e
;2045 T, T/ TEAT & 629 fATTT Toh TgT=T T 3701 & (IDF AYHAE Teerd - 2017)|
TSRS HIAAT HAgshlathor (e, Amiddr ik i) 3R Ahlaeper
(FegaTigshy, ATETSharigehd 3R TRET Uael 9T) FAEA3T @ ST &1 S8 37era,
BISIRI IS ehideh EUTCIAT hl BIET 3R TST Tefe] AT I3l bl TehdTe qgulﬁ AT

IHEWPT-TehI TS ST FeTB Te1eX (a-Gl) T ST TTST 2-HEYHE ATICH (T2-DM) o elTol o felw
fehar ST §1 @ 3ehI-Te[hl ST I 3o AT i Uherd HTH Fd &, forad
INTAIMAITZS F Te[hiol Rellol e U 81 ST 8| S8 TehR SIEY 3T & Tefshrot JaMyoT
T &T T HH AT & | TH IR, a-Gls HET & A TRECHTST FIERIATSH AT & Follol
T 3uter T Fa &, 72-DM & o gd-ufed 39ar & 3k f-safsfes fRufaat & fow
TUH-oTS GaT3il o &9 H IAAT & |

STehTcieh ScdTaT ohT ST YTt hiel & TohdT SITAT 16T & 3R TciATeT HATS GaRT fohdT STl
& Fifer I HaTae GHTY= § | FEAg VAT S s1fasy By gefer 3R 3Tcreer garsii Hr @i
& HIY, HeBl-Toehl TSl feRitreh AT aTel 7T BIScIATFIoH Sl YgHTel el Teh
ATk Y a1 ST g | G Sta Ashd THIAT T Teh HHGH BN © il (10TTareh 3iwefia fonar
TERIT AL | o-GI e Fdeardy w9 8 diel 7§ #lsfg gia €1 59 3readst 7 faffest aRant
O HTRIT Gl hY &THAT T ITeHI-SHIATS & & H Ueh HYeFcl TSI &hT 3TN hich Gioll
T

3629 1 : Gl A 3{ewhT-Teehl TS ol AR shr IgITel Igell TRoT R & fafdest T &
Teh fohT a7 Giest &t ATl a1 Teh S Teh TEcTehlel T el AT| S8 3662 &, othl-
TO[hITASST ohl Ukl chl SoTeh &THT T [ALANUT &hiet o TelT Gttt o 31eh shT 3oa YUe ST
&1 91$ | 388 faffest aiel & TR & Alsfer MY A AT F H A Al St T a &
IEHT-ToehI 5ot 19T & fore RaTe fomam 91 § 3R TS &1 a1fd ddet &l 3eTeht 47T
gTel AT giElf sl Wielel H HAge fFalr| 70 dieil & TorT 31T 420 FTd 3160 H &, 174 376 # ICso
HigdT < 3 TACIH/TATS o, St H&T &9 & gole folenlelel TR grar AT | iAo 3rsf
(BTel) (IC50 < 0.001 & 1.23 AR/ TAT), Yehferced et (aferm) (1Cso 0.001 &
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2.18 fANRIA/TAT), AfRT geUfheld (BTT) (ICso 0.005 & 1.15 fAETH/THTA),
HFIHAT ST (Fehe BTel) (§CT) (ICso < 0.001 § 0.082 TR/ TATS), feegersr XfFcH
(he) (1C50 0.12 & 1.11 TAIITH/TATH), 3R HHAT 3 REadiferar (i) (1Cs0 0.045 &
3.06 THIRITH/TAT) T H3T ©F [delrent 7 3ehr-TohT s foreres qitl & giadraen
AT hT SUTEATC o SRR O Fefiehel Toham 31T AT| S A6 Gerd feam arar fob g1 witeit
A TAffieoT YAIAT3HT & AT PSM T Teh TaETT W &1 Tehcll g Sl Shel/Yet & H e
HieT 7 3CWHT-TofhI ST ol Aehell § | HIAT el (aferm), Tafear FRRgar (qur ten),
faenfarar slere=a (Ter), ST STSeT (Wor) I ditit o harel SoTeh e 37eh & ICso HTeT
< 1 fAeNRme/THTe U1 37 Gl & 31 Ao 37 A s faver 787 fe@man|

3682 2: FoA-FATeIeh! IETTT I TS ST ITATATE AT Uehed H TIeATcHD & H
fafaer cefic @ehsll ACTEIASCH (PSM) T FHITAA $fHHT I THSTA & TaT ga1-faforhr
3ETYT fhT aTT| Tgel TOT A oA 1T 50 IoWhl-Tofehl T aS ol fRTersh aiert & 2752 370734t o1
Teh JTHTHT GEAHTT =TT I1AT AT| $Heh §1E;, $oT U3 T HHI-To[hI [ ASST TTSH &
faeetr amuTfaes sifeRer UfohaT & 3refiet foRaT a7 | faReoT & adT Ter foh F & A FeT
ar arel MY 100 34'{[3# H T 34% ATFACIUAISIH (Sesquiterpenoids) T3 F TSI |
ADMET 3T PKCSM 31601 o HTETH &, 539 UT37 & &aT Siel T qre ary |

TE AT Tgal IR 3o7-FA o 3R R ATl 3mop3it & Janfaa srewr-aoefass
Rt & 7 & RO F:ar &, g 3T F 3re"aaT i 3maedeshar ¢: [Fuess
(Withanolide M), 17 B-gT83ITarad fAATAIATSS & (17BHWK), f[aUTAIATSS St (Withanolide J),
EI#I'Q?;Tvle?H?-T T 3R (Coagulansins A and B), TR Tl @r (Withasomniferol C),
fauTehITaTfelat 31T (Withacoagulin 1), 1, 8-STIGTSSIeFHT-3-hTafeFHT-9, 10-TTieraaileT (DHCA),
FaRelerelst 4T (Swerilactone C) | ﬁ@ﬁaﬁwﬁﬂgﬁgwésﬁcaéaaaﬁasﬁw
H ACCIR &I Fehcl & |

3¢2R¥ 3: fauIfaaT HTeed @ ehr-ThI TS PRIEreh Sl JUaFhior IEaTeT 3R §AR
STIaTeh 3TehsT o TR W, 3TeWhl-Toleh S ST oIS & ToT St |ishd Afaren ah 37efer it
& fou fqurfear sejeea & qAT 9= AT| hae gFhel 3 (2% 3991 & 0.013
TANITH/THTS & 1Cso 31X 0.012 THTITH/TATS & Ki o HIY HeWhl-Tofehl Sl oRIereh
T[0T ol fETAT | Sid Hfsha 3727 e UG TRIRTUT T TUTATTCT oY T 37S T, 31 3iferer efereor
TROT H, Sa Tlehd 3727 S-IV-F3 51 0.004 THENITH/THTS T ICso 3R 0.0037 THAGTH/TATS
T Ki fe@mam| &1670T qoTer 3R TTeT TASEIRIUT 3ETqTAT & IdT Il Toh ofd ATshd 37T
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et el vfas 3R hdr vfdg Aage veex enfde o1 NvR fageryor ot s-Iv-F3 &
%< ufds ot Aiffent i sufeufa s aada axar g

3E0RY 4: HeWI-ThI TS foRItreh &THT & fAUTAAT HI[eled Bel T 37eh Hleleh &al
3renreifor & &Y dgc 9T a7 | QEfenioT & fafdiesT T # g&eh! Afafer dedr 18 &,
o8 Ig Hard TAAT 8 T3 38 3rehT-TehI S aUYes & §9 7 3TN sl S (IR
GHTEAT 8| SAIAT, g FHSTAT Hcd 0T &1 STl & Tob HEAT TetIel oh ToIT SHehT AT el
aTel ATl &l Ig HTAREFT AT H& TeTel F Fehell & | TIUTAAT Slefeled F UIed Sid
ATsha 3111 T IeTeh TEHTTFASE, IIMOL-AER AR AriRAepriasTeR arfafafergt  fere fagersor
fohaT 917 | TSI H PATCFH AT A I TeAT & foh ST Afohd 310 3THI-Te I Ao H
viet IR-sfcreTedt sy &1 Tawq Te e o &1 T8 HET §9 @ 316 & #Hisfg et 3R
TS H oh TAREE Reh TUTeT & S[51 dTel 3TUL3HT & HROTEIAT &, Sl HeHCC o USISH o Hishd
TATT U S5 & TTcl TATSH &l HATAAT &1 & FAT | TIETOT FRT 7T 97T Sfaro] 39sar
HE S. aureus T S-1 % Ufcl AT TageTeiTel IIT 37T, TSI ICso 4 THGIaTH/THT T,
3'8'3?61'6\' B. cereus (8 THIRITH/THTA), K. pneumoniae (25 TANTH/THTH), P. aeruginosa
(25 TAREITH/TATA), 31X £ coli (32 TAARITH/THTS) &7 TATT IGT| &I, S| oF e
TEsitirasSe Afdfafer fe@rs| faurferar Seea 37 T dae AYAT Yt & Helrdl
AR AT TeTeT T Fehell B | TH 3EATT H TE Y ARI0T 0Tl 31 RATE ferw arw

37UT3T o PTRAHITANTFACT T o ol I IR HATIAT fe@ms § R gar 313t & fav v
HHATTAT ggol T I fATca =T dehd 2|

3ECRT 5: TAUTTAAT el o Sta Alshd 37T (S-1 3N S-IV-F3) o Foi-Taet aRTEufaat 7 3k-
gfaeaef e femmar §, 08 A sa-Rafesrr aReafaat # temsa & aryr 3aeht wwew fshar
T Hodiehol [GeTaed g1 STcl B 6 36627 H, Scogdil Sid Hishd AT & SIE-UATH
fa9AwT & ATETH A ATT NCHTH T Teh GEARICIT IR FoHAT a7 AT| o1 TATH
TSTTSH & Taffiest Tellee e Uiehcd & foIT Tl Reh St1et HTcHIIT 3T Hediched it &
fIT soliSs Tadad sifeer & 31l forar arr am 3norfas aifadr sreaast & vasH-
FUATH 8N AT IR TASA-NUAUA-ASAHATCCIH Tl TIAAT Sl 39ITeT fohar
IAT| TITAT O3 & 3oTfaeh arfaeiier [@FeleT (MDS) 3eaT=l & IdT el foh Afder
12,13-2TSHITSTAITE (MTDD) SHITAR X [HHeINeT 37afer 7 diehe 3 W TelleeReh AIse &
SIST YT 9147| $Heh 37T, USTSH & TR ASC @ S5, MTDD o TSIIsH
TSEATCCIH & Ufd FATAT &l el X a1, e Tasa e dir saehr IR-ufacadt
Seh el ST FATOT ffeT|
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of the leaves to remove dust and debris, D- blotting of the washed leaves, E- drying
in a hot air oven, F- powdered leaves stored in an airtight container with the labels
used for library storage and maintenance.

Figure 3.3: A- Extraction of crude plant metabolites using soxhlet apparatus and B- Stock
solution (5 mg/ml) of the plant extracts used in the assay.

Figure 3.4: A- An a- glucosidase inhibition assay showing different concentrations of plant
extracts showing varied level of inhibition where H- hexane, C- chloroform, EA- Ethyl acetate,
A- acetone, M- methanol, and W- water extracts. B- Distribution of 174 positive extracts with
ICs0 < 3 mg/ml according to the solvent used for extraction. C-Principle of the a- glucosidase
assay.

Figure 3.5: Clustered heat map of I1Cso (mg/ml) of the screened plant extracts.

Figure 4.1: Classification of shortlisted 539 PSMs with favourable druglike properties using
ClassyFire (http://classyfire.wishartlab.com)

Figure 4.2: Stereo view of 3ada isomaltase. Active triad highlighting catalytic amino acid residue

AGR215 (Green), GLU 277 (blue) and ASP352 (pink).

Figure 4.3: Clusters of a-glucosidase generated for ensemble docking. The Active triad is

highlighted as red- ASP 215, pink- GLU277 and green- ASP352.
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Figure 4.4: Structure Activity Relationship (SAR)- correlation of canonical SMILES structure
similarity (data points are joined by colored lines) and binding energy (represented
in different color shades of data point) of selected plant secondary metabolites
(PSM) evaluated for a- glucosidase inhibition using Data Warrior software.

Figure 4.5: Structure PSM used for Molecular dynamics simulations.

Figure 4.6: A. Root Mean Square Deviation (RMSD), B. Solvent Accessible Surface Area
(SASA), C. Root Mean Square Fluctuation (RMSF), represents the changes in the
protein backbone during the simulation process and D. Radius of Gyration (Rg)
depicts the compactness of the protein.

Figure 4.7: Hydrogen bond distribution between the protein and ligand during the simulation
process.

Figure 4.8: Hydrogen bonding analysis during MD simulation. A-Hydrogen bond number B-
Hydrogen bond occupancy (%) between the protein and different ligands calculated
during the last 10ns of simulation. * represents the active site of the protein.

Figure 4.9: Representation of the interactions of the ligands in the active pocket. The ligand is
colored green, whereas the AAR of the active triad is red, the blue-colored AAR
are the ligand interacting AARs. The hydrogen bond is displayed with yellow
dotted line.

Figure 4.10: The bioavailability radar chart depicts the lipophilicity (LIPO), the molecular
weight (SIZE), the topological polar surface area (POLAR), the solubility
(INSOLU), the flexibility (FLEX), and the saturation (INSATU) of selected
molecules, as well as the bioavailability score (BAS). (B) 3D visualisation of
protein—ligand interaction using PyMOL (The ligand is highlighted in blue), and

(C) 2D visualisation of various types of interactions between ligand and protein's
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target site using the Discovery Studio software (different types of interactions are
represented in color codes).

Figure 4.11: Energy of each residue contribution to the binding of ligands with a-glucosidase

Figure 5.1: The different stages of sample processing and extraction. A- The plant grown at
micromodel IITD from the seeds of the collected fruits, B- the fruits of WC
collected from an authentic Ayurvedic shop, and C- the Soxhlet extraction process
of WCT.

Figure 5.2: lllustration of A- An assay plate showing different concentrations of WCT extracts
where H- hexane, C- chloroform, E- ethyl acetate, A- Acetone, M- Methanol, W-
Water and B- the linear regression graph of crude hexane extract.

Figure 5.3: TLC optimization of WCTf hexane extract using different solvents individually.

Figure 5.4: Optimization of combinations of gradient solvents used as mobile phase to achieve
better separation of metabolites where the gradients used area=9:1, b=8:2, ¢=7:3,
d=6:4, e=5:5, f=4:6, g= 3:7, h=2:8, and i= 1:9.

Figure 5.5: Tracking of the active fraction crude WCf hexane extract using the TLC band
scrapping method.

Figure 5.6: TLC bioautography of A- Stage | (S-1) separated on a TLC plate using hexane:
ethylacetate (7:3) observed under visible light and B- Stage IV (S-1V-F3)
bioautography representing a clear area against purple background indicating
presence of a- glucosidase inhibitory PSMs.

Figure 5.7: Samples at different stages of S-I purification A- hexane crude of WCf, B- After
centrifugation process, C- Supernatant, D- Pellet after centrifugation.

Figure 5.8: A- An assay plate showing wells 1 and 2 corresponding to WCf hexane crude and at

S-1, respectively and 3 to control. B- Determination of ICso value through
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regression analysis graph of the WCf hexane extract (S-1), C-TLC analysis of S-I

purified fraction.

Figure 5.9: The S-II purification process showing A- Gravity-based column chromatography

Figure 5.10:

using silica gel (60-120 mesh size), B- Percentage inhibition of the column
fractions, depicting the pooling pattern, C- The TLC image shows the banding

pattern of different column pools.

The S-111 purification process highlighting A-The Teledyne CombiFlash at EBL
used for the experiment, B - The chromatogram indicating the solvent gradient and
metabolite peak as observed using a UV detector at 205, 250 nm and all UV
wavelengths; the blue line indicates the solvent gradient during the run, and the red
and the pink lines indicate the absorbance by the secondary metabolites under
multiple UV wavelengths. C- Percentage AG inhibition recorded by different
fractions, D — The TLC of S-11l pool samples before and after anisaldehyde spray

used for tracking the active compound.

Figure 5.11: The S-1V stage of purification showing A- Gravity-based column chromatography

Figure 5.12:

using silica gel (100-200 mesh size) B- the TLC shows the fractions after column
chromatography, and C- The linear regression analysis graph (% inhibition v/s

concentration) of the purified fraction.

Workflow of assay-guided purification of a- glucosidase inhibitory compounds
from Withania coagulans showing the yield and 1Cso (mg/ml) at different stages of

purification.

Figure 5.13: Preliminary identification of PSM on TLC with different spray reagents and their

inference as explained in table 5.1.
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Figure 5.14: GCMS chromatogram at different stages of purification showing the decreasing
number of peaks corresponding PSM with every purification stage.

Figure 5.15: Characterization of S-1V-F3 by A- UV- Vis spectral scan and B- FTIR.

Figure 5.16: Analysis of S-IV-F3 by A- 'H NMR, B- *C NMR.

Figure 6.1: Enzyme Kkinetics: A- Initial rate of reaction of AG observed with varied
concentrations of substrate and inhibitor (S-1 and S-1V-F3) and B- Lineweaver
Burk plot showing noncompetitive inhibition nature of S-1 and S-IV-F3 of
Withania coagulans.

Figure 6.2: The various antioxidant assays performed with the S-1. A- The total antioxidant
activity of S-1 was calculated to be 206.34 mg ascorbic acid equivalent. B- No
DPPH radical scavenging activity was seen at 16 mg/ml the highest concentration
of S-1 used. C- Metal chelating activity of S-1is 1872.63 mg Equivalent to EDTA.
D- The ICso of S-l1 for ABTS radical scavenging activity was calculated to be
159.33 mg/ml. E- Total FRAP of S-1 was calculated to be 161.8 mg gallic acid

equivalent.

Figure 6.3: Kinetics of microbial growth in the presence or absence of S-I or antibiotics where
A- B. cereus, B- E. coli, C- K. pneumoniae, D-S. aureus, E-P. aeruginosa, F- C.
albicans

Figure 6.4: Antimicrobial activity of S-I against different bacterial and fungal strains.

Figure 6.5: The percentage inhibition of acarbose, S-I and S-IV-F3 on HELA cell line

Figure 7.1: Structures of the PSM were selected for the MDS analysis.

Figure 7.2: Allosteric sites of the a-glucosidase enzyme (S. cerevisiae isomaltase) predicted by
the PASSer web server, where the enzyme’s cartoon structure showed allosteric

pocket 1 (red), pocket 2 (yellow), and pocket 3 (orange), respectively.
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Figure 7.3: Analysis of trajectories of the Molecular dynamic simulation. A. RMSD, B. RMSF,
C. Rg, and D. SASA of enzyme control and enzyme-ligands (Isomaltose and
MTDD) complex.

Figure 7.4: The intermolecular distance calculated between the active site residues of the (A)
Enzyme, (B) Enzyme and isomaltose, (C) Enzyme and MTDD, (D) Enzyme, and

MTDD in the presence of isomaltose during the entire 100 ns MDS process.

Figure 7.5: Hydrogen bond occupancy (%) between (A) Enzyme and isomaltose, (B) Enzyme
and MTTD, (C) Enzyme and isomaltose in the presence of MTDD, and (D)
Enzyme and MTDD in the presence of isomaltose during the total 100 ns MDS

process.

Figure 7.6: Hydrogen bonding analysis during MDS. Hydrogen bond number (HBN) between
(A) Enzyme and isomaltose (black), (B) Enzyme and MTTD (blue), (C) Enzyme
with isomaltose and MTDD (red and green, respectively) during the total 100 ns

MDS process.

Figure 7.7: Hydrogen bond distribution between the (A) Enzyme control and isomaltose (black),
(B) Enzyme control and MTTD (blue), (C) Enzyme control with isomaltose and
MTDD (red and green, respectively) during the entire 100 ns at every 10 ps

trajectories of the MDS process.

Figure 7.8: 2D visualization of various interactions between ligand and enzyme target site at
different time intervals using the Discovery Studio software (other types of
interactions are represented in colour codes).

Figure 7.9: 3D visualization of enzyme-ligand interaction at different time intervals using
PyMOL (The ligands are highlighted in green, the residues of the active site are

blue, and the allosteric Pocket3 residues are yellow)
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Abbreviations

% Percentage

°C Degree Celsius

u Micron

ug Microgram

2D 2 dimension

3D 3 dimension

A1C/ HbA1C Glycated hemoglobin

ADMET Absorption Distribution Metabolism Excretion Toxicity
ATCC American Type Culture Collection

CRDT Centre for Rural Development and Technology
BAS Bioavailability score

CRF Central Research Facility

DM Diabetes Mellitus

DMSO Dimethyl sulfoxide

EE Electrostatic energy

FDA Food and Drug Administration

FDA Food and Drug Administration

g Gram

GC-MS Gas chromatography—mass spectrometry

HBO Hydrogen bond occupancy

HP-TLC High Performance-Thin Layer Chromatography
IC Inhibitory concentration

ICso Inhibitory concentration at 50 %

IDF International Diabetes Federation
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IITD

Kcal

KJ

MDS

min

ml

ml

mM

MMPBSA

MTDD

MTT

NaOH

NCBI

nm

NPT

ns

NVT

OD

PDB

PME

PPG

PSE

Indian Institute of Technology Delhi

Kilocalorie

Kilogram

Kilojoule

Molecular dynamics simulation

Minute

microliter

Milliliter

Millimolar

Molecular mechanics Poisson—Boltzmann surface area

Methyl 12,13-tetradecadienoate
3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium
Bromide

Normal

Sodium hydroxide

National Centre for Biotechnology Information

Nanometer

Constant Number of atoms, Pressure, and Temperature

Nanosecond

Constant Number of atoms, Volume, and Temperature

Optical Density

Protein databank file

Particle Mesh Ewald

Post-prandial glucose

Polar solvation energy
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PSM Plant secondary metabolite

Rg Radius of gyration

RMSD Root mean square deviation
RMSF Root mean square fluctuation
SASA Solvent accessible surface area
SDF Structure Data File

T1-DM Type 1 Diabetes mellitus
T2-DM Type 2 Diabetes mellitus
VWE Van der Waals energy

wC Withania coagulans

WCT Withania coagulans fruit
a-GI a-glucosidase inhibitor
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