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Abstract

Chronic exposure of supraphysiologic glucose cotnagan to cells and tissues resulted in
glucose toxicity which causes oxidative stressigxidants have promising effect in suppressing
the oxidative stress in the pathogenesis of digbetellitus (DM). Condensation of 2,5-
dihydroxyacetophenone with different nitrobenzalgdds was used to synthesize antioxidant
nitro substituted chalcones along with nitro substd flavanones in one step protocol. The
compounds were characterized by IR,NMR and**C NMR and then screened for th&iritro
antioxidant andin vivo antihyperglycemic activities. Postulated structuoéghe synthesized
compounds were in agreement with their spectrah.d@dhe results indicated that the novel
compound (2E)-1-(2,5-Dihydroxyphenyl)-3-(2-nitroply® prop-2-en-1-one(2a) was potent
antioxidant because of its lowersi3ralue compared with trolox and ascorbic acid. Coomal

2a also exhibited excellent antihyperglycemic atstiin diabetic rats while the compound (E)-1-
(2,5-Dihydroxyphenyl)-3-(4-nitrophenyl)prop-2-on@cj suppressed the hyperglycemia more
effectively in normal rats. The radical scavengaagivity behavior was elucidated on the basis
of hydrogen atom transfer and one-electron transfechanisms by density functional theory
(DFT). The compound 2a showed the smallest iomnagpotential and bond dissociation
enthalpy. Experimental and computational invesitgest concluded that compound 2a might be
an effective antihyperglycemic agent because aditsoxidative nature and smallest ionization

potential.
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1. Introduction

Production of free radical is enhanced in the bddg to oxidation of glucose, non-enzymatic
glycation of proteins and the subsequent oxidatlegradation of glycated proteins [1]. In
diabetes mellitus (DM), erratically controlled hyglcemia promotes free radicals
accumulation and cause oxidative stress by enhaihin cascade of the oxidative reaction [2].
Antioxidants can be helpful in suppressing the atiiek stress and its related disorder including

DM [3].

Chalcones and flavanones are well-known for thedewange of pharmacological activities
including antimicrobial [4], anticancer, antioxidajd], antiangiogenic [6], anti-inflammatory
[7], antidiabetic, antihyperlipidemic [8], inhibath of tyrosinase activities [9] etc. Excellent
antioxidant activity of chalcones and flavanonedus to the presence of hydroxyl groups on ‘A’
or ‘B’ ring of their structure. This antioxidant fmtial is involved in decreasing the oxidative
stress in various diseases including cancer, atblenmsis, DM, hypertension and heart diseases

[10].

Figure 1. Structure of chalcone and flavanone

Both in vitro andin vivo studies have also demonstrated the effects ofolydhalcones and
hydroxyflavanones, originating from both naturaldasynthetic sources on the carbohydrate
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metabolism and regulation of insulin function [1[H]. Antioxidant compounds are reported to
have potential protective effects on diabetes byrawing B-cells function. So enhancing
antioxidant defense mechanisms in pancreatic ishe#y be a potential pharmacological

approach to manage the diabetes [12].

Various drugs are on the horizon as well as ther@ meed to develop a new category of drug
with lesser side effects and improve the varietynwddications. In recent years, the high
therapeutic properties of the chalcones and flavasoelated drugs have brought attention of
chemists to synthesize various kinds of their dgives by improving the existing synthetic
methodologies. Claisen-Schmidt condensation isllysused to synthesize the chalcones in the
presence of basic catalysts such as NaOH/ KOH M8, BaO, kO, NaO and ZaO [14]. It
has been reported previously that the hydroxycimasare difficult to synthesize in the presence
of base due to formation of phenoxide anion. Acwmhtalyst such as HCI, BFB,03 [15], para
toluenesulfonic acid [16] and SOLEtOH [17] have been found to be more effectiveislt
therefore, the present work was designed to syizéhewew chalcones and flavanones in the
presence of acid without the protection of hydrogsdup. Furthermore, the main objective was
to investigaten vitro andin silico antioxidant activities along witm vivo antihyperglycemic

activities of synthesized compounds.

2. Experimental

2.1. Materials and Methods

Chemicals were purchased from well reputed intenat suppliers. The chemicals were used
mostly as such however when required purified bymad techniques i.e., distillation and

recrystallization. Synthesis of 2, 5-dihydroxyagdtenone was done by already reported method
4



[18]. Silica gel 60 k4 TLC plates were used to monitor the reaction. RT4H NMR and**C
NMR spectra were recorded on Agilent Technologié639, AVANCE AV-400 MHz and
AVANCE AV-500 MHz, and Bruker 125 MHz respectivalhile the EIMS data was taken on

JEOL MS 600H-1.
2.2. General method for the synthesis of chal cones and flavanones

2,5-Dihydroxyacetophenone (50 mg, 0.3 mmol) antbbé&nzaldehyde (45 mg, 0.3 mmol) were
dissolved in hot dry benzene (20 mL). Then p-Totsnlfonic acid (5 mg, 0.03 mmol) was

added. The resulting reaction mixture was refluf@d48 hours. The reaction was monitored
with TLC. After completion of the reaction, benzemwas removed under vacuum and residue
was purified on silica gel column using hexane-ethgetate (4:1) as eluent. In case of 3-
nitrobenzaldehyde and 4-nitrobenzaldehyde, corredipg flavanones were also isolated along

with chalcones. Whereas with 2-nitrobenzaldehydg amovel chalcone (2a) was obtained.
2.3. (2E)-1-(2,5-Dihydroxyphenyl)-3-(2-nitrophenyl) prop-2-en-1-one (2a)

Orange powder; yield 80 %; IR €m™): 3367; 1648; 1571; 1517H NMR (500 MHz / DMSO-
de): 8 11.34 (1H, s, 20H), 9.28 (1H, s, '50H), 8.12 (2H, m, 3-H, 6-H), 8.00 (1H, #15.5 Hz,
B-H), 7.87-7.82 (2H, my-H, 5-H), 7.72 (1H, t)=7.2 Hz, 4-H), 7.41 (1H, d)=3 Hz, 6-H), 7.05
(1H, dd,J=8.8 Hz, 3.0 Hz, 4H), 6.87 (1H, dJ=8.8 Hz, 3-H). 1*C NMR: § 192.83, 154.56,
150.09, 149.22, 138.70, 134.33, 131.65, 130.11,98927.67, 125.22, 125.00, 121.87, 118.92,

115.56. MS (El): m/z 137 (100 %), 1285 (5), 27 (86), 238 (83).



2.4. (2E)-1-(2,5-Dihydroxyphenyl)-3-(3-nitrophenyl ) prop-2-en-1-one (2b)

Orange powderyield 53 %; IR ¢ cmi‘): 3430; 1643; 1561; 1536H NMR (400 MHz / DMSO-
dg): 8 11.60 (1H, s, 20H), 9.29 (1H, s, SOH), 8.73 (1H, s, 2-H), 8.31 (1H, [57.8 Hz, 4-H),

8.28 (1H, m, 4-H, 6-H), 8.10 (1H, d=15.7 Hz, p-H), 7.88 (1H, d,J=15.6 Hz, a-H), 7.75 (1H, t,
J=7.9 Hz, 3-H), 7.54 (1H, dJ=2.8 Hz, 6-H), 7.06 (1H, dd,J=8.8, 2.8 Hz, 4-H), 6.87 (1H, d,
J=8.8 Hz, 3-H). °C NMR: & 193.41, 154.98, 150.04, 148.89, 142.00, 136.88,643 130.93,

125.74, 125.30, 125.15, 123.49, 121.54, 118.84,7P15
2.5. 6-hydroxy-2-(3-nitrophenyl)-2,3-dihydr o-4H-chromen-4-one (3a)

Yellow crystals; yield 25 %; IRv(cm®): 3472, 1670; 1524; 13434 NMR (500 MHz / DMSO-
de): 8 9.57 (1H, s, 6-OH), 8.40 (1H, s;H), 8.24 (1H, ddJ=8.2 Hz, 2.0 Hz, 4H), 8.00 (1H, d,
J=7.8 Hz, 6-H), 7.74 (1H, tJ=8 Hz, 5-H), 7.13 (1H, dJ=3.0 Hz, 5-H), 7.07 (1H, ddJ=8.8,

3.0 Hz, 7-H), 7.02 (1H, dJ=8.8 Hz, 8-H), 5.75 (1H, ddJ=13.1, 2.7 Hz, 2-H), 3.22 (1H, m, Ha),
2.88 (1H, ddJ=16.9, 2.9 Hz, Hb).**C NMR: 5 191.72, 154.47, 152.28, 148.35, 141.87, 133.56,

130.72, 125.14, 123.73, 121.63, 121.32, 119.54.48610
2.6. (E)-1-(2,5-Dihydroxyphenyl)-3-(4-nitrophenyl)prop-2-one (2¢)

Orange powder; yield 65 %; IR €m'): 3355; 1648; 1584; 15224 NMR (500 MHz / DMSO-
de): & 11.44 (1H, s, 2H), 9.18 (1H, s, 5H), 8.28 (2H, dJ=8.4 Hz, 3-H, 5-H), 8.13 (2H, d,
J=8.8 Hz, 2-H, 6-H), 8.07 (1H, dJ=16 Hz, p-H), 7.82 (1H, dJ=15.6 Hz, a-H), 7.48 (1H, d,
J=2.4 Hz, 6-H), 7.04 (1H, dd,J=8.8, 2.8 Hz, 4-H), 6.85 (1H, d,J=8.8 Hz, 3-H). MS (EI'): m/z

136 (100 %), M 285 (91), 266 (9), 238 (8), 163 (45).



2.7. 6-hydroxy-2-(4-nitrophenyl)-2,3-dihydr o-4H-chromen-4-one (3b)

Light orange powder; yield 20 %; IR €m™): 3355; 1648; 1584; 1522H NMR (400 MHz /
DMSO-dg): & 9.57 (1H, s, 6-OH), 8.29 (2H, d:=8.7 Hz, 3-H, 5-H), 7.82 (2H, dJ=8.7 Hz, 2-
H, 6-H), 7.13 (1H, dJ=3.0 Hz, 5-H), 7.07 (1H, ddJ=8.8, 3.0 Hz, 7-H), 7.01 (1H, dJ)=8.8, 8-
H), 5.75 (1H, ddJ=12.9, 2.9 Hz, 2-H), 3.15 (1H, m, Ha), 2.89 (1H, d#;16.9, 3.0 Hz, Hb).**C
NMR: & 191.56, 154.42, 152.29, 147.78, 146.99, 128.08.18 124.18, 121.34, 119.54,

110.46, 78.14, 43.92.
2.8. In vitro Antioxidant Activities

The synthesized compounds were tested individwadinst five differentn vitro antioxidant
activities which include 2,2-diphenyl-1-picrylhydsd (DPPH) free radical scavenging, iron
chelating, FeGl reducing power, phosphomolybdenum (PM) and '-2Zno-bis(3-
ethylbenzothiazoline-6-sulfonic acid) diammoniunitt ABTS) activity. These activities were
carried out for each compound in triplicate whi@dx and ascorbic acid were used as standard

compounds.
2.8.1. DPPH freeradical scavenging activity

Free radical scavenging effect of synthesized camge was determined with DPPH assay.
Ethanolic solution of DPPH (0.05 mM, 2.85 mL) ame ttest compounds (final concentration
2000 pM, 0.15 mL) were mixed and incubated in ddrR7 °C. The absorbance was recorded at
517 nm after 15, 30, 45, 60 and 120 minutes of bation. The percentage activity of the

synthesized compounds was calculated with folloveggation [19].



Percentage of scavenging activity = (Control absode - Sample absorbance/Control

absorbance) x 100

2.8.2. Iron chelating activity

Different concentrations of methanolic solutionte$t compounds (final concentration 2000 uM,
2 mL) were mixed with methanolic o-phenanthroli@edb % w/v, 1 mL) solution and incubated
with methanolic FeGI(200 uM, 2 mL) at ambient temperature. The absadavas determined

at 512 nm after 10, 30, 45, 60 and 120 minutesally, the percentage of iron chelating activity

was determined with the following formula [20].

Percentage of iron chelating activity = (Test abaace - Control absorbance/Test absorbance) x

100

2.8.3. FeCl3 reducing power activity

In reducing power assay, aqueous solution of potasgerricyanide (1 %, 2.5 mL) was mixed
with ethanolic solution of each test compound (ficancentration 2000 uM, 2 mL) and
incubated at 50 °C for 20 minutes. After coolingu@ous trichloroacetic acid (10 %, 2.5 mL)
was added and the mixture was centrifuged at 3pA0for 10 minutes. The supernatant liquid
(2.5 mL) was mixed with distilled water (2.5 mL)dafreshly prepared aqueous ferric chloride
solution (0.1 %, 1 mL). The absorbance was recoate0O0 nm after 10, 30, 45, 60 and 120
minutes of incubation. Percentage increase in iadysower was determined by the following

formula [21].

Percentage increase of reducing power = (Test bsoe/Control absorbance - 1160



2.8.4. Phosphomol ybdenum activity

PM solution was prepared by mixing 100 mL of eacHfusic acid (0.6 M), ammonium
molybdate (4 mM) and sodium phosphate (28 mM).eSenif dilutions of sample solution were
prepared from stock solution of 2000 uM in etha®¥losphomolybdenum reagent (3 mL) was
mixed with each test compound (0.3 mL) and incutbated5 °C for 90 minutes. The absorbance
was measured at 765 nm after 15, 30 and 45 mimfiiesubation against the blank. Percentage

increase in reducing power was determined by thewog formula [22].

Percentage increase of reducing power = (Test bhsoe/Control absorbance - 1160

2.8.5. ABTSactivity

In ABTS assay, antioxidant activity was performed greparing aqueous ABTS (7 mM/L).
ABTS" was produced by reacting ABTS stock solution v@#5 mmol/L potassium persulfate.
The resulting solution was incubated in dark forl82hours at room temperature (25%2).
Ethanol was used for diluting the mixture till thbsorbance reached to 0.7+0.02 at 734 nm.
Various dilutions of each sample solution were pred from stock solution (2000 pM) in
ethanol. ABTS solution (2.85 mL) was mixed with each test comgbaalution (0.15 mL) and
recorded the absorbance at 734 nm after the ingeofeb, 15, 30, 45, 60 and 120 minutes of
incubation against the blank. The activity of eacimpound was then measured by using the

following formula [23].

Percentage of scavenging activity = (Control absode - Sample absorbance/Control

absorbance) £00



2.9. Antihyperglycemic activity

2.9.1. Experimental Animals

Sprague Dawley albino rats (200-250 g) were saleetied maintained in animal house at
controlled temperature (255 °C) and humidity (50+%). Animals were provided with free
access to autoclaved tap water and pathogen fegkfée 24 hours. Animal experiments were
approved by Institutional ethical committee (AppabWo. D/017/Chem.). International ethical

guidelines for the care of laboratory animals wesed to maintain rats in animal house.

2.9.2. Oral glucose tolerance test in normal rats

The blood glucose level of each rat was inspectedsing code free glucometer after 18 hours
of starvation. Animals showing blood glucose levattween 80-100 mg/dL were divided into

groups of five animals in each. Animals in expera¢ groups were treated orally with

synthesized compounds at single dose of 100 mgdkly lveight after emulsifying in agqueous

carboxymethyl cellulose (0.5 %). Animals in contgobup were given aqueous carboxymethyl
cellulose (0.5 %) only. An oral glucose load (2/Rgy was given to each animal exactly after 30
minutes per oral administration of the test sanvglaitle. Blood glucose level of each rat was
checked at 1, 3 and 5 hours after the administraifaglucose. After checking the results, three
out of five compounds were selected and screenethéxr most effective dose at 50, 100 and
200 mg/kg by using the above mentioned protocoé dbse which improved glucose tolerance

significantly was selected for further studies [24]
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2.9.3. Determination of anti-hyperglycemic effects of compounds in streptozotocin induced

diabetic rats

Rats were divided randomly into five groups; Cohtfmabetes mellitus (DM), Glibenclamide
(GC), 2a and 2c group. Each group contained sesmrale rats. Rats in DM, GC, 2a and 2c
groups were injected with streptozotocin (STZ) (d@Kg) interaperitoneally which was freshly
prepared in citrate buffer (0.1 M, pH: 4.5). Thewlted blood glucose level (>250 mg/dL)
confirmed the hyperglycemic condition in each rafter 48 hours followed by STZ injection.
Glucose solution (5 %) was also given to avoid ligpoglycemic effect of the drug. After 48
hours, rats in GC, 2a, and 2c were treated oraillly single dose of GC (20 mg/kg), compound
2a (100 mg/kg) and compound 2c (100mg/kg) respelgtiRats in Control and DM groups were
treated with vehicle carboxymethyl cellulose (0.5 &lood glucose level was determined both

before and after the treatment at different intlsryzero time, 1, 3 and 5 hours).

Statistical analysis

Statistical analysis was done by using One Way ANMOfdllowed by Tukey's multiple
comparison tests with the help of GraphPad Prismioe 7.01. The values were considered

statistically significant at P < 0.05.

2.10. Computational details

The density functional theory (DFT) is being usedshed light on the elector-optical, radical
scavenging activity and other descriptors effidiei25]. The ground state geometries of the
neutral and charged species as well as frequenicylations were carried out by DFT at

B3LYP/6-31G** level [26]. There are two key mechsmss (a) H-atom transfer (Eqg. (1)) and

11



one-electron transfer (b) for the radical scaveggmocesses of chain-breaking antioxidant

(ArOH) [27], [28], details can be seen in the supipg information.

R+ArOH — RH+ArO 1)
R +ArOH —» R+ ArOH" (2)
All calculations were performed by Gaussian 09vgafe [29].

3. Results and Discussion

Chalcones (2a, 2b, 2c) and flavanones (3a, 3b) visstated from the acid catalyzed
condensation reaction of 2,5-dihydroxyacetophen@ijewith nitrobenzaldehydes. Different
solvent systems such as toluene, methanol, eth@&apitppanol were endeavored, however
benzene was found to be the best solvent for thesdensation reactions. The synthesized
compounds were characterized usfitgNMR, *C NMR etc. The most prominent indication for
the synthesis of chalcones was the appearanceoaddwblets withl = 15.6 corresponding and

B proton of the ethene linkage. Whereas absendeesktsignals and appearance of signads at
5.75, 3.22, and 2.88 corresponding to 2-H, 3Ha3ttal of the hetro ring indicated the formation
of flavanones. The synthetic route of flavanoneas @malcones from 2,5-dihydroxyacetophenone
and the physiochemical data of the synthesized oomgis was summarized in detail in figure 2

and Table 1 respectively.
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(2a) R = 2-NO,

(2b) R = 3-NO,
(2¢) R = 4-NO,
OH O CHO
AN PTSA
+ | v EE— - + y
Z I
R Benzene o « JR  (33)R=3-NO,
OH (3b) R = 4-NO,
) HO

Figure 2. Synthesis of nitro substituted hydroxychalcones laydroxyflavanones

Table 1. Physicochemical characterization data of the ®giged compounds

C::p' R M.F. M.W. M.P.(°C) | Yield (%)
2a 2-nitro GsH11NOs 285.25 200 80
2b 3-nitro GsH11NOs 285.25 208 53
2c 4-nitro GsH11NOs 285.25 218 65
3a 3-nitro GsH11NOs 285.25 153 25
3b 4-nitro GsH11INOs 285.25 167 20

3.1. Invitro Antioxidant Activities

3.1.1. Interaction with the DPPH stable free radical

The tested compounds interact with the stable feelical DPPH which shows their radical
scavenging ability. This interaction was found ®doncentration and time dependent (table 2).

Among the tested chalcones, compound 2a showedlentceadical scavenging activity where
13



nitro group is at position 2 of ring ‘B’. It exhieid significantly higher activity as compared to

the reference compounds trolox and ascorbic adid.cbmpounds 2b and 2c¢ bearing nitro group
at position 3 and 4 of ring ‘B’ respectively dispdal significant good activity when compared

with reference compounds but much lower than 2as therefore, DPPH scavenging ability

seems to be dependent on the position of nitroggaduing ‘B’ of the chalcones. The d&values

of tested flavanones 3a and 3b were much higheoagpared to all other compounds. So the

order of DPPH activity of synthesized compounds 2&a% 2b > 2c >>> 3a, 3b.

Table 2. ICso (LM) for DPPH radical scavenging activity

Compou Time (Minutes)
nds

15 30 45 60 120

Trolox 225.12+15.12 216.25+10.41 223.18+15.01 23418.43 252.73+17.22

Ascorbic

acid 215.50+10.43 221.36+14.81 234.44+15.71 244.46+15(91240.47+15.81

2a 65.52+6.21*** | 55.89+5.55*** | 57.78+5.57** | 53.57+5.21** | 50.88+5.11***

2b 117.19+7.87***| 112.05+7.85*** | 113.82+7.83*** | 112.59+7.82*** | 111.58+7.81***

2c 142.96+8.25***| 145.47+8.44*** | 144.58+8.43*** | 148.41+8.52*** | 167.71+8.95***

3a > 2000 > 2000 > 2000 > 2000 > 2000

3b > 2000 > 2000 > 2000 > 2000 > 2000

Data was shown in Mean + SD (n = 3) for each comgod**P < 0.001 showed statistically
significant difference when compared with troloxascorbic acid.

3.1.2. Iron chelating activity
In Iron chelating activity, the synthesized compasineduced PBéto F&* which involved in the
formation of chelate with o-phenanthroline. Thistinoel is used to determine the extent of

reduction of ferric ions by synthesized compoun@se value for iron chelating activity of each

14



compound was determined (Table 3). Among the test@dtones, 16 value of compound 2a

was much lower as compared to other chalcones laadnfones showing its greater chelating

ability. No significant difference was found betwe2a and reference compounds. ThegyIC

value of 2a was found to be very close to ascabid value. The order of increasing activity for

synthetic compound was 2a > 2b > 2¢ > 3b > 3a.

Table 3. ICso (LM) for Iron chelating activity

Time (Minutes)
Compounds
10 30 45 60 120
Trolox 0.46+0.23 0.49+0.25 0.53+0.32 0.41+0.24 a8l
Ascorbic
" 3.33£1.19 2.15+1.13 0.33+0.67 0.23+0.52 0.24+0.59
aci
2a 4.21+1.14 1.85+1.09 0.56+0.76 0.22+0.98 0.3161.
2b 15.4745.78 11.37+4.61 5.09+3.67 1.70+1.37 433
2c 40.61+3.23 56.69+3.98 46.21+2.31 16.82+1.12 311892
3a 185.09+9.33 211.8945.74 214.51+4.32 210.7846.54 232.21+3.49
3b 121.82+10.12 126.59+8.81 160.7046.92 160.3448.§ 224.59+2.37

3.1.3. FeCl;3 reducing power activity

In FeCk reducing power assay the chalcones and flavanmthgced potassium ferricyanide

(Fe™) to potassium ferrocyanide (Bg which then reacted with ferric chloride to formrric

ferrous complex. The reducing capabilities of aimpounds were summarized in the form of

ICs0 (Table 4). The Ig of 2a was found to be lower than the referencepmamds while 2b and

2c showed satisfactory results. Thesd®f chalcones was much lower as compared to

15




flavanones. The order of FeCGkducing poweactivity of the synthesized compounds was found

to be 2a> 2b > 2c > 3b > 3a.

Table 4. ICso (LM) for FeC} reducing power activity

Time (Minutes)
Compounds
10 30 45 60 120
Trolox 13.75+2.45 12.04+3.07 11.24+2.74 11.43+1.98 10.06+2.24
Ascorbic
" 14.64+3.34 14.74+3.29 14.0243.12 13.16+£3.54 12.781&2
aci
2a 11.28+1.22 9.98+2.11 9.51+3.45 9.21+2.31 9.1433.
2b 15.371£0.24 14.49+0.23 14.16+0.23 13.87+0.26 3Ll
2c 23.07+5.44 21.44+45.21 18.32+4.65 17.32+4.98 aBIP6
3a 1305.77+£18.81] 673.01+16.42 459.85+15/63 18056241| 138.45+14.35
3b 90.01+15.83 66.56+12.25 53.07+12.66 37.12+13/7628.88+12.51

3.1.4. Phosphomol ybdenum activity

This activity is based on the reduction of Mo (M) Mo (V) by the test compounds, giving a

direct approximation of reducing capacity of thenpmunds. |G, values for PM activity of all

compounds were evaluated (Table 5). In PM activitg, 1G, of 2a was found to be lower than

all other compounds. The order of activity was 22b> 2c > 3b > 3a.
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Table5. ICso (M) for Phosphomolybdenum assay

Compounds Time (Minutes)
15 30 45
Trolox 16.25+2.35 15.89+2.73 15.25+3.43
Ascorbic acid 21.73+1.23 17.37+£3.61 15.82+1.58
2a 18.04+0.19 19.13+1.47 21.65+0.89
2b 19.42+2.78 20.37+3.77 24.73+2.89
2c 37.25+1.79 35.97+2.37 44.96+1.15
3a > 2000 > 2000 > 2000
3b 533.97+1B3 270.18+8.98 194.30+7.67

3.1.5. ABTSActivity

The synthesized compounds exhibited potent ABTSvigctin a concentration-dependent

manner and the Kg values for ABTS activity of all compounds were kenaded (Table 6).

Compound 2a exhibited statistical prominent ABT8véty than reference compounds after 5,

15, 30, 45, 60 and 120 minutes. Chalcones 2b arsh@wed significant lower Kg value than

standard ascorbic acid after 5, 15, 30 and 45 m#uThe order of activity of synthetic

compounds was 2a > 2¢ > 2b > 3b > 3a.

17



Table6. ICso (M) for ABTS activity

Time (Minutes)
Compounds
5 15 30 45 60 120
Trolox 32.31+0.21 | 51.56+0.32 50.38+1.32 53.56+1.78| 31.97+1.43 | 29.33+1.27
Ascorbic
y 76.79+0.89 | 109.46+1.52 97.47+4.36 64.19+2.11 A1 | 37.91+1.74
acCl
2a 3.19+0.23** | 2.32+0.87*** | 3.43+1.12*** | 1.65+1B** |0.24+0.54** | 3.13+2.23**
2b 41.44+0.26% | 40.84+1.17% | 52.24+1.96% |53.99+3.28 |54.65+3.42 | 46.66+2.64
2c 37.79+0.18% | 41.48+0.68"% | 43.96+2.54% | 46.21+1.568° | 45.29+2.18 | 37.79+2.43
3a 1665.11+11.32 601.49+7.97 210.69+5.32 145.78+0.16 121.04+4.91 .Q3¥61.38
3b 681.63+8.16 | 307.93+2.23 166.98+1.67 156.29+2.56145.94+4.22 | 99.31+6.32

Data was shown in Mean + SD (n = 3) for each comgod**P < 0.001 showed statistically
significant difference when compared with troloxdaascorbic acid™P < 0.01,"*P < 0.001
showed statistically significant difference whemmgared synthesized compounds with ascorbic

acid.

3.2. Oral glucosetolerance test in normal rats

The synthesized compounds were screened for thehryperglycemic activity in normal rats.

Compounds 2b, 2c, and 3b were found to be effectvdose of 100 mg/kg in lowering the

hyperglycemia while 2a and 3a appeared to be ni@ctefe in reducing the hyperglycemia in

normal rats (Fig 3A). Because 3a and 3b were sginbé in low yield so 2a, 2b and 2c were

selected for the selection of minimum dose requicedntihyperglycemic effect in normal rats.

Three different doses (50 mg/Kg, 100 mg/Kg and 2@fJKg) for compounds 2a, 2b and 2c

were selected for dose optimization respectiveig 8B-D).
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Figure 3. Oral glucose tolerance test of synthesized compoimaiormal rats and compounds
administered to the rats before 30 minutes of glaclmad (2 g/kg). Rats administered with
compound 2a, 2b, 2c, 3a and 3b at 100 mg/kg eagh2éA 50 mg/kg; 100 mg/kg; 200 mg/kg
(B), 2b: 50 mg/kg; 100 mg/kg; 200 mg/kg (C), and 2@ mg/kg; 100 mg/kg; 200 mg/kg (D).

Data was expressed as percentage reduction in lghabse level while GC was used as
reference drugvalues were expressed as Mean £ SD (n = 5).

The dose optimization study by oral glucose toleeatest (OGTT) in normal rats was revealed
that the compound 2c with nitro group at positiom4ing ‘B’ of chalcone was more active in

lowering the hyperglycemia at 100 mg/kg dose.

19



3.3. Anti-hyperglycemic effects of compoundsin STZ induced diabetes

To further evaluate the antihyperglycemic effecttlod synthesized compounds, STZ induced
type 2 diabetic rats were used to assess the @&ffioh compound 2a and 2c at dose of 100
mg/kg The reason for selecting 2a was novelty of the ammgd and excellent antioxidant
abilities than other compounds. In diabetic rats tompound 2a lowered the hyperglycemia
more potentially than compound 2c although 2a was hctive in normal rats than 2c. Also, 2a
being structurally similar to 2c, but with a nitgpoup at position 2 in ring ‘B’, more actively
produced antihyperglycemic effect in diabetic rdisus steric conformation of the compounds
is said to be responsible for the anti-hypergly@eastivity of chalcone [30]. It is reported in
literature that the antihyperglycemic activity dfatcone derivatives is mediated via stimulation
of PPARy [31], [32], [33]. The flavonoids, based on 2-phiehyomone or 2-phenyl
benzopyrone, have also shown beneficial effectshen treatment of hyperglycemic disease
probably through changes in the activity of inttadar enzymes such as glucosidase enzyme
[34]. Presently, compound 2a was found to be eswelantioxidant and have shown effective
antihyperglycemic effect in STZ induced diabetitsraAntioxidants are involved in decreasing
the hyperglycemia by minimizing the oxidative s&r¢35]. Compound 2a significantly reduced
the hyperglycemia state in STZ induced rats contpaiieh compound 2¢ and this effect was in

close proximity to the positive control GC (Fig. 4)
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Figure 4. Antihyperglycemic effect of compounds in STZ inddagiabetic rats. Values were
expressed in Mean + SD (n = 7). *P < 0.05 and *®#F0.001 statistically significant when
compared with diabetic control whiféP < 0.001 statistically significant when compareithw
normal Control.

Antibacterial activities were also evaluated fore teynthesized compound and only two
compounds, 2a and 2c showed potential activity reg&aphylococcus aureus (data was not

shown).
3.4. Computational investigations

With the developments of computational chemistng tesearch on the theoretical modeling of

drug design and functional material design haseghimuch attention of synthetic chemists to
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predict chemical and physical properties of synthetrugs in biological systems [36]
Previously, it was showed that the density funclotmeory (DFT) [37], [38] is efficient to
limelight on the radical scavenging activity andhest physiochemical descriptors of synthetic
compounds [39-45]. Energies of the frontier molacubrbitals (FMOSs), structure-activity
relationship (SAR), and molecular electrostaticeptil (MEPS) were systematically explored

with the intention to apprehend the biologicalétyiof the studied derivatives.

3.4.1. Frontier molecular analysis and different electronic properties

Highest occupied molecular orbitals (HOMO) and tbeest unoccupied molecular orbitals
(LUMO) are named as Frontier molecular orbitals (). Electronic and optical properties of
molecules are due to these FMOs. HOMOs and LUMQ® wisplayed (Figure 5). In chalcone
derivatives 2a-2c, the HOMOs are delocalized atritng A while the LUMOs are localized on

the ring ‘B’ along with the charge distribution tre keto and nitro group.

A comprehensive intra-molecular charge transfeMjl@as noticed from ring ‘A’ to ‘B’. In
flavanone derivatives 3a and 3b, the HOMOs arecadilied on the ring ‘A’ and partially on
ring ‘C’ along with the —OH group while the LUMOsealocalized at the ring ‘B’ along with the
charge distribution on the nitro group. Here, redigle ICT was perceived from the rings ‘A/C’
to ring ‘B’. The comprehensive ICT from the HOM@sLLUMOs was due to the strong electron
withdrawing behavior of the —NQgroup at the ring ‘B’. In the reference compouraax, the
HOMO charge density is at conjugated ring (somegghat —OH and —Cigroups) whereas the

LUMO is localized at entire compound illuminatingT.
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Figure 5. The charge density distribution of the HOMOs (bot} and LUMOs (top) of the
chalcone and flavanone derivatives at ground states

The HOMO energies (omo), LUMO energies (Eumo), HOMO-LUMO energy gaps (&), IP
and BDE at the B3LYP/6-31G** level of theory wereepented. Among the studied chalcone
and flavanone derivatives, the highest HOMO and I Ehergy levels were observed for 2a
which was also higher than that of phenol. Thg & all the studied compounds was found to be
smaller than the reference compounds, i.e.; phandl trolox. Hitherto, direct relationship
between the HOMO energy levels and the radicalesgging activity of antioxidant compounds
was perceived showing that higher HOMO energy kwélstudied compounds might lead to the
strong electron donating ability as compared tonpheAdditionally, the highest HOMO energy
level of 2a would lead better electron donatindigbof this derivative among all the studied

chalcone and flavanone derivatives (Table 7). Thect®negativity %), hardness ),
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electrophilicity (), softness (S) and electrophilicity indexi) at the B3LYP/6-31G** level of
theory were presented (Table S1). The smallestdo was observed for the chalcone derivative

2a.

Table 7. HOMO energiesEnomo), LUMO energies K uvo) and HOMO-LUMO gapsHgy) in
eV, IP and BDE (Kcal/mol) of chalcone and flavanateivatives at B3LYP/6-31G** level of

theory.
Compounds | Exomo | EiLumo | Egap IP BDE

Trolox -5.42 0.12 5.54| 690 381.8

phenol -6.39 -0.57 582 192 83
2a -5.65 -2.76 | 2.89] 164 82°168.17, 447.42
2b -5.74 -2.81 | 2.93] 167 82288.40, 447.62
2c -5.79 310 | 2.69] 168  82758.62, 447.7%
3a -6.32 255 | 3.77] 174 71.50
3b -6.34 255 | 3.79] 176 71.60

3BDE of 2a-x, 2b-x and 2c-¥2a-y, 2b-y and 2c-y2a-z, 2b-z and 2c-ZThe BDE and IP of trolox is
381.8 and 690 Kcal/mol from referencéThe BDE and IP of phenol is 83 and 192 Kcal/moinfro
reference

3.4.2. Hydrogen atom transfer mechanism

The radicals were obtained by hydrogen abstractse® Figure S1. The vital position for
hydrogen atom transfer is hydroxyl. The BDE valygssented in Table 7, describes the
hydrogen atom donating ability. These values weragared to the trolox [46] and phenol [28].
The BDE values computed at B3LYP/6-31G** level lnébry showed that the mono-abstraction
of hydrogen usually lowers the BDE values morecedfitly. The trend to lower the BDE value

in the chalcone derivatives according to the H+alotibn position was observed as y < x < z
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(Fig. S1 and Table 7). On the basis of BDE, it whserved that the chalcone derivatives showed
better radical scavenging activity as comparedht ftavanones. Themallest BDE value was

observed for the 2a-y, i.e., 2a chalcone derivateaealing that this compound would be proficient

antioxidant contender. Finally, Hydrogen atom tfanmechanismwvould be favorable in 2a.

3.4.3. Sngle electron transfer mechanism

By single electron donation, the scavenging of fradicals may be attained. Conferring to the one-

electron transfer, an electron is removed fromHREMO giving rise to radical cation§he scavenging
of free radical can be evaluated by single electtomation. It can be seen from Table 7 that all
the derivatives have smaller IP values than théoxr@and phenol. Among all the studied
derivatives, 2a has the smallest IP value revedlwad in aforesaid materi@lectron transfer
mechanism might be more inspiring for the scavamgihfree radicalsThe smaller IP value of 2a

as compared to the other counterparts revealegtimtcompound would be better antioxidant materia

(Table 7).

3.4.4. Molecular éectrostatic potential

The molecular interaction and reactivity sites wassessed by 3-D surface maps of the MEP. In
Fig. 6, the MEP surface maps of the chalcone adhflone derivatives as well as trolox were
illustrated to apprehend the positive and negaleetrostatic potential (ESP) regions. Negative,
positive and zero potential regions were represehbyered, blue and green colors, respectively
(Fig 6). It is expected that the negative and pasiESP regions would be encouraging for the
electrophilic and nucleophilic attack, respectivelp chalcone derivatives, negative ESP

(endorsing electrophilic reactive sites) have bemalized on the C=0, nitro and -OH oxygen
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whereas the nitro of the flavanone derivativestrdtox, negative ESP at -COOH and hydroxyl

oxygen would be promising electrophilic reactiviesi

3a 3b trolox

Figure 6. The molecular electrostatic potential surfacestlod chalcone and flavanone
derivatives

4. Conclusion

Acid catalyzed condensation of 2,5-dihydroxyacetoyme with nitrobenzaldehydes leads to the
formation of chalcones along with flavanones wrsbbwed good antioxidant abilities especially
2a, 2b and 2c. The compound 2a showed excelleittyaetglycemic activity in diabetic rats
while 2c exhibited good activity in normal hyperggynic rats. The determined positions of nitro
group at ring ‘B’ of chalcones exhibited antihypggogmic activity. The comprehensive intra-
molecular charge transfer has been perceived freHOMOSs to the LUMOs. The smaller IP
and BDE values for the 2a revealed that this drogldvshow proficient antioxidant behavior
which is in good agreement with the experimentahdbl future, compound 2a can be further

used to explore its beneficial impacts at molecldael.
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Highlights

Nitro substituted hydroxychal cones and hydroxyflavanonoes have been synthesized
Hydroxychal cones (2a, 2b, and 2¢) exhibited excellent antioxidant potential
Compound 2a have shown eminentantihyperglycemic activity on STZ diabetic rats

Calculations for the structural elucidations by using density functional theory



