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ARTICLE INFO ABSTRACT

Aims: Vinegar-baked Radix Bupleuri (VBRB) potentiates the activity of anticancer drugs in the liver by increasing
their hepatic distribution. However, this phenomenon may be associated with drug transporters. We investigated
MRP the effect of saikosaponin b2 (SSb2; the main component of VBRB) on the activity and expression of different
0CT2 drug transporters in both normal cells and those that overexpress the transporter.

ng . Main methods: The activities of transporters were analyzed by concentration of their cellular substrates.
Saikosaponin b2 . . . . .

Concentrations of colchicine (substrate of Pgp and MRP1) and cisplatin (substrate of OCT2 and MRP2) were
determined by high-performance liquid chromatography (HPLC). The concentration of rhodamine B was de-
termined by flow cytometry. The expression of transporter gene and protein were determined by qRT-PCR and
Western blotting analysis.

Key findings: SSb2 increased colchicine efflux in HEK293 cells by primarily increasing Mrpl activity, in-
dependent of gene and protein expression. SSb2 enhanced Mrp2 function and increased cisplatin efflux in BRL3A
cells by upregulating Mrp2 gene expression, with a marginal effect on Pgp in normal cells. SSb2 increased OCT2
activity in OCT2-HEK293 cells by increasing the expression of OCT2 protein and mRNA; however, SSb2 in-
hibited MRP2 activity in MRP2-HEK293 cells by decreasing MRP2 protein expression, and decreased Pgp and
MRP1 activity in Pgp- and MRP1-HEK293 cells.

Significance: SSb2 might potentially be the key active component of VBRB that enhances the hepatotargeting
of anticancer drugs through the inhibition of multidrug resistance-associated drug transporters (Pgp, MRP1, and
MRP2) in an environment-dependent manner.

Keywords:
Drug transporters

1. Introduction

Conventional cancer chemotherapeutics induce systemic side effects
and have poor local selectivity. Tumor-targeting drugs with high effi-
cacy and selectivity have found widespread application in the treatment
of some tumors. However, the high cost of treatment and poor bio-
compatibility are some limitations of tumor-targeted therapies. The
development of safe and effective anticancer drugs is, therefore, a key
clinical imperative.

In traditional Chinese medicine, medicinal guide herbs are used to
enhance the effects of chemotherapeutic agents. Compared to targeted
drug delivery, this approach is simple, safe, and economical. However,
a lack of understanding of the mechanisms of action underlying the

effects of this approach limits its wider application and development.

VBRB, the vinegar-baked product of Radix Bupleuri (the dry radix of
Bupleurum Chinese DC and Bupleurum scozonerifolium), is the medicinal
hepato-targeting herb. In a study by Cheung et al., VBRB was shown to
increase the efficacy of anticancer drugs in patients with unresectable
hepatocellular carcinoma [1]. In our previous study, VBRB showed
good hepato-targeting efficiency by increasing the distribution of rhein,
oxymatrine, and resveratrol in the liver of rats and mice [2-4]. These
findings suggest that VBRB potentiates hepatic drug concentration, al-
though the specific VBRB component responsible for the hepato-tar-
geting effect and its mechanism of action are not known.

There are different types of compounds, including saikosaponin a,
b2, ¢, and d; polysaccharides; lignin; and volatile oils, in VBRB. Several
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recent studies have identified saikosaponins as the principal active
component of VBRB, and have explored the activity of the native sa-
ponins (saikosaponin a, ¢, and d) [5-9]. However, other research sug-
gests that the secondary saponins (saikosaponin bl and b2), and not the
native saponins (saikosaponin a, c, d), are the main components of
VBRB in Radix Bupleuri [10,11]. VBRB is mainly used in the treatment
of hepatic diseases. As indicated by previous studies, the effect of VBRB
may be associated with the drug transporters in hepatic cells. In our
previous study, we found that the hepatoprotective effect of VBRB was
enhanced and the content of saikosaponin b2 increased when higher
concentrations of vinegar were used to process it [12]. Overall, these
studies indicate that saikosaponin b2 may play a key role in the en-
hanced hepato-targeting effect of VBRB.

Changes in tissue drug distribution are modulated by the complex
interplay of factors in the cell signal transduction pathways, with drug
transporters being one of the key players [13]. In this study, we ex-
plored the effect of saikosaponin b2 on the activity and expressions of
P-glycoprotein (Pgp), multiresistance-related protein 1 and 2 (Mrp1 and
Mrp2), and organic cation transporter 2 (Oct2), both in cells with
normal expression and over-expression of transporters..

2. Materials and methods
2.1. Cell culture and chemicals

HEK293 and BRL3A cells were obtained from the American Type
Culture Collection (ATCC; Manassas, VA, USA). Cells from both cell
lines were maintained in Dulbecco's Modified Eagle's Medium (DMEM;
Gibco, Grand Island, USA), which was supplemented with 10% fetal
bovine serum (FBS) and 1% penicillin/streptomycin mixture (Gibco,
Grand Island, USA). A glutathione (GSH)-stimulated HEK293 cell model
was established through the addition of GSH (2 mM) as a stimulant. The
stable overexpression of Pgp, OCT2, and MRP2 in HEK293 cells were
established by lentiviral vectors according to previously described
protocols [14]. Saikosaponin b2 (purity > 98%) was purchased from
Winherb Medical Technology (Fig. 1; Shanghai, China). The OCT2, Pgp,
Mrpl, and Mrp2 mouse monoclonal antibodies and anti-mouse im-
munoglobulin G (IgG) horseradish peroxidase (HRP)-conjugated anti-
bodies were purchased from Abcam (Cambridge, UK). The GAPDH
antibody was purchased from Cell Signaling Technology (MA, USA).
The Pierce® BCA protein assay kit and TRIzol® reagent were purchased
from Invitrogen (Carlsbad, US); the Revert Aid First Strand cDNA
Synthesis and DyNAmo™ Color Flash SYBR® Green qPCR kits were
obtained from ThermoFisher Scientific (Rockford, US). Colchicine,
cisplatin, rhodamine B, verapamil, MK571, and 3-[4, 5-dimethylthiazol-
2-yl]-2, 5-diphenyl-tetrazolium bromide (MTT) were purchased from
Sigma-Aldrich (St. Louis, MO, US). All other chemicals were
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commercially available and of reagent grade.

2.2. Determination of cell viability by MTT assay

The BRL3A and HEK293 cells were seeded into 96-well plates at a
cell density of 2 x 10° and 4 x 10° cells per well, respectively, and
incubated for 24 h. Thereafter, these cells were treated with different
concentrations of saikosaponin b2 (128.0, 64.0, 25.6, 12.8, 6.4, 1.28,
and 0.128 uM) for 48 h. Subsequently, 20 uL. MTT (50 g/L) was added to
the cells, and incubated for 4 h. When formazan was formed, the culture
medium was removed and 150 uL. DMSO was added to dissolve the
formazan. The optical density was measured at 570 nm.

2.3. Substrate-uptake assays

For cisplatin and colchicine uptake assays, cells were seeded into
six-well plates, and saikosaponin b2 and/or transporter inhibitors
(50 uM MK571 or 50 uM verapamil) were added and incubated for 24 h.
Subsequently, the cells were treated with 50 pg/mL cisplatin for 4 h or
50 uM colchicine for 1 h. Then, the cells were harvested and lysed by
the freeze-thaw method (—80 °C to 37 °C, three times). The cell lysate
was centrifuged, and the supernatant was collected and subjected to
high-performance liquid chromatography (HPLC) analysis. Thereafter,
separation was conducted wusing a Diamonsil C18 column
(250 X 4.6mm, 5pm). The mobile phase was water:-
methanol:acetonitrile (23:46:31; flow rate 1.5 mL-min ! for cisplatin)
and water:methanol (45,55; flow rate 1 mL-min ' for colchicine) and
detection wavelengths were 254 and 353 nm, respectively. The total
protein concentration was determined by using the BCA Protein Assay
Kit according to the manufacturer's instructions. The substrate uptake
was expressed as cisplatin/mg protein or colchicine/mg protein.

For rhodamine B uptake assays, cells were treated with saikosa-
ponin b2 for 24 h; thereafter, the culture medium was discarded and
200 nM rhodamine B was added for 30 min and incubated in the dark.
Then, the cells were harvested for flow cytometry (10,000 cells/time),
and we detected the relative fluorescent intensity of intracellular rho-
damine B.

2.4. Western blotting analysis

After treatment with saikosaponin b2 for 24 h, the cells were har-
vested and lysed in RIPA buffer containing protease inhibitors. Protein
concentrations were determined by the BCA Protein Assay kit. Equal
amounts of protein were separated by SDS-PAGE. After membrane
transfer and blocking, the membrane was treated with primary anti-
bodies [OCT2 (1:500), Mrpl (1:1,000), Mrp2 (1:500), and Pgp
(1:1,000)] overnight at 4 °C and incubated with HRP-linked anti-rabbit

Fig. 1. The structure of saikosaponin b2.



Y. Zhao, et al.

Table 1
PCR primers of transporters.
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Transporters Forward primer Reverse primer

Rat Oct2 5’-CCGAGAATATGCAGAGGCCAA-3’ 5-AAGTCAGCTCCAGCAGCAAT-3’
Rat Mrp2 5’-CCCGCCAGCTGAGACGGTTG-3’ 5-GCTGGTGCTCAAAGGCACGGA-3’
Rat GADPH 5’-ATGATTCTACCCACGGCAAG-3’ 5-CTGGAAGATGGTGATGGGTT-3"
Human Pgp 5’-ACTTGTCACAATGCAGACAGCAGG-3’ 5-TGTGATCCACGGACACTCCTACG-3’
Human MRP1 5-GGGGGAGAAAAGGTCGGCATCG-3" 5-GTGCAGGCCGATCTTGGCGA-3’
Human MRP2 5’-ACAGTCCGAGATGTGAACCTG-3’ 5-TGAATCCAGGACTGCTGTGG-3"
Human OCT2 5-TGCAGCTGGAGTTCTCATGG-3’ 5-CTCCGATATCTCCGCCCAAC-3’

Human GAPDH

5’-TGTGATCCACGGACACTCCTACG-3"

5-GATCATCAGCAATGCCTCCTGCACC-3’

IgG for 1h at room temperature. We used ECL to develop im-
munoreactive bands that were exposed on Kodak Medical X-Ray film.
The intensity was analyzed by Gel Doc™ XR Quantity One® 1-D analysis
software (Bio-Rad Laboratories, Richmond, CA, US) and normalized by
GAPDH expression in each sample.

2.5. Quantitative real-time PCR

After 24-h treatment with saikosaponin b,, the cells were harvested
and total RNA was extracted with the TRIzol® reagent. We used 1 g
total RNA as a template for cDNA synthesis. We synthesized first strand
cDNA by using the Revert Aid First Strand cDNA synthesis kit according
to the manufacturer's protocol. This cDNA was used for q RT-PCR, to-
gether with the primers listed in Table 1. The amplification reactions
were undertaken using the ABI 7500 real-time PCR machine (Applied
Biosystems, USA) under the following conditions: denaturation for
10 min at 95 °C, followed by 40 cycles at 95°C for 15s and 60 °C for
1 min. The 27 24Ct method was used for data analysis.

2.6. Statistical analysis

All experiments were conducted in triplicate, and the results are
expressed as mean * standard deviation (SD). Data processing and
analysis were undertaken with the SPSS 17.0 software. Independent
samples t-test was used for pair-wise comparisons, whereas Fisher's
Least Significant Difference (LSD) test was used for multiple compar-
isons. P < 0.05 or P < 0.01 was considered indicative of statistical
significance.

3. Results
3.1. Cell viability assays after treatment with saikosaponin b2

With the MTT assay, we investigated the effect of saikosaponin b2
(0.128-128.0 uM) on the viability of BRL3A and HEK293 cells. More
than 80% of BRL3A and HEK293 cells survived at concentrations of up
to 128.0 and 64.0 uM, respectively. Therefore, we used these two
concentrations in subsequent experiments.

3.2. Effect of saikosaponin b2 on the activity and expressions of Pgp and
MRP1 in HEK293 cells

Colchicine was used to study the activity of Pgp and MRP1 because
it is a substrate for both of these transporters. To exclude their inter-
ference with each other, we added the MRP1 inhibitor MK571 and the
Pgp inhibitor verapamil. After 48-h treatment of HEK293 cells with
saikosaponin b2 (64.0 uM), the colchicine uptake was decreased by
25.2% (P < 0.05) as compared to that in the control group (Fig. 2A).
However, 48 h after the addition of the inhibitors MK571 or verapamil,
both inhibitors significantly increased colchicine uptake (P < 0.01).
These results indicated that both Pgp and MRP1 contributed to col-
chicine efflux. Compared to the verapamil-control group, treatment
with saikosaponin b2 decreased colchicine uptake by 28.5% (P < 0.05;

Fig. 2C). However, saikosaponin b2 showed no significant effect when
compared to the MK571-control group (Fig. 2B). Furthermore, we
studied the effect of saikosaponin b2 on the Pgp and MRP1 protein and
mRNA levels. Saikosaponin b2 had a marginal effect on both Pgp
(Fig. 2D, E), and Mrpl (Fig. 2F, G) protein and mRNA, respectively.
These findings indicated that saikosaponin b2 decreased the accumu-
lation of colchicine in HEK293 cells, mainly by increasing Mrpl ac-
tivity.

3.3. Effect of saikosaponin b2 on the activity and expressions of Mrp2 and
OCT2 in BRL3A cells

Cisplatin is a platinum-based drug that is a substrate of both OCT2
and Mrp2. Therefore, we investigated the effect of saikosaponin b2 on
OCT2 and Mrp2 activities by detecting the accumulation of cisplatin in
BRL3A cells. After 24-h treatment with 128.0 uM saikosaponin b2,
cisplatin accumulation decreased by 53.0% (P < 0.05, Fig. 3A). Sub-
sequently, we determined the protein and mRNA expressions of OCT2
and Mrp2 to study the underlying mechanisms. Saikosaponin b2 had no
remarkable effect on OCT2 protein and OCT2 mRNA expression
(Fig. 3C). Furthermore, saikosaponin b2 did not have a notable effect on
Mrp2 protein; however, it increased the Mrp2 mRNA expression by
223.5% (Fig. 3D, E). These results indicated that saikosaponin b2
hampered cisplatin uptake in normal cells mainly by increasing the
Mrp2 gene expression.

3.4. Saikosaponin b2 increased OCT2 activity in OCT2-HEK293 cells but
decreased MRP2 activity in MRP2-HEK293 cells

After 24-h treatment of OCT2-HEK293 cells, saikosaponin b2 in-
creased cisplatin uptake by 61.3% (P < 0.05, Fig. 4). Both protein and
mRNA expressions of OCT2 were increased by 49.7% (P < 0.05) and
111.3% (P < 0.05), respectively. These results indicate that saikosa-
ponin b2 increases OCT2 activity in a protein- and gene-dependent
manner.

In MRP2-HEK293 cells, saikosaponin b2 increased the uptake of
cisplatin by 35.8% (P < 0.05), whereas MK571 (the inhibitor of
MRP2) increased the uptake of cisplatin by 19.5% (P < 0.05, Fig. 5A).
The MRP2 protein expression was decreased by 40.6% and 51.3% after
treatment with saikosaponin b2 and MK571, respectively (P < 0.05,
Fig. 5B, C).

3.5. Saikosaponin b2 decreased Pgp activity in Pgp-HEK293 cells and
decreased MRP1 activity in GSH-stimulated HEK293 cells

Rhodamine B is a substrate of Pgp. As shown in Fig. 6, the relative
fluorescence of rhodamine B decreased significantly (P < 0.01) in Pgp-
HEK293 cells, compared to that with the vectors. Following the addi-
tion of saikosaponin b2 or verapamil (a Pgp inhibitor) to Pgp-HEK293
cells, the relative fluorescence of rhodamine B was significantly in-
creased by 337.4% and 163.1% (P < 0.01), respectively. These results
indicate that saikosaponin b2 inhibits Pgp activity when Pgp is over-
expressed, and the effect was stronger than that of verapamil. However,
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Fig. 2. Effect of saikosaponin b2 on Mrpl and Pgp in HEK293 cells. Colchicine uptake was determined by high performance liquid chromatography after 48-h
treatment of cells with saikosaponin b2 (A), MK571 or MK571 plus saikosaponin b2 (B), verapamil and verapamil plus saikosaponin b2 (C), followed by the addition
of 50 uM colchicine for an additional 1 h. Protein expressions of Pgp (D) and Mrpl (F) in HEK293 cells treated with saikosaponin b2 for 48 h were determined by
Western blotting analysis. The mRNA expressions of Pgp (E) and Mrpl (G) were measured by qRT-PCR analysis after 48-h treatment of cells with saikosaponin b2.
GAPDH was used as the loading control. Relative protein and mRNA expressions were calculated by sample/control. Mean + SD values from three independent
experiments are presented. *P < 0.05, **P < 0.01 versus control, #P < 0.05 versus verapamil-control.
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both Pgp gene and protein expressions showed no remarkable changes
after treatment of Pgp-HEK293 cells with saikosaponin b2. This result
suggests that saikosaponin b2 may affect Pgp activity through post-
translational regulation.

To examine the effect of saikosaponin b2 on the overexpression of
MRP1, we constructed a GSH-stimulated HEK293 cell model because
MRP1 is a GSH-dependent protein. When stimulated by GSH, the up-
take of colchicine in HEK293 cells significantly declined, and the MRP1
gene and protein expressions notably increased (P < 0.01, P < 0.05).
After the addition of MK571 (the MRP1 inhibitor), colchicine uptake
increased by 75.6% (P < 0.01), whereas MRP1 gene and protein ex-
pressions decreased by 48.5% (P < 0.05) and 97.1% (P < 0.01,
Fig. 7), respectively. These data indicate the successful establishment of
the cell model. Treatment with saikosaponin b2 increased colchicine
uptake by 51.4% (P < 0.05), but did not affect MRP1 protein and
mRNA expressions.

4. Discussion
For many years, medicinal targeting herbs have been used in com-

bination with antitumor drugs in the treatment of tumors in Chinese
medicine clinics. The rationale for the use of medicinal targeting herbs

during tumor treatment is that they increase the distribution of anti-
tumor compounds in the target tissue. VBRB is commonly used as a
medicinal hepato-targeting herb. However, the active ingredient of
VBRB which targets hepatic cells and its underlying mechanism of ac-
tion are not well characterized.

Drug transporters are determinants of tissue distribution and are
amenable to modulation by foreign substances. The active ingredients
of medicinal targeting drugs may serve as inducers or inhibitors of
transporters, which may then modify the tissue distribution of other
drugs. Although saikosaponin a and d are the index components of
Radix Bupleuri, both of these native saponins can be transformed to
secondary saponins (saikosaponin bl and b2) through processing as
decoction and with vinegar. Because saikosaponin a is relatively stable,
saikosaponin b2 is considered the index component of VBRB. However,
there are limited reports with regard to its bioactivity. Studies have
shown that VBRB has a good inhibitory effect on the human corona
virus 229 E [15]. In addition, VBRB was shown to inhibit the entry of
the hepatitis C virus [16]. Furthermore, saikosaponin b2 was shown to
inhibit etoposide-induced NF-kB activation in B16F10 melanoma cells,
which exposed a new approach to overcome cancer chemoresistance
[17]. Moreover, it was shown to cause IgE-induced mast cell de-
granulation, which was related to the inflammatory response [18]. To
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Fig. 7. Effect of Saikosaponin b2 on MRP1 activity and expression in glutathione (GSH)-stimulated HEK293 cells. (A) Colchicine uptake was determined by high
performance liquid chromatography after 24-h treatment of cells with GSH, GSH plus saikosaponin b2, and GSH plus MK571, followed by incubation with colchicine
for an another 1 h. (B) MRP1 protein expression was determined by Western blotting analysis after 24-h treatment of cells with GSH, GSH plus saikosaponin b2 and
GSH plus MK571. GAPDH was used as the loading control. (C) MRP1 mRNA expression was measured by qRT-PCR analysis after 24-h treatment of cells with GSH,
GSH plus saikosaponin b2 and GSH plus MK571. Relative protein and mRNA expressions were calculated by samples/glutathione-control. Mean + SD values from
three independent experiments are presented. *P < 0.05, **P < 0.01 versus glutathione-control.

the best of our knowledge, this is the first study to document the effect
of saikosaponin b2 on drug transporters. Indeed, saikosaponin b2 may
be the active component which is responsible for the enhanced hepato-
targeting effects of VBRB.

Transporters are transmembrane proteins that facilitate the move-
ment of a wide variety of substrates across membrane bilayers. Not only
are these transporters responsible for the delivery of nutrients and en-
dogenous substances, but they may also help protect against en-
dogenous and exogenous toxicity. The functions of these transporters
are influenced by the body state as well as by the types and con-
centrations of exogenous substances. Because anticancer therapy typi-
cally requires a long duration of administration and given that safety is
a key concern during anticancer therapy, we studied the effect of sai-
kosaponin b2 on drug transporters in both normal cells and those that
overexpress transporters.

The Pgp transporter is ubiquitously expressed and abundantly ex-
pressed in the liver, especially in hepatocellular carcinoma cells.
Saikosaponin b2 had marginal effect on Pgp activity in the normal state;
however, it significantly inhibited Pgp activity in Pgp-HEK293 cells.
This finding suggested that the coadministration of antitumor drugs
with VBRB may lead to hepatic accumulation of the drug and-, thereby,
exhibit a synergistic effect toward achieving a clinical effect with less
generalized systemic toxicity [1]. Furthermore, in normal HEK293 or in
Pgp-overexpressing HEK293 cells, the protein and gene expressions
were inconsistent with their activities. Pgp is an ATP-binding cassette
transporter, whose function is not only dependent on the protein and
mRNA levels, but is also related to the energy supply and other vari-
ables such as hepatic nuclear factors [19]. Other studies have shown
that certain drugs modulate the expression of Pgp through certain cell
signaling pathways. Kim et al. [20] found that metformin activated
AMPK and suppressed MDR1 expression in MCF-7/adr cells by in-
hibiting the activation of NF-xB and CREB. Seo et al. [21] showed that
downregulation of Pgp through inhibition of the DNA-PKcs/Akt/GSK-
3B pathway may ameliorate multidrug resistance. Further studies are
required to determine whether saikosaponin b2 modulates the function
of Pgp via these signaling pathways.

Furthermore, we studied the other two efflux transporters (MRP1/
Mrpl and MRP2/Mrp2) that are related to tumor multidrug resistance.
The effect of saikosaponin b2 on both transporters was similar.
Saikosaponin b2 enhanced MRP1/Mrpl and MRP2/Mrp2 function in

normal cells, but significantly inhibited MRP1 and MRP2 activity in
MRP1-HEK293 cells and MRP2-HEK293 cells, respectively. Both
MRP1/Mrpl and MRP2/Mrp2 normally participate in the detoxifica-
tion process [22]. Thus, enhancing their function in the normal state
helps to avoid the harmful effects of exogenous compounds in the body.
However, high expression levels of MRP1 and MRP2 in lung, breast,
ovarian, and hepatocellular carcinoma cells were associated with un-
favorable outcomes and poor prognosis [23-28]. Our results indicate
that saikosaponin b2 may improve the therapeutic efficacy of antitumor
drugs against multidrug-resistant cancers that cause overexpression of
MRP1/Mrpl and MRP2/Mrp2. Unlike the former three transporters,
OCT2/Oct2 is an influx transporter that mainly transports cationic
compounds. The frequently used antitumor drugs cisplatin and ox-
aliplatin are substrates of OCT2. Moreover, compensatory renal over-
expression of OCT2/0ct2 has been demonstrated in hepatic diseases
[29]; therefore, we studied the effect of saikosaponin b2 on OCT2/Oct2
under normal and overexpressed conditions. Saikosaponin b2 enhanced
OCT2 activity in the overexpressed condition by upregulating both
mRNA and protein expressions. Our study indicates saikosaponin b2
may aggravate the renal toxicity of platinum-containing anticancer
drugs when used for the treatment of hepatocellular carcinoma.

5. Conclusions

Saikosaponin b2 might potentially be the key active ingredient of
VBRB that enhances the effect of hepatotargeted anticancer drugs
through the inhibition of multidrug resistance-associated drug trans-
porters (Pgp, MRP1/Mrpl, and MRP2/Mrp2). Thus, saikosaponin b2
enhanced the efficiency of chemotherapy drugs and prevented the de-
velopment of multidrug resistance in hepatocellular carcinoma.
However, the use of platinum-containing anticancer drugs should be
avoided in combination with saikosaponin b2 treatment.
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