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1 Experimental

1.1 Chemicals and Reagents:

Silica gel (236400 mesh, and 7230 meshE. Merck was used focolumn chromatography
(CC). TLC was performed with prepated silica gel @5-UV254 plates and detection was
done at 254 nm, and by spraying with ammonium ceiiiMjr+sulphatedihydrate (0.1 g) in

10 % HSO, (100 mL) solution as a spraying reagent. NADR&k purchased from Calzyme
Laboratories (San Luis Obispo, USA), whereas,-glyceraldehyde ané-mercaptoethanol
were purchased from AppliChem GmbH, Darmstadt, GermamyitrophenytU-D-
glucopyranoside, p-nitrophenytb-D-glucopyranoside, Uglucosidase xracted from
Saccharomyces cerevisia®@d b-glucosidase extracted from sweet almonds were purchased
from Sigma Chemical Co. (St. Louis, MO, USA). All the other chemicals were of analytical
grade.

1.2 Instruments:

Optical rotations were measured od/5CODIP-360 digital polarimeter by using 10 cm cell
tube. UV and IR spectra were recorded ohtachi-UV-3200 and JASCG320-A
spectrometers, respectivelf4-NMR and**C NMR spectra were recorded orBeuker AM -

500 spectrometer with reference to residual-deuateated solvent signas 4y 3(.U3 1 cand
49.0 from CROD), while 2DNMR spectra were recorded olBeuker AMX 500 MHz NMR
spectrometer. Chemical shifi)(values were reported in ppm, and coupling constaits (

Hz. Mass spectra (El) were measured in an electron impact modenoigan MAT 312
spectrometer and ions are givennmiz The absorbance was measured using a Microplate
Reader ELx800 (BioTek Instruments, Inc. USA).

1.3 Preparation of Materials for Biological Assays:
1.3.1 Assay forALR1 and ALR2 inhibition:

The activities of AIR1 and ALR2 were measured spectrophotometrically by monitoring the

oxidation of NADPH at 340 nm as a function

substratgl]. The 200 OL assay mixture contained 70
20 OL of 100 mM serdiafm phH o6& .ph.,at 4ghceraldefydef 10
and 0.15 mM NADPH. Enzymatic reactions were run in triplicate with a final volume of 200

(
n

eL in each wel. A b s g wvdiuasnwere salculaed esingnstatistcal a n d

software GraphPad Prism 5.0GraphPad Software, San Diego, CA, USA). The total
percentage inhibition was calculated by the formula:

% I nhibition = gnlAbsorbancefed) A s drO®d n e

Valproic acid and Sulindac were used as positive controls for ALR1 and ALR2 assays
respectively.

1.3.2 Extraction of ALR1

Bovine kidneys were obtained from a freshly slaughtered animal, within 2 h of killing. The
tissues were stored @2 0 AC after cutting into smaller
carried out at 4erefaken artih@nmoggnizedfin 3tvolemesuoé B0 m
sodium phosphate buffer (pH 7.2) composed of 0.25 M sucrose, 2.5-mdtcaptoethanol,

and 2.0 mM EDTA in a domestic blender foll
20 minutes. The resulting pelletas discarded and the supernatant was again centrifuged at
10,000 g at 4 AC for 30 minutes. Again th

0\
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volume of 0.5 M sodium phosphate buffer (pH 7.2). This mixture was saturated up to 35%

with powdered (NH),SO, and the resulting suspension was stirred for 20 minutes followed

by centrifugation at 10,000 g at 4 AC for 21
powdered (NH).SO, was added slowly to the supernatant up to 80% saturation to precipitate

out the ALR1[2]. After centrifugation at 10,000 g for 20 minutes, the pellet wasispended

in a small volume of 10 mM sodium phosphate buffer containing 2 mM EDTA and 2.5 mM
2-mercaptoethanol at pH 7.2. This solution was dialyzed overmighiialysis membrane

against the same buffer to extract out the desired ALR1 enzyme and was stored in small
aliqguotsat8 0 A C.

1.3.3 Extraction of ALR2

Calf lenses of freshly slaughtered bovine were used for this purpose. All the steps were
per f or me dhearnzymé wal Extractdd and purified with some modifications in the
protocol developed by Kad§B]. Calf lenses (100 g) were mixed with 10 volumes of 10 mM
phosphate buffer (pH 7.0) staining 1 mM 2mercaptoethanol and 1M ethylene diamine tetra
acetic acid (EDTA), and centrifuged after ho
Powdered ammonium sulfate was added slowly to the resultant supernatant to yield a 35%
saturated sotion. After 3 h stirring, the solution was centrifuged at 10,000 g for 20 minutes

to yield the precipitates. These precipitates were dissolved in phosphate buffer and were
dialyzed for 48 h in the same buffer. The required ALR2 enzyme was obtained from the
solution present in the dialysis membrane and was stored in small aliq®t8 at A C .

1.3.4 Assay for U- and b-glucosidase inhibition:

The inhibitory activities ol and b-glucosidases were determined by slight modification of

the previously published meth@d]. The inhibition assays were performed in@éll plates

inatotalv ol ume of 1 0 Qgl@@dsidasd imhibitorg assay thef standard solutions

of the inhibitors were prepared in methanol while these were prepared in distilled water in

case ofb-glucosidase inhibitionU-glucosidase (fromSaccharomyces cerevisjaand p-
nitrophenytU-D-glucopyanoside as substrate were prepared in 70 mM phosphate buffer (pH

6.8) while b-glucosidase (from sweet almonds) gmaitrophenytb-D-glucopyranoside as

substrate were prepared in 0.07 M phosphate buffer having a pH of 6.8. The inhibition assays
were conduced by adding 10 ¢eL of i nhi bitor sol ut
enzyme solution (2.5 unit/mL) in 70 mM phosphate buffer (pH 6.8) followed by pre

i ncubation at 37 AGi fooubah i minn u tlgeitrdphenylafer 1 @
glucopyranosid as a substrate in phosphate buffer was added to the mixture to start the
reaction. The reaction mixture was 1incubat e
adding 80 OX£0O0fN®&ga&t iMveNacontr ol contalblned 10
glucosidase assay and distilled water in casé-gfucosidase assay instead of inhibitors.
Acarbose was used as a positive control. Bhandb-glucosidase activities were determined

by measuring the-nitrophenol released fromrnitrophenyl glucopyranosidat 405 nm. The

% inhibition was calculated by the following equation:

% I nhibition = gnlAbsbrbanceed) A s drO®gd n e

ICso values were calculated using nlimear curve fitting program GraphPad Prism 5.00. The
ICso value was defined athe concentration of sample that inhibited 50% of glucosidase
activity.



1.3.5 Antiglycation Assay:

For antiglycation activity, both the compounds were subjected to the method described earlier

[5]. I n this assay, 500 OL of 1 mg/ ndoLmMa |l b u mi
glucose along with 100 OL of the test compol
Ac, followed by addition of 10 OL of trichl
reacti on. The samples wer e ke ptrifugatonm for1® mi nu
minutes at 10,000 g. The resulting supernatant was discarded and the pelletlisasived

in 500 OL phosphate buffer solution at pH 7
excitation and 440 nm for emission. The reaction wasezhout in triplicate. The following

formula was used to determine the percentage inhibition of the compounds:

% Inhibition = [1i (AbsorbancgmpéAbsorbancgne) | 100] %
1.4 Spectroscopic data and characterization

1.4.1 Compound 1

Pale yellow powder; &H2O13 UV ( Me @H365, 854, 313, 299, 268. IR (KBbhax
3391 (OH), 1695 (C=0), 1259, 1171, 1080 (ether linkage)'.ctA-NMR (300 MHz,
ChsOD) 0: J&.1.5BHz IHJH6), 6.30 (br. s, 1H, ), 6.79 (dJ = 8.4 Hz, 2H, H
3i/H- 5j), 7.98 (d,J = 8.7 Hz 2H, H2j/H-6j), 5.23 (d,J = 7.2 Hz, 1H, H1jj), 3.43 3.46 (m,
3H, H-2ji/H-3ji/H-5i)), 3.31 (masked, Hij), 4.27 (ddJ = 1.5, 11.7 Hz, 1H, 6jj), 4.17 (dd,]
= 6.6, 12.0 Hz, 1H, k6jj), 6.06 (dJ = 15.9 Hz, 1H, M), 7.39 (dJ = 15.9 Hz, 1H, H3jjj),
7.30 (d,J = 8.7 Hz, 2H, H5jji/H-9jii), 6.79 (t,J = 8.4 Hz, 2H, H6iji/H-8iij). BC-NMR (125
MHz, CD;OD) @ : 12 835.8(C3), €79.4 (G4), 163.0 (C5), 99.9 (G6), 165.9 (C7),
94.8 (G8), 159.3 (G9), 105.6 (C10), 122.7 (G1j), 131.2 (C2i/C-6j), 116.7 (C3j/C-5j),
161.2 (G4), 103.9 (G1ij), 75.8 (G2jj), 75.7 (C3ii), 71.7 (CG4ij), 77.9 (GC5jj), 64.2 (C6ijj),
168.7 (C1ij), 114.7 (G2jij), 146.5 (CSijii), 127.0 (C4jij), 132.2 (C5jji/C-9jii), 116.0 (C
6iii/C-8iii), 161.5 (G7jij). EI-MS m/z: 594.14[M]".

1.4.2 Compound 2

Pale yellow powder; §H3,0s5; UV ( Mg:365) 354313, 299, 268. IR (KBBmax
3391 (OH), 1696 (C=0), 1259, 1170, 1080 (ether linkage).cti-NMR (500 MHz,
Ch;OD) 4: J&2018z, 1HJIHG), 6.26 (dJ= 2.5 Hz, 1H, H8), 6.80 (dJ = 8.5 Hz,
2H, H-3i/H-5j), 7.95 (d,J = 9.0 Hz, 2H, H2j/H-6j), 5.62 (d,J = 8.0 Hz, 1H H-1jj), 5.06 (ddJ
= 8.0, 9.5 Hz, 1H, F2jj), 3.65 (dd J= 9.0, 9.0 Hz 1H, KBjj), 3.40 (dd,J = 9.0, 9.0 Hz, 1H,
H-4ii), 3.53 (dddJ= 2.0, 6.5, 9.5, 1H, ¥5jj), 4.34 (ddJ = 2.5, 12.0 Hz, 1H, 6jj), 4.21 (dd,
J=6.5, 12.0 Hz, 1H, K6jj), 6.42 (d,J = 16.0 Hz, 1H, H2jji), 7.71 (d,J = 16.0 Hz, 1H, H
3jii), 7.47 (dJ = 8.5 Hz, 2H, H5iji/H-9iii), 6.80 (d,J = 8.5 Hz, 2H, H6;jji/H-8ijii), 6.06 (d,J =
16.0 Hz 1H, H2jjii), 7.39 (d,J = 16.0 Hz, 1H, HBgijii), 7.30 (d,J = 8.5 Hz, 2H, H5jjji/H-
9iiii), 6.80 (d,J = 8.5 Hz, 2H, H6ijjii/H-8iiii). BC-NMR (125 MHz, CRO D) a: -258. 9 (
134.4 (G3), 179.1 (4), 163.0 (G5), 99.9 (C6), 165.6 (C7), 94.6 (C8), 158.3 (<9), 105.7
(C-10), 122.8 (Glj), 132.7 (G2j/C-6j), 116.1 (C3j/C-5j), 161.4(C-4j), 100.3 (C1jj), 75.6
(C-2ii), 76.1 (C3jj), 71.9 (C4ij), 75.9 (C5jj), 64.0 (C6jj), 168.8 (C1ljji), 115.2 (C2ji}),
147.0 (C3jij), 127.0 (C4iji), 131.2 (C5iji/C-9iii), 116.8 (C6jji/C-8iii), 161.2 (C7jji), 168.7
(C-1iiii), 114.6 (C2jjii), 146.5 (C3ijii), 127.0 (C4iii)), 131.2 (C5ijii/C-9iiii), 116.8 (C6ijjji/C-
8iiii), 161.3 (G7iiii). EF-MS m/z 740.17[M]".



2 Results and Discussion

The ethyl acetate soluble fraction of the air dried aerial par&rngigium caeruleumvas
subjected to column chromai@aphy which resulted into the isolation of two new source
flavone glycosides. The structures of these compounds were established by-MS8d D
NMR, IR, and UV spectra.

2.1 Structure elucidation of compoundsl and 2

Compoundl (Figure 1 in manuscript) wasbtained as a yellow powder. Structure of the
compound was established on the basisHbfand *C-NMR spectra, including 2INMR
techniques, and electron impact (El) mass spectrometry.

The molecular formulaf compoundl was assigned as 4gH26013 on the bais of EI-MS
(molecular ion peak ah/z594.1)andthe number of carbons wenfirmedon the basis of
3C-NMR (BB and DEPT) spectrdhe IR spectrum showetie absorptionbandstypical of
OH groups (3420 cif), Ci H stretching(2926 cmi?), Ub-unsaturatecO (169 and 164&m
Y, and of anO-glycosidic linkage (116 105 cm™). The U\tspectum wasrecorded in
MeOH and indicatedthe characteristi@absorptionmaximafor kaempferol 30-glycosideat
266, 312, and 354 nif®]. The maximum aB14 nm corresponded to thecoumaroyl moiety
[7].

The'H- and**C-NMR data indicated that compoufidvas a flavone glycoside. The anomeric
proton signal of th sugar moiety resonated @t.23 @, J = 7.2 Hz) with corresponding
anomeric carbon signal &103.9. The'H-NMR spectrumshowedtwo proton signalsat i
6.12 (d, J=1.5 Hz) and 630 (br. s)which correlaedto 11 100.5 and 95.3respectively, in the
HSQC experimentTheseare twocharacteristichemical shift values for-® and CG8 in the
ring A of flavonoids[8]. Also, the signals at6.79 (d,J = 8.4 Hz) and 7.98d( J = 8.7Hz) in
the aromatic regionwith integration of two for eactproton, confirmedtwo pairs of
chemicallyequivalent protongn the ring B of flavonoid moietyThe chemicakhifts andJ-
valuesfor the aromatigrotons together with their corresponditdC-NMR chemical shifts
confirmed that the flavonoid moiety was a&aempferol[9]. In **C-NMR spectrum, the
relativdy upfield chemicalshift valueof theC-3 (i 135.1)indicatedthe point of glycosylation
at C-3 position of kaempferol[10]. The coupling constarf the anomerigroton and the
corresponding carbon resonance indicated that the molecule contdirieeyicopyranosyl
moiety.

The'H-NMR spectrum ofl alsocontainedsignals ati 6.06 (d,J = 15.9 Hz), 7.39 (dJ = 15.9

Hz), 7.30 (d,J = 8.7 Hz), and 6.79d( J = 8.4 Hz). The **C-NMR spectrumhad the
corresponding resonancestiat147, 146.5, 12.2, am 116.0. Furthermore, a carborsygnal

atl 1687 and twoquaternarycarbonsignals atl 127.0 and 16.5 were also observedhese
observationgonfirmedthe presence of aH)-p-coumaroyl moiety in compountl As the H

6n signals of t éywerg deshiellqu ytd.27 {bo. sldd E 1.5nd1i7 Hz),
4.17 (br. ddJ = 6.6, 12.0 Hy, C-6njmustbe the point of attachment of th€){p-coumaroyl
moiety. Accordingly, the G6njchemical shiftwas shifted downfield ati 64.2. All the
attachments were fiiner confirmed by HMBC experiments. Consequently, the structure of
compoundl was established dsaempferol 30-[6-O-E-p-coumaroyl}b-D-glucopyranoside

6



which was in agreement with the reported literaftidd and is being first time repted from
the genusEryngium The isolation of this compound is a new step in the taxonomical
correlation ofE. caeruleunwith other members of the genus.

Compound (Figure lin manuscriptwas obtaineés a pale yellow powdghrough column
chromatogrphy. Its EFMS showed molecular ion peak @'z 740.17 ([M]), indicating a
molecular formula ofC3gH3,015 Which was also supported by #C-NMR spectra. The IR
spectrum of compound showedthe typicalabsorptiorbandsfor hydroxyl groups (380cm
1), Ci H stretching(2924 cm®), Ub-unsaturated carbony16%B and 1654m™), and of arO-
glycosidic linkage (11711018 cm'). The UV spectum recorded in MeOHshowedthe
characteristi@bsorptionmaximafor kaempferol 30-glycosideat 266, 3B, and 354 nnj6].
The maximum at318 nm corresponded to the-coumaroyl moiety[7] and the aromtic
portion of flavonoid nucleus

Compound2 was also a flavone glycoside whose anomeric proton resonalesGi d, J =

8.0 Hz) with corresponding anomeric carbon signal 400.3. Thetwo characteristic-*C-

NMR chemical shift values for® and G8 in the ringA of flavonoid atti 99.9 and 9.6 [8]

showed their attachment to the protaigsi 6.06 @, J = 2.0 Hz)and6.26 @, J = 2.5 Hz)
respectively, in the BQC experimentThe 'H- and **C-NMR spectral data of compourtti

were very similar to those df, except for additional resonances due to a secBhg-(
coumaroyl moiety in the molecule. These signals wete6ad6 (d,J = 16.0 Hz), 7.39 (d) =

16.0 Hz),7.30 (d,J = 8.5 Hz), and 6.80 (d] = 8.5 Hz). The*C-NMR spectrum showed the
corresponding carbon signals @t114.6, 146.5, 131.2, and 116.8. In addition, a carbonyl
signal atti 168.7 and two quaternary carbon signalé 427.0 and 161.3 were also ebged.

These observations and molecular mass difference of 146 between the two compounds was a
clear evidence that compoudvas a E)-p-coumaric ester of. The point of attachment of

the second coumaroyl moiety was a6@)j as t h e -6 pjr avteshieddeddadit4.34C
(dd,J= 2.5, 12.0 Hz) and 4.21 (dd= 6.5, 12.0 Hz). Accordingly, the-€nj s i gn al was
shifted downfield ati 64.0. The position of attachment of the second coumaroyl moiety was
also confirmed by HMBC correlations ofLT nj 0j168.7) of p-coumaroyl and K6 nfi 434

and 4.21) of glucopyranosyl moiety.

The 'H- and*C-NMR data were in complete agreement with the proposed structure and the
structure of compoun@ was established dsaempferol 30-(2ij,6ij-di-O-E-p-coumaroyl)b-
D-glucopyranosidg12] which is first time reported from the genlas/ngium



3 'H-NMR spectrum of compoundl
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4 BC-NMR spectrum of compoundl
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5 DEPT-90spectrum of compoundl
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6 DEPT-135 spectrum of compound
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7 'H-'H COSY spectrum of compoundl
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8 HSQC spectrum of compourd 1
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9 HMBC spectrum of compoundl
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10 NOESY spectrum of compoundl
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11 *H-NMR spectrum of compound 2
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