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Introduction 
Pruritus, an unpleasant cutaneous sensation which provokes 
the desire to scratch, can be local or widespread and is 
associated with atopic dermatitis, uriticaria or systemic 
disorders (cholestasis, uraemia).  Many endogenous chemical 
agents, like amines, proteases, growth factors, neuropeptides, 
opioids, ecosanoids, and cytokines can act as pruritogens[1, 2].  
Itching can cause skin lesions and contribute to severe psycho-
logical disturbances[3].  Therefore, inhibition of this response 
is beneficial for improving the quality of life.  To evaluate the 
anti-pruritic effect of agents, histamine or substance P-induced 
scratching behavioral mouse models were used[1–5].  

The rhizome of Scutellaria baicalensis (SB), which contains 
baicalin as a main constituent, has long been used in China, 

Japan, and Korea as a traditional medicine and functional 
food for inflammation, fever, hepatitis, allergic disease, 
hypertension, etc[6, 7].  Baicalin exhibits anti-inflammatory, 
anti-allergic, anti-oxidant, hepatoprotective, and anti-tumor 
effects[8–10].  It is generally assumed that baicalin is poorly 
absorbed from the gastrointestinal tract in its native form and 
must be hydrolyzed by intestinal microflora in the intestine 
to their aglycones in human and rats[11, 12].  The metabolite, 
baicalein, is subsequently conjugated to baicalin, baicalein 
6-O-β-glucuronide-7-O-sulfate and baicalein 6,7-diglucuronide 
in the gut mucosae, liver, and blood[13–17].  Akao et al suggested 
that baicalin might be hydrolyzed to baicalein by intestinal 
bacteria, absorbed into the blood and conjugated with 
glucuronic acid and/or sulfuric acid[11].  However, Abe et al  
found two kinds of metabolites, two baicalein conjugates and 
one oroxylin A conjugate, as main metabolites in the bile of 
rats orally treated with baicalin[13].  Nevertheless, it has not 
been clarified where baicalein is transformed to oroxylin A.
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Therefore, to investigate the relationship between the 
metabolites of baicalin and their pharmacological effects, we 
isolated baicalin from SB, indentified its metabolites by human 
fecal microflora, and investigated their inhibitory effect in 
experimental scratching behavior induced by histamine or 
compound 48/80 in mice.  To understand the role of intestinal 
microflora in their anti-scratching behavioral effect, we also 
investigated their inhibitory effects in antibiotics-treated mice.  

Materials and methods
Drugs and chemicals
Azelastine, histamine, and compound 48/80 were purchased 
from Sigma Chemical Co (St Louis, MO, USA).  Baicalin 
(purity, >95%) was purified from the rhizome of Scutellaria 
baicalensis according to the previously reported methods of 
Takido et al[18].  

Metabolism of baicalin by human intestinal microflora
Five fecal specimens (each, about 30 g) from human males in 
their twenties were collected, and then mixed and suspended 
with cold 270 mL saline according to a previous method[19].  
The fecal suspension was centrifuged at 100×g for 5 min.  The 
supernatant was then centrifuged at 10 000×g for 20 min.  The 
resulting precipitates (about 3 g) were used as a metabolic 
enzyme source for the assay of enzyme activity.  The prepara-
tion and assay of the enzyme source were performed within 
24 h at 4 oC.  

To identify the metabolites of baicalin by human intestinal 
bacteria, the reaction mixture contained 100 mg of baicalin 
and 2.5 g fresh human feces in a final volume of 100 mL of 
anaerobic dilution medium.  The mixture was incubated at 
37 oC for 20 h.  An aliquot (1 mL) of the reaction mixture was 
periodically extracted with ethyl acetate, concentrated, dis-
solved in MeOH, and their metabolites were analyzed by 
LC-MS/MS [Agilent 1200 series LC-MS/MS system consisting 
of a quaternary pump, a vacuum degasser, an autosampler, a 
thermostat column compartment, a diode array detector, and 
an Agilent G6410 triple quadrupole mass spectrometer with 
an electro spray ionization (ESI) source]: column, ZORBAX 
Extend C18 (100 mm×2.1 mm id, 1.8 µm, Agilent); elution 
solvent, a linear-gradient applied by 5% solvent A to 95% B 
for 13 min (solvent A-0.1% aqueous formic acid and solvent 
B-acetonitrile); and elution rate, 0.3 mL/min.  Mass spectra 
was acquired in ESI mode using nitrogen gas at a temperature 
of 350 °C, flow rate of 10 L/min, nebulizer pressure of 45 psi, 
quadrupole temperature of 30 °C, and capillary voltage of 
4000 V.  The mass spectrometer was operated in positive mode 
with multiple reaction monitoring (MRM).  The instrument 
was controlled and data were processed by Agilent Mass-
Hunter workstation software (Rev B.01.00).

Each odd reaction mixture was evaporated to afford an 
EtOAc fraction (0.1 mg).  The ethyl acetate fraction was sub-
jected to a mediurn pressure liquid chromatography (MPLC) 
equipped with a slica gel 100 C18 column (3 cm×50 cm) - 
reversed phase eluted with 30% MeOH (5 L).  The EtOAc 

fraction of baicalin afforded two metabolites, baicalein 
(21 mg) and oroxylin A (11 mg).  These metabolites were 
verified by comparison of their NMR data with those of the 
litera tures[18, 20].

Baicalein 
Pale yellow needles.  mp 258–260 oC, FABMS ( ): 271 [M+1]+.  

Oroxylin A
Pale yellow needles.  mp 203–204 oC, FABMS (m/z): 285.5 
[M+1]+.  

Animals
The male ICR and BALB/c mice (18–22 g) were supplied from 
Charles River Orient Experimental Animal Breeding Center 
(Seoul, Korea).  All animals were housed in wire cages at 
20–22 oC, a relative humidity of 50%±10%, a frequency of air 
ventilation of 15–20 times/h, and 12 h illumination (0.7:00–
19:00; intensity, 150–300 Lux), fed standard laboratory chow 
(Charles River Orient Experimental Animal Breeding Center, 
Seoul Korea) and allowed water ad libitum.  All procedures 
relating to the animals and their care conformed to the inter-
national guidelines ‘Principles of Laboratory Animals Care’ 
(NIH publication No 85–23, revised 1985; Kyung Hee Univer-
sity, Animal Experiment guideline 2006).

Scratching behavioral experiment
Before the experiment, ICR and BALB/c mice were put into 
acrylic cages (22 cm×22 cm×24 cm) for about 10 min for 
acclimation.  The scratching behavioral experiments were 
performed according to the method of Sugimoto et al[21].  The 
rostral part of the skin on the backs of mice was clipped, 
and 300 µg/50 µL of histamine (in ICR mice) or 50 µg/50 µL 
of compound 48/80 (in BALB/c mice) for each mouse was 
intradermally injected with the use of a 29 gauge needle.  The 
scratching agents were dissolved in saline prior to injection.  
Control mice received a saline injection in place of the 
scratching agent.  Immediately after the intradermal injection, 
the mice (one animal/cage) were put back into the same cage  
for the observation of scratching behavior; their behaviors 
were recorded using an 8-mm video camera (SV-K80, 
Samsung, Seoul, Korea) under unmanned conditions.  The 
scratching behavioral frequency of the injected site by the hind 
paws was counted and compared with that of other sites, such 
as the ears.  Each mouse was used for only one experiment.  
The mice generally showed a scratching behavioral frequency 
of several scratching behaviors per second, and a series of 
these behaviors were counted as one incident of the scratching 
behaviors for 60 min.  

Test agents were orally or intraperitoneally administered 
either 1 or 5 h before treatment with the scratching agent, 
histamine, in mice treated with or without antibiotics.  The 
antibiotics-treated groups were treated with streptomycin (100 
mg/kg) and tetracycline (50 mg/kg) orally 24 h before the 
injection of histamine, a scratching inducer.



720

www.nature.com/aps
Trinh HT et al

Acta Pharmacologica Sinica

npg

Measurement of vascular permeability
The increase in vascular permeability caused by histamine 
was assessed as reported previously[22].  After the intradermal 
injection of 300 µg/50 µL of histamine into the rostral part of 
the back of each mouse, 0.2 mL of 1% Evans blue solution in 
saline was injected intravenously.  Baicalin and baicalein were 
orally administered 1 h before treatment with histamine.  Mice 
were sacrificed 60 min later by ether and the scratching agent-
injected site excised.  The skin specimen was dissolved in 1 mL 
of 1 mol/L KOH solution by overnight incubation, and 4 mL 
of a mixture of 0.2 mol/L phosphoric acid solution-acetone 
(5:13) was added.  After vigorous shaking, the precipitates 
were filtered off and the amount of dye was measured 
colorimetrically at 620 nm.  

Histopathologic examination
The skin specimen injected with histamine, was postfixed in 
50 mmol/L phosphate buffer (pH 7.4) containing 4% para-
formaldehyde overnight and then immersed in 30% sucrose 
solution (in 50 mmol/L phosphate buffered saline).  Frozen 
specimen was sectioned in a cryostat at 30 μm and stained 
with hematoxylin-eosin, and then assessed under light micros-
copy.

Anti-histamine action assay
Male Hartley guinea pigs (300±30 g) were sacrificed by exsan-

guination and the ilea were prepared in cold Tyrode’s solu-
tion.  The prepared ileal strip was then suspended in a 10 mL 
Magnus tube (32 oC, 95 % O2+5% CO2) containing Tyrode’s 
solution.  Each test agent was added to the preparation 30 
s before treatment with histamine (1×10-6 mol/L).  The per-
centage contraction is shown as a percentage of the maximal 
response to histamine.

Statistical analysis
All the data were expressed as the mean±standard deviation, 
and statistical significance was analyzed by one way ANOVA 
followed by Student-Newman-Keuls test.

Results
Metabolism of baicalin by human intestinal microflora
To investigate the metabolites of baicalin produced by human 
intestinal microflora, it was anaerobically incubated with 
human fecal microflora for 20 h and analyzed by LC-MS/
MS (Figure 1A).  In the reaction mixture of baicalin, two 
metabolites, one major and one minor, were observed.  A 
main metabolite possessed an MS peak at m/z=271 [M+1]+, 
and the minor metabolite produced an MS peak at m/z=285.5 
[M+1]+ (Figure 1A).  In order to identify these metabolites, we 
anaerobically incubated baicalin with human fecal microflora, 
isolated its metabolites and analyzed them by 1H and 13C 
NMR.  When their NMR data were compared with those of 

Figure 1.  Metabolism of baicalin by human fecal microflora.  (A) Identification of baicalin isolated (a) and baicalin meta bolites with LC-MS/MS; (i) 
baicalin, (ii) baicalein, and (iii) oroxylin A.  (B) Activity of baicalin metabolism by human fecal microflora.  (n=5).  (C) Proposed pathway of baicalin 

metabolism by human intestinal microflora.  →, main pathway;  , minor pathway.
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the literatures[18, 20], the metabolites having (m/z): 271 [M+1]+ 
and 285.5 [M+1]+ ion peaks in FAB-MS were baicalein and 
oroxylin A, respectively.  

When the baicalin-metabolizing activity of five human 
fecal specimens was preliminarily assayed, the average of the 
hydrolyzing activity of baicalin to its aglycone was 40.2±26.2 
nmol·h-1·mg-1 wet weight of fecal bacteria (Figure 1B).  The 
transforming activity of baicalin to oroxylin A was 1.2±1.1 
nmol·h-1·mg-1 wet weight of fecal bacteria.  

Effect of orally administered baicalin and its metabolites on 
scratching behavior induced histamine or compound 48/80 in 
mice
SB reduced scratching behavior induced by histamine or 
compound 48/80 (Figure 2A).  Therefore, we isolated baicalin, 
a main constituent of SB, and its metabolites, baicalein and 
oroxylin A, and their inhibitory effects were investigated in 
scratching behavior induced by histamine (Figure 2B).  When 
baicalin at doses of 20 and 50 mg/kg was administered 
orally 1 or 5 h before treatment with histamine, it inhibited 
the scratching behavior.  When baicalin (50 mg/kg) was 
administered orally 5 h before treatment with histamine, it 
had a more potent inhibitory effect on the scratching behavior 
than when administered 1 h before treatment with histamine 
(P<0.05).  When its metabolites, baicalein and oroxylin A, at 
doses of 20 and 50 mg/kg were administered orally 1 or 5 h 
before treatment with histamine, these metabolites 1 h before 
treatment with histamine had a more potent inhibitory effect 
on the scratching behavior than when administered 5 h before 
treatment with histamine.  

We also investigated the inhibitory effects of baicalin, 
baicalein, and oroxylin A on compound 48/80-induced 
scratching behavior (Figure 2C).  The oral administration of 
baicalin at doses of 20 and 50 mg/kg 5 h before treatment 
with compound 48/80 had a more potent inhibitory effect 
on scratching behavior than baicalin 20 and 50 mg/kg  
administered 1 h before treatment with compound 48/80, 
which was similar to histamine.  The metabolites, baicalein 
(20 and 50 mg/kg) and oroxylin A (50 mg/kg), when 
administered 1 h before treatment with histamine, inhibited 
the scratching behavior compared to administration 5 h before 
treatment with histamine.  

Effects of intraperitoneally administered baicalin and its 
metabolites on histamine-induced scratching behavior in mice
The inhibitory effects of intraperitoneally administered baic-
alin and its metabolites, baicalein and oroxylin A, (10 and 
20 mg/kg) on histamine-induced scratching behavior were 
measured (Figure 3).  Although all these agents, baicalin and 
its metabolites, inhibited the scratching behavior, baicalein 
and oroxylin A were more effective than baicalin.  The anti-
scratching behavior activity of oral baicalin and its metabolites 
was  in proportion to their inhibition on histamine-induced 
increase of vascular permeability with oroxylin A more potent 
than baicalein and baicalin.

Effects of orally administered baicalin, baicalein, and oroxylin A 
on histamine-induced scratching behavior in antibiotics-treated 
mice
To understand the role of intestinal microflora in the anti-
scratching behavioral effect of baicalin, the inhibitory effects 

Figure 2.  Inhibitory effects of orally administered Scutellariae rhizome 
extract (SB ex), baicalin, its metabolites, and azelastine, on scratching 
behavior induced by histamine or compound 48/80 in mice.  The 
scratching behavior was induced by histamine and compound 48/80 in 
ICR and BALB/c mice, respectively.  (A) Effect of SB ex.  Treatment with SB 
ex (100 mg/kg) or azelastine (10 mg/kg) orally 5 h before the intradermal 
injection of 300 μg/50 μL of histamine or 50 μg/50 μL of compound 
(Cpd) 48/80.  (B) Effect of baicalin, baicalein, oroxylin A and azelastine 
in histamine-induced scratching behavior in ICR mice.  (C) Effect of 
baicalin, baicalein, oroxylin A and azelastine on compound 48/80-induced 
scratching behavior in BALB/c mice.  These agents [10 (gray bar), 20 
(white bar) and 50 mg/kg (black bar)] were administered orally 1 or 5 h 
before the intradermal injection of histamine or compound 48/80.  The 
frequency of scratching behavior in the normal group treated with saline 
alone for 1 h were 2±1, respectively, and the frequency of scratching 
behavior in the control group treated with histamine in ICR mice and 
compound 48/80 in BALB/c mice was 89±5 and 168±18, respectively.  
The values indicate the mean±SD (n=6).  bP<0.05.  
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of baicalin and its metabolites, baicalein and oroxylin A, in 
mice treated with and without antibiotics were investigated 
(Figure 4).  Baicalin inhibited histamine-induced scratching 
behavior in mice treated with and without antibiotics.  Of 
them, oral administration of baicalin in antibiotics-untreated 
mice showed a more potent inhibition than in antibiotics-
treated mice.  However, the anti-scratching behavioral effects 
of baicalein and oroxylin A on mice treated with and without 

antibiotics were not different.  Their anti-scratching behavioral 
effects were more potent than that of baicalin.  

Anti-histamine effect of orally administered baicalin, baicalein 
and oroxylin A 
When histamine was used as an inducer for scratching, the 
histamine not only induced scratching behaviors, but also 
increased vascular permeability.  Baicalin, baicalein and 
oroxylin A at doses of 20 and 50 mg/kg inhibited vascular 
permeability induced by histamine (Figure 5A).  The inhibi-
tory activities of these compounds against vascular perme-
ability were in proportion to the inhibition against scratching 
behavior.  The histopathologic examination of skin specimens 
showed that histamine caused massive edema of epithelial 
cells, but baicalin, baicalein or oroxylin A inhibited histamine-
induced edema (Figure 5B).  Among the test agents, oroxylin 
A had the most potently inhibitory effect.  

These compounds also significantly inhibited the contraction 
of guinea pig ileum induced by histamine (Figure 6).  Of them, 
oroxylin A most potently inhibited it, with 50% inhibitory 

Figure 3.  Inhibitory effects of baicalin, its metabolites, and azelastine 
administered intraperitonelly on histamine-induced scratching behavior 
in mice.  The scratching behavior was induced by histamine in ICR mice.  
Mice were treated with or without intraperioneal administration of the test 
agents [5 (gray bar), 10 (white bar) and 20 mg/kg (black bar)] 1 h before 
the intradermal injection of 300 μg/50 μL of histamine into the skin on 
the backs of mice.  The frequency of scratching behavior in the normal 
(treated with saline alone) and control groups (treated with histamine) for 
1 h was 2±1 and 85±4, respectively.  The values indicate the mean±SD.  
(n=6).  bP<0.05.  

Figure 4.  Inhibitory effects of baicalin, baicalein, and azelastine 
administered orally on histamine-induced scratching behavior in mice 
treated with or without antibiotics.  The scratching behavior was induced 
by histamine in ICR mice treated with or without antibiotics.  The 
antibiotics were administered orally 1 d before histamine treatment.  
Oral administration of test agents [10 (gray bar), 20 (white bar), and/
or 50 mg/kg (black bar)] was given 1 h before the intradermal injection 
of 300 μg/50 μL of histamine into the skin on the backs of mice.  The 
frequency of scratching behavior in the normal group treated with saline 
alone in normal and antibiotics-treated mice for 1 h were 2±2 and 2±1, 
respectively, and the frequency in the control group treated with histamine 
in normal and antibiotics-treated mice was 84±4 and 87±5, respectively.  
Ba, baicalin; ABa, baicalin with antibiotics; Be, baicalein; ABe, baicalein 
with antibiotics; Oa, oroxylin A; AOa, oroxylin A with antibiotics; A, 
azelastine; AA azelastine with antibiotics.  The values indicate the 
mean±SD.  n=6.  bP<0.05.  

Figure 5.  Inhibitory effects of baicalin, its metabolites, and azelastine 
administered orally on vascular permeability increased by histamine in 
mice.  (A) Effect in vascular permeability.  The vascular permeability was 
increased by histamine in ICR mice.  Mice were treated with or without the 
oral administration of test agents [10 (gray bar), 20 (white bar), and/or 50 
mg/kg (black bar)] 1 h before the intradermal injection of 300 µg/50 µL of 
histamine into the skin on the backs of mice.  In the vascular permeability 
assay, the amount of Evan blue extravasated from the dorsal skin (1 
cm×1 cm) of the control group stimulated with histamine and the vehicle-
treated group was 12±3 µg and 4±2 µg, respectively.  The values indicate 
the mean±SD.  (n=6).  bP<0.05 vs baicalin (50 mg/kg) treated group.  (B) 
Histologic photograph.  The skin tissues were stained with hematoxylin-
eosin and assessed by light microscopy.
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concentration of 0.28 mmol/L, although its inhibitory potency 
was slightly weak, compared to those of azelastine, a commer-
cially available anti-histamine drug.

Discussion
The inhibitory effects of SB and baicalin against allergic disease, 
asthma and inflammation have been reported[23–25].  However, 
its anti-scratching behavioral effect has not been thoroughly 
examined.  During the screening program to discover anti-
scratching behavioral compounds from natural products, 
SB was found to show inhibitory activity on histamine or 
compound 48/80-induced experimental scratching behavior.  
To understand its anti-scratching behavioral effect, we first 
isolated its main constituent, baicalin, and identified its 
metabolites produced by fecal microflora.  Because, among 
the components of orally administered herbal medicines 
including SB, hydrophilic constituents, such as baicalin, are 
inevitably brought into contact with intestinal microflora in 
the alimentary tract, metabolized by intestinal microflora and 
may be absorbed from the intestine to the blood.  Therefore, 
studies on the metabolism of the constituents by human 
intestinal microflora are of a great importance to an under-
standing of their biological effects[26, 27].  When baicalin was 
anaerobically incubated with human fecal suspension, it was 
metabolized to its aglycone baicalein, and then produced 
oroxylin A.  These metabolites may be absorbed from the 
intestine into the blood.  This suggestion is supported by the 
previous reports that baicalein 6-O-glucuronide-7-O-sulfate, 
baicalein 6,7-diglucuronide and oroxylin A 7-O-β-glucuronide 
were detected in the bile of rats orally treated with baicalin[13] 
and that baicalein conjugates was detected in the blood of rats 
orally treated with baicalin[16, 17].

Next, we evaluated the anti-scratching behavioral effects 
of baicalin and its metabolites on histamine or compound 
48/80-induced scratching behavior in mice.  Histamine and 
compound 48/80 were injected intradermally into the rostral 

part of the skin on the backs of mice, and the scratching 
behavior frequencies were evaluated for 60 min.  These 
scratching agents potently induced scratching behaviors in 
ICR and BALB/c mice, as previously reported[28].  In particular, 
compound 48/80 caused vigorous scratching behaviors in ICR 
mice.  Precise quantification of scratching behavior frequencies 
was not possible; however, BALB/c mice were insensitive 
for histamine.  Therefore, histamine- and compound 
48/80-induced scratching behavior was induced in ICR and 
BALB/c mice, respectively.  When baicalin was administered 
to mice orally 1 or 5 h before treatment with histamine or 
compound 48/80, baicalin exhibited a potent anti-scratching 
behavior effect.  The oral administration of baicalin 5 h before 
treatment with these scratching agents potently inhibited 
the scratching behavior induced by histamine or compound 
48/80 more than when administered orally 1 h before.  When 
the metabolites, baicalein and oroxylin A, were administered 
orally 1 h before treatment with the scratching agent, the 
metabolites had a potent inhibitory effect on the scratching 
behavior.  These results suggest that, to generate the anti-
scratching behavioral effect of baicalin, it may take a time (6 h) 
for baicalin to be metabolized to baicalein and/or oroxylin A.  

Next, to clarify the role of intestinal bacteria in the meta-
bolism of baicalin, the anti-scratching behavioral effect 
of baicalin and baicalein microflora was investigated in 
antibiotics-treated mice.  The anti-scratching behavioral 
effect of baicalin was attenuated in antibiotics-treated mice 
compared to the effect in antibiotics-untreated mice, whereas 
the intraperitoneal and oral administration of baicalein and 
oroxylin A did not affect the anti-scratching behavioral effect 
in mice.  The results suggest that the anti-scratching behav-
ioral effect of baicalin may be dependent on its metabolites 
produced by intestinal microflora.  Oral administration of 
baicalin and its metabolites inhibited the vascular permeability 
increased by histamine; however, the metabolites, baicalein 
and oroxylin A, had potent anti-histamine activity in a 
guinea pig ileum in vitro assay, with more potent inhibition 
by oroxylin A than baicalein.  The inhibitory activity of these 
metabolites against vascular permeability was in proportion 
to the inhibition against scratching behavior.  Among the test 
agents, oroxylin A had the most potently inhibitory effect 
on vascular permeability.  These results suggest that the oral 
administration of baicalin may be metabolized to baicalein 
and oroxylin A by intestinal microflora, and these metabolites 
may exert anti-scratching behavioral effects by anti-histamine 
action.

These agents also inhibited compound 48/80-induced 
scratching behavior in BALB/c mice, which is insensitive to 
histamine[29].  The compound48/80 causes mast cell-indepen-
dent scratching behavior[30].  

Based on these findings, baicalin may be metabolized to 
baicalein and oroxylin A by intestinal microflora and its anti-
pruritic effect may be due to the anti-histamine and unknown 
actions of the metabolites, baicalein and oroxylin A, than the 
parent constituent.

Figure 6.  Anti-contraction effect of baicalin, its metabolites, and 
azelastine in Magnus test using guinea pig ileum.  The ileal strip was set 
in a 10 mL Magnus tube (32 ºC, 95% O2+5% CO2) containing Tyrode's 
solution.  Each test agent [0.1 mmol/L (gray bar) and 0.4 mmol/L (black 
bar), dissolved in 2% trition X-100] was added to the preparation 30 s 
before treatment with histamine (1×10-6 mol/L).  The values indicate 
mean±SD.  (n=3).  bP<0.05 vs 0.1 mmol/L baicalin treated group.  
eP<0.05 vs 0.4 mmol/L baicalin treated group.
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