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Background: The roots of Scutellaria baicalensis Georgi (Labiatae) have been widely used in traditional medicine for treatment of various
diseases. In this study, we investigated the effects of ethanol extracts of S. baicalensis roots (EESB) on the growth ofn human leukemia
U937 cells.

Methods: The effect of EESB on cell viability was measured by the 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide assay.
Apoptosis was determined using 4,6-diamidino-2-phenyllindile staining and flow cytometry. The effects of EESB on the expression of
regulatory proteins of apoptosis and phosphatidyl inositol 3-kinase (PI3K)/Akt signaling were determined by Western blotting. Caspase
activity and mitochondrial membrane potential (MMP) were measured using flow cytometric analysis.

Results: EESB significantly inhibited the growth of U937 cells and induced apoptosis, which was associated with down-regulation of
anti-apoptotic Bcl-2, up-regulation of pro-apoptotic Bax, the loss of MMP and activation of caspase-9 and -3. We also found that EESB
enhanced the expression of death receptors (DRs) and their associated ligands and induced the activation of caspase-8 and truncation
of Bid. In addition, EESB suppressed PI3K/Akt signaling and EESB-induced apoptosis and growth inhibition were further increased by
inhibition of PI3K activity.

Conclusions: Our results indicated that the pro-apoptotic effect of EESB was mediated through the activation of DR-mediated intrinsic
and mitochondria-mediated extrinsic apoptosis pathways and inhibition of the PI3K/Akt signaling in U937 cells.
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INTRODUCTION release of apoptotic factors into the cytoplasm from

mitochondria. Both pathways involve the activation of caspases,

Apoptosis is regulated finely at the genetic level and serves to a class of cysteine proteases [9,10]. Therefore, the induction of
remove damaged cells during development [1-3]. It is therefore apoptosis is a critical mechanism for many drug-induced
important to identify the apoptotic mechanism for the anticancer activities. Induction of apoptosis also involves a
prevention and treatment of a variety of intractable diseases, variety of intracellular signaling pathways [2,11,12]. Among
including cancer [4-6]. Apoptosis can generally be induced them, the phosphatidylinositol 3-kinase (PI3K)/Akt pathway is
through extrinsic or intrinsic pathways associated with caspase important as a target for cancer therapy because it plays an
activation [7,8]. The extrinsic pathway is activated by stimulation important role in cell proliferation [9,13]. Activation of PI3K/Akt
of death receptors (DR) and their ligands in the cell membrane. signaling inhibits expression of pro-apoptotic proteins and
On the other hand, the intrinsic pathway is initiated through the enhances cell survival by activating anti-apoptotic proteins
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[14,15]. Thus, the use of a PI3K inhibitor can completely inhibit
Akt activation thereby preventing cancer cell proliferation and
inducing programmed cell death.

The roots of Scutellaria baicalensis Georgi (Labiatae) are widely
used in traditional Oriental medicine for treating various
diseases [16,17]. Many recent studies on S, baicalensis show a
variety of therapeutic effects such as anti-angiogenesis,
anti-inflammatory, anti-microbial, immunoenhancing and anti-
oxidative, properties [18-22]. Moreover, several studies have shown
that the extracts of S, baicalensisroots exhibit various anticancer
activities including induction of cell cycle arrest and apoptosis in
various cancer cells [23,24]. However, the anti-cancer mechanism
by S, baicalensisin human leukemia cells is not fully understood.
In the current study, we investigated the effect of ethanol extract
of S baicalensis roots (EESB) on the apoptosis induction of
human leukemic U937 cells in relation to the PI3K/Akt pathway.

MATERIALS AND METHODS

1. Chemicals and antibodies

RPMI1640 medium, Dulbecco's modified Eagle's medium
(DMEM), FBS, and antibiotics were purchased from WeLGENE
Inc. (Daegu, Korea). 4,6-Diamidino-2-phenylindole (DAPI) and
MTT were purchased from Sigma-Aldrich Chemical Co. (St. Louis,
MO, USA). 5,5,6,6-Tetrachloro-1,1",3,3"-tetraethyl-imidacar-
bocyanineiodide (JC-1) and fluorescein-conjugated annexin V

Table 1. Antibodies used in the present study

(annexin V-FITC) were obtained from Calbiochem (San Diego, CA,
USA) and BD Biosciences Pharmingen (San Jose, CA, USA),
respectively. The enhanced chemiluminescence (ECL) detection
system and in vitro caspase colorimetric assay kit were purchased
from Amersham Corp. (Arlington Heights, IL, USA) and R&D
Systems (Minneapolis, MN, USA), respectively. The primary
antibodies (Table 1) used for this study were purchased from
Bioworld Technology, Inc. (St. Louis Park, MN, USA), Santa Cruz
Biotechnology, Inc. (Santa Cruz, CA, USA) and Cell Signaling
Technology, Inc. (Beverly, MA, USA). Peroxidase-labeled donkey
ant-rabbit and sheep anti-mouse immunoglobulin were purchased
from Amersham Corp. All other chemicals not specifically cited here
were purchased from Sigma-Aldrich Chemical Co.

2. Preparation of ethanol extracts of S. baicalensis
roots

Roots of S baicalensis were obtained from Dong-Eui Korean
Hospital of the Dong-Eui University (Busan, Korea). The roots (40
g) were pulverized into fine powder and immersed in 500 mL of
70% ethanol for 2 days. The extracted liquid was filtered twice
through Whatman filter paper (No. 3) to remove insoluble
matters and concentrated using a rotary evaporator. The extracts
(EESB) were redissolved in dimethyl sulfoxide (DMSO) and then
diluted with the culture medium to the desired concentration
before use. The final DMSO concentration was below the
non-cytotoxic range of 0.05% in all experiments.

Antibody Dilution Product No. Species of origin and supplier

Actin 1 : 50,000 BS6007M Mouse polyclonal, Bioworld Technology, Inc.
Caspase-3 1 : 1,000 sc-7272 Mouse polyclonal, Santa Cruz Biotechnology, Inc.
Caspase-8 1 : 1,000 sc-7890 Rabbit polyclonal, Santa Cruz Biotechnology, Inc.
Caspase-9 1 : 1,000 sc-7885 Rabbit polyclonal, Santa Cruz Biotechnology, Inc.
PARP 1 : 1,000 sc-7150 Rabbit polyclonal, Santa Cruz Biotechnology, Inc.
XIAP 1 : 1,000 sc-11426 Rabbit polyclonal, Santa Cruz Biotechnology, Inc.
cIAP-1 1 : 1,000 sc-7943 Rabbit polyclonal, Santa Cruz Biotechnology, Inc.
TRAIL 1 : 1,000 sc-7877 Rabbit polyclonal, Santa Cruz Biotechnology, Inc.
DR4 1 : 1,000 sc-7863 Rabbit polyclonal, Santa Cruz Biotechnology, Inc.
DR5 1 : 1,000 sc-65314 Mouse polyclonal, Santa Cruz Biotechnology, Inc.
Fas 1 : 1,000 sc-715 Rabbit polyclonal, Santa Cruz Biotechnology, Inc.
FasL 1 : 1,000 sc-957 Rabbit polyclonal, Santa Cruz Biotechnology, Inc.
Bcl-2 1 : 1,000 sc-783 Rabbit polyclonal, Santa Cruz Biotechnology, Inc.
Bax 1 : 1,000 sc-493 Rabbit polyclonal, Santa Cruz Biotechnology, Inc.
Bid 1 : 1,000 sc-11423 Rabbit polyclonal, Santa Cruz Biotechnology, Inc.
PI3K 1 : 1,000 4257P Rabbit polyclonal, Cell Signaling Technology, Inc.
p-PI3K 1 : 1,000 4228P Rabbit polyclonal, Cell Signaling Technology, Inc.
Akt 1 : 1,000 sc-8312 Rabbit polyclonal, Santa Cruz Biotechnology, Inc.
p-Akt 1 : 1,000 sc-101629 Rabbit polyclonal, Santa Cruz Biotechnology, Inc.

IAP, inhibitor of apoptosis protein; DR, death receptor; PI3K, phosphatidyl inositol 3-kinase.
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3. Cell culture

The six cancer cell lines used in this study were obtained from
American Type Culture Collection (Manassas, MD, USA). Among
them, U937 human leukemia and A549 lung carcinoma cells were
maintained in RPMI1640 medium containing 10% FBS, 100 pg/mL
streptomycin and 100 U/mL penicillin in a humidifying incubator
containing 5% CO; at 37°C. Hep3B hepatoma, B16F10 mouse
melanoma, MDA-MB-231 and MCEF-7 breast carcinoma cells were
maintained in DMEM supplemented with 10% FBS and
antibiotics at the same condition.

4. MTT assay

In brief, after treatment with various concentrations of EESB
for 24 hours, 0.5 mg/mL of MTT solution was added to the culture
plates, and they were incubated for 3 hours at 37°C and then
DMSO was added to dissolve the formazan crystals. The
absorbances were measured using an ELISA reader (Molecular
Devices, Sunnyvale, CA, USA) at 540 nm.

5. 4,6-Diamidino-2-phenylindole staining

Cells treated with or without EESB were washed with PBS and
fixed with 4% paraformaldehyde for 10 minutes at room
temperature (RT). The cells were washed with PBS and stained
with DAPI solution (2.5 pg/mL) for 10 minutes at RT. The cells
were then washed twice with PBS and observed with
fluorescence microscopy (Carl Zeiss, Deisenhofen, Germany).

6. Annexin V-FITC staining

For quantitative assessment of induction of apoptosis rate, the
annexin V-FITC staining assay was performed according to the
manufacturer's protocol. Briefly, the cells were stained with
annexin V-FITC and propidium iodide. After incubation for 15
minutes at RT in the dark, the degree of apoptosis was quantified
using flow cytometry (FACS Caliber; Becton Dickinson, San Jose,
CA, USA) as the percentage of annexin V-positive cells.

7. Protein extraction and Western blot analysis

The cells were lysed for 30 minutes at 4°C as previously
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Figure 1. Effects of ethanol extracts of Scutellaria baicalensis roots (EESB) on cell viability in various cancer cell lines. Hep3B hepatoma
(A), BI6F10 melanoma (B), U937 leukemia (C), MDA-MB-231 and MCF-7 breast carcinoma (D, E), and A549 lung carcinoma (F) cells were treated
with the indicated concentrations of EESB for 24 hours. The cell viabilities were determined by the MTT assay. Data are presented as mean =
SD values obtained from three independent experiments. *P < 0.05 compared with the untreated control group.
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described [21]. The protein concentration in supernatants was
determined using a Bio-Rad protein assay kit (Bio-Rad
CA, USA)

manufacturer's instructions. Equal amounts of protein extract

Laboratories, Hercules, according to the
were separated by denaturing SDS PAGE and transferred to
polyvinylidene fluoride membranes (Schleicher & Schuell,
Keene, NH, USA). The membranes were incubated overnight at
4°C with primary antibodies (Table 1), probed with
enzyme-linked secondary antibodies for 1 hour at RT, and

detected using an ECL detection system.
8. Caspase activity assay

The activities of caspases were determined using colorimetric
assay kits, which utilize synthetic tetrapeptides labeled with
p-nitroaniline. Briefly, the cells were lysed in the supplied lysis
buffer and then the supernatants were incubated with the
supplied reaction buffer containing DTT and Asp-Glu-Val-Asp
[DEAD] for caspase-3, lle-Glu-Thr-Asp [IETD] for caspase-8, and
Leu-Glu-His-Asp [LEHD] for caspase-9 as substrates at 37°C for 2
hours in the dark. The reactions were measured by changes in
absorbance at 405 nm using an ELISA reader.

9. Measurement of mitochondrial membrane potential

The values of mitochondrial membrane potential (MMP)
(Aym) of cells were determined using JC-1 staining, Briefly, the
cells were collected and incubated with 10 uM of JC-1 for 20
minutes at 37°C in the dark. After removing JC-1, the cells were
washed with PBS to remove unbound dye, and the amount of JC-1
retained was measured using flow cytometry.

10. Statistical analysis

All experiments were performed at least three times. Data
were analyzed using GraphPad Prism software ver. 5.03
(GraphPad Software, Inc., La Jolla, CA, USA), and expressed as the
mean *+ SD. Differences between groups were assessed using
analysis of variance followed by ANOVA-Tukey's post hoc test,
and P < 0.05 was considered to indicate a statistically significant
difference.

RESULTS

1. Ethanol extracts of S. baicalensis roots inhibit cell
viability in various cancer cell lines

To examine the anti-proliferative effects of EESB in various
cancer cell lines such as liver cancer (Hep3B), melanoma (B16F10),
leukemia (U937), breast cancer (MDA-MB-231 and MCF-7) and

lung cancer (A549) cells, the cells were treated with different
concentrations of EESB (100-500 pg/mL) for 24 hours and cell
viability was detected by an MTT assay. As shown in Figure 1, the
cell viabilities in all the six types of cancer cells were decreased in
a concentration-dependent manner. For instance, when U937
cells were treated with 100 pg/mL and 200 pg/mL of EESB, their
cell viability decreased by 28% and 47%, respectively, compared to
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Figure 2. Induction of apoptosis by ethanol extracts of Scutellaria
baicalensis roots (EESB) in U937 cells. Cells were plated onto 6-well
plates at a density of 4.0 x 10° cells/well and treated with variable
concentrations of EESB for 24 hours. (A) Nuclei stained with
4,6-Diamidino-2-phenylindole solution were photographed with a
fluorescence microscope using a blue filter (x400). Arrows indicate
apoptotic cells. (B, C) To quantify the degree of cell apoptosis, the
cells were stained with annexin V-FITC and propidium iodide (PI),
and the percentage of apoptotic cells (annexin V¥ cells) was de-
termined using flow cytometric analysis. Data are presented as mean =+
SD values obtained from three independent experiments. *P < 0.05
compared with the untreated control group.



Eun Ok Choi, et al: Induction of Apoptosis by Scutellaria baicalensis Georgi 15

the control group. Since U937 cells were more sensitive to EESB
than the other cancer cell lines, the subsequent experiments
were performed using U937 cells.
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Figure 3. Effects of ethanol extracts of Scutellaria baicalensis roots
(EESB) on the expression of death receptor (DR)-related and inhibitor
of apoptosis protein (IAP) proteins in U937 cells. Cells grown under the
same conditions (shown in Figure 2) were lysed, and cellular proteins
were visualized using the indicated antibodies and an enhanced chem-
iluminescence detection system. Actin was used as an internal control.
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2. Ethanol extracts of S. baicalensis roots induce
apoptosis in U937 cells

To determine whether this inhibitory effect of EESB on U937
cell growth was due to apoptotic cell death, we stained the nuclei
with DAPI solution. As shown in Figure 24, the cells treated with
EESB exhibited significant chromatin condensation and
formation of apoptotic bodies in a concentration-dependent
manner. In addition, to determine the degree of apoptosis in the
cells treated with EESB, we used flow cytometry. As shown in
Figure 2B and 2C, the frequency of apoptosis was significantly
increased with increasing concentrations of EESB.

3. Ethanol extracts of S. baicalensis roots modulate
the expression of apoptosis regulatory genes in
U937 cells

To examine which apoptotic pathway contributes to
EESB-induced U937 cell apoptosis, the roles of DRs and their
corresponding ligands were examined by Western blot analyses.
As indicated in Figure 3, the expression levels of DR4 and DR5
protein were concentration-dependently increased after EESB
treatment, but the protein levels of Fas, FasL and TRAIL were not
changed. Under the same conditions, EESB treatment resulted in
a decrease in the expression levels of the inhibitor of apoptosis
protein (IAP) family of proteins, such as cIAP-1 and XIAP.
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Figure 4. Activation of caspases and degradation of caspase substrates by ethanol extracts of Scutellaria baicalensis roots (EESB) in U937
cells. (A) Cells grown under the same conditions (shown in Figure 2) were lysed, and cellular proteins were visualized using the indicated
antibodies and an enhanced chemiluminescence detection system. Actin was used as an internal control. (B) Cells were lysed, and aliquots
(50 pg protein) were assayed for in vitro caspase-3, -8, and -9 activity using DEVD-p-nitroaniline (pNA), IETD-pNA, and LEHD-pNA as substrates,
respectively, at 37°C for 1 hour. The released fluorescent products were analyzed. Data are presented as mean + SD values obtained from
three independent experiments. *P < 0.05 compared with the untreated control group.



1 6 Journal of Cancer Prevention Vol. 24, No. 1, 2019

4. Ethanol extracts of S. baicalensis roots induce the
activation of caspases in U937 cells

We next examined the expression level and activity of caspases
in EESB-induced U937 cells. As shown in Figure 4A, the levels of
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Figure 5. Effects of ethanol extracts of Scutellaria baicalensis roots
(EESB) on the expression of Bcl-2 family proteins and values of mi-
tochondrial membrane potential (MMP) in U937 cells. (A) Cells were
treated with EESB for 24 hours, and aliquots containing the total
protein levels were subjected to SDS PAGE followed by immunoblot
analysis with the specific antibodies. (B, C) To quantify the degree
of MMP loss, untreated control and EESB-treated cells were in-
cubated with 10 uM JC-1 for 20 minutes at 37°C in the dark. The
cells were then washed once with PBS, and MMP loss was evaluated
using a flow cytometer. Data are presented as the mean *+ SD values
obtained from three independent experiments. *P < 0.05 compared
with the untreated control group.

pro-caspase-3, an effector caspase, in cells treated with EESB were
downregulated in a concentration-dependent manner. And, the
levels of the active forms of caspase-8 and caspase-9, initiator
caspases of the extrinsic and intrinsic apoptosis pathways,
respectively, were markedly increased, and their pro-forms were
downregulated. Under the same conditions, the in vitro activities
of these caspases were significantly increased in a
concentration-dependent manner (Fig. 4B). Moreover, EESB
treatment induced progressive proteolytic cleavage of PARP (Fig,
4A), which are substrate proteins of active caspase-3 [25,26].

5. Ethanol extracts of S. baicalensis roots activate
the mitochondrial apoptosis pathway in U937 cells

To confirm induction of EESB-induced apoptotic pathways, the
effects of EESB on the levels of Bcl-2 family proteins and MMP
values were examined. As indicated in Figure 5A, the levels of the
pro-apoptotic protein Bax were upregulated, but the levels of the
anti-apoptotic protein Bcl-2 were downregulated in response to
EESB treatment. Additionally, although we did not detect the
truncated form of the pro-apoptotic protein Bid, a BH3-only
protein [27], EESB resulted in a decrease in the intact form of Bid
proteins that reflects Bid cleavage and activation (Fig. 5).
Moreover, EESB increased the loss of MMP comparison to the
untreated control cells (Fig. 5B and 5C).
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Figure 6. Inactivation of the phosphatidyl inositol 3-kinase (PI3K)/Akt
signaling pathway by ethanol extracts of Scutellaria baicalensis roots
(EESB) in U937 cells. The cells were treated with EESB (200 mg/ml)
for the indicated times. Equal amounts of cell lysate were resolved
on SDS PAGE, transferred to nitrocellulose membranes and probed
with the anti-p-PI3K, anti-PI3K, anti-p-Akt and anti-Akt antibodies.
The proteins were visualized using an enhanced chemiluminescence
detection system. Actin was used as an internal control.
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Figure 7. Increase in ethanol extracts of Scutellaria baicalensis roots (EESB)-induced apoptosis by inactivation of phosphatidyl inositol 3-kin-
ase/Akt signaling in U937 cells. The cells were pre-treated with or without LY294002 (50 mM) for 1 hour before treatment with EESB (200
mM) for 24 hours. (A, B) Mitochondrial membrane potential (MMP) loss was measured using a flow cytometer. (C) Nuclei stained with
4,6-Diamidino-2-phenylindole solution were photographed with a fluorescence microscope using a blue filter (X400). Arrows indicate apoptotic
cells. (D) The percentage of apoptotic cells (annexin V* cells) was analyzed using a flow cytometer. (E) Cell viability was determined by an
MTT assay. Each point represents the mean * SD value of three independent experiments. *P < 0.05 vs. untreated control cells.

6. Inactivation of the phosphatidyl inositol 3-kinase/ DISCUSSION
Akt pathway is involved in ethanol extracts of S.
baicalensis roots-induced apoptosis in U937 cells In the current study, we investigated whether EESB induces

) ) , apoptosis in human leukemia U937 cells and identified the
To investigate the relevance of the PI3K/Akt pathway in ] ] ) ]
mechanism involved in apoptosis. Our results clearly
demonstrate that EESB inhibits the growth of U937 cells by

induction of apoptosis, which seems to explain the anticancer

EESB-induced apoptosis, we evaluated the expression levels of
the phosphorylated forms of PI3K and Akt protein, a downstream
kinase of PI3K, during EESB-induced apoptosis. Our immuno-
blotting data showed that phosphorylated PI3K and Akt levels
were markedly reduced in response to EESB treatment (Fig. 6). To

activity. Furthermore, our results show that EESB induces
inactivation of the PI3K/Akt signaling pathway.
Apoptotic pathways are broadly divided into extrinsic
confirm the relevance of the PI3K/Akt signaling pathway in Pop P ] Y ] y ] o
, ) ' ‘ pathways that require DR-mediated interactions and intrinsic
EESB-induced apoptosis, we examined whether EESB increases or
pathways that induce apoptosis through mitochondria-mediated
stimulation [28,29]. The interaction between DRs and ligands

initiates the extrinsic pathway at the cellular membrane,

decreases apoptosis in the presence of the representative
PI3K/Akt inhibitor LY200042. As shown in Figure 7, when

pretreated with LY294002, MMP loss, chromatin condensation,
followed by activation of caspase-8, which activates effector
apoptotic body formation and accumulation of annexin V-FITC
- ; o caspases such as caspase-3 and -7 [8,30]. Some cells do not die in
staining cells increased and cell viability decreased; these effects o o ]
] response to the activation of the extrinsic pathway and require an

were greater than those observed with EESB alone.
amplification step induced by caspase-8 for the activation of the
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intrinsic pathway. In such a situation, caspase-8 cleaves the
BH3-only protein Bid (BH3-interacting-domain death agonist) and
converts it to the active form (tBid). t-Bid activates pro-apoptotic
multi-domain proteins to increase mitochondrial outer membrane
permeability, thus co-engaging the intrinsic pathway [9,27]. The
damage of the mitochondrial function by a wide range of stimuli
can causes the activation of the intrinsic pathway through
activation of caspase-9 and, which than activates effector
caspases [10,31]. The activation of effector caspases results in the
cleavage of several key cellular substrate proteins, including PARP,
which acts as a marker of caspase-dependent apoptosis [25,26].
The present data revealed that EESB treatment increased the
expression of DR4 and DR5, the crucial proteins of the extrinsic
pathway. Under the same conditions, EESB inhibited the
expression of IAP family proteins such as XIAP and cIAP-1, which
protect against apoptosis due to direct inhibition by the binding
of caspases [32-35]. The results also indicated that EESB reduced
the levels of pro-caspase-8 and -9 and enhanced their catalytic
activity. Moreover, EESB treatment caused a reduction in the level
of total whole Bid proteins, which may be related to the activation
of Bid. In addition, EESB markedly activated caspase-3, a key
executioner caspase, and led to the cleavage of PARP
Furthermore, EESB-induced apoptosis was associated with
downregulation of the anti-apoptotic Bcl-2 protein and loss of
MMP in U937 cells. Therefore, the present data indicate that EESB
induces Bid truncation by activation of caspase-8, leading to the
release of pro-apoptotic factors into the cytosol through increase
in mitochondrial dysfunction. This data suggests that the
activation of both extrinsic and endogenous pathways may
contribute at least to the induction of apoptosis by EESB in U937
cells.

Of the various intracellular signaling pathways, the PI3K/Akt
signaling pathway plays an important role in regulating cell fate
survival in a number of physiological and pathological conditions
[36,37]. This pathway is more involved in increasing cell survival
through activation of downstream regulators that inhibit
apoptosis [38,39]. Therefore, a number of studies have shown a
close correlation between the inactivation of the PI3K/Akt
pathway and the increased cell death probability [29,40]. This
indicates that the inactivation of the PI3K/Akt signaling pathway
can serve as an effective strategy for the treatment of cancers.
Therefore, we further investigated whether inactivation of the
PI3K/Akt pathway is associated with EESB-induced U937 cell
apoptosis and found that the PI3K/Akt signaling pathway was
inactivated in U937 cells exposed to EESB. In addition, when the
PI3K/Akt inhibitor, LY294002, was co-treated with EESB, the

inhibition of cell viability, loss of MMP and apoptosis were
further increased, indicating that PI3K/Akt might play the role of
a survival signaling in EESB-induced U937 cell apoptosis.

In summary, the results of the current study demonstrate that
EESB induces apoptosis through the activation of the
mitochondrial-mediated intrinsic pathway as well as the
death-receptor-mediated extrinsic pathway, which is mediated
by the PI3K/AKT signaling pathway in human leukemia U937
cells. Although the results of this study may be helpful in
understanding the mechanism of EESB's anti-cancer action,
further research is needed to determine the relevance of other
signaling pathways to the discovery of bioactive agents in EESB.
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