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Abstract 
Background. Scutellaria baicalensis Georgi is a popular herb used in China and Japan. It is suspected that
baicalin, a potent antioxidative and anti−inflammatory agent, may prevent or slow down the development of ather−
osclerosis.
Objective. The aim of the study was to evaluate the in vitro effect of baicalin on lipid peroxidation (thiobarbituric
acid reactive substances, TBARS), cholesterol content, and ATPase activity of erythrocytes from patients with
untreated mixed hyperlipidemia.
Material and Methods. The study involved 48 patients with total cholesterol (TC) > 200 mg/dl, LDL cholesterol
(LDL−C) > 160 mg/dl, and triglycerides (TG) > 150 mg/dl and 15 healthy persons as the control group. The
TBARS concentrations were determined by the Stocks and Dormandy method. The cholesterol concentration was
determined using Liberman−Burchard reagent. The activity of Na+K+−ATPase was measured by a modified method
of Bartosz. The studied parameters were assessed after 24−hour incubation of either whole blood or 2% suspen−
sions of erythrocytes from hyperlipidemia patients and healthy controls with or without a 10 µM baicalin solution. 
Results. After incubation, the 2% suspensions of erythrocyte from patients with mixed hyperlipidemia with
baicalin showed a significant decrease in TBARS (0.293 ± 0.071 vs. 0.202 ± 0.07 µmol/mg hemoglobin, p < 0.01),
cholesterol content (4.19 ± 0.72 vs. 2.09 ± 0.61 mg cholesterol/packed cells, p < 0.01), and Na+K+−ATPase activi−
ty (121.94 ± 53.8 vs. 61.24 ± 32.8 nmol Pi/mg proteins x h, p < 0.01) compared with the values obtained after incu−
bation without baicalin. Similar changes were noted after incubation of the whole blood of patients with baicalin.
In the control group, incubation of both whole blood and the 2% erythrocyte suspensions with baicalin did not
show any significant changes in these parameters.
Conclusion. Baicalin shows in vitro antioxidant activity, decreases the concentration of cholesterol, and inhibits
the activity of Na+K+−ATPase in whole blood and 2% erythrocyte suspensions of patients with mixed hyperlipi−
demia (Adv Clin Exp Med 2007, 16, 1, 21–27).
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Streszczenie
Wprowadzenie. Scutellaria baicalensis Georgi jest popularnym ziołem stosowanym w Chinach i Japonii. Przypu−
szcza się, iż przez działanie antyoksydacyjne, przeciwzapalne, tarczyca bajkalska może być w przyszłości stoso−
wana jako lek zapobiegający lub zwalniający rozwój zmian miażdżycowych. 
Cel pracy. Ocena wpływu bajkaliny w warunkach in vitro na peroksydację lipidów (TBARS – poziom substancji
reagujących z kwasem tiobarbiturowym), zawartość cholesterolu oraz aktywność ATP−azy w erytrocytach pacjen−
tów z mieszaną hiperlipidemią.
Materiał i metody. Badaniem objęto 48 pacjentów z wyjściowym stężeniem cholesterolu całkowitego (TC) >
200mg/dl, cholesterolu LDL (LDL−C) > 160 mg/dl, triglicerydów TG >150 m/dl oraz 15 osób zdrowych stanowią−



Scutellaria baicalensis Georgi is a popular
herb used in China and Japan. The fragmented root
of a 2− to 3−year−old plant is used for medical pur−
poses. It contains over 40 various flavonoids, the
most important being the four lipophylic ones: the
most abundant, baicalin, its aglicon baicalein, and
vogonosid and its aglicon ogonin. Many beneficial
features of baicalin have been demonstrated in
studies, among others its strong anti−oxidative
[1–3], anti−inflammatory [4], anti−cancer [5], and
hepatoprotective [6] properties. Because of its
wide spectrum of pharmacological activity,
numerous attempts have been made to apply
baicalin as a co−therapeutic agent in the treatment
of numerous diseases. It is suspected that baicalin,
as a potent anti−oxidative and anti−inflammatory
agent, may prevent or slow down the development
of atherosclerosis.

Hyperlipidemia is a major risk factor for the
development and progression of atherosclerosis
and coronary heart disease and it is associated with
various alterations in cell reactivity and membrane
properties. In erythrocytes, hyperlipidemia is
accompanied by increased cell membrane choles−
terol content and peroxidation of fatty acids and by
decreased membrane fluidity and ATPase activity
[7]. This, in turn, causes changes in cell properties:
erythrocytes become less flexible, they lose the
ability to adjust their shape to the vessel diameter,
and aggregate, accelerating the development of
atherosclerosis [8]. Because of the versatility of
baicalin’s properties on the one hand and the lack
of data in the literature about its effect on cell
membrane on the other, this study was carried out
to evaluate the in vitro effects of baicalin on the
cholesterol content, lipid peroxidation, and the
ATPase activity in whole blood and erythrocyte
suspensions of patients with untreated mixed
hyperlipidemia.

Materials and Methods

Patients
Forty−eight patients (29 men and 19 women)

with mixed hyperlipidemia, aged 40 to 65 years
(mean age: 56.73 ± 7.58), participated in the study.
These patients were selected on the basis of their
plasma total cholesterol (TC) > 200 mg/dl, LDL
cholesterol (LDL−C) > 160 mg/dl, and triglyc−
erides (TG) > 150 mg/dl. The exclusion criteria
were hypertension, diabetes, renal, hepatic or
metabolic disease, coronary heart disease, sec−
ondary hyperlipidemia, alcohol abuse, smoking,
and obesity (BMI > 35 kg/m2). Patients receiving
treatment with drugs capable of modifying lipid
metabolism were also excluded. The control group
consisted of 15 healthy individuals (10 men, 5
women, mean age: 56.9 ± 6.35).

These experiments were in accordance with
the ethical standards as formulated in the Helsinki
Declaration of 1975 (revised 1983) (Consent
Number RNN/58/03/KB of the Commission of
Medical Research Ethics of the Medical Univer−
sity of Lodz, Poland).

Lipid Analysis in the Plasma
The serum levels of TC, LDL−C, HDL choles−

terol (HDL−C), and TG were determined colori−
metrically using commercial kits (bioMerieux,
France) 12 h after the last meal. The results were
expressed in mg/dl of plasma.

Erythrocytes
Blood samples were obtained between 9 and

10 a.m. after a 12−hour overnight fast from
patients with mixed hyperlipidemia. Blood col−
lected into ACD (solution consisting of 23 mM of
citric acid, 45.1 mM of sodium citrate, and 45 mM
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cych grupę kontrolną. Stężenie TBARS oznaczono metodą według Stocksa i Dormandy’ego [9]. Stężenie chole−
sterolu z zastosowaniem odczynnika Libermana−Burcharda [11], aktywność ATPazy Na+K+ według zmodyfikowa−
nej metody Bartosza [13]. Badane wskaźniki oceniano po 24 h inkubacji (pełnej krwi oraz 2% zawiesiny erytrocy−
tów pobieranych od pacjentów z hiperlipidemią i od osób zdrowych) z 10 µM roztworem bajkaliny i bez bajkaliny.
Wyniki. Po inkubacji z bajkaliną 2% zawiesiny erytrocytów pobieranych od pacjentów z mieszaną hiperlipidemią
obserwowano istotne zmniejszenie stężenia TBARS (0.293 ± 0.071 vs. 0.202 ± 0.07 µmol/mg hemoglobiny, p <
0.01), cholesterolu (4.19 ± 0.72 vs. 2.09 ± 0.61 mg cholesterol/liczbę upakowanych komórek, p < 0.01) oraz ak−
tywności ATPazy Na+K+ (121.94 ± 53.8 vs. 61.24 ± 32.8 nmol fosfolipidów/mg białka x h, p < 0.01) w porówna−
niu do wartości uzyskanych po inkubacji zawiesiny bez bajkaliny. Podobne zmiany obserwowano po inkubacji
z bajkaliną pełnej krwi pacjentów z hiperlipidemią. W grupie kontrolnej nie stwierdzono istotnych zmian badanych
wskaźników zarówno po inkubacji pełnej krwi, jak i 2% zawiesiny erytrocytów z bajkaliną.
Wniosek. W warunkach in vitro bajkalina wykazuje działanie antyoksydacyjne, zmniejsza stężenie cholesterolu
i hamuje aktywność ATPazy Na+K+ w pełnej krwi i 2% zawiesinie erytrocytów pobieranych od pacjentów z mie−
szaną hiperlipidemią (Adv Clin Exp Med 2007, 16, 1, 21–27).

Słowa kluczowe: bajkalina, aktywność ATPazy, cholesterol, peroksydacja, hiperlipidemia.



of glucose) was centrifuged at 3000 rpm for 10
min at 4°C to separate plasma and red blood cells.
Erythrocytes were washed three times with buffe−
red 0.9% NaCl and suspended in the incubation
solution (140 mM NaCl, 10 mM KCl, 1.5 mM
MgCl2, 10 mM glucose, 10 mM HEPES, 100
µg/ml streptomycin, and 0.05 mM TRIS−HCl, pH
7.4) at a hematocrit of 2%. Both the whole blood
and the 2% suspension of erythrocytes were incu−
bated for 24 hours at 37°C with or without a 10 µM
of baicalin (isolated from the root of Scutellaria
baicalensis Georgi) under non−hermetic condi−
tions. After the incubation with and without
baicalin, TBARS level, cholesterol content, and
Na+K+−ATPase activity in the group of patients
with mixed hyperlipidemia and in the control
group were assessed.

Peroxidation of Lipids
Lipid peroxidation was determined as the

compounds reacting with thiobarbituric acid
(TBA) according to the method of Stocks and
Dormandy [9].

Extraction and Measurement 
of Lipids

Extraction of lipids from erythrocytes was car−
ried out using the method of Rodriguez−Vico et al.
[10]. The concentration of cholesterol was deter−
mined using Liberman−Burchard reagent [11].

Concentration of Hemoglobin
The concentration of hemoglobin was deter−

mined using the method of Drabkin [12] and spec−
trophotometric absorption was measured at 540 nm.

Measurement 
of Na+K+−ATPase Activity

Na+K+−ATPase activity was measured by
a modified method of Bartosz et al. [13]. This
method is based on the assessment of the
orthophosphate released from ATP during incuba−
tion of erythrocytes with a medium containing 1
mM ATP, 10 mM MgCl2, 100 mM Tris−HCl
buffer, pH 7.4, and 0.1 mM ouabain, which was
added to the medium to block the Na+K+−ATPase.
The samples were incubated for 1 h at 37°C and
then at 0°C, after which 0.6 M TCA (trichloro−
acetic acid) was added and then they were incu−
bated for a further 3 min at room temperature.
Subsequently, the entire sample was centrifuged at
15,000 rpm for 3 min. The concentration of
orthophosphate was determined in the supernatant

by the method of van Veldhoven and Mannaerst
[14]. Absorbance was read at 610 nm. The con−
centration of orthophosphate in the sample was
read from a calibration curve in the range of 2–20
µM of KH2PO4 standard.

Concentration of Protein
The protein concentration was estimated by

use of the Lowry et al. method [15].

Statistical Analysis
Results are presented as the mean ± standard

deviation. Comparisons between the groups were
performed using 1−way ANOVA followed by the
post−hoc Tukey test [16]. Student’s paired t−test
was applied to compare data after incubation with
and without baicalin within the same treatment
group. Values were considered statistically signif−
icant at p < 0.05. Statistical analysis was per−
formed using STATISTICA© 6.1 software
(StatSoft Inc., Tulsa, USA).

Results

The biological characteristics of the patients
and the controls are given in Table 1. The concen−
tration of TBARS after incubation of whole blood
(0.315 ± 0.068 µmol/mg hemoglobin) and the 2%
erythrocyte suspensions (0.293 ± 0.071 µmol/mg
hemoglobin) without baicalin was significantly
higher in the group of patients with mixed hyper−
lipidemia than in the control group (0.223 ± 0.064
and 0.213 ± 0.07 µmol/mg hemoglobin, respec−
tively) (Table 2). After incubation of either whole
blood or the 2% erythrocytes suspensions with
baicalin, a significant decrease in TBARS was
observed in the erythrocytes of the patients with
mixed hyperlipidemia in comparison to the values
obtained after incubation without baicalin (Table
2). In the control group the incubation of both
whole blood or the 2% erythrocyte suspensions
with baicalin did not show any significant changes
in this parameter (Table 2).

The content of cholesterol after incubation
without baicalin of whole blood (4.23 ± 0.79 mg
cholesterol/packed cells) and the 2% erythrocyte
suspensions (4.19 ± 0.72 mg cholesterol/packed
cells) was significantly higher in the group of
patients with hyperlipidemia than in the control
group (2.4 ± 0.25 and 2.33 ± 0.38 mg choles−
terol/packed cells, respectively) (Table 3). After
incubation of the 2% erythrocyte suspensions with
baicalin, the cholesterol content decreased signifi−
cantly to values close to those of the control group
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(Table 3). Assuming that cholesterol may diffuse
from the erythrocyte membranes to the incubation
fluid, its membrane content was assessed after the
incubation of the whole blood with baicalin. Also
in this case a significant decrease in cholesterol
content was noted in the hyperlipidemic group
(Table 3). In the group of healthy individuals, no
significant changes in this parameter due to
baicalin were observed, both after incubation of
whole blood or the 2% erythrocyte suspensions
(Table 3).

In the erythrocytes of patients with hyperlipi−
demia, the activity of the Na+K+−ATPase (nmol
Pi/mg proteins·x h) was significantly lower than in
the control group (121.94 ± 53.8 vs. 165.13 ± 59.5
nmol Pi/mg proteins x h, p < 0.05). The incubation
of the 2% erythrocyte suspensions of hyperlipi−
demic patients with baicalin produced a significant
decrease in ion pump activity in comparison with
the value obtained after incubation without
baicalin (121.94 ± 53.8 vs. 61.24 ± 32.8 nmol
Pi/mg proteins x h, p < 0.01) (Table 4).
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Table 1. Characteristics of the patients with mixed hyperlipidemia and the control group

Tabela 1. Charakterystyka pacjentów z mieszaną hiperlipidemią i grupy kontrolnej

Groups Patients with mixed Control group Statistical comparison
(Grupy) hyperlipidemia (Grupa kontrolna) (Porównanie statystyczne)

(Pacjenci z mieszaną n = 15
hiperlipidemią)
n = 48

Men 29 10
(Mężczyźni)

Women 19 5
(Kobiety)

Mean age – years 56.73 ± 7.58 56.9 ± 6.35 ns
(Średni wiek – lata)

Mean BMI kg/m2 25.8 ± 1.4 24.8 ± 2.2 ns
(Średni BMI)

TC mg/dl 270.73 ± 32.70 179.6 ± 15.8 p < 0.001

LDL−C mg/dl 176.8 ± 15.8 100.7 ± 25.9 p < 0.001

HDL−C mg/dl 48.45 ± 13.8 57.9 ± 9.6 p < 0.05

TG mg/dl 226.77 ± 60.2 115.2 ± 29.5 p < 0.001

Table 2. The mean values (mean ± SEM) of TBARS concentration after incubation of whole blood and 2% erythrocyte sus−
pension with and without baicalin of patients with mixed hyperlipidemia and healthy controls

Tabela 2. Średnie wartości stężeń TBARS po inkubacji z i bez bajkaliny pełnej krwi oraz 2% zawiesiny erytrocytów pac−
jentów z mieszaną hiperlipidemią oraz osób zdrowych 

TBARS (µmol/mg hemoglobin)
mean ± SEM
TBARS (µmol/mg hemoglobiny)

Control group Patients with mixed Control group Patients with mixed 
(Grupa kontrolna) hyperlipidemia (Grupa kontrolna) hyperlipidemia

(Pacjenci z mieszaną (Pacjenci z miesza−
hiperlipidemią) ną hiperlipidemią)

whole blood 2% suspensions of erythrocytes

Incubation without baicalin 0.223 ± 0.064 0.315 ± 0.068** 0.213 ± 0.07 0.293 ± 0.071**
(Inkubacja bez bajkaliny)

Incubation with baicalin 0.195 ± 0.078 0.207 ± 0.056†† 0.205 ± 0.06 0.202 ± 0.07††
(Inkubacja z bajkaliną)

** p < 0.01 vs. control group,
†† p < 0.01 vs. values after the incubation without baicalin.

** p < 0,01 vs grupa kontrolna,
†† p < 0,01, vs wartości po inkubacji bez bajkaliny.



Discussion
Baicalin is one of the major flavonoids of

Scutellaria baicalensis. Among its biological acti−
vities, it has been reported to exhibit antioxidant
effects. In this study the addition of baicalin to the
incubated red blood cells and whole blood of
patients with mixed hyperlipidemia produced
a significant decrease in TBARS. Cellular antiox−
idants can act by inhibiting the formation of free
radicals either by directly scavenging the radicals
or by enhancing cellular antioxidant mechanisms.
It is supposed that baicalin may protect the cell by
one or both of these mechanisms due to the C2–C3

double bound of the C ring and the hydroxyl
groups at positions 5 and 7 on the A ring [17]. The
antioxidant effectiveness of phenolic flavonoids
may be related to their ability to enter cells and to
localize to biomembranes. Flavonoids anchor to
the polar heads of the membrane phospholipids,
forming reversible physicochemical complexes
[18]. Baicalin and baicalein, being more lipid−sol−
uble, may be able to penetrate membranes with
greater ease than other flavonoids, for example
rutin. Kimura et al. reported that flavonoides such
as wogonin, baicalein, and baicalin inhibited lipid
peroxidation induced by ADP−NADP and Fe+2

ascorbate in rat liver homogenates [19]. Other
authors reported that baicalin could scavenge reac−
tive oxygen species (ROS), including superoxide,
H2O2, and hydroxyl radical generated from the
Fenton reaction and from the reaction system con−
taining xanthine or xanthine oxidase [2]. Shieh et
al. compared the effects of the four main flavono−
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Table 3. The mean values (mean ± SD) of cholesterol concentration after incubation of whole blood and 2% erythrocyte
suspension with and without baicalin of patients with mixed hyperlipidemia and healthy controls

Tabela 3. Średnie wartości stężeń cholesterolu po inkubacji z i bez bajkaliny pełnej krwi i 2% zawiesiny erytrocytów pac−
jentów z mieszaną hiperlipidemią oraz osób zdrowych

Cholesterol (mg cholesterol/packed cells)
mean ± SEM
Cholesterol (mg cholesterol/liczbę upakowanych komórek)

Control group Patients with mixed Control group Patients with mixed 
(Grupa kontrolna) hyperlipidemia (Grupa kontrolna) hyperlipidemia

(Pacjenci z mieszaną (Pacjenci z miesza−
hiperlipidemią) ną hiperlipidemią)

whole blood 2% suspensions of erythrocytes

Incubation without baicalin 2.4 ± 0.25 4.23 ± 0.79* 2.33 ± 0.38 4.19 ± 0.72*
(Inkubacja bez bajkaliny)

Incubation with baicalin 2.27 ± 0.35 2.04 ± 0.055†† 2.21 ± 0.39 2.09 ± 0.61††
(Inkubacja z bajkaliną)

* p < 0.05 vs. control group,
†† p < 0.01 vs. values after the incubation without baicalin.

* p < 0,05 vs grupa kontrolna,
†† p < 0,01 vs wartości po inkubacji bez bajkaliny.

* p < 0.05 vs. control group, 
†† p < 0.01 vs. values after the incubation without
baicalin.

* p < 0,05 vs grupa kontrolna,
†† p < 0.01 vs wartości po inkubacji bez bajkaliny.

Table 4. The mean values of Na+K+−ATPase activity in
2% erythrocyte suspension of patients with mixed hyper−
lipidemia and healthy controls after incubation with and
without baicalin

Tabela 4. Średnie wartości aktywności ATPazy Na+K+ po
inkubacji z i bez bajkaliny 2% zawiesiny erytrocytów
pacjentów z mieszaną hiperlipidemią oraz osób zdrowych

Na+K+−ATPase activity 
(nmol Pi/mg proteins × h)
mean ± SD
Aktywność Na+K+−ATPazy 
(nmol fosolipidów/mg białka × h)

Control group Patients with mixed
(Grupa kontrolna) hyperlipidemia

(Pacjenci z mieszaną 
hiperlipidemią)

2% suspensions of erythrocytes

Incubation 165.13 ± 59.5 121.94 ± 53.8*
without 
baicalin
(Inkubacja 
bez baj−
kaliny)

Incubation 
with 
baicalin

(Inkubacja 149.40 ± 47.0 61.24 ± 32.8††
z bajkaliną)



ids of Scutellaria on xanthine oxidase and
cytochrome C activity [3]. Of all the studied
flavonoids, baicalein appeared to be the most
potent inhibitor of xantin oxidase and baicalin of
cytochrome C. In another study, using electron
spin resonance (ESR), both baicalein and baicalin
demonstrated a strong activity on eliminating
superoxide radical (O2) [20]. Bochorokova et al.
[21] observed that baicalin and baicalein displayed
a significant scavenging effect, while the produc−
tion of OH radicals generated by the UV photoly−
sis of H2O2 was considerably decreased in the
presence of baicalin and wogonine glucuronide.
Baicalin, beside its beneficial influence on
TBARS level, also produced a significant decrease
in cholesterol content in red blood cells of patients
with hyperlipidemia, regardless of the incubation
environment. In healthy individuals, the incuba−
tion of both the erythrocyte suspensions and whole
blood with baicalin did not produce any significant
change in cholesterol content.

Na+/K+−ATPase is one of the most important
integral proteins of the cytoplasmatic membrane
and its activity is modified under the conditions of
hyperlipidemia. Most researchers reported a de−
crease in its activity which depended most strong−
ly on the lipid composition of the cell membranes
[22]. An increased level of membrane cholesterol
and increased lipid peroxidation were related to
lower activity of the protein systems of cation
transport. Lower activity of Na+K+−ATPase,
Na+/Li+ exchange, and Na+K+ co−transport were
reported [23]. Other authors [24] showed an
increase in erythrocyte membrane sodium pump
activity in rabbits on a cholesterol−rich diet. They
showed a twofold greater Na+K+−ATPase activity

in animals with high serum cholesterol compared
with a control group. They hypothesized that the
modulation of the sodium pump does not depend
on the lipid composition of the erythrocyte cell
membranes, but may be modulated by the expres−
sion of certain genes. Unlike Makarov’s study
[24], significantly lower activity of Na+K+−ATPase
in the erythrocyte suspensions of patients with
mixed hyperlipidemia compared with the healthy
control group were found in the present study.
Based on the literature, the present authors sup−
pose that the decreased Na+K+−ATPase activity is
related to changes in the lipid composition of the
erythrocyte membrane. Yeagle’s et al. [25] in vitro
study showed that a high content of membrane
cholesterol in erythrocytes inhibited the activity of
Na+K+−ATPase and lower cholesterol content was
related to higher activity of the enzyme. The
authors suggested that the possible mechanism of
the Na+K+−ATPase inhibition is a direct choles−
terol−protein interaction, which leads to the forma−
tion of a less active protein conformation. In the
present study, significantly lower Na+K+−ATPase
activity in the erythrocytes of patients with mixed
hyperlipidemia was observed, which decreased
even more after incubation with baicalin, despite
the fact that the content of membrane cholesterol
also significantly dropped. The results of the pre−
sent study suggest that baicalin’s inhibiting action
on Na+K+−ATPase activity could come from its
direct influence on the enzyme itself and not on
the membrane cholesterol. These results may be
the starting point of clinical studies on the anti−
atherogenic activity of baicalin in patients with
hyperlipidemia.
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