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Anti-leukaemia effects of leonurine in vitro and in vivo
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Abstract. The present study was conducted to explore the anti-acute myeloid leukaemia (AML)
effects of leonurine. HL-60 and U-937 cells were used to assess the antileukaemia effect of leonurine
in vitro, and HL-60 and U-937 xenograft nude mice were used to evaluate its antitumour effect in
vivo. Leonurine inhibited the proliferation of HL-60 and U-937 cells in a time- and dose-dependent
manner. Moreover, leonurine therapy prevented the growth of tumours in both xenograft animal
models. Leonurine could induce apoptosis in HL-60 and U-937 cells. The cytotoxic effects of le-
onurine on HL-60 and U-937 cells were associated with an increased ratio of Bax/Bcl-2, activation
of caspase-3, caspase-8 and caspase-9, and increased expression of cytochrome c in the cytoplasm.
Leonurine inhibited activation of the PI3K/Akt pathway in HL-60 and U-937 cells by lowering the
phosphorylation levels of PI3K and Akt. Our results indicate that leonurine is a potential anti-AML
agent, and this activity may be associated with its repression of the phosphorylation of PI3K and Akt.
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Introduction

Acute myeloid leukaemia (AML) starts inside the bone
marrow and is one of the most common acute leukaemia
in adults and among the most lethal. In the United States,
the annual incidence of AML is 19,000 new cases, and the
incidence of AML-associated deaths is 10,000 (Kadia et al.
2016). At present, radiotherapy and chemotherapy (dauno-
rubicin, cytarabine and decitabine) are available to prevent
the development of AML in the clinic. However, because of
suboptimal response, resistance, morbidity from drug toxici-
ties and disease relapse, a considerable proportion of patients
do not achieve complete remission (Kuykendall et al. 2018).
AML remains a disease with poor prognosis and high mortal-
ity. Only one-fifth of patients suffering from AML during the
period from 1997 to 2013 were alive on 1 January 2014, and
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one-third of these patients had been diagnosed within the past
3 years (Juliusson et al. 2017). Therefore, efforts to develop
novel, safe and effective treatments for AML are necessary.
Natural products or active compounds from natural plants
have been extensively studied for their good antitumour
activity in many types of malignant tumours, and some of
them (paclitaxel and vincristine) have been widely used to
treat cancer in patients (Thomas et al. 2006; Williamson
et al. 2015). The advantages of using herbal medicines for
tumour prevention in the clinic include fewer side effects,
lower cost and more therapeutic benefits (Liu et al. 2014;
Qi et al. 2015). Herba leonuri is a famous Chinese herbal
medicine that has been extensively used to treat various
gynaecological diseases (Zhu et al. 2018). Leonurine, which
is extracted from Herba leonuri, possesses great activities
to be beneficial for cardiovascular diseases, rheumatoid
arthritis and endometritis (Li et al. 2017; Wu et al. 2018; Xu
etal. 2018). Moreover, leonurine has been proven to inhibit
tumour cell proliferation and to induce cell cycle arrest and
apoptosis in the H292 cancer cell line (Mao et al. 2015). In
the present study, we aimed to determine whether leonurine
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inhibits AML development both in vivo and in vitro and to
determine the mechanism(s) involved.

Materials and Methods

Cell lines and culture

Human AML cell lines HL-60 and U-937 (ATCC® CRL-
1593.2™) were obtained from American Type Culture Collec-
tion (Virginia, USA). Human peripheral blood samples were
collected from healthy adult individuals based on approval by
the Committee on Human Subjects in Research of the First
Aftiliated Hospital of Wenzhou Medical University and fol-
lowing written informed consent by the donors. Peripheral
blood mononuclear cells (PBMCs) were collected using
a Ficoll-Paque gradient as described previously (Riedham-
mer etal. 2016). All cells were grown in RPMI-1640 medium
supplemented with 10% FBS, L-glutamine (300 mg/1),
100 TU/ml penicillin, and 100 pug/ml streptomycin and placed
in humidified air at 37°C in a 5% CO, atmosphere.

Proliferation inhibition assay

HL-60, U-937 and PBMCs were seeded on 96-well plates
at a density of 1x10% cells/well (200 ul/well) and incubated
for 24 and 48 h at 37°C with different concentrations of le-
onurine (purity beyond 98%, Sigma, St. Louis, MO, USA).
Afterwards, the medium was replaced with fresh medium
containing 5 mg/ml MTT for 4 h. Absorbance was measured
at 570 nm by using a microplate reader (Thermo Fisher
Scientific, Waltham, MA, USA). Three replications of each
experiment were performed, and fifty percent of the inhibi-
tory concentration (IC50) value was calculated by GraphPad
Prism 5 software (GraphPad Software, San Diego, CA, USA).
Moreover, a similar experiment was conducted for 48 h in
HL-60 or U-937 cells that received different concentra-
tions of methotrexate (MTX, purity beyond 98%, Sigma,
St. Louis, MO, USA) or vincristine (purity beyond 98%,
Sigma, St. Louis, MO, USA), and viability was measured in
the same way.

Evaluation of apoptosis

HL-60 and U-937 cells were seeded on 6-well plates at a den-
sity of 1x10° cells/well (2 ml/well) and treated with leonurine
at concentrations of 2, 5, and 10 pM for 48 h. Afterwards,
apoptosis was evaluated by using an annexin V-PI staining kit
(BD Biosciences, San Jose, CA, USA) according to the manu-
facturer’s protocol. After 48 h of incubation, the cells were
centrifuged (500 x g, 10 min) and stained with 1 pl 20 pg/
mlannexin V-FITC and 2 pl 50 pg/ml PI for 15 min at room
temperature in the dark. The detection of apoptotic death was

performed in a flow cytometer (Becton-Dickinson, USA),
and the data were obtained by using CellQuest software.

Measurement of caspase activities

HL-60 and U-937 cells were seeded on 6-well plates at a den-
sity of 5x 10° cells/well (2 ml/well) and treated with leonurine
at concentrations of 2, 5, and 10 uM for 48 h. Caspase-3,
caspase-8, and caspase-9 activities were measured using com-
mercial colorimetric assay kits (catalogue numbers: K106-100;
K113-100; K119-100; R&D Systems, Minneapolis, MN, USA).
Briefly, the control cells and leonurine-treated cells were lysed
in the supplied lysis buffer. The supernatants were collected
and incubated with supplied reaction buffer containing dithi-
othreitol and DEAD-pNA, IETD-pNA, or LEHD-pNA as sub-
strates at 37°C for 2 h in the dark. The reactions were measured
by changes in absorbance at 405 nm using a microplate reader
(Thermo Fisher Scientific, Waltham, MA).

Western blot analysis

Both HL-60 and U-937 cells were treated with leonurine (2, 5,
and 10 uM) for 48 h. All cells were harvested and lysed in ice-
cold radioimmunoprecipitation lysis buffer. The protein con-
centration was determined using a quantitative assay kit based
on Bradford method (cat.no.: 5000001; Bio-Rad, Richmond,
CA, USA). Equal amounts of lysate protein were subjected to
SDS-PAGE. The proteins were electrotransferred to polyvi-
nylidene fluoride membranes, and the blots were incubated
with primary antibodies against Bcl-2 (cat.no.: sc-7382; Santa
Cruz, CA, USA), Bax (cat.no.: sc-7480; Santa Cruz, CA, USA),
cytochrome ¢ (cat.no.: sc-13156; cyt-c, Santa Cruz, CA, USA),
phosphorylated (p)-PI3K (cat.no.: 13857; Cell Signalling
Technology, Beverly, MA, USA), PI3K (cat.no.: abs111482;
Absin; Shanghai, China), p-Akt (cat.no.: 3152005A; R&D
Systems, USA) and Akt (cat.no.: 3427; Biovision, CA, USA)
overnight at 4°C. After that, the membrane was washed and
incubated with horseradish peroxidase-conjugated antibody
(cat.no.: A1092; A0208; and A0216; Beyotime, Haimen,
China) for 2 h at room temperature. Finally, the protein bands
were stained with ECL reagent (GE Healthcare, Danvers, MA,
USA). The relative intensity of bands was quantified using
Image] Software (National Institutes of Health, Bethesda,
MD, USA), and data were normalized to the corresponding
loading control B-actin (incubation with membranes with
a dilution of 1:2000, cat.no: sc-47778; Santa Cruz, CA, USA)
and expressed as the fold change of the control.

Xenograft animal model

The animal study was approved by the Institutional Animal
Care and Use Committee (IACUC) of the First Affiliated
Hospital of Wenzhou Medical University (approved number:
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20171104, Wenzhou, China). Nude mice (5 weeks old, male)
were obtained from the Model Animal Research Center of
Nanjing University (Nanjing, China). Mice were maintained
under standardized, sterilized conditions (24 + 2°C, 60-70%
relative humidity, 12 h dark/light cycle) in a specific pathogen-
free laboratory and were fed regular nude mouse chow. All
operations in the experiment were conducted under the
guidelines of laboratory animal use and care of the European
Community (EEC Directive of 1986; 86/609/EEC). To induce
axenografted tumour model, mice were injected subcutane-
ously with HL-60 cells (1x 107/0.2 ml/each mouse) or U-937
cells (1x107/0.2 ml/each mouse) into the right flank (day 0).
When the average tumour volume reached 100 mm?, mice
were randomly assigned to four groups with 6 mice per group:
the control (vehicle) group and three groups of leonurine
(15, 30, and 60 mg/kg, intragastric administration). Tumour
size was measured every four days. Tumour volumes were
calculated according to the formula (width? x length)/2. All
animals were sacrificed immediately after 20 days of drug
exposure, and tumours were removed and weighed.
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TUNEL assay

To evaluate apoptosis in tumour tissue sections, TUNEL
labelling was performed using an in situ cell death detection
kit (cat.no.: C1086; Beyotime, Haimen, China). Briefly, tissue
sections of formalin-fixed, paraffin-embedded specimens
were dewaxed in xylene and rehydrated in a graded series
of ethanol. Afterwards, DNA fragmentation was detected
according to the manufacturer’s instructions. For quantifica-
tion, three different fields were counted under confocal laser
microscopy (Leica Microsystems, Heerbrugg, Switzerland),
and at least 100 cells were enumerated in each field.

Statistical analysis

Data are shown as the mean + standard deviation (SD).
Statistical software SPSS 15.0 (SPSS Inc., Chicago, IL, USA)
was used to analyse data by one-way analysis of variance
(ANOVA) followed by LSD test. Significant differences were
defined as p < 0.05.
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Figure 1. Antiproliferative
effects of leonurine on HL-60
and U-937 cells. Cell viability
of HL-60, U-937 and PBMCs
treated with leonurine (1, 2,
5, 10, 20, 50 and 100 pM)
for 24 h (A) and 48 h (B).
C. IC50 values of leonurine
on HL-60 and U-937 cells
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Results

Leonurine inhibits proliferation of HL-60 and U-937 cells

AML cell lines and PBMCs were treated with leonurine for
24 h (Fig. 1A) and 48 h (Fig. 1B), and the viability of cells was
measured. Leonurine showed a good inhibitory effect on the
viability of HL-60 and U-937 cells. The IC50 values of leonu-
rine for inhibiting HL-60 cell viability were 28.6 pM (24 h)
and 11.3 pM (48 h), and the IC50 values for inhibiting U-937
cell viability were 17.5 uM (24 h) and 9.0 uM (48 h) (Fig. 1C).

The IC50 values of leonurine for inhibiting HL-60/U-937
cell viability were significantly higher than those of MTX
(14.0 nM/4.1 nM) and vincristine (42.0 nM/12.2 nM) (Fig.
1D). To study further the cytotoxic selectivity of leonurine,
we investigated the effects of leonurine on the viability of
PBMCs. The data reflected in Figure 1A and B revealed that
PBMCs were not sensitive to leonurine even with high and
anti-AML concentrations. As shown in Figure 1E, treatment
of HL-60 cells with MTX together with leonurine showed
more powerful inhibitory effects on viability than MTX alone
(p <0.01). Likewise, as seen in Figure 1F, we observed syner-
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Figure 3. Activation of caspase-3, caspase-8 and caspase-9 in HL-60 (A) and U-937 (B) cells induced by leonurine. Data are presented
as the mean + SD. ** p < 0.01 compared with the group without leonurine treatment. Three independent experiments were performed

in duplicate.

gistic antiproliferative action when vincristine and leonurine
were used together, which showed more inhibitory effects
on viability of HL-60 compared with that of control group
(p < 0.01). Moreover, we compared the combined group
(contained reduced concentration of MTX or vincristine)
with MTX alone/vincristine alone group. It could be found
the combined treatment almost showed the same inhibitory
effects (p > 0.05) on the HL-60 viability to those of higher
concentration of MTX/vincristine.

Leonurine induces apoptosis in HL-60 and U-937 cells

The percentage of apoptotic HL-60 cells treated with
leonurine was determined (Fig. 2A and C). Briefly, after
treatment for 48 h, HL-60 cells exhibited 1.5-fold, 1.8-fold
and 2.4-fold increases in apoptosis in response to 2, 5, and
10 uM leonurine, respectively. Moreover, we also found that
U-937 cells showed 2.1-fold, 2.7-fold and 4.0-fold increases
in apoptotic death in response to 2, 5, and 10 uM leonurine,
respectively (Fig. 2B and C). Our data suggest that leonurine
promotes apoptotic death in both HL-60 and U-937 cells.

Leonurine induces activation of caspases

The upregulation of caspase cascades is an important event
during the activation of extrinsic and intrinsic apoptosis
signalling pathways. Therefore, we further investigated the
effects of leonurine treatment on caspase activity in HL-60
and U-937 cells. HL-60 cells exhibited 1.8-fold, 2.9-fold and
4.7-fold increases in the activation of caspase-3; 3.6-fold,
4.5-fold and 7.6-fold increases in the activation of caspase-8;
and 2.8-fold, 5.9-fold and 8.5-fold increases in the activa-
tion of caspase-9 in response to 2, 5, and 10 pM leonurine,

respectively (p < 0.01) (Fig. 3A). Moreover, we observed
a similar change in caspase activity in U-937 cells treated
with leonurine (Fig. 3B).

Leonurine regulates apoptotic and prosurvival protein
expression

We further studied the influences of leonurine on apoptosis-
related protein levels in AML cells. As shown in Figure 4A,
leonurine-treated HL-60 cells exhibited increased levels of Bax
and decreased levels of Bcl-2 compared with control cells (p <
0.01). Moreover, we found that leonurine treatment induced
an increased expression of cyt-c in HL-60 cells. Similarly, we
also noted that U-937 cells that received leonurine treatment
exhibited increased levels of Bax and cyt-c and decreased
levels of Bcl-2 compared with control cells (p < 0.01) (Fig. 4B).

Leonurine blocks activation of the PI3K-Akt signalling pathway
in HL-60 and U-937 cells

To elucidate the underlying molecular mechanism of
leonurine-induced apoptosis, the levels of the PI3K/Akt
signalling pathway were examined using Western blotting.
Leonurine-treated HL-60 cells exhibited decreased levels of
p-PI3K and p-Akt compared with control cells (p < 0.01)
(Fig. 5A). Moreover, we found that leonurine had almost
no effects on the total expression of PI3K and Akt. Similarly,
we also noted that U-937 cells that received leonurine treat-
ment exhibited a reduction in the levels of p-PI3K and p-Akt
(p <0.01) and no change in the total expression of PI3K and
Akt (Fig. 5B). All these findings suggest that leonurine may
exert its inhibitory effects on the proliferation of HL-60 and
U-937 cells via the PI3K/Akt pathway.
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Leonurine inhibits tumour growth in HL-60 and U-937
xenografted nude mice

To evaluate further the anti-AML activity of leonurine in
vivo, we engrafted HL-60 and U-937 cells into nude mice and
treated the animals daily with oral administration of vehicle
or leonurine (15-60 mg/kg). The data shown in Figure 6A
and Cindicated a significant decrease in the tumour volume
and tumour weight of leonurine-treated HL-60 xenograft
animals (p < 0.01). Moreover, as seen in Figure 6B and C,
we observed a similar decrease in the tumour volume and
weight in U-937 xenografted mice treated with leonurine (p <
0.01). We speculated that the decrease in tumour volume was
due to the enhanced apoptotic death induced by leonurine.
Therefore, we continued to detect apoptosis of tumour tis-
sue by using TUNEL staining. In both animal models with
xenografted tumours, treatment with leonurine induced
increased apoptosis in the tumour tissue, as examined by
TUNEL staining (p < 0.01) (Fig. 7A and B).

Discussion

In a previous report, leonurine was demonstrated to exert
antiproliferative activity in the H292 cancer cell line (Mao et
al. 2015). We suspect that leonurine may have some inhibi-
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tory effects on AML. No report is available for leonurine’s
effect on AML. Therefore, the present study was designed to
determine the effect of leonurine on AML development both
in vivo and in vitro. Our results showed that leonurine inhib-
ited the proliferation of AML cell lines (HL-60 and U-937)
in a time- and dose-dependent manner, with IC50 values
ranging from 11.3 uM to 28.6 uM for HL-60 cells and 9.0 uM
to 17.5 uM for U-937 cells. These data were similar to a previ-
ous report that leonurine at concentrations from 10 uM to
50 uM inhibited the proliferation of H292 cells in vitro (Mao
etal. 2015). Based on suggestions from a study (Mans et al.
2000), natural active medicine with an IC50 value less than
or equal to 50 pg/ml would be worth submitting to a more
comprehensive disease-oriented screen of the U.S. National
Cancer Institute. In our study, the IC50 value of leonurine
for treating AML cell lines supported that leonurine exerted
significant antileukaemia activity. Although the IC50 value
ofleonurine was significantly higher than those of MTX and
vincristine, it is interesting to see that treatment of AML cells
with MTX or vincristine together with leonurine exhibited
more powerful inhibition of the viability of HL-60 cells than
treatment with MTX or vincristine alone. Our data suggest
that leonurine and MTX/vincristine could synergistically
inhibit the survival of HL-60 cells; however, we do not know
the specific synergistic mechanism involved in the action.
Moreover, our data showed that PBMCs were not sensitive



Leonurine and leukaemia cells HL-60

403

to leonurine treatment even with a high anti-AML con-
centration at 10 pM, which is a concentration much higher
than that exposure in vivo (Li et al. 2013). A previous study
(Hirano et al. 1996) found that many anti-AML cytotoxic
drugs (such as etoposide, doxorubicin, vincristine and MTX)
showed very poor selectivity between AML cells and normal
cells, as reflected by their IC50 values. Some of these drugs
exhibit significant cytotoxic effects on PBMCs with low IC50
values (vincristine: 3.2 nM and MTX: 4.8 nM). Therefore,
leonurine may have better safety than conventional cytotoxic
drugs when treating AML. In an in vivo study, we further
evaluated the anti-AML activity of leonurine by measuring
tumour size in mice that received leonurine treatment. The
results revealed that leonurine could reduce the size of tu-
mours in HL-60 and U-937 xenograft tumour models, and
the animals didn’t show any observed side effects (such as
vomiting, lethargy, listlessness, diarrhea and others) during
treatment. Our data indicate that leonurine showed good
anti-AML activity as well as security.

Apoptosis, known as programmed cell death, is involved
in pharmacological actions by most anticancer drugs. There-
fore, apoptotic death was analysed by Annexin V-PI staining
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in vitro and TUNEL staining in vivo to elucidate the type
of cell death induced by leonurine. We demonstrated that
leonurine could increase the numbers of apoptotic cells both
in vitro and in vivo. Intrinsic (mitochondria) and extrinsic
(death receptor)-mediated apoptotic pathways are the main
forces that execute and drive apoptotic death in cells (Ma et
al. 2016; Yu et al. 2017). Briefly, in the intrinsic apoptotic
pathway, B-cell lymphoma 2 family members, such as Bcl-2
and Bax, are the main upstream molecules in response to
apoptosis signals. Activation of apoptotic proteins results
in mitochondrial dysfunction, which promotes the release
of some characteristic mitochondrial factors (such as cyt-c)
from the mitochondria to the cytoplasm and induces cas-
pase-9 and caspase-3 activation, all of which finally trigger
the intrinsic apoptotic pathway (Ma et al. 2016; Yu et al.
2017). In the extrinsic apoptotic pathway, the death receptor
stimulates expressed death ligands and activates downstream
molecules (such as caspase-8 and caspase-3) to initiate cell
death. In the present study, leonurine increased the expres-
sion of bax and reduced the expression of bcl-2, indicating
apoptosis in leonurine-treated AML cells. Moreover, we
found that leonurine resulted in an increase in the expression
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plicate. ** p < 0.01 compared with the
group without leonurine treatment.
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of cytoplasmic cytochrome-c and caused an enhancement in
the activity of caspase-3, caspase-8 and caspase-9. Our results
indicate that leonurine-mediated apoptosis in AML cells oc-
curs via activation of intrinsic and extrinsic apoptotic path-
ways. Interestingly, several published reports have shown
that leonurine possesses similar antiapoptotic activity. In in
vivo studies (Shi et al. 2011; Xu et al. 2018), leonurine exerts
cardiac protection in acute myocardial infarction rats by its
anti-apoptotic effects. Furthermore, leonurine exhibits neu-
roprotective effects on 6-hydroxydopamine-induced behav-
ioural deficits in rats via its antiapoptotic activity. In in vitro
studies (Xin et al. 2009; Liu et al. 2013; Hu PF et al. 2019),
leonurine has been proven to exert antiapoptotic effects in
IL-1B-treated chondrocytes, doxorubicin-treated cardiac
muscle cells, and hypoxia-treated cardiac myocytes. Based on
these reports and our results, it seems that leonurine shows
“bidirectional actions”, and the choice of proapoptotic or
antiapoptotic effects of leonurine is determined by the type
of disease and the status and type of cells. Apoptosis is trig-
gered in intrinsic and/or extrinsic ways, and each pathway is
regulated by many different signalling molecules. We believe
that leonurine is an active substance with multiple targets
that has not been revealed.
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Figure 6. Leonurine inhibits tumour growth in HL-60 and
U-937 xenografted nude mice. BALB/c nude mice were
injected with HL-60 cells (A) or U-937 cells (B) and then
divided into a control group (received vehicle - PBS) and
three groups treated with leonurine in concentrations 15,
30 and 60 uM for 20 days. C. Tumour weight was measured
in all sacrificed mice. Data are presented as the mean + SD;
n=6.**p <0.01 compared with the Control group in the
absence of leonurine.

PI3K/Akt is an intracellular signalling pathway of great
importance in multiple cellular physiological processes,
including cellular quiescence, proliferation, apoptosis and
others (Bertacchini et al. 2015; Xie et al. 2019). Generally,
the PI3K cascade is activated by many types of cellular
stimuli. PI3K activation further activates the phosphoryla-
tion process of Akt, which localizes to the cellular membrane.
Activated Akt fulfills various biological functions. The role
of PI3K/Akt in the development of AML has been demon-
strated. Clinical observations have demonstrated that most
ALM patients exhibit higher activation of PI3K/Akt and are
associated with decreased overall survival (Xu et al. 2003;
Tamburini et al. 2007). Moreover, the efficacy of selective
PI3K/Akt inhibitors has been investigated in AML cell lines.
Briefly, a specific PI3K isoform inhibitor decreased rRNA
synthesis and cell proliferation of AML cells (Nguyen et al.
2014). Consistent with these results, preclinical evaluation
of the Akt inhibitor MK2206 demonstrated that MK2206
sensitizes AML primary cells to gemtuzumab ozogamicin
therapy (Rosen et al. 2013). It has been recently reported that
leonurine shows significant inhibitory effects on the PI3K/
Akt pathway in osteoclasts and osteoblasts (Yuan et al. 2015;
Hu ZC etal. 2019). However, little is known about the specific
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action of leonurine on PI3K/Akt in tumour cells. Therefore,
to disclose the possible molecular mechanism underlying
the anti-AML activity of leonurine, we studied the effects
of leonurine on the PI3K/Akt pathway in HL-60 and U-937
cells. Our data showed that leonurine exhibited significant
inhibitory effects on the phosphorylation of PI3K and Akt
in HL-60 and U-937 cells. Previous reports (Lu et al. 2015;
Yang et al. 2017) have proven the relationship of the PI3K/
Akt pathway with apoptosis. The PI3K inhibitor LY294002
has been proven to inhibit HL-60 proliferation and induce
cell apoptosis. Moreover, the Akt inhibitor MK-2206 was
reported to induce apoptosis in several different types of
AML cells (MV-4-11, MOLM-13, OCI/AML3, and U-937).
It is well accepted that some apoptotic death-related proteins
are downstream of the PI3K/Akt pathway, such as caspase-3
and Bad (Nepstad et al. 2020; Li et al. 2021). Therefore, our
data suggest that inhibition of PI3K/Akt may be involved in
the induction of the anti-AML action of leonurine. However,
we cannot confirm the inhibitory effect of leonurine on the
phosphorylation of PI3K and Akt in a direct or indirect man-
ner, and more studies, such as molecular docking and other
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functional studies, will be needed to focus on the mutual
integration between leonurine and PI3K/Akt.

Our present study revealed the anti-AML activity of le-
onurine both in vivo and in vitro. However, there were several
limitations, which need to be improved and investigated in
our next study. First, more AML models in vivo should be
established to evaluate the anti-AML action of leonurine,
including transplanted tumour models induced by AML cell
lines with different biological characteristics and patient-
derived cell xenotransplant models. Second, many anti-AML
cytotoxic drugs cause severe side effects, such as cardiac
and gastrointestinal toxicity (Liso et al. 1990). Leonurine
showed good protective effects on cytotoxic drug-induced
tissue toxicity or cytotoxicity (Xin et al. 2009; Liu et al. 2018).
Although we have found that leonurine together with MTX
or vincristine synergistically inhibits HL-60 cell viability in
vitro, more research is needed to evaluate potential benefits
based on the therapeutic effect as well as side effects when
using cytotoxic drugs and leonurine together. Finally, we
have observed PBMCs from healthy donor are insensitive to
leonurine treatment. However, PBMCs with different “status’,

U-937

Figure 7. Leonurine promotes apop-
tosis of HL-60 and U-937 xenografted
nude mice. At the end of the study,
the tumour tissue was removed and
labelled with TUNEL dye (A), and
the apoptosis rates were calculated
by counting at least 100 cells in three
random fields (B). Data are presented

0 15 30 60
Leonurine (mg/kg)

o | Il

15 30 60

as the mean + SD; n = 6, ** p < 0.01
compared with the Control group
(0 mg/kg leonurine).
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such as from healthy individuals or individuals with AML,
may exhibit different responses to leonurine treatment.

In summary, we demonstrated that leonurine treatment
could induce apoptosis of HL-60 and U-937 cells, resulting
in the inhibition of cell proliferation in vitro and growth in
vivo. Leonurine-induced cell death in AML cells involves the
activation of intrinsic and extrinsic apoptotic pathways and
the repression of PI3K and Akt phosphorylation.

Conflicts of interest. The authors declare that they have no com-
peting interests.
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