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[ABSTRACT] Brucea javanica oil emulsion (BJOE) has been used to treat tumor in China for more than 40 years. However, its com-
ponents and effectiveness in the treatment of acute lymphocytic leukemia (ALL) and its mechanism of anti-cancer activity remain un-
known. In the current study, high-performance liquid chromatography-evaporative light scattering detector (HPLC-ELSD) was used to
analyze the components of BJOE. Then, the anti-leukemia effects of BJOE were examined both in vitro and in vivo using ALL Jurkat
cells and the p388 mouse leukemia transplant model, respectively. The primary ALL leukemia cells were also used to confirm the anti-
leukemia effects of BJOE. The apoptotic-related results indicated that BJOE induced apoptosis in Jurkat cells and were suggestive of
intrinsic apoptotic induction. Moreover, BJOE inhibited Akt (protein kinase B) activation and upregulated its downstream targets p53
and FoxO1 (forkhead box gene,  group O-1) to initiate  apoptosis.  The activation of  GSK3β was also involved.  Our findings demon-
strate that BJOE has anti-leukemia effects on ALL cells and can induce apoptosis in Jurkat cells through the phosphoinositide3-kinase
(PI3K) /Akt signaling pathway.
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Introduction
Acute lymphocytic leukemia (ALL) is an aggressive ma-

lignant disease  of  the  bone  marrow  affecting  human  hema-
topoietic  function [1].  In  recent  years,  it  becomes  the  most
common childhood cancer and a major cause of death in chil-
dren  and  adolescents [2-4].  Though  ALL  is  responsive  to
chemotherapy, its relapse rate remains high [5]. Previous stud-
ies  showed that  the  phosphoinositide-3-kinase  (PI3K)/Akt
signaling pathway is frequently activated in ALL cells, which

plays  a  key  role  in  leukemogenesis  and  is  an  indicator  for
prognosis and relapse after therapeutic intervention [6-8].

The PI3K/Akt  signaling  pathway  is  essential to  cell
growth  and  survival.  This  pathway  is  often  dysregulated  by
various toxins or cellular stimuli prior to the development of
a variety of cancers [9]. In cancer cells, PI3K can activate Akt
through phosphorylation to regulate various downstream sig-
naling molecules and diverse cell processes such as survival,
and  proliferation [10].  Its  anti-apoptotic  effects  are  related  to
the transcriptional activity of FoxO1 and p53 to regulate the
apoptosis-related Bcl-2 (B-cell lymphoma-2) family proteins.
PI3K/Akt negatively regulates the activity of FoxO1 through
phosphorylation at multiple sites and causes the translocation
of  FoxO1  into  the  cytoplasm, with  weak  capacity  to  induce
transcriptional activation [11]. Bim (Bcl-2 interacting mediator
of  cell  death),  as  a  pro-apoptotic  BH3 domain-only  member
of the Bcl-2 family is a downstream target of the Akt/FoxO1
signaling pathway. p53 is one of the most important tumor in-
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hibitory factors in cells that targets the anti-apoptotic protein
Bcl-2. PI3K/Akt can also directly weaken the activity of Bax
(Bcl-2 associated X protein) and enhance XIAP (X-linked in-
hibitor of apoptosis protein) activity to inhibit apoptosis [12, 13].
GSK3β is also thought to facilitate the mitochondrial intrins-
ic apoptotic pathway [14].  Its activity can be inhibited by Akt
mediated  phosphorylation  at  Ser9  site,  while  inhibition  of
GSK3β can  prevent  mitochondrial  cytochrome  c  release [14].
Therapeutic agents that can target Akt activation and upregu-
late  apoptotic  signaling  pathways  show clinical  potential  for
the treatment of ALL.

Natural products derived from herbs and nutritional sup-
plements have long been used for the treatment of malignant
diseases [15]. Brucea  javanica (L.)  Merr.  (Simaroubaceae)  is
an  evergreen  shrub  that  originated  in  the  southeast  of  Asia
and Northern Australia [16, 17]. In China, it was first recorded in
Bencao  Gangmu  Shiyi from  1765  A.D.. B.  javanica decoc-
tion was orally taken to treat malarial hemorrhoids, whilst the
oil from its seed was externally used to treat skin and mucos-
al neoplasms. It has been reported that tropical use of the seed
oil of B. javanica (BJO) can treat hemorrhoids and clavus [18].
It also inhibit the growth and recurrence of papillomas in the
acoustic  duct,  vocal  cords,  gums  and  nasal  polyps [19]. Fur-
thermore,  the  emulsion  formulation  for  BJO, Brucea  javan-
ica oil  emulsion  (BJOE)  plays  a  role  in  anti-cancer  treat-
ment [20]. BJOE can inhibit DNA synthesis in mouse Ehrlich’s
ascites carcinoma cells [21, 22]. In a 96-case clinical trial, BJOE
treatment reduced tumor size and improved the quality of life
for  patients  with  gastrointestinal  cancer  and  cervical  can-
cer [18].  As shown in pharmacokinetic  studies,  BJOE crossed
the  blood-brain  barrier [23].  In  another  100-case  clinical  trial,
BJOE prolonged  the  survival  of  patients  with  brain  meta-
stases from lung cancer [24]. Currently, BJOE is intravenously
administered  for  the  clinical  treatment  of  lung  cancer [25-28]

and  gastric  cancer [29-31].  It  also  exhibits  cytotoxic  activity
against  human  hepatocellular  cancer  (HepG2) [32],  human
bladder  cancer  (T24) [33],  human  ovarian  cancer [34], and  hu-
man  esophageal  cancer [35].  In  consideration  of  the  existing
uses  for  BJOE,  our  laboratory  have  recently focused  on  the
anti-leukemic  effects  of  BJOE.  Our  previous  study  showed
that  BJOE  can  induce  apoptosis  in  acute  myeloid  leukemia
(AML)  cell  lines  HL-60  and  U937 [36].  However,  whether
BJOE  has  the  potential  to  treat  ALL  remains  unknown  and
the  underlying  mechanisms  for  the  anti-leukemia  activity  of
BJOE have not been determined.

The  present  study  was  designed  to  determine  the  anti-
leukemic effects of BJOE on ALL cells  and assessed its  un-
derlying  mechanism  of  action  and  related  signaling  targets.
Our results  demonstrated that  BJOE can induce apoptosis  in
Jurkat  ALL cells.  Then, MMP collapse and ROS production
in Jurkat cells were also observed following BJOE treatment.
Furthermore,  we  found  that  BJOE  targeted  Akt  to  stimulate
FoxO1  and  XIAP  to  induce  apoptosis.  In  primary  isolated
leukemia cells,  BJOE induced significant  apoptotic  response
and showed anti-leukemic effects in  vivo in  the p388 mouse
leukemia transplant model. These findings highlight BJOE as

a promising anti-ALL agent. 

Materials and Methods
 

Reagents
Brucea javanica oil emulsion (Lot No. 150320) and soy-

bean  phospholipids  (Lot  No.  150320,  an  emulsifying  agent)
were generously  donated by the  Industry  of  Shenyang Phar-
maceutical University of Lei Yun Shang Pharmaceutical Co.,
Ltd. (Benxi, China). Professor TANG Xing from Department
of  Pharmaceutics,  Shenyang  Pharmaceutical  University
donated etoposide emulsion. MTT reagent (3-(4, 5-dimethyl-
thiazol-2-yl)-2,  5-diphenyltetrazolium  bromide),  DCFA-DA
reagent  (6-carboxy-2′,  7′-dichloro dihydrofluorescein  diacet-
ate),  rhodamine  123,  Gimesa  reagent  and  H&E  stain  were
purchased  from  Sigma-Aldrich  (St.  Louis,  MO,  USA).
RNAase and propidium iodide were purchased from Thermo
Fisher  Scientific  (USA).  Fetal  bovine serum (FBS),  Roswell
Park  Memorial  Institute  1640  medium  (RPMI-1640)  and
lympholyte-human 1077  were  purchased  from  Gibco  Ther-
moFisher  Scientific  (Grand  Island,  NY,  USA).  Antibodies
against caspase-3, caspase-9, caspase-8, PARP, p-GSK3β, β-
catenin, phospho-β-catenin, Bcl-2, Bax, Bad, GAPDH and β-
actin  were  purchased  from  Cell  Signaling  Technologies
(Danvers, MA, USA). 

Cells and animals
Acute lymphocytic  leukemia  Jurkat  cells  were  pur-

chased  from  American  Type  Culture  Collection  (Manassas,
VA,  USA).  Adult  male  KM  mice,  aged  between  6  and  7
weeks and  weighing  18−22  g,  were  supplied  by  the  Experi-
mental Animal  Centre  of  Shenyang  Pharmaceutical  Uni-
versity  (Shenyang,  China).  The mice  were  housed in  groups
of five per cage under standardized environmental conditions
(22 ± 2 °C, 12 h light/dark cycle with light on at 8 : 00 a.m.)
with free access to food and water. All experiments were per-
formed in  accordance  with  relevant  guidelines  and  regula-
tions approved  by  the  Experimental  Animal  Research  Com-
mittee  of  Shenyang  Pharmaceutical  University  (SYPU-
IACUC-C2019-9-20-107). All  efforts  were  made  to  minim-
ize suffering and reduce the number of  animals  used and all
procedures were adhered to the Declaration of Helsinki. 

BJOE preparation
Seeds  of Brucea  javanica were  purchased  from Suzhou

Lei  Yun  Shang  Pharmaceutical  Co.,  Ltd.  (Suzhou,  China).
Voucher  specimens  were  deposited  in  the  Industry  of
Shenyang Pharmaceutical University of Lei Yun Shang Phar-
maceutical  Co.,  Ltd.  (Analytical  laboratory,  herbarium code:
1501231).  BJOE  was  prepared  as  previously  described [36].
Briefly,  BJO was extracted from the seeds of Brucea  javan-
ica using petroleum ether at a boiling range of 60−90 °C. The
residual  petroleum  ether  was  evaporated  through  heating  to
obtain  crude  BJO.  Furthermore, the  crude  product was
mixed with active carbon and heated through a stainless steel
Bucher’s  funnel  to  obtain  refined  BJO.  The  refined  product
was emulsified using soybean phospholipids to obtain the fi-
nal  BJOE  product  [maintained  by  the  Industry  of  Shenyang
Pharmaceutical University of Lei Yun Shang Pharmaceutical
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Co., Ltd. (Benxi, China)]. 

HPLC-ELSD assay
The components of BJO were examined through HPLC-

ELSD analysis (Waters H-Class UPLC, Waters Corporation,
MA, USA). Briefly, 10 mg of BJO was placed into a 10 mL
flask  and  mixed  with  actonitrile−dichloromethane  mixture
(1 : 1). The resultant solution was then diluted to 10 mL prior
to  filtering  through  a  0.22  μm  membrane.  The  flasks  were
shaken until a homogeneous solution was obtained and HPLC-
ELSD analysis was performed using a Aglient poroshell EC-
C18 column  (4.6  mm  ×  150  mm,  2.7  μm).  Actonitrile−di-
chloromethane  mixture  (70  :  30)  was  used  as  the  mobile
phase.  The  flow  rate  was  set  at  0.5  mL·min−1.  The  column
temperature was 35 °C and the sample size was 10 mL. The
parameters  of  the  ELSD  were  as  follows:  drift  tube  40  °C,
carrier gas 40 psi. 

Cell culture
Jurkat cells (human T lymphocytic leukemia cells) were

cultured  in  RPMI  1640  supplemented  with  100  units·mL−1

penicillin, 100 μg·mL−1 streptomycin, 1 mmol·L−1 L-glutam-
ine and 10% heat-inactivated FBS. The mouse leukemia cell
line  p388  was  cultured  in  MEM  supplemented  with  100
units·mL−1 of  penicillin,  100  μg·mL−1 streptomycin,
1 mmol·L−1 L-glutamine and 10% heat-inactivated FBS. The
cells were grown in 75 cm2 flasks in a humidified incubator at
37 °C, 5% CO2. 

Cell viability assay
Modified  MTT  assay  was  used  to  measure  cell  viabi-

lity [37]. The cells were seeded into 96-well plates at a density
of  1.5  ×  105.  After  24  h,  the  cells  were  incubated  with  an
emulsifying  agent  (soybean  phospholipids,  1  :  200, V/V),
BJOE (62.5,  125,  250,  500  and  1000  μg·mL−1)  or  etoposide
(positive  control,  10  μmol·L−1)  for  24  h.  MTT  reagent  (10
μL) was then added to 2.5 mg·mL−1 in PBS and the cells were
incubated  at  37  °C for  an  additional  3−4 h.  The plates  were
centrifuged  at  2500  r·min−1 for 10  min  and  the  resultant  su-
pernatants  were  replaced  with  MTT  and  100  μL  of  DMSO.
Absorbance was read at 492 nm on a Biotek Synergy TM HT
plate reader. 

Cell cycle analysis
The cells  were seeded onto 6-well  plates at  a  density of

1.5 × 105 and treated with BJOE or emulsifying agent for 6 h.
Samples were collected and fixed in 70% ethanol at a temper-
ature of 0−4 °C for 12 h. The cells were washed in PBS, pel-
leted, and treated with 200 μg·mL−1 RNase A for 30 min. The
cells were stained with propidium iodide (1 mg·mL−1) before
measurement  of  DNA  content  by  flow  cytometry  (Becton
Dickinson,  San  Jose,  CA).  Data  were  analyzed  using
CELLQuest (Becton Dickinson) software [38]. 

Apoptosis analysis
Jurkat cells were cultured in 10 cm culture dishes and ex-

posed to BJOE at the indicated concentrations. After incuba-
tion for  24 h,  the cells  were harvested by centrifugation and
washed twice in PBS. The staining method was used accord-
ing  to  the  FITC Annexin  V Apoptosis  Detection  Kit  II  (BD
Biosciences,  USA).  Control  cells  stained with Annexin-V or

PI alone were used to compensate for flow cytometry analys-
is.  Viable  cells  were  those  with  both  Annexin-V  and  PI-
double  negative  staining.  Annexin-V-positive  and  PI-negat-
ive cells were defined as early apoptotic cells, and Annexin-V
and PI-double-positive  cells  were  defined  as  late-arising  ap-
optotic cells. 

Intracellular ROS production
Intracellular  H2O2 levels were  assessed  by  flow  cyto-

metry after staining with the oxidant-sensing probe 6-carboxy-
2′,  7′-dichloro  dihydrofluorescein  diacetate  (DCFH-DA) [39].
Briefly, the cells were treated with different concentrations of
BJOE before being labeled with 5 μmol·L−1 of DCFH-DA for
1 h. After washing twice in PBS, the cells were analyzed by
flow cytometry at an excitation wavelength of 488 nm and an
emission  wavelength  of  525  nm.  Those  stimulated  with
100 μm H2O2 for 1 h were set as a positive control. 

Mitochondrial membrane potential assay
ALL  cells  were  treated  with  BJOE  and  washed  in

PBS [40].  Then, the cells  were incubated with rhodamine 123
(Rh123, Ex/Em = 507/529 nm). Mitochondria can selectively
uptake  Rh123 via the  mitochondrial  membrane  potential
(MMP). After 30 min, the cells were washed and analyzed by
flow cytometry. 

Confocal fluorescence imaging
The  cytochrome  c  release  was  examined  by  confocal

fluorescence imaging. After treatment with different concen-
trations of BJOE for 24 h, the cells were incubated with Mito
Tracker Red CMXRos (200 nmol·L−1, for mitochondria stain-
ing) for 30 min. Then, the cells were fixed and permeabilized.
After  blockage,  the  cells  were  incubated  with  cytochrome  c
antibody  (D18C7,  Cell  signaling  Co.)  at  4  °C  overnight.
Then,  the  cells  were  incubated  with  the  fluorescent  second
antibody (Alexa FluroTM 488 goat anti-rabbit IgG) for 1 h. In
confocal  fluorescence  imaging  of  cytochrome  c  release,  a
FITC  (488  nm)  and  a  2-dodecylresorufin  (561  nm)  filter
channel were utilized for the acquisition of cytochrome c and
mitochondrial images (NIS-Elements Viewer 4.0). These ex-
periments were repeated three times. 

Isolation of human lymphocytic leukemia cells from the blood
samples of ALL patients

From  September  2018  to  March  2019,  blood  samples
were collected from five newly diagnosed AML patients. All
procedures were approved by the Medical Ethical Committee,
General  Hospital  of  Northern Theater  Command (Shenyang,
China), and  informed  consent  was  obatined  from  each  pa-
tient. To isolate primary leukemia cells, the samples were di-
luted with PBS at a ratio of 1 : 1 and gently layered on top of
a density gradient of lympholyte-human 1077. After centrifu-
gation  at  300 g for  15  min,  the  lymphocytes  were  washed
twice in PBS. The cells were resuspended in RPMI 1640 and
subject  to  Trypan  blue  exclusion  assay.  The  viability  of  the
isolated lymphocytes were about 99% [41]. 

Western blot
After  treatment  with  BJOE  for  24  h,  the  cells  were

washed twice in cold PBS and harvested in radioimmune pre-
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cipitation lysis  buffer  to  prepare  protein  extracts.  After  de-
termination  of  protein  concentrations  using  BCA  assays
(Beyotime Biotechnology,  Beijing,  China),  the  protein  ex-
tracts  were  resolved  on  8% and  12% SDS-polyacrylamide
gels and transferred to nitrocellulose membrane (Merk Milli-
pore,  USA).  Equal  protein  loading  was  confirmed  by  0.2%
Poceau-S red staining and the membrane was blocked in 5%
skimmed  milk  (Wonderson  Dairy  Co.,  China).  Then,  the
membrane  was  probed  with  primary  antibodies at  4  °C  for
12 h and labeled with HRP conjugated secondary antibodies.
Protein bands were visualized using the ECL system (Sigma-
Aldrich, MO, USA) [42]. 

In  vivo  anti-leukemic  effects  on  the  p388  mouse  leukemia
transplant model

In the current study, the p388 mouse leukemia transplant
model  was  adopted  to  examine  the  anti-leukemic  effects  of
BJOE in vivo [43]. Trypan blue staining was used to determine
the viability  of  p388  cells,  and  the  cells  were  then  subcu-
taneously  injected  into  the  right  flank  of  18−22  g  male  KM
mice at a density of 5 × 107/200 μL PBS per mouse. After in-
oculation,  50  mice  were  randomly  divided  into  five  groups
(n = 10): (1) control (saline solution), (2) etoposide injection
at  2.5  mg·kg−1,  (3)  BJOE  at  5.5  mg·kg−1,  (4)  BJOE  at  16.5
mg·kg−1,  and (5) BJOE at 49.5 mg·kg−1.  All treatments were
intravenously  administered  each  day  for  a  total  of  14  days.
Body weight, food consumption and tumor sizes of the mice
were recorded every other day. Mice were euthanized on Day
14 and the tumors were excised and weighed. Tumor tissues
were fixed  in  formalin  and  embedded  in  paraffin.  The  ob-
tained sections  (4  μm  in  thickness)  were  stained  with  hem-
atoxylin-eosin (H&E) and observed under a DM2500 micro-
scope and a fitted CCD camera (Germany). 

Immunohistochemistry staining
For  immunohistochemistry,  tissue  specimens  from  the

tumors were embedded in paraffin, sectioned (6 μm) and de-
paraffinized.  Immunohistochemical  staining  was  performed
with  antibodies  to  Ki67,  Akt  and  phosphor  Akt  (Ser  473).
Antigen retrieval was performed through microwave pretreat-
ment for 10 min and nonspecific binding inhibited by incuba-
tion  with  normal  serum (Dako,  corresponding  to  the  species
in which the secondary antibody was produced) 1∶5 in Tris
buffered saline (TBS). Each primary antibody was applied at
4  °C  overnight.  The  secondary  antibodies  were  incubated  at
room  temperature  for  2  h.  Then,  visualization  was  achieved
with peroxidase-labeled  streptavidin-biotin  and  diaminoben-
zidine  (DAB)  for  at  least  5  min.  The  slides  were  examined
under a Leica DM2500 microscope and a fitted CCD camera
(Germany). 

H-Score analysis
The H-Score were anaylzed by the software ImageScope

(Weztlar,  Germany).  Three  different  fields  of  vision  (400
times  manification)  were  selected  from  each  section.  Enter
the analysis module of image scope software, and set all dark
brown on the tissue section as strong positive, brown-yellow
as moderate positive, light yellow as weak positive, and blue

cell nuclei as negative. Then, each tissue point was identified
to  analyze  the  area  of  strong  positive,  moderate  positive,
weak  positive  and  negative.  The  positive  percentage  and  H-
score were then scored. 

Data analysis
Data are  presented  as  mean  ±  SEM.  A  one-way  AN-

OVA  followed  by  Dunnett’s t-test  was  used  for  statistical
analysis (SPSS 19.0 software, IBM, NY, USA). 

Results
 

BJO component analysis
HPLC-ELSD  was  used  to  examine  the  components  of

BJO  (Fig.  1).  Eight  components  were  identified  in  total,
namely trilinolein (0.007 mg·g−1), 1, 2-linolein-3-olein (0.078
mg·g−1), 1, 2-linolein-3-palmitin (0.005 mg·g−1), 1, 2-olein-3-
linolein  (0.325  mg·g−1),  1-palmitin-2-linolein-3-olein  (0.035
mg·g−1),  triolein (0.622 mg·g−1),  1,  2-olein-3-palmitin (0.025
mg·g−1),  and  1,  2-olein-3-stearin  (0.112  mg·g−1).  The  name,
content  and  retention  time  of  each  component  are  shown  in
Table 1. 

BJOE is cytotoxic to Jurkat cells
MTT assay was used to examine the cytotoxic effects of

BJOE  on  Jurkat  cells.  The  cells  were  treated  with  BJOE
(62.5,  125,  250  and  500  μg·mL−1)  or  a  saline  solution  of
etoposide emulsion. As shown in Fig. 2A, after treatment for
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Fig. 1    Total components of BJO. The contents of BJO were
analyzed  by  HPLC-ELSD  as  described  in  Materials  and
Methods. a: trilinolein; b: 1, 2-linolein-3-olein; c: 1, 2-linolein-
3-palmitin; d: 1, 2-olein-3-linolein; e: 1-palmitin-2-linolein-3-
olein; f: triolein; g: 1, 2-olein-3-palmitin; h: 1, 2-olein-3-stear-
in
 

 
Table 1    The components of BJO (mean, n = 3)

No. Name Contents
(mg·g−1) tR/min

a Trilinolein 0.007 11.868

b 1, 2-Linolein-3-olein 0.078 14.848

c 1, 2-Linolein-3-palmitin 0.005 16.033

d 1, 2-Olein-3-linolein 0.325 18.760

e 1-Palmitin-2-linolein-3-olein 0.035 20.338

f Triolein 0.62 23.893

g 1, 2-Olein-3-palmitin 0.025 26.027

h 1, 2-Olein-3-stearin 0.118 32.422
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24  h,  BJOE  significantly  reduced  Jurkat  cell  viability.  The
degree of reduction varied according to the concentrations of
BJOE, with an IC50 values of  329.9 μg·mL−1. Negative con-
trol treatment and soybean phospholipids showed no effect on
the viability of the cells. 

BJOE induces apoptosis in Jurkat cells
Morphological  changes  in  Jurkat  cells  were  observed

after  BJOE  treatment.  After  staining  with  AO/EB  (10
μg·mL−1), Jurkat cells were observed under a fluorescent mi-
croscope. As shown in Fig. 2B, after treatment with different
concentrations of BJOE for 6 h, Jurkat cells presented apop-
totic characteristics, including apoptotic bodies and chromat-
in  condensation.  Cell  cycle  dysregulation  is  a  hallmark  of
cancer  cells [44].  To  further  understand  the  mechanisms  of
BJOE-induced cancer cell death, the cell cycle of Jurkat cells
was  analyzed  after  BJOE treatment.  As  shown in Figs.  2C−
2D, following BJOE treatment  for  6  h,  the  number  of  apop-

totic  cells  in  the  sub-G1 phase  significantly  increased  in  a
concentration-dependent  manner.  Neither  G0/G1 nor  G2/S
phase arrest  was  observed.  BJOE treatment  at  different  con-
centrations  led  to  a  significant  increase  in  the  apoptotic  cell
population  in  a  concentration-dependent  manner  (Figs.  2E−
2F),  which  suggests  that  BJOE  induces  apoptosis  in  Jurkat
cells.

The caspases  are  a  family  of  cysteine  protease  enzymes
that play an essential role in apoptosis [45]. For example, cas-
pase-8, caspase-9 and caspase-3 are critical effector caspases
for apoptosis [46]. Upon caspase-3 activation by caspase-8 and
caspase-9,  the  cleavage  of  PARP  is  induced.  PARPs  are  a
family of  proteins  involved  in  cell  survival  and  repair  re-
sponses,  with  PARP  cleavage  an  indicator  of  apoptosis [47].
As shown in Fig. 3, BJOE promoted the activation of caspase-
9,  caspase-8  and  caspase-3.  The  cleavage  of  PARP  proteins
was also observed. These results suggest that BJOE does in-
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Fig. 2    BJOE-induced apoptosis of Jurkat cells. (A) Cell viability was determined by MTT assay. (B) Representative images of
AO/EB dual-stain cells by fluorescence microscopy. (C) Percentages of subG1 cells were determined by flow cytometry. (D) Rep-
resentative images of cell cycle analysis. (E) Percentages of apoptotic cells by flow cytometry. (F) Representative images of PI/An-
nexin-V staining.  Data are expressed as mean ± SEM. Results  were obtained from three separate experiments. *P < 0.05, **P <
0.01 and ***P < 0.001 vs control (one-way ANOVA followed by Dunnett’s t-test)
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duce apoptosis in Jurkat cells. 

BJOE-induces  apoptosis  through  intrinsic  mitochondrial
pathways

To further investigate the mechanisms of BJOE-induced
apoptosis,  the  levels  of  MMP and  ROS in  Jurkat  cells  were
examied after BJOE treatment. MMP collapse and accompa-
nying ROS release are hallmarks of mitochondrial-related ap-
optosis [48, 49]. After BJOE treatment for 6 h, a significant re-
duction in MMP was observed (Fig. 4A), whilst increases in
intracellular  ROS levels  occurred  (Fig.  4C) in  a  manner  de-
pendent  on  the  BJOE  concentrations(Figs.  4B and 4D).  We

also observed cytochrome c diffused from mitochondria into
the cytoplasm of Jurkat cells after BJOE treatment (Fig. 4E).
These results  suggest  that  BJOE  mediated  apoptosis  is  re-
lated to intrinsic mitochondrial activity. 

BJOE inhibits the PI3K/Akt axis
The role  of  PI3K/Akt  signaling  in  BJOE-induced  apop-

tosis in Jurkat cells was examined. We found that the expres-
sion  of  PI3K  (110  and  85  kDa)  was  not  affected  by  BJOE
treatment  (Fig.  5A), whilst  p-Akt  was  down-regulated.  Fur-
thermore,  the  p-Akt/Akt  ratio  decreased  following  BJOE
treatment  (Fig.  5B)  ,  which  indicated  the  inhibition  of  the
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Fig. 3    Effects of BJOE on apoptosis-related proteins. (A) Representative images of Western blot analysis of caspase-9, capase-8,
caspase-3 and PARP. β-catenin was used as a loading control. (B−E) The ratios of cleaved PARP/PARP, caspase9/pro-caspase9,
caspase3/procaspase3 and caspase8/pro-caspase8 were calculated with Image J. Data are expressed as mean ± SEM. Results were
obtained from three separate experiments. *P < 0.05, **P < 0.01 and ***P < 0.001 vs control (one-way ANOVA followed by Dunnett’
s t-test)
 

 

Mitocondrial membrane potential

0

20

40

60

80

100

***
***

***
***

0 125 250 500
BJOE concentration/(μg·mL−1)

0 125 250 500
BJOE concentration/(μg·mL−1)

G
at

e/
%

G
at

e/
%

A C ROS release

0

50

100

150

 
 

ZHANG Hong, et al. / Chin J Nat Med, 2021, 19(8): 608-620

– 613 –



PI3K/Akt signaling  pathway  by  BJOE.  Then,  the  down-
stream  Akt/FoxO1  signaling  pathway  was  examined.  As
shown  in Fig.  5A, the  levels  of  FoxO1  protein  and  its  tran-
scriptional  target  Bim  were  affected  upon  Akt  inactivation.

Akt inactivation can also result in increased levels of p53 and
decreased levels of Bcl-2. Both Bax and XIAP are substrates
for Akt.  Following  BJOE  treatment,  the  levels  of  Bax  in-
creased (Fig. 5A) with a concomitant increase in the Bax/Bcl-
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Fig. 4    BJOE induces apoptosis through mitochondrial pathway in Jurkat cells. (A) The percentages of cells with MMP collapse.
(B) Representative images of MMP collapse. (C) The percentages of cells showing ROS release. (D) Representative images of ROS
release. Data are expressed as mean ± SEM. Results were obtained from three separate experiments. ***P < 0.001 vs control (one-
way ANOVA followed by Dunnett’s t-test). (E) Representative images of cytochrome c release by confocal microscopy
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2 ratio (Fig. 5C). BJOE also decreased the levels of XIAP to
induce apoptosis.  Meanwhile, the levels of p-GSK3β (Ser 9)
protein were reduced after BJOE treatment, but the levels of

mTOR and p-mTOR (Ser  2448)  protein  did  not  show signi-
ficant  change  after  BJOE  treatment  (Figs.  6A−6B).  These
data  suggest  that  BJOE  induces  apoptosis  through  the
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Fig. 5    The PI3K/Akt signaling pathway is involved in BJOE-induced apoptosis of Jurkat cells. (A) Representative Western blot
analysis of proteins. GAPDH is used as a loading control. (B−C) The ratios of pAkt/Akt and Bax/Bcl-2 were calculated using Im-
age J. Data are expressed as mean ± SEM. Results were obtained from three separate experiments. *P < 0.05, **P < 0.01 and ***P <
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Fig. 6    GSK3β is involved in BJOE-induced apoptosis of Jurkat cells. (A) Representative Western blot analysis of proteins. GAP-
DH is used as a loading control. (B) The relative levels of GSK3β, phosphGSK3β (Ser9), m-tor, phospho-mtor (Ser2448) protein
were calculated using Image J. Data are expressed as mean ± SEM. Results were obtained from three separate experiments. *P <
0.05, **P < 0.01 and ***P < 0.001 vs control (one-way ANOVA followed by Dunnett’s t-test)
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PI3K/Akt signaling pathway. 

BJOE-induced apoptosis in primary human leukemic cells
To  evaluate  its  use  in  clinical  practice,  we  assessed  the

ability of BJOE to induce apoptosis in primary isolated leuk-
emic  cells  of  ALL  patients.  Blood  samples  were  collected
from  five  newly-diagnosed  patients  in  General  Hospital  of
Northern Theater Command (Shenyang, China). Then, clinic-
al diagnosis and Wright-Giemsa-stained bone marrow smears
were  performed  according  to  the  French-America-British
(FAB)  classification  and  karyotype  identification.  Patient
data  at  the  time  of  diagnosis  are  summarized  in Table  2.  In
the Giemsa-stained bone marrow smears of four representat-

ive  patients  (Fig.  7A),  large  numbers  of  lymphoblasts  were
observed. The shapes of pro-lymphocytes were irregular with
either  small  or  absent  nucleoli.  Some  pro-lymphocytes  also
had granules. After BJOE treatment for 6 h, the cell cycle of
primary  isolated  ALL  cells  were  examined.  As  shown
Table  1,  the  sub-G1 phase  cell  percentages  increased  in  all
five samples in a BJOE concentration-dependent manner. As
an indicator of apoptosis, cleaved PARP was observed in all
five patient  samples  through Western blot  analysis  (Fig.  7B,
four representative patients). These results suggest that BJOE
induces  apoptosis  in  the  primary  isolated  leukemic  cells  of
ALL patients. 

Anti-leukemic  effects  of  BJOE  in  the  mouse  p388  leukemia
transplant model

The in  vivo anti-leukemia  effects  of  BJOE  in  the  p388
mouse leukemia transplant model were evaluated.  BJOE has
been  used  as  an  anti-cancer  agent  in  China  for  many  years.
Based on the recommended clinical dose, we selected conver-
sion coefficients for humans to mice to calculate the optimal
doses  of  BJOE.  The  three  dosages  used  were  5.5,  16.5  and
49.5  mg·kg−1 of  BJOE.  Following  subcutaneous  injection  of
p388 cells into the flanks of the mice, the same method of in-
travenous injection was used for the administration of BJOE.
The  results  showed  that  after  14  days,  the  tumor  weights  of
the BJOE treatment  group were  lighter  than those of  the  sa-
line-treated group (Fig.  8A). After H&E staining, morpholo-
gical changes were observed in the tumor sections. As shown
in Fig.  8B,  both  16.5  and  49.5  mg·kg−1 groups showed nec-
rosis and  nuclear  condensation.  The  nuclei  were  hyperchro-
matic  and  showed  pyknosis,  fragmentation,  and  dissolution.
There  were  also pink staining amorphous material  displayed
in the sections of the tumor, which is the residue of cell nec-
rosis,  as  indicated  by  the  arrows  in Fig.  8B.  These  results
confirm the significant anti-leukemic effect of BJOE in vivo.

We  also  examined  the  immunohistochemistry  (IHC)
staining  for  ki67,  Akt  and  phospho-Akt  (Ser  473)  in  tumor
tissues of the p388 mouse leukemia transplant model. As the
results showed, BJOE treatment did not affect the expression
of Ki67  and  Akt  protein  in  the  p388  mouse  leukemia  trans-
plant model, but decreased the levels of p-Akt protein. These
results  confirm  that  BJOE  induces  apoptosis  through  the
PI3K/Akt signaling pathway in vivo. 

Discussion

According  to  the  published  cancer  statistics  for  2017,
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Fig. 7    The anti-leukemia effect of BJOE in primary human
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Table 2    Clinical data for ALL patients and apoptotic rate induced in vitro by BJOE

Patient No. Sex/Age HB (g·L−1) WBCs (× 109) Platelets (× 1012/L) APL Cell (%) in BM Leukemia type Apoptotic Rate (%, 500 μg·mL−1)
1 M/20 164   51.8   5.40 97.5 ALL 54.44

2 F/37   64   74.8   2.31 92.5 ALL 91.71

3 M/48   67     4.1   2.58 35.0 ALL 86.66

4 F/21   87   12.7   2.93 81.0 ALL 43.61

5 M/13   75 272.8 47.00 94.5 ALL 55.27
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ALL remains the most common type of leukemia in children
or adolescents [50].  In recent years,  the incidence of ALL has
increased in both children and adults [51, 3, 4]. Although chemo-
therapy  remains  the  primary  indicator  of  ALL,  its  relapse
rates  remain  high.  As  chemotherapy  exerts  negative  effects
on  the  bone  marrow,  the  immune  system,  and  the
gastrointestinal system, botanical anti-cancer compounds now

play  an  increasingly  important  role  in  leukemia  treatment.
BJOE  is  a  medicinal  herb  extracted  from Brucea  javanica
that has been used in China for the past twenty years, and ef-
fective against  lung  cancer,  and  brain  metastases  from  pro-
state and  gastrointestinal  cancer.  Recent  studies  have  repor-
ted that BJOE also possesses therapeutic effects against acute
and  chronic  myeloid  leukemia  cells [35, 43]. Therefore,  we  in-
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Fig. 8    The in vivo anti-leukemia effect of BJOE in the p388 mouse leukemia transplant model. (A) Weights of tumors. (B) Rep-
resentitive  images  of  pathological  sections  with  H&E  staining.  (C−D)  The  H-score  and  representitive  images  of  Ki67-positive
cells. (E−F) The H-score and representitive images of Akt-positive cells. (G−H)The H-score and representitive images of p-AKT-
positive cells (Ser 473). Data are expressed as mean ± SEM (n = 6–8 mice/group). *P < 0.05; **P < 0.01 and ***P < 0.001 vs control
(one-way ANOVA followed by Dunnett’s t-test)
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vestigated the beneficial effects of BJOE in ALL patients and
explored the mechanisms underlying BJOE activity.

We found that BJOE had cytotoxic effects in Jurkat cells
in a dose-dependent manner. Morphological observation after
AO/EB staining  showed  that  Jurkat  cells  treated  with  BJOE
displayed  apoptotic  characteristics,  including  the  appearance
of apoptotic bodies, cell shrinkage and nuclear condensation.
BJOE treatment also led to a significant increase in the apop-
totic  cell  population  in  a  concentration-dependent  manner
after  PI/Annexin V staining.  Furthermore,  we found that  the
apoptotic executor proteins caspase-9, caspase-8 and caspase-
3 were activated after BJOE treatment. PARP, a substrate for
caspase-3,  was  also  cleaved.  BJOE  treatment  increased  the
number  of  sub-G1 phase  cells  in  a  concentration-dependent
manner.  All  these  data  indicate  that  the  cytotoxic  effects  of
BJOE are mediated through the induction of apoptosis.

We further elucidated the mechanisms of BJOE-induced
apoptosis. It has been reported that hyper-generation of ROS
increases the permeability of mitochondria and disrupts mito-
chondrial  function  to  initiate  mitochondrial-related  apopto-
sis [52]. After  MMP  collapse,  mitochondria  releases  cyto-
chrome c to activate caspase-9 and trigger apoptosis [53].  We
found  that  BJOE  treatment  for  6  h  increased  intracellular
ROS levels in Jurkat cells in a concentration-dependent man-
ner. MMP also  decreased  in  response  to  BJOE.  BJOE treat-
ment for  24  h  also  caused  cytochrome  c  release  from  mito-
chondria to the cytosol. These data suggest that the apoptosis
induced by BJOE is likely to be a mitochondrial response.

According  to  Western  blot  analysis,  BJOE  treatment
down-regulated  the  phosphorylated  form  of  Akt.  The  levels
of FoxO1 and p53, which are substrates of activated Akt, in-
creased in  response  to  BJOE treatment.  Bim,  as  a  transcrip-
tional  target  of  FoxO1  was  induced  by  BJOE.  Bcl-2  is  a
downstream substrate of the Akt/p53 signaling pathway, and
its levels decreased in response to BJOE. Bax and XIAP were
also regulated by BJOE. Meanwhile, BJOE reduced the pro-
tein level of p-GSK3 (Ser9) to activate GSK3β. These results
suggest that  BJOE induced apoptosis is  related to mitochon-
drial  events  and  stimulated  through  the  PI3K/Akt  signaling
pathway.

We used in vitro and in vivo studies to evaluate the clin-
ical  potential  of  BJOE to  treat  ALL.  Primary  leukemic  cells
from five newly diagnosed ALL patients  were examined for
their anti-leukemic effects in vitro. As shown, leukemic cells
from  the  ALL  patients  were  sensitive  to  BJOE  treatment.
BJOE  increased  the  sub-G1 percentage of  cells  and  upregu-
lated the cleavage of PARP proteins. These data suggest that
BJOE induces apoptosis in primary leukemic cells from ALL
patients in  vitro. In  vivo,  we  used  the  p388  mouse  acute
lymphocytic  leukemia  transplant  model  to  examine  the  anti-
leukemic effects of BJOE. We found that BJOE slowed down
tumor  growth  leading  to  lower  tumor  weights  compared  to
the  control  group.  We  also  observed  necrosis  in  the  BJOE
treatment  groups  upon  pathological  examination.  The  IHC

staining  results  also  showed  that  BJOE  reduced  the  protein
level of p-Akt (Ser473).  These results confirm the anti-leuk-
emic effects of BJOE, elucidate the underlying mechanism of
inducing apoptosis through the PI3K/Akt pathway, and high-
light its potential use in clinical setting. 

Conclusions

In summary, this study elucidates the molecular mechan-
isms through which BJOE exerts its cytotoxic effects on ALL
cells.  BJOE induces  apoptosis  in  Jurkat  cells  through down-
regulation of  the  PI3K/Akt  signaling  cascade.  Our  experi-
mental  data  from  BJOE-treated  primary  ALL  cells in  vitro
and p388 mouse leukemia transplant models in vivo confirm
the  anti-leukemia  effect  of  BJOE,  and  elucidate  the  role  of
the  PI3K/Akt  pathway  in  BJOE  induced  apoptosis.  All  the
results  will  highlight  the  potential  of  BJOE  as  an  anti-leuk-
emia medication for the treatment of ALL. 

Ethics approval and consent to participate

This study  was  approved  by  the  Institute  Ethical  Com-
mittee for  Experimental  Use  of  Animals  in  Shenyang  Phar-
maceutical  University  (Nos  20181022).  The  study  was  also
approved by the Medical Ethical Committee of General Hos-
pital of Northern Military Area (Permit Number: 20180825).
All procedures  were  adhered  to  principles  expressed  in  De-
claration of Helsinki.
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