
Abstract. Berberine, an isoquinoline alkaloid, has a wide
range of pharmacological effects including anticancer
activities, yet the exact effects on leukemia in vivo are
unknown. Our previous studies have demonstrated that
berberine induced cytotoxicity against murine leukemia WEHI-3
cells in vitro in a dose-dependent manner. In order to
understand the berberine action against leukemia, the effect of
berberine on WEHI-3 leukemia cells in vivo was studied. The
results showed that Mac-3 and CD11b markers were reduced,
indicating differentiation inhibition of the macrophages and
granulocytes precursors. There was no affect on the CD14
marker but the CD19 marker that was indicating the
promotion of the differentiation of the B-cells precursors. The
weights of spleen samples from mice treated with berberine
were found to be lower when compared to these from untreated
animals. 

Berberine (5,6-dihydro-9,10-dimethoxybenzo[g]-1,3-benzo-
dioxolo[5,6-a]quinolizinium), an alkaloid, has been used as an
antibiotic against many bacterial species (1, 2). Berberine has
recently been examined for anticancer activity, including
against human cancer cells (3-6). It was also shown that
berberine interacted with nucleic acids (7) especially DNA (8)
in vitro and also induced apoptosis and cell cycle arrest in
some cancer cells (6, 9). Berberine induced dose-dependent
G2/M pause and apoptosis in Balb/c 3T3 cells (10). Our
laboratory also demonstrated that berberine induced cell cycle

arrest and apoptosis in a human gastric cancer cell line (SNU-
5) (11) and human leukemia HL-60 and mice leukemia
WEHI-3 cells (12, 13). Our previous studies demonstrated
that berberine inhibited N-acetyltransferase activity (14) and
the distribution and metabolism of 2-aminofluorene in various
tissues of Sprague-Dawley rats after oral treatment (15).
However, the effects of berberine on leukemia in vivo are still
unclear. Therefore, the purpose of the present study was to
determine the effect of berberine on mice leukemia cells
(WEHI3) in vivo.

Materials and Methods

Materials and reagents. Berberine and olive oil were obtained from
Sigma (MO, USA). RPMI-1640, fetal bovine serum, penicillin-
streptomycin and glutamine were obtained from Gibco BRL
(Grand Island, NY, USA). 

Murine leukemia cell line (WEHI-3). WEHI-3 cells (murine
myelomonocytic leukemia cell line) were obtained from the Food
Industry Research and Development Institute (Hsinchu, Taiwan,
ROC). The cells were placed in RPMI 1640 medium containing
10% fetal bovine serum, 1% penicillin-streptomycin (10000 U/ml
penicillin and 10 mg/ml streptomycin) and 1% glutamine and
grown in 75-cm3 tissue culture flasks and 37ÆC under a humidified
5% CO2 atmosphere. 

Male BALB/c mice. Male BALB/c mice (approximately 22-28 g)
were obtained at the age of 8 weeks from the Laboratory Animal
Center, National Taiwan University College of Medicine (Taipei,
Taiwan). The animals were maintained at the Animal Center of
China Medical University for 2 weeks under animal guidelines
before the grouping and experiments.

Berberine treatment. Sixty BALB/c mice were split into 4 groups.
Each group contained 15 animals. Group I was categorized as
control, Group II treated with olive oil, Group III i.v. injected with
1x106 cells/100 ÌL of WEHI-3 cells as a positive control, Group IV
injected with WEHI-3 cells and treated with (200 mg/kg) berberine
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in olive oil. All animals were given the above doses orally and daily
for 3 weeks before being weighed, sacrificed and photographed. 

Blood samples and immunofluorescence staining. Blood was collected
(about 1 mL) from each animal of each group at the end of the
experiments. These samples were then treated with ammonium
chloride to lyse the red blood cells and immediately centrifuged at
1500 rpm at 4ÆC for 15 minutes. The white blood cells were then
isolated, counted and were stained with anti-Mac-3, CD11b, CD3,
CD14 and CD19 antibodies (PharMingen, NJ, USA), followed by a
second fluorescent antibody before being analyzed for cell markers
using flow cytometric analysis. The cell marker levels were
determined using flow cytometry (FACS CaliburTM, Becton
Dickinson, NJ, USA) as described elsewhere (16, 17). 

Tissue samples (liver and spleen). Each individual animal was
weighed before the blood specimens were sampled. The liver and
spleen samples were individually obtained, weighed and used for
histopathology (11, 17). 

Histopathology. Tissue samples (spleen and liver) of each individual
animal were fixed in 4% formaldehyde and embedded in paraffin.
Sections of 5 Ìm were stained with hematoxylin and eosin,
following standard procedures as described elsewhere (16, 17).

Statistics. The results were expressed as mean±SD and the group
differences were analyzed using one-way ANOVA. P<0.01 was
considered as significant. 

Results

Spleen size in mice injected with WEHI-3 cells. The location
and size of spleen in mice after injection with WEHI-3 cells
are shown in Figure 1A and that of berberine-treated mice
after injection with WEHI-3 cells in Figure 1B. One
location is indicated by an arrow to indicate that berberine
decreased the size of spleen.

The effects of berberine on whole blood cell surface markers in
mice injected with WEHI-3 cells. Flow cytometric analysis data
indicating cell markers of white blood cells from BALB/c mice
injected with WEHI-3 cells after treatment with or without
berberine are shown in Figure 2. Berberine led to a significant
reduction in the proportion of cells expression Mac-3 and
CD11b in comparison to the WEHI-3-only treated groups
(p<0.01) (Figure 2A and C). Berberine significantly increased
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Figure 1. The enlargement of spleen in mice injected with WEHI-3 cells. The BALB/c mice injected with WEHI-3 cells were then treated with or without
berberine for 3 weeks. The animals were sacrificed and the spleen is shown in panel A and B (arrow).



the proportion of cells expression CD19 when compared to
controls (p<0.05) (Figure 2D). The data demonstrated that
berberine promoted the levels of CD19 indicating promoted
B-cell levels. However, berberine did not significantly affect
CD14 levels compared to controls (Figure 2B). 

The effects of berberine on the weight and histopathology of
spleen. Spleen tissues were isolated from each animal group,
photographed, weighed and histopathologically examined.
Representative results can be seen in Figure 3. Berberine
affected spleen morphology and weight reducing the size of
the spleen. The results also show that spleen tissue either
obviously exhibited reduced numbers of neoplastic cells or
the cells were difficult to locate in the red pulp.
Megakaryocyte numbers also increased with Berberine
treatment, based on the data obtained from histopathological
examination (data not shown). 

The effects of berberine on the weight and histopathology of
liver. Liver tissues were isolated from each animal group,

photographed, weighed and histopathologically examined.
Representative results are shown in Figure 4. It can be
seen that berberine affected liver morphology and weigh
but not significantly. Furthermore, using histopathological
examination, the liver demonstrated a pattern ranging
from minimal histopathological change to scanty small
neoplastic cell nests located in the sinusoid with apoptosis.

Discussion

The in vivo model of mice injected with i.v. with WEHI-3
cells used for anti-leukemia studies is well established (16-
18). The important point for this model is that murine host
systems are used for experimental tumor therapy and
contain several available factors such as the low cost, the
ease with which cancer production is established and the
widely accepted experimental end-points (19, 20). An other
point is that murine monomyelocytic WEHI-3 leukemia
cells were originally derived from the BALB/c mouse (20)
and other investigators’ studies demonstrated that it serves
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Figure 2. Cell marker levels of white blood cells from BALB/c mice injected with WEHI-3 cells after treatment with berberine. The animals were injected
with WEHI-3 cells (1x106 cells/100 ÌL) in PBS for 3 weeks and were then treated without or with berberine for 3 weeks. Blood was collected and analyzed
for cell markers (A: Mac-3; B: CD14, C: CD11b; D: CD19) with flow cytometry as described in Materials and Methods. Each point is the mean±S.D.
of three experiments. *p<0.05, **p<0.01 ***p<0.001.
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Figure 3. The effects of berberine on the morphology, weight and histopathology of the spleen from BALB/c mice injected with WEHI-3 cells after
treatment with berberine. Spleens from each animal of each group were excised, (A) photographed, (B) weighed and (C) histopathologically examined
as described in Materials and Methods. Each point is the mean±S.D. of three experiments. *p<0.05, **p<0.01 ***p<0.001.
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Figure 4. The effects of berberine on the morphology, weight and histopathology of the liver from BALB/c mice injected with WEHI-3 cells after treatment
with berberine. Livers from each animal of each group were excised, (A) photographed, (B) weighed and (C) histopathologically examined as described
in the Materials and Methods. Each point is the mean±S.D. of three experiments. *p<0.05, **p<0.01 ***p<0.001.



as an ideal system for the study of potential therapeutic
drugs such as ATRA, aclacinomycin A, IL-6, G-CSF and
vitamin D3, which were able to induce in vitro
differentiation of WEHI-3 in monocytic and granulocytic
lineages (21-25). Our earlier studies also used this model to
demonstrate that DADS affected leukemia cells in vivo (16).

Our previous studies demonstrated that berberine induced
cell cycle arrest (12) and apoptosis (13) in both 
HL-60 and WEHI-3 cell lines, raising the possibility that
berberine could affect leukemia cells in vivo. In the present
study, we examined the effects of berberine in vivo in WEHI-3
tumor cells in BALB/c mice. The results demonstrate that
berberine statistically significantly reduced the size and weight
of spleen in these animals and also reduced the percentage of
MAC-3 and CD11b cells in the blood. An interesting point is
that our data showed berberine promoted the CD19 marker,
indicating it may promote B-cell numbers but it did not affect
the CD14 or CD3 markers (data not shown). 

Our results demonstrated that berberine inhibits leukemia-
related spleen growth. A notable characteristic of this model
is the elevation of peripheral monocytes and granulocytes
with immature morphology, as well as enlarged and
infiltrated spleens compared to their normal counterparts. 
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