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Scutellaria baicalensis Georgi (Huangqin or Chinese Skullcap) has been used 
to treat inflammatory-related disorders in China and other Asian countries 
for centuries, and is a major ingredient of many traditional Chinese 
medicines. The main constituents of the root of Scutellaria, baicalin along 
with its aglycone, baicalein, are important components of some modern 

formulations. In bioavailability studies investigating baicalin, the authors 
found a substance, as a metabolite of baicalin in rabbit plasma, after oral 
administration of baicalin. Orally administered pure baicalin and the 
metabolite was detected in rabbit plasma using high-performance liquid 
chromatography, and the structure of the metabolite was elucidated using 
electrospray ionization mass spectrometry methods.  
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The root of Scutellaria baicalensis Georgi (Huangqin in Chinese) 
is one of the most widely used traditional Chinese medicines 

(TCMs), and is officially listed in the Chinese pharmacopoeia (1). 
It has been used for dissipating heat, moistening aridity, purging fire, 
detoxifying toxicosis and anti-inflammation (2) expressed in the terms 
of TCM, as well as anti-cancer (3), anti-bacteria and anti-virus, anti-
oxidant activities (4), reducing total cholesterol levels and decreas-
ing blood pressure in the terms of modern medicine (5,6). Baicalin 
(baicalein 7-O-β-glucopyranuronoside [Figure 1]) is a well-known 
bioactive component in the roots of S baicalensi. Baicalin can protect 
the myocardium from reperfusion-induced damage in isolated rat 
hearts via the antioxidant and paracrine (7), inhibit 3T3-L1 preadi-
pocytes differentiation by down-regulation of PDK1/Akt phosphoryla-
tion (8), and attenuates brain edema in a rat model of intracerebral 
hemorrhage (9). Glucuronidation is the main metabolic pathway for 
baicalin (10,11). Five biliary metabolites have been identified after 
oral administration of baicalin to rats. The major same metabolites 
of baicalin in Scutellaria extract and Shuanghuanglian were baicalin-
6-O-β- glucopyranuronoside-7-O-β-glucopyranuronoside, baicalin-
6-O-glucoside-7-O-β-glucopyranuronoside and 6-O-methyl-baicalin 
-7-O-β-glucopyranuronoside, baicalin-6-O-β-glucopyranuronoside 
and baicalein (11). Three biliary metabolites have been identified after 
oral administration of baicalin to human. The major same metabolites 
of baicalin were baicalein-6-O-β-glucopyranuronosideβ6-O-methy-l 
baicalin-7-O-β-glucopyranuronoside and baicalin (12). Baicalein-6-
O-β-glucopyranuronoside has been detected as a major metabolite 
besides baicalin in plasma after oral administration of baicalin to rats 
(13). The conjugated metabolites are readily hydrolyzed by the enzyme 
β-glucuronidase/sulfatase to free aglycone, and baicalin has been found 
to be absorbed from the gastrointestinal tract as its aglycone, which is 
restored to the baicalin parent drug by glucuronidation in the intestine 
and the liver in vivo (14). The present study investigated metabolites 
of baicalin in rabbit plasma.

methods
1) Chemicals and reagents: Baicalin (Batch No.111432-200807) and 
baicalein (Batch No.111595-200604) were purchased from the 
National Institute for the Control of Pharmaceutical and Biological 

Products (Beijing, China). Methanol (HPLC grade) was purchased 
from MREDA (USA). Pure water was prepared by distillation of de-
ionized water.
2) Animals: Five male rabbits (mean [± SD] weight 1.5±0.2 kg) were 
housed one per cage with water and a solid diet freely available, and 
maintained at 22±3°C with 40% to 70% relative humidity. The rab-
bits were fasted overnight for at least 12 h with ad libitum access to 
water. Each rabbit was given an oral dose of 240 mg/kg of baicalin. 
Blood samples were collected from auris edge vein of the rabbit at 1 h 
before dosing for blank control and at 1.5 h after dosing. The blood 
samples were centrifuged immediately to recover plasma. In all cases, 
animal experiments scrupulously respected the Department of Health 
Principles of Using Laboratory Animals.
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Figure 1) Structure of baicalin
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3) Sample preparation: Blood samples collected from the auris edge 
vein of the rabbit were immediately centrifuged at 3000 rpm (LG16-W 
centrifuge, (Beijing, China). The rabbit plasma (0.2 mL) was mixed 
with 1.8 mL of methanol, and the mixture of plasma and methanol was 
swirled using ZH-2 Automatism Whirlpool Mix Apparatus (Tianjin, 
China). After sonication of the mixture for 10 min using CX-500 
ultrasonic apparatus (Beijing, China), the mixture was centrifuged again 
and the supernatant was filtered through a membrane filter (0.45 μm, 
Millipore) and 10 μL of filtrate was injected for HPLC analysis.

Baicalin solution (solution A) was prepared by weighting exactly 
4 mg of baicalin standard and dissolved into 50 mL of methanol and 
diluted, again yielding a 4 μg/mL baicalin methanol solution. At the 
same time, the following samples for HPLC analysis were prepared by 
the methods mentioned above. Solution B was a blank plasma sample; 
solution D was the baicalein standard; solution C was the plasma 
sample after oral administration of baicalin to the animals; solution E 
was a mixture of solutions A, C and D.
4) HPlC analysis: The analysis was performed using a JASCO 
LC-10A series (Japan) liquid chromatograph equipped with a JASCO 
pump (model PU-1580), a JASCO detector (model UV-1575) and a 
column oven. A SUPELCO C18 reverse-phase column (250×4.6 mm, 
5 μm, Discovery, USA) protected by a guard column was used. A 
MeOH-H2O-formic acid (55:45:0.1, V:V:V) was used as mobile phase 
at a flow rate of 0.5 mL/min. Samples were filtered through a mem-
brane (0.45 μm, Millipore) and 10 μL was injected. Chromatograms 
were recorded at 279 nm using the UV detector. The chromatograms 
of the samples are presented in Figures 2 to 6.  
5) lC-MSn analysis: LC-MSn analyses were performed using the 
Agilent Technologies 6310 Lon Trap LC/MS (USA), Ultra equipped 
with an electrospray ion source. The separation was performed using a 
SUPELCO C18 reverse-phase column (250×4.6 mm, 5 μm, Discovery, 
USA) with a guard column. MeOH-H2O- formic acid (55:45:0.1, 
V:V:V) was used as mobile phase, at a flow rate of 0.2 mL/min. Samples 
were filtered (0.45 μm, Millipore) and 50 μL was directly injected. 

The mass spectral analysis was performed in a positive electrospray 
ionization mode. The capillary voltages was set at 4.5 kV. The nebulizer 

gas was set at 25 psi; the vapourizer temperature was set at 350°C. 
Collision-induced dissociation (CID) studies were performed using a 
collision energy of 30 eV. The ionspray interface and mass spectromet-
ric parameters were optimized to obtain maximum sensitivity at unit 
resolution. The LC-MSn spectra of the metabolite of baicalin are 
presented in Figure 7. 

RESulTS AnD DISCuSSIOn
HPlC identification of baicalin metabolites 
Figure 2 is HPLC chromatogram of baicalin and Figure 3 shows the 
HPLC chromatogram of the blank plasma sample. Figure 4 is the 
HPLC chromatogram of rabbit plasma samples after oral administra-
tion of baicalin, Figure 5 is HPLC chromatogram of baicalein. Figure 6 
shows that the detected peaks in plasma sample after oral administra-
tion of baicalin in rabbit was not baicalin and baicalein. 

lC-MS/MS identification of the metabolites of baicalin 
As illustrated in Figure 7, the positive electrospray mass spectrum of 
metabolite of baicalin showed a (M+H)+ ion at m/z 447. The CID spec-
trum of m/z 447 generated only one of fragment ions at 271(M+H)+. 
The fragment ion at 271 was generated from the loss of 176 (C6O6H8) 
from the ion at m/z 447. The maximum ultraviolet absorption peak for 
metabolite of baicalin was 277 nm and 317 nm, which was different 
from that of baicalin in 270 nm and 316 nm. The fragmentation path-
way is illustrated in Figure 8. The major metabolites of baicalin was 
baicalein-6-O-β-glucopyranuronoside.

Rabbits and rats are different species. Baicalin metabolic compon-
ents may be different in their plasma, in the present experiment, only 
one type of metabolic component of baicalin was found, and the con-
tent was high, the remainder of the components (including baicalin) 
were not detected. The reason may be that all baicalin converted into 
the metabolic component.

In the present study, we found that baicalin was converted mostly 
into its metabolic component after it was absorbed into the blood-
stream of the rabbits. It suggests that it is the metabolic component of 
baicalin, not baicalin itself, should be measured in the study of baicalin 

figure 2) HPLC chromatogram of baicalin (1)

figure 3) HPLC chromatogram of the blank plasma sample

figure 4) HPLC chromatogram of rabbit plasma sample after administered 
baicalin. The new metabolite is represented as peak 2

figure 5) HPLC chromatogram of baicalein. 3 Baicalein
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pharmacokinetics and when the drug concentration-time curve was 
drawn in rabbit .

In our study investigating the relative bioavailability characterisitics of 
Sanhuang tablets, a new metabolite of baicalin was detected by HPLC. To 
confirm the finding, pure baicalin was administered orally to rabbits and 
the same metabolite was detected in the rabbit plasma with HPLC-UV 
detection. To further elucidate the structure of the metabolite, an 
HPLC-MSn method was used to analyze the structure. It is a metabolite 
of baicalin, which is not stable (15). In the present study, we found the 
metabolite of baicalin was baicalein-6-O-β-glucopyranuronoside. It was 
different from the metabolite of baicalin in Sanhuang tablets in our 
previous study.
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figure 6) HPLC chromatogram of a mixture of solutions A and C. 1 
Baicalin; 2 New metabolite; 3 Baicalein

figure 7) LC-MSn spectra of metabolite of baicalin (m/z 447) obtained 
using positive ion electrosprary and CID (top: baicalin, bottom: 
metabolite)

figure 8) The major metabolic pathway of baicalin in rabbits
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