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ABSTRACT 
 
Production of baicalein, baicalin and wogonin by liquid culture of Scutellaria baicalensis cells derived from the 
plant root was studied.  The maximum production obtained were 119 mg/L of baicalein at two week, 1372 mg/L of 
baicalin at eight week, and 14 mg/L of wogonin at two week.  In addition, the production of baicalin was drastically 
increased to 1000 mg/L level at 3-week culture, and the extremely high production rate (339 mg/L•week) was 
obtained.  In the comparison of total antioxidative activities among baicalein, baicalin and wogonin, evaluated by 
thiocyanate method, it was suggested that the location of hydroxyl groups both at 5- and 6-position contributed to 
enhancement of radical scavenging activity, and/or methoxylation at 8-position diminished the activity.  The 
possibility of utilizing these flavonoids for natural antioxidants and medicine is also discussed. 
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INTRODUCTION 
 
Scutellaria Radix (wogon) is the dried root of 
Scutellaria baicalensis and has been used as a 
traditional Chinese medicine to treat allergic and 
inflammatory diseases in Japan and China (Tang 
and Eisenbrand, 1992).  The pharmacologic 
actions of Scutellaria Radix such as reduction of 
blood pressure and suppression of allergic actions 
have been studied (Kimura et al., 1981; Sekiya and 
Okada, 1982).  The major components of 
Scutellaria Radix are baicalein (5,6,7-
trihydroxyflavone), baicalin (baicalein 7-D-β-
glucronate) and wogonin (5,7-dihydroxy-8-
methoxyflavone).  These flavonoids are well-
known natural antioxidants (Gao et al., 2001; 

Shieh et al., 2000).  However, total antioxidative 
activities evaluated by general method, linoleic 
acid emulsion system, have not been reported.  On 
other hand, various physiologic activities of these 
flavonoids have been studied.  The inhibitory 
effects of baicalein and baicalin on expansion of 
human viruses (Bayer et al., 1992; Wu et al., 1995), 
and a protective effect of baicalin on renal cell 
injury (Yokozawa et al., 1999) have been reported.  
It was also reported that baicalein, baicalin and 
wogonin showed suppression activity against the 
production of nitric oxide/prostaglandin E2 (Chen 
et al., 2001; Chi et al., 2001) and proliferation of 
cancer cells (Chan et al., 2000; Chen et al., 2002; 
Matsuzaki et al., 1996; Okita et al., 1993; Yano et 
al., 1994). 
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Considering the industrial production of S. 
baicalensis-derived flavonoids for medical use, 
production yield is still low and the product cost is 
high.  To increase the production of flavonoids by 
cultivation of S. vaicalensis cells, several trials in 
vitro using callus cultures and Agrobacterium-
induced hairy root cultures have been reported 
(Hirotani et al., 1998; Stojakowska and Malarz, 
2000; Yamamoto et al., 1986; Yamamoto, 1991).  
However, the production of flavonoids by liquid 
culture of S. baicalensis cells has not been studied.  
In this study, we report the productivity of 
Scutellaria Radix flavonoids by liquid culture of S. 
baicalensis cells.  In addition, the total antioxi-
dative activities of baicalein, baicalin and wogonin 
were also determined in linoleic acid emulsion 
system. 
 
 
MATERIALS AND METHODS 
 
Culture of S. baicalensis cells 
Cell culture established from the root of S. 
baicalensis Georgi was kindly provided from Dr. 
Hisako Yamamoto, School of Pharmacy, Hokuriku 
University. A modified Murashige-Skoog medium 
was used for liquid culture of the cells.  The 
composition of the medium was 1.65 g/L NH4NO3, 
1.9 g/L KNO3, 0.44 g/L CaCl2•2H2O, 0.37 g/L 
MgSO4•7H2O, 0.17 g/L KH2PO4, 13.9 mg/L 
FeSO4•7H2O, 18.65 mg/L EDTA•Na2, 11.15 mg/L 
MnSO4•4H2O, 4.3 mg/L ZnSO4•7H2O, 12.5 µg/L 
CuSO4•5H2O, 125 µg/L Na2MoO4•2H2O, 12.5 
µg/L CoCl2•6H2O, 415 µg/L KI, 3.1 mg/L H3BO4, 
0.5 mg/L nicotinic acid, 0.1 mg/L thiamine•HCl, 
0.5 mg/L pyridoxin•HCl, 2 mg/L glycine, 0.9 g/L 
myo-inocitol, 50 g/L maltose, 10 µM indolacetic 
acid, 10 µM kinetin (pH 5.6).  Cells were 
maintained with 110 ml of the medium in 300 ml 
flask at 25 ˚C on a rotary shaker at 100 rpm in a 
dark condition.  Subculture was conducted every 
two weeks by transferring 10 ml of the culture to a 
100 ml of fresh medium. 
 
Extraction and analysis of flavonoids produced 
from cultured S. baicalensis cells 
Cells of S. baicalensis were cultivated as same 
method as in subculture, and the cells were 
harvested by filtration every week.  Ten mililiter of 
the culture was separately filtered and the 
harvested cells were completely dried at 70 ˚C for 
the determination of dry cell weight.  The rest of 
culture (100 mL) was also filtered and flavonoids 

were extracted from the cells with absolute 
methanol and 80 % methanol (200 mL twice in 
each extraction).  The filtrate of extracts (800 mL) 
was mixed and dried completely by evaporation, 
and resuspended in absolute methanol. 
The flavonoids were quantified using HPLC.  The 
total amount of flavonoids contained in the extract 
from S. baicalensis was calculated as baicalin-
equivalent, since baicalin was the major flavonoid 
contained in the extract.  Contents of baicalein, 
baicalin and wogonin were evaluated using pure 
chemicals (Wako Pure Chemical Industries, Japan) 
as external standards.  A CapcellPak C18 (4.6 mmø 
x 250 mm, Shiseido, Japan) column was used for 
HPLC separation.  Elution was performed at 1 
mL/min with 60 % methanol/40 % 0.1 M 
phospholic acid, and the flavonoids were detected 
by absorbance at 280 nm.  Sugar content in the 
culture supernatant was determined as glucose 
equivalent by phenol-sulfuric acid method 
(Ashwell, 1966).   
 
Determination of lipid peroxidation inhibition 
activities of flavonoids 
The total antioxidant activities of S. baicalensis-
produced flavonoids were evaluated by the 
modified thiocyanate method in linoleic acid 
emulsion system (Mathew and Abraham, 2006).  
Briefly, 0.1 mL of flavonoid solution (5 mM of 
baicalein, baicalin, quercetin or wogonin 
purchased from Wako Pure Chemical Industries, 
Japan, dissolved in methanol), 0.1 mL of 0.2 
mg/mL L-ascorbic acid as peroxidation mediator 
and 0.1 ml of absolute methanol were added to 9.8 
mL of linoleic acid emulsion.  For a control 
experiment without addition of flavonoid, 0.1 mL 
of 75 % methanol was added instead of flavonoid 
solution.  The linoleic acid emulsion was prepared 
by mixing 0.5 mL of linoleic acid to 355 mL of 10 
mM sodium phosphate buffer (pH 7.4) containing 
5 g of sodium dodecyl sulfate as an emulsifier.  A 
0.5 mL aliquot of the mixed sample was divided 
for determination of initial peroxidation degree, 
and the rest of sample was incubated at 37 ˚C to 
accelerate the oxidation.  To determine the 
peroxidation degree, 9.1 mL of 75 % methanol, 0.2 
mL of 30 % ammonium thiocyanate and 0.2 mL of 
20 mM FeCl2 (in 3.5 % HCl) were added to 0.5 ml 
of the sample, and the mixture was vortexed.  The 
absorbance at 500 nm was measured at 3 min after 
mixing.  The degree of lipid peroxidation was 
determined at every 24 h-incubation.  The data are 
the averages of duplicate analyses.  The inhibition 
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of lipid peroxidation (LPI) was calculated by the 
following equation: 
LPI (%) = 100 – [(A1/A0) x 100] 
where A1 was the absorbance at 500 nm in the 
presence of sample and A0 was the absorbance of 
the control. 
 
 
RESULTS AND DISCUSSION 
 
Production of flavonoids by liquid culture of S. 
baicalensis 
Production of flavonoids by liquid culture of S. 
baicalensis cells was investigated.  As is shown in 

Fig. 1, pH of the medium was not so changed.  The 
cells were grown for two weeks (13.7 g dry cell 
weight/L) with consumption of sugars (mainly 
maltose) and the quantity of total flavonoid in cells 
reached 143 mg baicalin-eqivalent/g dry cell 
weight in first week. 
The changes of amounts of major flavonoids 
baicalein, baicalin and wogonin were also 
investigated in 5-week and 10-week periods (Figs. 
1 and 2). It was shown that 60-70 % of flavonoids 
was baicalin, and that the amounts of baicalein and 
wogonin were low in comparison with the amount 
of baicalin. 

 
 

 
 
Figure 1 - Cell growth and flavonoid production by liquid cell culture of S. baicalensis.  Content 

of flavonoids except baicalein, baicalin and woginin is indicated as ‘other flavonoids’ 
as baicalin equivalent. 

 
 
The maximum production of baicalein, baicalin 
and wogonin were 119, 1372 and 14 mg/L culture 
at two, eight and two week-culture, respectively 
(Fig. 2).  The production of baicalin was 
constitutively high after the cell growth reached 
stationary phase (3-week to 10-week culture) 
which showed that a longer-term (more than three 

weeks) cultivation was necessary to obtain high 
amount of baicalin, in contrast with 2-week culture 
being suitable to harvest baicalein and wogonin.  
However, increase in production of baicalin at 3-
week was drastic (Fig. 2) with extremely high 
productivity (339 mg/L•week).  This was an 
advantageous point for industrial application. 
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Figure 2 - Production and quantity of baicalein, baicalin and wogonin in liquid cell culture of S. 
baicalensis during 10-week culture period. 

 
 
Baicalin was produced with extremely high 
content (maximum 76.5 mg/g dry cell weight at 8-
week culture), while baicalein and wogonin were 
produced with 6 mg/g dry cell weight at 2-week 
culture and 0.7 mg/g dry cell weight at 2-week 
culture, respectively (Fig. 2).  In other studies of 
flavonoid production by root-derived cells of S. 
baicalensis, Hirotani et al. (1998) reported that the 
callus tissue produced 2 mg baicalein/g dry cell 
weight and 6 mg baicalin/g dry cell weight in 3-
week culture.  Stojakowska and Malarz (2000) 
achieved 70 mg baicalein/g dry cell weight and 19 
mg wogonin/g dry cell weight of production in 3-
week culture using Agrobacterium rhizogenes-
transformed hairy root culture cells.  By culturing 
in the present liquid condition, the culture period 
to obtain the maximum production of baicalein 
and wogonin was shortened.  Furthermore, it 
should be noteworthy that the culture condition in 
this study was good for baicalin, and the 
production and quantity was drastically increased 
in comparison with previous works.  Achievement 
of high production of all three flavonoids was 
considered to be difficult since baicalein, baicalin 
and wogonin were derivatives from same flavone-
synthesis pathway. 

Lipid peroxidation inhibition activities of 
flavonoids  
Figure 3 shows inhibition of lipid peroxidation by 
S. baicalensis-producing flavonoids.  In the 
control experiment with the addition of strong 
antioxidant quercetin, peroxidation of linoleic acid 
was completely inhibited by the addition of 5 mM 
solution.  It was shown that the inhibition activity 
of baicalein was not at all inferior to the activity of 
quercetin (Fig. 3).  In the S. baicalensis-producing 
flavonoids, baicalein showed higher activity than 
baicalin, and wogonin showed the lowest activity 
(Fig. 3).  By contrast, Shieh et al. (2000) reported 
that the order of activity on xanthine oxidase 
inhibition was baicalein > wogonin > baicalin, 
whereas the activity on cytochrome c reduction 
was baicalin > wogonin > baicalein.  Considering 
the present results with baicalein and baicalin, the 
lower activity observed in baicalin suggested that a 
disappearance of 7-hydroxyl group by 
glucosylation weakened the radical-scavenging 
power of the compound.  Shirai et al. (2001) 
reported that the introduction of a glucuronide 
group to the 3-position contributed to an increase 
of affinity toward lipid, resulting decrease of the 
antioxidative activity.  The effect of glucosylation 
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of hydroxyl group at 7-position on affinity toward 
lipid was studied by van Dijk et al. (2000), and it 
was shown that the glucosylation at 7-position 
resulted in increase of affinity.  From this 
viewpoint, the lower antioxidative activity of 
baicalin was considered as that the real baicalin 

molecules involved in radical scavenging was 
decreased by higher affinity of baicalin toward 
lipid micelle than that of baicalein in linoleic acid 
emulsion system. 
 

 
 

 
 

Figure 3 - Inhibition of lipid peroxidation (LPI) of S. baicalensis-producing flavonoids determined 
by thiocyanate method.  Time (h) indicates incubation period for peroxidation of 
linoleic acid.  Symbols;  (     ) baicalein, (    ) baicalin, (    ) wogonin and (    ) quercetin. 

 
 
The significance of location both of 5- and 6-
hydroxyl groups in radical scavenging was 
suggested by drastic decrease of the activity 
observed in wogonin (Fig. 3).  Although quercetin 
is a flavonol hydroxylated at 5, 7-position as same 
as wogonin, its strong antioxidative activity is 
generated by the presence of 3', 4'-hydroxyl groups 
(Cao et al., 1997).  Cao et al. (1997) suggested that 
the methoxylation weakened antioxidative activity 
of flavonoid, therefore methoxylation at 8-position 
would be concerned with the activity of wogonin. 
Interestingly, the degree of LPI by wogonin was 
turned to decrease after 72-h incubation, in 
contrast to successive increase of other flavonoids 
(Fig. 3).  This indicated that the antioxidative 
effect exhibited by wogonin molecule disappeared 
after 72-h incubation, which would be caused by 
continuous attack of reactive oxygen species.  
Considering the result that LPI of baicalein 
increased after 72-h incubation (Fig. 3) and 

comparing structures between baicalein and 
wogonin, disappearance of 'sustainable' 
antioxidative activity in wogonin would also be 
concerned with methoxylation at 8-position.   
 
The overview on utilization of S. baicalensis-
producing flavonoids 
The antioxidative activities of baicalein and 
baicalin observed in the present study were 
considered to be activities for scavenging 
superoxide radical before attacking linoleic acid 
micelle.  This speculation would be supported by 
the results of Shieh et al. (2000) demonstrating 
that baicalein and baicalin had strong activities on 
eliminating the superoxide radical and had no 
significant effect on scavenging hydroxyl radical.  
The results obtained in linoleic acid emulsion 
system (Fig. 3) indicated that baicalein and 
baicalin were applicable as natural antioxidant, e.g. 
for cooking oil.  Since these flavonoids also have 
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other function such as antiinflammatory and 
anticancer activities, it is possible to develop new 
'functional food' contributing to complementary 
and alternative medicine (CAM). 
In this study, drastic increase of flavonoid 
production in S. baicalensis cells, especially for 
baicalin, was achieved by liquid culture method.  
In chemical synthesis of baicalein and wogonin, 
the production method has been proposed (Huang 
et al., 2003). On the contrary, baicalin is a 
glucosylated derivative of baicalein and thus high-
yield production by chemical process is difficult.  
In the case of production of baicalein, baicalin and 
wogonin from field-cultured plant, extraction and 
purification processes take too much time and the 
product (flavonoids) become expensive.  In this 
point, liquid culture method is ideal for industrial 
production of these flavonoids because the 
operation is manageable and the productivity is 
high.  In addition, baicalein can be obtained easily 
by deglucosylation of baicalin, therefore, the high-
yield production of baicalin is significant.  
Considering the industrial application, the results 
obtained in the present study indicated the 
important information for the development of 
efficient production process of baicalin.   
In the comparison of properties among baicalein, 
wogonin and baicalin production, the production 
of baicalein and wogonin was drastically increased 
in initial two weeks, and the increase of baicalin 
production was followed (Fig. 2).  It should be 
noted that slight increases of baicalein/wogonin 
contents in 5-7 week cultures seemed to be 
correlated with decrease of baicalin content in 
same period though the accumulated levels 
between baicalein/wogonin and baicalin were 
extremely different (Fig. 2).  There are a few 
reports of metabolic pathway for baicalein, 
baicalin and wogonin.  Hirotani et al. (2000) 
reported that hairy root culture cells of S. 
baicalensis expressed UDP-glucose: baicalein 7-
O-glucosyltransferase. Their results indicated that 
baicalein was a precursor metabolite of baicalin 
synthesis, and it was suggested that the synthesis 
of baicalein and/or wogonin would affect the 
accumulation of baicalin in S. baicalensis cells. 
In human cell lines, the proliferation of bladder 
cancer cells and hepatoma cells were known to be 
suppressed by baicalein, baicalin and wogonin 
(Chang et al., 2002; Ikemoto et al., 2000).  
Interestingly, in the present work the different 
effects between the cancer cell lines and normal 
diploid cell line were observed by the addition of 

baicalein, baicalin and wogonin (Himeji et al., 
2007). Baicalein and baicalin affected cell 
proliferation in both cancer cell lines and normal 
diploid cell line.  However, wogonin did not affect 
the proliferation of normal fetal lung diproid cells 
but did strongly inhibit the proliferation of cancer 
cells via induction of apoptosis.  From these 
results, it was suggested that dehydroxylation at 6-
position and/or methoxylation at 8-position were 
critical for the decrease of antioxidative activity 
and selectivity of anti-cancer effect, in comparison 
with the activities and structures of baicalein and 
baicalin. 
Lee et al. (2004) showed that the inhibition of P-
glycoprotein 170, a protein involved in multidrug 
resistance of cancer cells, could be controlled by 
the substitution of 6- or 7-hydroxyl group by 
alkoxyl groups, acetoxy groups, or benzyloxy 
groups, in baicalein.  Especially, the alkylation at 
6- or 7-position alone or both enhanced the 
interaction of baicalein with the protein. In 
addition, hydroxylation of B-ring in flavonoid was 
effective for the inhibition of phosphatidylinocitol 
3-kinase, playing an important role in signal 
transduction and cell transformation (Agullo et al., 
1997).  On the other hand, baicalein has been 
reported as an a-glucosidase inhibitor (Nishioka et 
al., 1998).  Although the activities of baicalin have 
not been tested, it was expected that the 
glucosylated form of baicalein would reveal strong 
inhibition activities against the enzymes described 
above. Findings obtained in baicalein should be 
important for modification of baicalin. The 
investigation to develop superior medicine against 
the promotion/progression of cancer and 
postprandial hyperglycemia without adverse effect 
should be enhanced for prevention of adult 
diseases based on high-yield production of 
baicalin. 
To use S. baicalensis-producing flavonoids for 
CAM, achievement of higher production of 
wogonin is desired.  In the study with culture of S. 
baicalensis calli, the possibility that a change of 
carbon source, e.g. to raffinose, and its 
concentration in medium might become a cue to 
increase the production of wogonin, was suggested 
(Yamamoto, 1991).   
 
 
CONCLUSIONS 
 
The results showed excellent production of 
Scutellaria Radix flavonoids by liquid culture of 
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Scutellaria baicalensis cells.  The maximum 
production of baicalein, baicalin and wogonin 
were 119, 1372 and 14 mg/L, respectively.  In 
addition, it was suggested that the location of 
hydroxyl group and methoxyl group on flavonid 
ring would affect radical scavenging activities of 
these flavonoids.  It was remarkable that the 
extremely high production rate at 339 mg/L•week 
of baicalin should contribute to the industrial and 
medical availability of the flavonoid. 
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