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Phan tich toan dién pho cua berberin, hop chat chinh trong
bai thuéc dan gian Viét Nam "Dai trang hoan Ba Giang

TOM TAT

trang hoan Ba Giang", mot bai thude dan gian noi tiéng gin lién §8)tén tudi cua luang y Ba
Gidng, da duoc sir du.rong rai 0 Viét Nam tr'ong hon mét thé ky qua véi tac dung diéu tri viém loét
dai trang va tiéu chay. Trong nghién ctru nay, cic mau thao duge kho duge chiét xuét bing ethanolal
dé thu duoc dich chiét DTBG. Berberin, mét hop chét ndi bat trong DTBG, d3 duge tach chiét bang
phu’& phép sfic k¥ cot silica gel. Ciu tric cua hop chét tach chiét duqfkac dinh thong qua phén tich
phd va so sanh véi dir liéu da cong bd. Béo cdo nay cung cap binh luan chi tiét vé phd cua berberin, str
dung cac k¥ thuat phd UV-Vis, FT-IR, EI-MS, 'D-NMR vi *D-NMR.

Tir khoéa: berberin, phé hong ngoai, phé khoi ion hoa dién tir, phd cong huong tir hat nhdn




Complete spectral analysis of berberine, a key compound in
Vietnamese traditional remedy “Dai trang hoan Ba Giang”

ABSTRACT.

"Pai trang hoan Ba Gidng", a herbal remedy attributed to the herbalist "Bi Gifing", has been
extensively used in Vietnam for over a century for its purported efficacy in managing ulcerative colitis

and diarrhea. In this study, dried material powders were extracted using 70% ethan

0 produce an

extract called DTBG. Berberine, a prominent compound from DTBG, was isolated using silica gel

mn chromatography. Structural elucidation of the isolated compounds was conducted through a
combination of spectral analysis and comparison with reported data. The ensuing report provides a
comprehensive comment of berberine spectra, utilizing UV-Vis, FT-IR, EI-MS, 'D-NMR, and *D-NMR

techniques.

Keywords: berberine, Infrared spectroscopy, Electron ionization Mass spectrum, Nuclear magnetic

resonance spectroscopy

1 INTRODUCTION

For centuries, Vietnamese traditional medicine
(VTM) has relied on herbal remedies, believed to
be safe, natural, and free from side effects.
Among t iseases treated by VTM, ulcerative
colitis, characterized by symptoms like
abdominal pain, diarrhea, rectal bleeding, and
weight loss, stands out as a significant conan
[1]. Dating back to the early 20" century, "Dai
trang hlal Ba Gifing" (BG) has been a staple in
treating inflammatory bowel disease and diarrhea
in Vietnamese traditional nﬁcine.

Alkaloids, which are organic compounds
containing at least one nitrogen atom in their
structure, are commonly found in plants and are
renowned for their diverse chemical structures
and medicinal properties. The biosynthesis of
alkaloids is intricate and can vary significantly
among the different plant species found in BG.
BG, a traditional herbal remedy, consists of a
combination of key ingredients, such as Radix
Glycyrrhizae  (Cam  thdo),  Atractylodes
macrocephala (Bach truit), Rhizoma Coptidis
oz‘mg lién), Saussurea lappa (Mc huong),
Poria cocos (Bach linh), Codonopsis pilosulae
(Pang sam), a fermentative mixture of herbs
(Than khuc), Myristica fragrans (l\alc dau
khéu), Citrus reticulata (Trdn bi), Hordeum
vulgare (Mach nha), Malus doumeri (Son tra),
Dioscorea persimilis (Hoai son), and Amomum
villosum (Sa nhén).

Several of these ingredients have demonstrated
potent bioactivities. For instance, Rhizoma
Coptidis (Hoang Lién) eabits cytotoxic effects
against various cell lines [2] and anti-proliferative
activity on human esophageal cancer cells [3]. Its
primary constituents, alkaloids, has been shown
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to inhibita.rthritis [4]. Atractylodes macrocephala
shows inhibitory effects against NO production in
activated macrophages, along with
neuroprotective and anti-inflammatory activities,
and induction of apoptosis in human leukemia
oglls [56.7.8].

In this study, dried powders of BG's herbal
materials were extracted using 70% ethanol to
yield an ethanol extract (DTBG).n the
investigation of the primary chemical
constituents of DTBG, berberine was identified,
and its structure was clarified. This study presents
a cmﬂrehensive analysis of UV-Vis, FT-IR, EI-
MS, all 'H/"C resonances in NMR spectra of
berberine in DMSO-d; through one-dimensional
'H/"C and two-dimensional NMR experiments.

2 METHODS
2. General

EI-MS spectrum was obtained on Agilent mass
spectrometer. '"H NMR (500.13 MHz) and "C
NMR (125.77 MHz) spectral data were measured
on a Bruker Avance 500 NMR spectrometer at
room temperature. Chemical shifts were
expressed in 6 (ppm) downfield from afDMSO-
ds an intemal standard and coupling constants
were reported in Hertz.

2.2 HPLC-DAD detection of the
concentrations of the DTBG

The components' c@itentrations were determined
via HPLC-DAD using an Eclipse XDB-Cjy
column (5 pm, 4.6 mm x 250 mm) at 30°C. The
mobile phase comprised solvent A (water with
0.1% formic acid) and so]ven (acetonitrile
with 0.1% trifluoroacetic acid). Gradient elution
started % B, increasing to 65% B over 45
minutes at 0.5 mL/min. Detection occurred over
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60 minutes at 0.25 mL/min, monitoring5290 nm
and 294 nm. Injection volume: 5 pL. Berberine
was detected with a retention time (R,) of 13.37
iputes in the HPLC chromatogram.

2 Herb materials, extraction,
isolation, and purification

The herb materials were provided by Ba Giang
Pharmaceutical Company in Thanh Hoa,
Vietnam. 1 kg of dried BG powder underwent
three extracf®ns, each overnight, at temperatures
between 0-80°C using 70%  ethanol.
Evaporation of the solvent under reduced
pressure produced a crude ethanolic extract
(DTBG), yielding 220 g. DTBG was fractionated
thmugh&ilica gel column chromatography,
eluting with acetone-methanol (100:5) to yield
eleven fractions. Fraction 5 (3.55 g) was further
separated on silica gel using acetone-methanol
mixtures of increasing polarity, resulting in five
subfractions. The 4" subfraction (1.27 g) was
purified using acetone-methanol (1:1) asahe
eluent, followed by additional purification over
silica gel using acetone-methanol-acetic acid
0:30:1) to obtain raw berberine (722 mg).

The raw berberine is dissolved in 10 mL of
methanol and acidified with five drops of
ncentmted hydrochloric acid while gently
warming on a water bath. The resulting deep
yellow solution is then filtered through a filter
paper placed in a warmed funnel into a pre-
warmed flask. After allowing the solution to cool
to room temperature, it is transferred to a
refrigerator (+ 4°C) and left to stand overnight.
Yellow crystals of berbeffthe chloride are
obtained, which are filtered and washed with a
few milliliters of ice-cold methanol. The yield of
berberine chloride is 565 mg, with a melting point

g 195-197°C.

erberine can be seen on TLC with the eluent n-
butanol/ cold acetic acid/water 12:3:4 (v/v) as a
yellow spot with Ry = 0.53. It also shows an
intensive yellow fluorescence, when irradiated
with long wavelength UV -radiation (366 nm).

3 RESULTS AND DISCUSSION

The isolated
as berberine

pound structure was identified
comparing spectral data with

those reported in references [9,10]. Berberine are
classified as protoberberine alkaloid, belonging
to the isoquinoline alkaloid gan These
alkaloids are commonly found -either as
protoberberinium salts, such as berberine or
berberine chloride, or as
tetrahydroprotoberberines. Berberine is known
for its intense green-yellow f]ma;cence, which
is utilized in histology to stain heparin in mast
cells, thereby making them visible under
fluorescent microsco Py

Berberine chloride : yellomowder, EI-MS m/z
336 [M]" (rel.% = 2.6), ' H NMR (DMSO-ds,
S[al3 MHz): 6y 9.92 (1H, s, H-8), 8.97 (1H. s,
H-13),8.21 (1H,d,J=9.0,H-11),8.01 (1H, d, ]
=90,H12), 7.81 (1H, s,H-14),7.12 (1H,s, H-
4), 6.15 (2H, s,f3-2), 4.95 (1H, t,J = 6.5, H-6),
4.12 (3H, s, 9-OCH3), 4.10 (3H, s, 10-OCHs),
3.20 (1H,t,1=6.5,H-5);

5C NMR (DMSO-de, 125.77 MHz): &c 1#9.9 (C-
10), 1493 (C-3a), 147.2 (C-14a), 1450 (C-8),
143.1 (C-9), 137.0 (C-13a), 132.5 (C-12a), 130.2
(C-4a), 126.2 (C-11), 123.0 (C-12), 120.9 (C-
13b). 1200 (C-82). .7 (C-13), 107.8 (C4).
104.8 (@814), 101.5 (C-2).61.5 (C-15). 56.4 (C-
16), 54.7 (C-6), 25.8 (C-5).

berberine chloride

Figure . Structures of berberine chloride from
DTBG
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Fig. 2 displays the HPLC analysis of the pure
isolated compound, berberine, from DTBG. The
purity of the isolated berberine was determined to
be 98.7%. Additionally, HPLC was utilized to
quantify  the conte of several marker
substances. including berberine, in DTBG. The
analysis revealed that the berberine content in
DTBG is approximately 0.63%, as illustrated in
Fig. 3.
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Figure 9 Analysis of berberine by HPLC. The mobile phase was ACN-H>0:0.1% TFA in linear

gradient mode as follows: 0-45 min. The tlow rate was 1.5 mL/min
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Figure 3. Chromatogram of berberine from DTBG. The mobile phase was ACN-H:0:0.1% TFA in
wear gradient mode as follows: 0-45 min. The flow rate was 1.5 mL/min

The most deshielded proton signal at éu 9.92 is
assigned to H-8 duec to its proximity to the
positivelyflcharged N-atom. Correspondingly
(Fig. 4), the signal at oy 8.97 is attributed to
proton H-13 in the same aromatic ring. Signals at
on 8.21 and 8.01 form an AB-spin system with J
=90 Hz, easily identified as the aromatic protons
H-11 and H-12. The NOESY ctrum aids in
individual assignment (Fig. 5). The signal at 6n
8.21 shows an NOE contact with a methoxy

group at éu 4.10, thus assigned to H-11. By
deduction, the oxy signal is attributed to H-
16. Two singlets at 6y 7.81 and 7.12 likely belong
to H-14 and H-INOESY spectrum confirms the
assignment, as H-13 and H-14 exhibit an NOE
contact. The singlet at 6.15 for two protons is

igned to H-2 based on its chemical shift, while

Itiplets at éu 4.95 and 3.20 are assigned to
methylene protons H-6 and H-5.
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Figure 4. '"H-NMR spectrum of berberine chloride in DMSO-ds
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Figure 5. NOESY spectrumget berberine chloride.

Since the proton signals have been fully assigned,
all C-atoms carrying protons can be identified

through the HSQC spectrum (Fig. 6). Indeed, the
13C chemical shifts are notably influenced by the
solvent choice, leading to potential discrepancies
in assignments. The measured values (Fig. 7)
acquired in DMSO-ds align with the assignments
reported by Blasko er al. [9]. However,
identifying the signals corresponding to the
quaternary carbon atoms remains a challenge.
often requiring analysis of the HMBC spectrum
for resolution.

From H-8. we anticipate five HMBC
correlations (Fig. 8 and Fig. 9) to C-6, C-13a, C-
12a, and C-9 over three bonds, and one to C-8a
over two bonds. C-9 should also correlate ‘m
the methoxy protons H-15, as evident, hence
signal at 8¢ 143.1 is ascribed to C-9. C-12a should
also be seen from H-11. Consequently, the signal
at 6c 1325 is desiated for C-12a. A similar
rationale applies to C-13a, which correlates with
H-14; hence the signal at 8¢ 137.0 is assigned to
C-13a.
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Figure 6. HSQC spectrum of berberine chloride.
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1
(C-8a should be seen from H-12 and H-13, as is
the case for the signal at 6¢ 120.0, which therefore
belongs to C-8a. All five HMBC correlations
starting from H-8 are therefore assigned. In the
linear annulated aromatic ring only the
assignment of the quaternary C-atom C-10 is
missing, which, however, is easily found via H-
16 and H-12 at 6¢ 149.9. The four remaining
quaternary C-signals are those from C-4a, C-13b,
C-14a and C-3a from the isolated aromatic ring.
C-3a should correlate with H-2 and H-14. This is
the case for the signal at 5¢  149.3. Analogously,
C-14a should be linked to H-2 and H-4, this
applies to the signal at 6¢ 147.2. The signal from
C-13b at 8¢ 120.9 is recognized by H-13 and H-

80 70 60 50 40 30 3. (ppm)

spectrum of berberine chloride.

4. Finally, the signal from C-4a is assigned via H-
14 and H-6 to 6¢ 130.2.

The UV-Vis spectrum of berberine chloride (Fig.
10) reveals three maxima peaks at 227 nm, 252
nm, and 354 nm, characterized by the logarithm
of the molar absomtivity (lge) values of 0.75.
There is also a weaker fourth peak at 4281m,
having a lge value of 0.15. This absorption i the
blue part of the visible light spectrum gives the
substance its yellow color. The bands in the
compound's conjugated w-system underm a
bathochromic shift due to the presence of four
auxochromic oxygen substituents and the
positively charged quaternary nitrogen atom.
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Figure 8. HBMC spectrum of berberine chloride in the aliphatic "*C region.
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Figure 9. HBMC nectrum of berberinggchloride in the aromatic *C region.

The berberine chloride crystallizes with four band at 1630 a'n" is attributed to a C=N

&ter molecules, which explains the strong O—H ation, while the sharp band at 1600-1450 cm
vibrational band at 3200 cm™! (Fig. 11) in FT-IR corresponds to the C=C stretching of the
spectrum. The C—H stretching region indicates aromatic rings.

sp® and sp* hybridized carbon atoms. The broad
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Figure 10. UV-Vis spectrum of berberine chloride
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Figure 1 1. FT-IR spectrum of berberine chloride in KBr
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Figure 12. EI-MS spectrum of berberine chloride
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Figure 13. Electron transfer in the inlet system results in the formation of ions M* (m/z 336), A™ (m/z
337),and B"" (m/z 335).




The generation of iongijken in the mass spectrum
(Fig. 12) is elucidated by the initial transfer of an
electron from the anion to the cation. The cation
M" from berberine chloride transforms into the
radical M', which then loses the extra elecfflin in
the ion source, resulting in the detection of an ion
with m/z 336 in the mass spectrum. The two
associated ions with m/z 335 and 337 are
produced through the disproportionation of the

radical M" into the neutral molecules A and B,
lowed by ionization (Fig. 13).

The ions at m/z 320,304,292 and 278 are formed
thmu?a common cleavage mechanism. It is
likely that these ions, having an even number of
electrons, follow similar pathways as depicted
here (Fig. 14).
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Figure 14. Cleavage of a methyl group from radical M’ resulting in the formation of neutral molecule

C and its corresponding fragment ions.
4 CONCL N

In summary, the 'H-NMR and "*C-NMR spectra
of berberine chloride have been fully assigned.
Comprehensive  signal interpretation  was
conducted using various 2D-NMR
spectroscopies: HSQC, NOESY, and HMBC.

Furthermore, supplementary techniques
including UV-Vis, FT-IR, and EI-MS were
utilized, yielding precise data for the thorough
structural elucidation of berberine.
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