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INTRODUCTION

Bupleuri radix (roots of  Bupleurum L. spp. [Apiaceae]) is 
one of  the most frequently used herbs in Chinese herbal 
medicine.[1] Ashour and Wink (2011) reviewed the chemistry 
and pharmacology of  the genus Bupleurum.[2] Saponins (the 
so‑called saikosaponins) and polyphenols from Bupleurum 
spp. are thought to be potential hepatoprotective 

agents against acute and chronic hepatic injury. For 
instance, hepatoprotective and antioxidant properties 
of  herbal prescriptions formulated with B. falcatum, 
B. kaoi, B. scorzonerifolium roots have been shown on 
carbon tetrachloride‑ (CCl4), d‑galactosamine‑, and 
lipopolysaccharide‑induced toxicity in rats.[3‑5] In addition 
to the reduction of  hepatic enzymes to the normal levels, a 
significant inhibition of  lipid peroxidation in the liver was 
observed.[6] Other studies have reported scavenging activity 
of  aerial parts from B. kaoi,[7] B. rigidum and B. fruticescens[8] 
against DPPH, ABTS and superoxide anion radicals.

In the last few years, the studies of in vitro scavenging activity 
have gained importance because flavonoids are a major class 
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Background: Bupleurum L. (Aspiaceae) species are used as herbal remedy in Chinese traditional 
medicine.

Objective: The aim was to investigate the flavonoids in three annual European Bupleurum 
species, including B. baldense, B. affine and B. flavum, and to test their antioxidant and possible 
hepatoprotective effects.

Materials and Methods: Flavonoids from the methanol‑aqueous extracts were quantified by 
solid‑phase extraction‑high‑performance liquid chromatography. Bupleurum extracts (1–220 mg/ml) 
were tested for their antioxidant activity in DPPH and ABTS assays, as well as on isolated liver 
rat microsomes. In vitro hepatoprotective activity of B. flavum flavonoid (BFF) mixture and rutin, 
and narcissin, isolated from the same mixture, were evaluated on carbon tetrachloride (CCl4) and 
tert‑butyl hydroperoxide (t‑BuOOH) toxicity models in isolated rat hepatocytes.

Results: Narcissin was the dominant flavonol glycoside in B. flavum being present at 
24.21 ± 0.19 mg/g, whilst the highest content of rutin (28.63 ± 1.57 mg/g) was 
found in B. baldense. B. flavum possessed the strongest DPPH (IC50 22.12 µg/ml) and 
ABTS (IC50 118.15 µg/ml) activity. At a concentration 1 mg/ml of BFF (rutin 197.58 mg/g, 
narcissin 75.74 mg/g), a stronger antioxidant effect in microsomes was evidenced in comparison 
with silymarin, rutin and narcissin. The hepatoprotective effect of BFF significantly reduced the 
elevated levels of lactate dehydrogenase and malondialdehyde, and ameliorated glutathione, being 
most active in t‑BuOOH‑induced injury model when compared with CCl4 toxicity (P < 0.001).

Conclusion: In BFF, synergism of rutin and narcissin could be responsible for stronger protection 
against mitochondrial induced oxidative stress.

Key words: Antioxidant activity, Bupleurum, flavonoids, hepatocytes, microsomes, solid‑phase 
extraction‑high‑performance liquid chromatography
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of  secondary metabolites present in all species of  the genus 
Bupleurum.[9‑11] Most flavonoids in the genus are derivatives 
of  the flavonol aglycones kaempferol, isorhamnetin or 
quercetin.[2] Recently, few quantitative high‑performance 
liquid chromatography‑ultraviolet (HPLC‑UV) and 
UPLC‑photodiode array methods have been established 
for simultaneous determination of  flavonoids in the aerial 
parts of  several Bupleurum species for quality assessment of  
the raw materials of  traditional Chinese medicines.[10,12,13] 
However, there are only a few studies with respect to the 
flavonoid content of  annual European Bupleurum species and 
the antioxidant activity of  these taxa.[8,14] A previous study 
of  the aerial parts of  B. flavum, a native plant of  the Eastern 
Mediterranean area, led to the isolation of  five lupane‑type 
triterpenoids, one lignan, and eight flavonoids.[15]

Based on all these findings, we aimed at investigating the 
flavonoid variability in three European Bupleurum species, 
including B. affine Sadler, B. baldense Turra and B. flavum, 
using a solid‑phase extraction‑HPLC (SPE‑HPLC) method. 
The radical scavenging activity of  hydromethanolic extracts 
from the assayed species was evaluated by DPPH and 
ABTS methods.

In the present study, a potential hepatoprotective effect 
of  B. flavum flavonoid (BFF) mixture and the major 
flavonoids (rutin and narcissin), isolated from the same 
mixture, on isolated microsomes, CCl4‑ and tert‑butyl 
hydroperoxide‑ (t‑BuOOH) induced cell toxicity were 
evaluated.

MATERIALS AND METHODS

Plant material and sample preparation
Aerial parts from B. flavum, B. baldense and B. affine were 
collected in August 2006, respectively, from the Black 
Sea (Sv. Vlas region) (42°42’00” N – 27°48’00” E), 
Topolovgrad region (42°5’4” N – 26°20’12” E) and 
Radomir region (42°32’20” N – 22°57’31” E) in Bulgaria. 
These plants were identified by one of  us (R.G.)

Air‑dried powdered parts of  each plant (0.1 g) were 
extracted with 5 ml 80% methanol (v/v) (×2) by 
sonication for 15 min at room temperature. Combined 
extracts were filtered, and the final volume was made up 
to 10 ml. SPE was accomplished on VARIAN Vac Elut 
10 vacuum manifold using cartridges Bond Elut C18, 
500 mg, 3 ml and Bond Elut CN, 500 mg, 3 ml (Varian, 
CA, USA). After loading samples on previously conditioned 
cartridges, and washing step with 3 ml phosphate buffer 
(20 mM KH2PO4, pH 3.2) and 3 ml of  methanol‑phosphate 
buffer (20:80, v/v), the flavonoids were eluted from the 
cartridges with 1.5 ml methanol The final eluates were 

evaporated under gentle nitrogen stream and the residue 
was dissolved in 1 ml methanol. Ten microlotre aliquots 
of  samples were injected into the chromatographic system.

Air‑dried powdered parts of  B. flavum (25 g) were extracted 
with aqueous methanol (250 ml, 80%, v/v) by ultrasound 
assisted extraction (2 × 15 min each time) to yield the 
crude extract. The crude extract was fractionated by low 
pressure liquid chromatography over a RP C18 column 
(310 × 25 mm, 40–63 µm, Merck, Germany) using initial 
passage of  water (100 ml) and then a step‑gradient elution 
to give 8 flavonoid fractions. The binary solvent system 
consisted of  acidified water (0.1% ortho‑phosphoric acid) 
(solvent A [sA]) and methanol (solvent B [sB]), and 
separation was achieved using the following step‑gradient: 
20% sB (100 ml), 70% (600 ml) and 100% sB (100 ml). 
Fractions were concentrated in vacuo at 40°C to give 
rutin (fraction 4, 20 mg, 93% purity), narcissin (fraction 6, 
10 mg, 95% purity) and BFF mixture (fraction 5, 25 mg).

Chemicals and reagents
The standards of  flavonoids were purchased from 
Extrasynthese (Genay, France) except for kaempferid (Fluka, 
Buchs, Germany). HPLC‑grade solvents and analytical‑grade 
chemicals NaCl, KCl, NaHCO3, CaCl2.2H2O, FeSO4, 
D‑glucose, 2,2’‑dinitro‑5,5’‑dithiodibenzoic acid (DTNB) 
and CCl4 were provided by Merck (Darmstadt, 
Ger many) .  HEPES,  EGTA,  a lbumin ,  bov ine 
serum fraction V, minimum 98%, 2‑thiobarbituric 
acid (4,6‑dihydroxypyrimidine‑2‑thiol; TBA), and 
t‑BuOOH were provided by Sigma‑Aldrich (Germany). 
In our experiments, pentobarbital sodium (Sanofi, France), 
KH2PO4 (Scharlau Chemie SA, Spain), MgSO4.7H2O (Fluka 
AG, Germany), trichloroacetic acid (TCA), ascorbinic 
acid and glycerol (Valerus, Bulgaria), and lactate 
dehydrogenase (LDH) kit (Randox, UK) were used.

Chromatographic equipment and conditions
Chromatographic analyses were performed on a 
Varian (Walnut Creek, CA, USA) apparatus equipped 
with a tertiary pump model 9012, a UV‑VIS detector 
model 9050, and a Rheodyne injector with a 10 µl 
sample loop. The chromatograms were recorded at 
360 nm. All data were acquired and processed with 
Varian Star Chromatography software (version 4.5) 
(Varian, CA, USA). The separation was carried out with a 
Luna C18 column (150 × 4.6 mm i.d.; 5 µm) (Phenomenex, 
USA), fitted with a precolumn (30 × 4.6 mm i.d.) dry packed 
with Perisorb RP‑18 (30–40 µm) (Merck, Germany) and 
periodically changed.

The binary solvent system consisted of  sA: (aqueous 
phosphoric acid, 0.1%) and sB: (acetonitrile with 0.1% 
ortho‑phosphoric acid). Gradient program was performed 
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as follows: 0 min‑10% sB; 10 min‑20% sB; 25 min‑30% sB; 
40 min‑40% sB; 45 min‑40% sB; 60 min‑60% sB and then 
return to the initial conditions in 5 min. The solvents were 
filtered through Millipore (Watford, Ireland) 0.45 µm filters 
and degassed in an ultrasonic bath prior to use. The flow 
rate was 1 ml/min. The oven temperature was set at 35°C.

Quantitative high‑performance liquid chromatography 
analysis and analytical performance
The quantification of  flavonoids was carried out using an 
external standard method. Because of  the similar molecular 
structure, the responses of  narcissin were related to 
rutin, assuming the responses at 360 nm to be equal. The 
concentrations of  astragalin and isorhamnetin 3‑glucoside 
were estimated using the isoquercitrin calibration curve; 
concentrations of  luteolin, kaempferol and isorhamnetin 
were estimated using the quercetin calibration curve. The 
amounts of  astragalin, isorhamnetin 3‑glucoside, luteolin, 
kaempferol and isorhamnetin are thus relative and not 
absolute. External standard calibrations were established on 
seven data points covering the concentration range 0.001–
1 mg/ml for rutin, 0.004–0.4 mg/ml for isoquercitrin, 
and 0.005–0.5 mg/ml for quercetin. The stock standard 
solutions of  appropriate concentration were prepared in 
methanol and were stored at 4°C in the dark. The working 
standard solutions of  appropriate concentration were 
prepared by diluting the stock standard solutions with 
methanol.

High‑performance liquid chromatography analyses 
were performed in triplicate for each concentration 
and the peak area was detected at 360 nm according 
to the UV absorption maxima of  the compounds. 
Calibration curve was constructed from peak areas 
versus analyte concentrations. Slope, intercept, and 
other statistics of  calibration lines were calculated with 
linear regression program using the Analytik‑Software 
STL statistics program (Leer, Germany). The regression 
equations were: y = 1.34.107x + 8604, r2 = 0.9999 (rutin); 
y = 1.57.107x + 44071, r2 = 0.9993 (isoquercitrin), and 
y = 2.27.107x + 48900, r2 = 0.9995 (quercetin).

Peaks of  the studied flavonoids were assigned in the HPLC 
chromatograms by comparison of  individual peak retention 
times with those of  authentic reference standards, as well as 
by co‑chromatography spiking the samples with reference 
compounds. For each sample, the complete assay procedure 
was carried out in triplicate, and standard deviation was 
calculated.

The repeatability was established by injecting the standard 
solution of  rutin, isoquercitrin and quercetin (0.1 mg/ml) 
6 times. The reproducibility was estimated over 10 days by 
three injections per day of  the same solutions. The limits 
of  detection (LOD) and limits of  quantification (LOQ) 

were calculated according to ICH recommendation.[16] 
They were based on a standard deviation of  the regression 
line of  specific calibration curve and its slope, using 
analyte concentrations in the range of  LOD and LOQ 
solutions.

The recovery of  the analyte was evaluated by applying the 
entire SPE procedure to a control plant matrix (B. flavum) 
that had been spiked with a standard solution of  rutin, 
isoquercitrin and quercetin, and measured in triplicate. The 
percentage recovery was determined as described by ICH 
recommendation.[16]

The accuracy of  the overall method was assessed analyzing 
analytes (rutin, isoquercitrin, and quercetin) added to the 
control plant matrix and tested in triplicate. The obtained 
peak areas were corrected using the values recorded for 
the control matrix, and the amounts of  standards were 
determined from the corresponding calibration curves. 
The accuracy of  the method (expressed as a percentage) 
was calculated by dividing the deviation of  the mean 
concentrations found from the nominal value by the 
nominal value of  the analyte.[17]

Antioxidant assays
Free radicals scavenging activities were measured by using 
DPPH and ABTS methods with slight modifications. [18] The 
inhibitory effect of  different concentrations of  extracts 
(10–220 µg/ml) on DPPH and ABTS was measured by 
recording the absorbance of  the reaction mixture at 517 
and 734 nm, respectively. IC50 values of  samples were 
determined.[19]

Protective effects of flavonoids on toxicity models 
in vitro
Animals
Animals were purchased from the National Breeding 
Center, Sofia, Bulgaria. At least 7 days of  acclimatization 
were allowed before the commencement of  the study. 
The health was regularly monitored by a veterinary 
physician. The vivarium (certificate of  registration 
of  farm No. 0072/01.08.2007) was inspected by the 
Bulgarian Drug Agency in order to check the husbandry 
conditions (No. A‑11‑1081/03.11.2011). All performed 
procedures were approved by the Institutional Animal Care 
Committee and made according Ordinance No. 15/2006 
for humaneness behavior to experimental animals.

Isolation of liver microsomes
Liver is perfused with 1.15% KCl and homogenized with 
four volumes of  ice‑cold 0.1 M potassium phosphate 
buffer, pH = 7,4. The liver homogenate was centrifuged 
at 9 000 × g for 30 min at 4°C and the resulting 
postmitochondrial fraction (S9) was centrifuged again at 
105 000 × g for 60 min at 4°C. The microsomal pellets 
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were re‑suspended in 0.1 M potassium phosphate buffer, 
pH = 7.4, containing 20% glycerol. Aliquots of  liver 
microsomes were stored at − 70°C until use.[20] The 
content of  microsomal protein was determined according 
to the method of  Lowry using bovine serum albumin as 
a standard.[21]

FeSO4/ascorbinic acid‑induced lipid peroxidation 
in vitro
As a system, in which metabolic activation may not be 
required in the production of  lipid peroxide, 20 µM FeSO4 
and 500 µM ascorbinic acid were added directly into rat 
liver microsomes and incubated for 20 min at 37°C.[18]

Lipid peroxidation in microsomes
After incubation of  microsomes (1 mg/ml) with the 
compounds, we added to the microsomes 1 ml 25% 
(w/v) TCA and 1 ml 0.67% 2‑TBA. The mixture is heated 
at 100°C for 20 min. The absorbance was measured at 
535 nm, and the amount of  malondialdehyde (MDA) 
was calculated using a molar extinction coefficient of  
1.56 × 105/M/cm. The calculations were made by using 
the formula – MDA nmol/mg protein = E × 12.8.[22]

Isolation and incubation of hepatocytes
An optimized in situ liver perfusion using less reagents, and 
shorter time of  cell isolation was performed.[23] The method 
resulted in the higher amount of  live and metabolically 
active hepatocytes.

The cell viability was measured by using trypan blue (0.05%) 
as a reagent.[24] Initial viability averaged 89–90%.

Lactate dehydrogenase release
Lactate dehydrogenase release in isolated rat hepatocytes 
was measured by using LDH kit. The calculations were 
made by using the formula – LDH µmol/min/mill 
cells = E × 1.34.[25]

Glutathione depletion
The content of  reduced glutathione (GSH) was measured 
spectrophotometrically at 412 nm by using DTNB. The 
calculations were made by using the formula– GSH nmol/
mill cells = E × 187.21.[24]

Malondialdehyde assay
The production of  MDA was measured by method of  Fau 
et al. by using 2‑TBA. The calculations were made by using 
the formula – MDA nmol/mill cells = E × 1.4.[24]

Statistical analysis
Statistical analysis was performed using statistical 
program “MEDCALC.” Results are expressed as 
mean ± SEM for 6 experiments. The significance 
of  the data was assessed using the nonparametric 

Mann–Whitney test. Values of P ≤ 0.05; P ≤ 0.01 and 
P ≤ 0.001 were considered statistically significant. Three 
parallel samples were used.

RESULTS

Quantitative determination of flavonoids by solid‑phase 
extraction‑high‑performance liquid chromatography
The extraction efficiency was tested with solvents 
containing different percentages of  methanol in water (50 
and 80%, v/v), 80% methanol in aqueous phosphoric 
acid (0.1%) and pure methanol. It was found that 80% 
methanol in water was the most efficient for B. flavum 
extract and was, therefore, the extraction solvent used in 
this study.

A method for purification and isolation of  flavonoids 
from aerial parts of  the studied Bupleurum species was 
developed by SPE. We examined the effect of  three eluents, 
methanol, 75% methanol or tetrahydrofuran, on analytical 
recovery. The optimum elution of  the flavonol glycosides 
was achieved with pure methanol, and it was used in all of  
the following experiments.

The quantification of  the main compounds in the flavonoid 
mixture isolated by SPE was performed using an improved 
HPLC‑UV method. Based on the common approach, 
HPLC analysis of  flavonoids from three Bupleurum 
species were performed with mobile phase composed of  
acetonitrile and water (0.1% phosphoric acid), and with 
UV detection at 360 nm.[26]

For triplicate analysis of  both standards and plant 
samples, RSDs of  the retention times were ≤0.34% 
for  the deter mined compounds (n  = 6) .  The 
proposed method was found to be linear in the 
studied concentration ranges of  rutin, isoquercitrin, 
quercetin. The RSDs of  the repeatability and the 
reproducibility were estimated to be ≤2.47% and ≤2.87%, 
respectively. The LODs and LOQs were 1.2 µg/ml and 
3.5 µg/ml (rutin), 0.7 µg/ml and 2.2 µg/ml (isoquercitrin), 
0.5 µg/ml and 1.5 µg/ml (quercetin), respectively. 
Based on the above results, the accuracy and recovery 
of  the overall method were assessed employing the 
selected SPE conditions. The accuracy values varied 
between ± 1.93% (rutin) to ± 6.75 (isoquercitrin) 
indicating good agreement between spiked and 
determined concentrations. Mean recoveries of  the 
studied flavonoids in the spiked control samples were 
98.88 ± 2.07% (rutin), 104.22 ± 1.45% (isoquercitrin) and 
104.02 ± 1.54% (quercetin) (RSD <2.09%).

It should be noted that the results of  the overall method 
are acceptable.[27]
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Typical HPLC profiles of  Bupleurum species are presented in 
Figure 1. The content of  flavonoids in the assayed samples 
is shown in Table 1.

With respect to the flavonol glycosides, rutin was present 
in the highest amount in B. baldense, followed by B. flavum, 
while its content was considerably lower in B. affine [Table 1]. 
Narcissin was the dominant flavonol glycoside in B. 
flavum being present at 24.21 ± 0.19 mg/g [Figure 1b]. 
The content of  the isoquercitrin was substantially lower; 
astragalin and isorhamnetin 3‑glucoside (as isoquercitrin 
equivalents) were presented in small concentrations or 
below the LOQ in both B. flavum and B. baldense. However, 
in B. affine isorhamnetin 3‑glucoside occurred in relatively 
higher concentration [Table 1 and Figure 1c]. In particular, 
the highest content of  aglycones (as quercetin equivalents) 
was found in B. affine. B. flavum aerial parts contained 
an appreciable total amount of  the studied flavonoids 
47.46 ± 0.25 mg/g. Chromatographic purification of  

B. flavum crude extract resulted in the isolation of  two major 
flavonoids. The identity of  isolated rutin and narcissin 

Table 1: Content of flavonoids in aerial parts of 
assayed Bupleurum species (mg/g dry weight) 
(n=3)
Flavonoids B. flavum B. baldense B. affine
Rutin 21.83±0.66 28.63±1.57 2.99±0.55
Isoquercitrin 0.46±0.007 0.57±0.04 3.58±0.06
Narcissin 24.21±0.19 9.90±1.69 2.71±0.37
Astragalin 0.25±0.01 0.0001 0.04
Isorhamnetin
3-glucoside

0.40±0.02 Below LOQ1 1.43±0.07

Quercetin 0.11±0.002 Below LOQ2 0.33±0.09
Kaempferol Below LQ - 0.03±0.008
Isorhamnetin 0.24±0.007 0.06±0.03 0.16±0.05
Luteolin Below LQ Below LQ 0.25±0.07
Kaempferid Below LQ Below LQ Below LQ
Total 47.46±0.25 39.16±0.92 11.53±0.19

LQ: LOQ1 2.2 μg/ml; LOQ2 1.5 μg/ml

Figure 1: High-performance liquid chromatography chromatograms of the assayed Bupleurum species after solid-phase extraction: 
(a) B. baldense (a1 – the same chromatogram from 20 to 60 min); (b) B. flavum (b1 – the same chromatogram from 20 to 60 min) and (c)  
B. affine. Key to peaks identities: 1 – Rutin; 2 – Isoquercitrin; 3 – Narcissin; 4 – Astragalin; 5 – Isorhamnetin 3-glucoside; 6 – Luteolin; 7 – Quercetin;  
8 – Kaempferol; 9 – Isorhamnetin; 10 – Kaempferid (for chromatographic protocol see Chromatographic equipment and conditions)

c

b

a
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was confirmed by HPLC and the purity was assessed to 
be 93% (rutin) and 95% (narcissin). In addition, flavonoid 
mixture, consisted of  rutin 197.58 mg/g and narcissin 
75.74 mg/g (as rutin equivalents) was isolated from B. flavum 
crude extract.

Antioxydant activity of crude Bupleurum extracts
DPPH and ABTS activities of  the studied Bupleurum 
extracts were investigated, and the IC50 values (expressed 
as µg/ml) are presented in Table 2.

B. flavum demonstrated stronger DPPH and ABTS 
radical scavenging activity compared to the other 
Bupleurum species with IC 50 values of  22.12 µg/ml 
and 118.15 µg/ml, respectively. However, the antioxidant 
activity of  all tested species was less effective than pure 
rutin. Correlation coefficients (r2) between the total 
flavonoid content of  Bupleurum extracts and DPPH 
and ABTS radical scavenging activities were 0.9918 and 
0.9898, respectively.

Protective effects of flavonoids from Bupleurum 
flavum on toxicity models in vitro
Effect of narcissin, rutin and Bupleurum flavum 
flavonoid on malondialdehyde activity in isolated 
microsomes
Microsomes incubation with Fe2+/AA, resulted in 
statistically significant increase of  the amount of  MDA 
with 202% vs. control. In nonenzyme‑induced lipid 
peroxidation model, pretreatment with BFF, rutin and 
narcissin at concentration 1 mg/ml significantly reduced 
lipid damage by 65, 60 and 58%, respectively, as compared 
to the toxic agent (Fe2+/AA) [Table 3]. At the same 
concentration, silymarin, used as a control, lowered MDA 
formation by 60%.

Effect of narcissin, rutin and Bupleurum 
flavum flavonoid on markers of carbon 
tetrachloride‑induced hepatic injury
Hepatocytes incubation with CCl4 resulted in statistically 
significant reduction of  cell viability by 65%, increased 
LDH activity by 608%, depletion of  cell GSH by 
52% and increased lipid peroxidation by 236%, compared 
with the control.

After preincubation of  hepatocytes with 1 mg/ml of  
individual flavonoids, the Trypan blue exclusion test 
showed a cell viability preservation by 60 and 67% when 
rutin and narcissin were used, respectively [Table 4]. 
BFF seems to be the most active (P < 0.001) with 107% 
viability preservation while silymarin exhibited activity 
comparable with that of  pure flavonoids (77%). Rutin, 
narcissin and silymarin significantly lowered LDH 

and MDA enzymes activities when compared to the 
toxicant (P < 0.01). BFF showed the highest activity: LDH 
and MDA were decreased by 47 and 62% (P < 0.001 and 
P < 0.01), respectively. Compensative increase of  GSH 
was observed after preincubation with CCl4. BFF exerted 
a higher protective effect (depletion is preserved by 100%) 
when compared with silymarin (80%).

Table 3: Effect of rutin (1 mg/ml) (R), 
narcissin (1 mg/ml) (N), B. flavum flavonoid 
mixture (1 mg/ml) (BFF) and silymarin (1 mg/
ml) (S) in nonenzyme‑induced (Fe2+/AA) lipid 
peroxidation in isolated rat liver microsomes
Group MDA, nmol/mg protein
Control (nontreated microsomes) 1.39±0.01
Fe2+/AA 4.20±0.03***
1 mg/ml R+Fe2+/AA 1.70±0.02+++

1 mg/ml N+Fe2+/AA 1.75±0.03+++

1 mg/ml BFF+Fe2+/AA 1.49±0.01+++

1 mg/ml S+Fe2+/AA 1.68±0.03+++

***P<0.001 versus control (Mann‑Whitney test); +++P<0.001 versus Fe2+/AA (Mann‑
Whitney test). MDA: Malondialdehyde; BFF: B. flavium flavonoid mixture

Table 2: Antioxidant activity of assayed 
Bupleurum species
Sample DPPH IC50 μg/ml ABTS IC50 μg/ml
B. affine 116.47 209.39
B. baldense 31.87 126.17
B. flavum 22.12 118.15
Rutin 10.44 2.77
BHT 32.37 32.20

BHT: Butylated hydroxytoluene, DPPH: 2,2‑diphenyl‑1‑picrylhydrazyl, ABTS: 
2,2'‑azinobis‑(3‑ethylbenzothiazoline‑6‑sulfonic acid

Table 4: Effect of rutin (1 mg/ml) (R), 
narcissin (1 mg/ml) (N), B. flavum flavonoid 
mixture (1 mg/ml) (BFF) and silymarin (1 mg/
ml) (S) in CCl4‑induced hepatotoxicity on cell 
viability, LDH activity, GSH depletion and MDA 
level in isolated rat hepatocytes
Group Cell 

vibility 
(%)

LDH 
(µmol/min/mill 

cells)

GSH 
(nmol/mill 

cells)

MDA 
(nmol/mill 

cells)
Control 85±4.6 0.120±0.01 21±2.1 0.101±0.01
86 µM CCl4 30±3.3*** 0.850±0.05*** 10±3.1*** 0.339±0.06***
1 mg/ml 
R+CCl4

48±6.1++ 0.560±0.02++ 16±2.6+++ 0.220±0.02++

1 mg/ml 
N+CCl4

50±3.2++ 0.572±0.03++ 17±3.5+++ 0.228±0.03++

1 mg/ml 
BFF+CCl4

62±4.1+++ 0.450±0.03+++ 20±4.6+++ 0.130±0.02++

1 mg/ml 
S+CCl4

53±2.9++ 0.551±0.01+++ 18±5.1+++ 0.216±0.02++

***P<0.001 versus control (Mann‑Whitney test); ++P<0.01 versus CCl4; +++P<0.001 
versus CCl4 (Mann‑Whitney test). BFF: B. flavum flavonoid mixture
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Effect of narcissin, rutin and Bupleurum flavum 
flavonoid on markers of tert‑butyl 
hydroperoxide‑induced oxidative stress
Similar experiments were conducted to test (individually) 
the activities of  BFF and studied compounds against 
t‑BuOOH‑induced oxidative stress in isolated rat 
hepatocyteses. The toxic effects of  t‑BuOOH on hepatocytes 
are stronger than the toxic effects of  CCl4: significant 
reduction of  cell viability by 69%, increased LDH activity 
by 642%, depletion of  cell GSH by 71% and increased lipid 
peroxidation by 286%, compared to the control. There was a 
dramatic increase in the enzyme level of  LDH and MDA in 
t‑BuOOH treated cells. Cell viability preservation with BFF 
was found to be 112% while narcissin and rutin had similar 
effect (P < 0.01) [Table 5]. The levels of  LDH, GSH and 
MDA in cells subjected to the different treatment are shown 
in Table 4. Pretreatment with narcissin and rutin attenuated 
the increase in LDH and MDA activities, but results were 
comparable to that of  silymarin. After incubation of  cells 
with BFF, GSH was dramatically increased by 200% when 
compared to t‑BuOOH treated cells (P < 0.001). Narcissin 
and rutin exerted hepatoprotective effect as evidenced by 
enhance of  GSH enzyme activity (by 133 and 150%) being 
less potent than silymarin (167%).

DISCUSSION

In the present study, we show for the first time that extracts 
from B. baldense and B. affine possess antioxidant activity and 
BFF mixture, narcissin, and rutin, isolated from the same 
mixture, are potent hepatoprotective agents in sub‑cellular 
and cellular in vitro systems.

Bupleurum extracts are characterized by means 
of their high‑performance liquid chromatography 
flavonoid profiles
In  th i s  s tudy,  the  conten t  o f  f l avono ids  in 
t h r e e  a n nu a l  E u r o p e a n  B u p l e u r u m  s p e c i e s , 
including B. flavum, B. baldense and B. affine, is reported. 
HPLC flavonoid profiles of  B. baldense and B. affine were 
characterized for the first time. In comparison with 
HPLC methods for the analysis of  flavonol derivatives 
in Bupleurum species as reported above, the SPE‑HPLC 
method optimized in this study allowed a good recovery 
of  the compounds of  interest.

In keeping with the reports of  Zhang et al., 2010, our 
results indicated that B. baldense and B. flavum aerial 
parts contained significant quantities of  rutin. [10] 
Several differences were observed in the qualitative 
and quantitative pattern of  flavonoids in Chinese and 
European Bupleurum species. The contents of  individual 
flavonoids reported here were generally higher than 
those reported by Zhang et al., 2010.[10] The main 
finding of  this study is that the Bulgarian B. flavum has 
a higher total content of  assayed compounds and higher 
combined levels of  rutin and narcissin compared to the 
other species.

Our SPE‑HPLC analysis revealed the presence of  
higher amounts of  rutin [Table 3] than those reported 
for Chinese species (up to 0.40 mg/g for B. chinense 
and B. longicaule).[10] The contents of  isorhamnetin 
and quercetin were in the same order of  magnitude 
as previously reported (up to 0.70 and 0.35 mg/g, 
respectively in B. yunnanense).[10] In the present study, 
narcissin, calculated as rutin equivalents, was the 
dominant flavonoid in the B. flavum extract.

Recently, acacetin 7‑rutinoside (linarin) and apigenin 6, 
8‑di‑C‑β‑D‑glucopyranoside (vicenin‑2), both flavon 
glycosides, have proved to be useful chemotaxonomic 
markers for B. chinense.[9] In contrast, our HPLC analysis 
revealed that B. flavum is different with a high yield of  
flavonol glycoside narcissin. B. affine was noticeably 
separated by the highest content of  isoquercitrin. At 
present, there are no data on the quantitative determination 
of  narcissin in Bupleurum species.

Antioxidant activity of Bupleurum species and in vitro 
hepatoprotective activity of Bupleurum flavum
To test the biological effects of  Bupleurum extracts, we used 
DPPH and ABTS assays as well as isolated microsomes 
and hepatocytes. In vitro systems play an important role 
for the investigation of  xenobiotic biotransformation 
and reveal the possible mechanisms of  toxic stress and 
its prevention.

Table 5: Effect of rutin (1 mg/ml) (R), narcissin 
(1 mg/ml) (N), B. flavum flavonoid mixture (1 
mg/ml) (BFF) and silymarin (1 mg/ml) (S) in 
t‑BuOOH‑induced oxidative stress on cell 
viability, LDH activity, GSH depletion and MDA 
level in isolated rat hepatocytes
Group Cell 

viability 
(%)

LDH 
(µmol/min/mill 

cells)

GSH 
(nmol/mill 

cells)

MDA 
(nmol/mill 

cells)
Control 85±4.6 0.120±0.01 21±2.1 0.101±0.01
75 µM 
t-BuOOH

26±2.1*** 0.890±0.06*** 6±4.5*** 0.390±0.03***

1 mg/ml 
R+t-BuOOH

45±2.6++ 0.500±0.02+++ 15±2.5+++ 0.210±0.02+++

1 mg/ml 
N+t-BuOOH

48±3.5++ 0.525±0.06+++ 14±3.6+++ 0.215±0.03+++

1 mg/ml 
BFF+t-BuOOH

55±4.2++ 0.420±0.07+++ 18±4.1+++ 0.150±0.03+++

1 mg/ml 
S+t-BuOOH

50±6.1++ 0.510±0.03+++ 16±5.1+++ 0.210±0.02+++

***P<0.001 versus control (Mann‑Whitney test); ++P<0.01 versus t‑BuOOH; 
+++P<0.001 versus t‑BuOOH (Mann‑Whitney test). LDH: Lactate dehydrogenase; 
GSH: Glutathione; MDA: Malondialdehyde; BFF: B. flavum flavonoid mixture
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In the present study, the evaluation of  Bupleurum extracts for 
antioxidant activity was carried out. Previous investigations 
revealed DPPH radical scavenging activity of  hexane 
extracts from B. lancifolium with IC50 435 mg/ml (leaves) 
and 135 mg/ml (seeds), in comparison with ascorbic 
acid (IC50 27 mg/ml).[28] Results for DPPH assays of  ethanol 
root extracts from endemic Bupleurum species (B. sulphureum, 
B. lycaonicum, B. turcicum, B. heldreichii, B. pauciradiatum) 
ranged from 57.37 ± 2.67 µg/ml to 443 ± 2.76 µg ml.[29] 
According to the results presented here, B. flavum extract 
demonstrated stronger antioxidant activity than previously 
studied Bupleurum species probably due to the differences 
in the methods used for extraction and the high levels of  
flavonoids. However, the highest DPPH and ABTS activity 
was presented by rutin.

One of  the most suitable sub‑cellular in vitro systems for 
investigation of  drug metabolism is isolated microsomes.

The microsomal fraction, which is prepared by differential 
centrifugation, contents fragments from the endoplasmic 
reticulum and preserve the enzyme activity, mostly 
cytochrome P450 enzymes. Microsomes are used as a model 
of  lipid membrane in experiments, related to the process 
of  lipid peroxidation.[30] Here, we show that narcissin and 
rutin revealed statistically significant antioxidant effect, 
similar to that of  the classical hepatoprotector silymarin, 
in non‑enzyme‑induced lipid peroxidation in isolated 
microsomes. Our results demonstrated that MDA level 
in the samples treated with BFF, was markedly decreased, 
which was consistent with the observed high effect of  this 
flavonoid mixture on the following in vitro toxicity models.

It’s known that CCl4 is bioactivated by CYP2E1, as 
well as CYP2B1 and possibly CYP3A, to form the 
trichlormethyl radical (●CCl3), which initiates the chain 
reaction of  lipid peroxidation.[31] Preincubation of  the 
hepatocytes with the studied compounds resulted in 
protection against CCl4 toxicity. There are data that 
in human liver microsomes, some flavonoids exert 
inhibitory effects on CYP3A,[32] CYP1A2, CYP3A4 and 
CYP2E1 activity.[33]

Another model in isolated rat hepatocytes, used for 
oxidative stress, is t‑BuOOH. The metabolism of  
t‑BuOOH to free radicals undergoes through several 
steps, which lead to the production of  different radicals. 
All these radicals caused lipid peroxidation process and 
decreased the level of  reduced GSH – a known cell 
protector.[34]

Narcissin and to a lesser extent rutin, increased cell 
viability in both CCl4 and t‑BuOOH‑induced injury 
models [Tables 3 and 4]. Pretreatment with narcissin or 

rutin significantly decreased LDH and MDA. It has been 
reported that rutin has free radical scavenging property 
and inhibits the lipid peroxidation.[33] As our study showed 
that both narcissin and BFF lowered MDA formation 
as shown in Tables 4 and 5, it could be conclude that 
lipid peroxidation induced by free radicals was reduced. 
Since GSH activity did not decrease after pretreatment 
with BFF and individual flavonoids, it is assumed that 
the hepatoprotective effect of  BFF or narcissin (rutin) 
might not decrease the activity of  endogenous antioxidant 
enzymes. This clearly shows that both narcissin and rutin 
might have a direct scavenging activity or protective effect 
on the antioxidant enzymes. Here, we show for the first 
time that the narcissin revealed statistically significant 
antioxidant and hepatoprotective effect, similar to that 
of  silymarin and rutin. In addition, narcissin in BFF 
was found to produce a synergistic effect with rutin in 
the protection of  hepatic cells against oxidative damage. 
It was reported previously that rutin exerted a similar 
effect in CCl4 and paracetamol treated rats.[33,35] Narcissin 
and rutin also have direct antioxidant effects as they 
belong to flavonoids that contain one or more phenolic 
hydroxyl groups in their moiety responsible for their 
antioxidant activity.[36] Here, we showed for the first 
time the hepatoprotective effect of  rutin and narcissin 
in t‑BuOOH‑induced oxidative stress in isolated rat 
hepatocytes. The main finding of  this study is that BFF 
was more potent cytoprotective and antioxidant agent 
as compared with the control drug silymarin at an equal 
concentration.

Indeed, saikosaponins and polysaccharides from Bupleurum 
roots have been reported to display hepatoprotective 
activity.[2] It has also been shown that the extracts of  B. kaoi 
roots and Chinese herbal medicines with Bupleurum roots 
protect the liver against CCl4 or D‑galactosamine‑induced 
hepatotoxicity.[3,4,6] Furthermore, in vitro hepatoprotective 
activity of  B. kaoi leaf  infusion was demonstrated in 
CCl4‑ and paracetamol‑induced toxicity in rat liver 
cells.[7] However, saikosaponins are a mixture of  structurally 
related forms with similar polarities, their separation is time 
consuming process and remains a challenge.[5]

Recently, a number of  flavonoids have been shown to 
be promising agents in the protection of  hepatic cells 
against oxidative damage.[33,35,37] Evidence came from 
the dramatic increase of  endogenous liver antioxidant 
enzymes and protection effect on serum enzyme levels 
by rutin,[33] quercetin[37] or by synergic action of  rutin 
and naringin.[38] In accordance with these findings it 
may be hypothesized that protective activity of  the 
assayed flavonoids could be due to the influence of  
the metabolism of  t‑BuOOH on a microsomal and 
mitochondrial level.
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CONCLUSION

A rapid validated SPE‑HPLC method with excellent 
recovery was developed for quantitative determination of  
flavonoids in Bupleurum species. Here, flavonoid profiles of  
B. baldense and B. affine were characterized for the first time 
and antioxidant activity was tested. From the pharmaceutical 
point of  view, B. flavum might be of  interest, considering 
the high amount of  flavonoids determined in its aerial 
parts. In addition, we showed for the first time synergistic 
effect of  narcissin in the hepatoprotective activity of  rutin 
from B. flavum. Our results clearly demonstrated that both 
narcissin and rutin could suppress hepatic injury from CCl4 
and t‑BuOOH application. The hepatoprotective effect 
of  BFF and assayed pure flavonoids against CCl4‑induced 
toxicity correlated with that against t‑BuOOH‑induced 
injury, with a stronger activity in t‑BuOOH toxicity model. 
It is apparent that BFF, narcissin and rutin not only 
scavenge the free radicals but also inhibit generation of  
free radicals. Therefore, BFF is worth investigating for the 
possible development of  hepatoprotective agent.
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