Optimization of Baicalin Samples Characterization by MALDI-TOF MS
Giuseppina Scalzo,” Domenico C. Carbone,* Paolo Riccobene,* Grazia Consoli,”

Daniela C. Zampino,* Giuseppa Mercorillo,* Filippo Samperi*

“Institute for Polymers, Composites and Biomaterials (IPCB)-CNR, Section of Catania, Via P. Gaifami 18,
95126 Catania, Italy

PInstitute of Biomolecular Chemistry (ICB)-CNR, Section of Catania, Via P. Gaifami, 18, 95126 Catania, Italy

corresponding authors: Giuseppa Mercorillo, Filippo Samperi.
email: giuseppa.mercorillo@cnr.it, filippo.samperi@cnr.it



mailto:giuseppa.mercorillo@cnr.it
mailto:filippo.samperi@cnr.it

Baicalin (BG) Beicalin (BE) Wogonoside (WG) Wogonin (WO)
PM 446,36 PM 270,20 PM 460,39 PM 284,20

\ (o]
I OCHj,
. N Baicalensinoside-A (B-A)
Lateriflorein 7-O Chrysin-7-glucuronide (Chr-G) Chrysin (Chr) R, = OMe; R, = Ome
PM 430,47 PM 254,20 PM 582.3

glucuronide (Later)
PM 476,2

Chart SI1 — Structures of the most important bioactive molecules detected by MALDI-TOF MS

analysis of the baicalin’s samples.



1. Extraction and Purification procedure

1.1 Purification Procedure of commercial baicalin-30%

In preliminary trials, several solvents and reflux times were tested. The results are summarized in
Table SI1. The procedure that gave the best result is described below.

3 g of baicalin-30% were treated with 45 ml of a 2-propanol/water mixture (70:30 v/v) at 60 °C and
kept under reflux for 1.5 hours in a round bottom flask. Firstly, a yellow precipitate was observed
together with a pale-yellow solution that gradually turned amber by the end of the heating time. Then,
the solution was filtered, whereas the solid residue was dried overnight in a vacuum oven at 30 °C
and both subsequently analysed by MALDI-TOF MS. The soluble fraction was distilled in a rotavapor
under vacuum and the residue was dried at 30°C in a vacuum oven, obtaining 1.3 g of sample. It was
treated with 20 ml of butanol at 60°C for 1h, the obtained solution was filtered and distilled under
vacuum in a rotavapor system obtaining 0.36 g of solid sample. The insoluble fraction in butanol was
further purified by the crystallization method. The insoluble solid (0.82 g) was treated with the
minimum volume (20 ml) of water/ 2-propanol/acetic acid 4:3:1 ratio (v/v/v) ternary solvent mixture
at 60 °C and kept at this temperature (T) for 30 min. Afterwards, the solution was slowly cooled to
room temperature (RT) and stored overnight in a fridge. The partially crystallized solution was
filtered and dried at 30°C overnight in a vacuum system, obtaining 0.46 g of sample, which was

analysed by the MALDI-TOF MS and '"H-NMR methods.

Table SI1 — Molar composition (%) and yield of the most important baicalin-fractions extracted at

60°C for different times from the commercial baicalin 30% sample.

Solvent Time %mol®@ Yield®

(h) BG/BE/WG/WO %

Isopropanol\water 1.5 86.0/4.4/6.3/3.1 13
70:30 v/v

Isopropanol\water 1.5 74.7/10.4/8.3/6.6 8
80:20 v/v

Isopropanol\water 2.0 82.5/6.8/6.3/4.4 10
60:40 v/v

Isopropanol 2.0 57.8/18.2/15.7/8.3 9

Ethanol 2.0 79.3/5.6/8.3/6.6 7

(a) Molar composition of the four bio-active compounds (BG, BE, WG, WO) calculated from 5 mass
spectra of the crystallized purified/extracted fractions. The values were determined with a standard
deviation of approximately + 0.3 for those below 20% and approximately = 0.8 for those above 50%.

(b) Yield of the final crystallized purified/extracted fractions.



1.2 Extraction and Purification procedure from root

The extraction-purification-crystallization procedure carried out to obtain high-purity samples of
baicalin from the root of Scutellaria Baicalensis was similar to that used for baicalin 30%. 5 g of root
were cut into small pieces and extracted with ethanol (or isopropanol) under reflux at 60 °C for
different times (6 and 12 h). After that, the reaction mixture was filtered, and the filtrate was distilled
using a rotary evaporator. The obtained dry residue (0.8 g) was treated with butanol (15 ml) and the
insoluble residue was filtered and dried at 30 °C for 12 h in a vacuum oven. The purified extract (0.6
g) was further purified by the crystallization procedure, using a minimal volume of the ternary solvent
mixture water/2-propanol/ acetic acid in a ratio of 4:3:1 (v/v/v), obtaining 0.35 g of crystallised

sample. The results are summarized in Table SI2

Table SI2 — Molar composition (%) and yield of the purified/crystallized fractions extracted at 60°C

for different times from the commercial S. baicalensis root

Solvent Time (h) Yield® % % mol®
BG/BE/WG/WO
Ethanol 6 1.2 58.2/15.8/12.6/13.4
Ethanol 12 2.3 76.3/9.8/7.6/6.2
Isopropanol 6 1.4 50.3/10.9/14.5/9.7¢
Isopropanol 12 0.5 44.2/14.7/14.4/14.1@

a) Yield of the final crystallized purified/extracted fractions.

(b) Molar composition of the four bio-active compounds (BG, BE, WG, WO) calculated from 5
mass spectra of the crystallized purified/extracted fractions. The values were determined
with a standard deviation of approximately + 0.6 for those below 20% and approximately +
1.2 for those above 50%.

(c) Molecules such as Later (12.1%mol) and another with MW of 522.2 (2.4%) were detected
(d) Molecules such as Later (9.6%mol) and another with MW of 522.2 (2.9%) were detected



510

~~
K
£'895
£35S
€S
€L0S
Tssh
vy -
zoch
LY |
_ 1op =
o
~
@ —
Tese |
Tsee =
Telg 3
1'v6T .
1'78¢C
1092 =
10T 4
YN ¢ F & f & & ¢

(1%)

360

460

410

310

= )
i
N
o~
[«
2 2
H
-
32
$Tob ]
— T'59¢ =
TLse—3*
i 3
b9zE .
TIIE 4
R —
1§87 —
&
EE
:W.EM
1'ThT——= 2
; Q
£97C J
¢ € £ & £ € & & & ¢ §gf £ F € £ & £ § & ¢

410

360



8165 —= B
= N N . =
~ qE P6LS i A =
2 i & € ‘_
s €98 3 298
9'6£S ——== =
9'€Ts = = ”
I = _ €816 =
. : €605 =3
7008 3 v'L6Y = €005
| |
€SLY , _
3 w €LY =
E iE] 1
~ m £rsy
Shvy €Ery = =
) MW €LEY
= . s €9Th =
g cler = €61y - =
i3 . =F ey
S T0p—= soy =
] = TL6E
E =
YyLE “ T1LE = TSLE ._
) =
. ER] =2 TLSE =
- v'9s¢ = m
. =
N . 2 — =
0 T6ce Zoee - 2 .
S'9€€ - —
I'LI€E = ele |
¥'LOE - . = 7 E
1'10€ :
T68T : = :
= 1682 = . —
cels oLt = I'v8T
TIST—= : : I8sc 3
| .
I'L¥T K924 ]
197C
mnmvwwmwmmw%mnmmmmwzmm4:1
=2 =2 =2

m/z

S60

460

410

i

260



Figure SI1 — MALDI-TOF mass spectra of some matrices investigated: a) a-Cyano-4-

hydroxycinnamic acid (CHCA), b) 1,8,9-anthracenetriol (dithranol), c¢) dithranol doped with sodium

trifluoroacetate, d) trans-2-[3-(4-tert-butylphenyl)-2-methyl-2-propenylidenemalononitrile (DCTB),
e) 2,5-dihydroxybenzoic acid (DHB), and f) trans-3-indoleacrylic acid (IAA).
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Figure SI2 — ESI mass spectrum of the baicalin 95%, recorded in negative ions mode by direct

infusion.
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Figure SI3 — MALDI-TOF mass spectra of baicalin 95% acquired using DCTB as matrix at laser
intensities corresponding to a) the ionization threshold and b) 10% above the threshold value.
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Figure SI4— Positive ions MALDI-TOF mass spectra of the standards: a) Baicalin (BG), b) Baicalein
(BE) and c¢) wogonoside (WG), recorded using dithranol/CF;COONa as matrix and applying a

threshold laser intensity.



e —
9e'e
0b'E~\

weE—F
SH'E \
99'€ —
9L'€—

S0P~
L0y~

9€Yr —

S0's—
YT~
sTs—
es "

1686 —

05’9 —
99—
€8'9 —
0L~

S0°L—
L

652~
190

¥6'L —~

L0'8
80’8 V

69'8 —

5.6 5.2 4.8 4.4 4.0 3.6 3.2

6.0

6.4

78 76 74 7.2 7.0 6.8

9.0 8.6 8.2

9.4

f1 (ppm)

Figure SI5 - 'H-NMR spectrum of the commercial Baicalin-95%, recorded using DMSO-ds as

solvent.
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Figure SI6 - >C-NMR spectrum of the commercial Baicalin-95%, recorded using DMSO-ds as

solvent.
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Figures SI7 - 'H-NMR spectra of a) Baicalin and b) Baicalein standard compounds, recorded using

DMSO-dg as solvent.
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Figure SIS - >*C-NMR spectra of a) Baicalin and b) Baicalein standard compounds, recorded using

DMSO-dg as solvent.
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Figure SI9 - 'TH-NMR spectrum of neat Baicalin-30% sample in DMSO-ds as solvent.
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Figure SI10 -'H-NMR spectrum of the soluble fraction in the 2-propanol/water solvent mixture

(70:30 v/v), extracted from the commercial Baicalin-30% sample.
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Figure SI11 -'H-NMR spectrum of unknown butanol soluble component extracted from the soluble
fraction in 2-propanol/water solvent mixture (70:30 v/v) extracted from the commercial Baicalin-

30% sample.
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Figure SI13— MALDI-TOF mass spectra of baicalin fraction extracted from root of S. baicalensis at
60°C for 6 h in (a) isopropanol, (b) purified in butanol and (c) crystallized, recorded using CHCA as

matrix.



