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ANTIPROLIFERATIVE ACTIVITY OF BERBERINE IN VITRO AND IN VIVO
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Berberine, an isoquinoline plant alkaloid acted cytotoxically in vitro on tumour cell lines B16. Its anticancer activ-
ity in vivo was studied with the transplanted B16 line in the range of doses from 1 mg/kg to 10 mg/kg. The significant 
reduction of tumor volume was observed on day 16 at doses of 5 and 10 mg/kg. The dose of 1 mg/kg stimulated the 
tumor mass, but other tested concentration, 5 and 10 mg/kg, reduced the tumor weight.

INTRODUCTION

Berberine (2,3-methylenedioxy-9,10-dimethoxyprotoberber-
ine chloride) is an isoquinoline alkaloid, which has a wide 
range of pharmacological and biochemical effects. It has 
demonstrated significant antimicrobial activity against a 
variety of organisms including bacteria, fungi, protozoans, 
viruses, chlamydia, and helminths. It can also be used as 
an antidiarrhea, antihypertension, antiarrhythmias and an-
tiiflamantory agent. Berberine is demonstrated to possess 
antitumor activity1. The cell cycle analysis showed the ac-
cumulation of cells in the G

0
/G

1
 phase and relative decrease 

of the S phase. Chung et al.2 reported that berberine induces 
inhibition of the N-acetyltransferase activity and 2-aminofluo-
rene-DNA adduct formation in human leukemia cell in a 
dose-dependent manner. It has been shown that berberine 
induces apoptosis in the murine thymocytes and in the pro-
myelocytic leukemic HL-60 cells. Dose-dependent effects of 
berberine on the cell cycle and apoptosis in the Balb/c 3T3 
cells were also reported. The effect of berberine was demon-
strated by flow cytometric analysis in the human hepatoma 
HepG2 cells. It has been shown that the S phase fraction is 
significantly reduced.

In the previous experiments the effect of berberine on 
the proliferation, cell cycle profile and apoptosis in the 
human tumor HeLa and murine leukemia L1210 cell lines 
was investigated. It has been shown that berberine induces 
apoptosis in L1210 cells3. In this study, the antiprolifera-
tive activity in vitro on murine melanoma B16 cells and 
in vivo on male C57BL/6 mice was studied.

MATERIAL AND METHODS

Murine melanoma cell line B16 (obtained from 
American Type Culture Collection, Rockville, MD, USA) 
grown in supplemented RPMI 1640 medium (Biocom 

Bratislava) at 37˚C in a humidified atmosphere contain-
ing 5 % CO2

 was used. Cell viability was assessed by 0.4 % 
trypan blue staining. To study the antiproliferative activity 
in vivo, 5–6-week-old male C57BL/6 mice obtained from 
Velaz (Czech Republic) were used. Berberine obtained 
from Sigma Chemicals (St Louis, MD) was dissolved in 
dimethyl sulfoxide (DMSO). All other chemicals were 
obtained from Sigma Chemicals (St Louis, MD).

Antiproliferative activity in vitro was measured by the 
cell growth inhibition assay. The starting inoculum of 1.34 
× 105 B16 cells/ml was used. After 24 h of incubation, ber-
berine (concentrations of 0.001, 0.01, 0.1, 1, 5, 10, 25, 50, 
75 and 100 µg/ml) was added to the cells. Control cells 
were treated with DMSO, its final concentration never ex-
ceeded 1%. After 24, 48 and 72 h of berberine treatment, 
B16 cells were harvested in triplicate, first washed with 
PBS, then harvested by 0.25% trypsin, and latter resus-
pended. Cell growth and viability were assessed by direct 
counting of 0.4% trypan blue dye–excluding cells. 

When studying the antiproliferative activity in vivo, cell 
suspensions of B16 cells (5 × 104 / 0.1 ml PBS / mouse) 
were injected into gastrocnemius muscle of mice. The 
day of cell implantation was designed as day 0. Tested 
compound, berberine, and vehicle, respectively were ad-
ministered intraperitoneally every day within 15 days from 
the day of cancer cell injection. As a vehicle carboxymeth-
ylcellulose was used. The group treated with carboxymeth-
ylcellulose was designed as the control. Berberine was 
used at concentrations of 1,5 and 10 mg/kg. Doses were 
selected on the basis of the toxicity test. The weight of 
the animals was monitored twice per week. The physical 
activity of the mice was observed daily. Tumor growth 
was measured twice per week and tumor volume was esti-
mated by the formula length × width2/2. At the end of the 
experiment, on day 16, the animals were sacrificed with 
cervical dislocation. The tumors were separated from the 
surrounding muscles and dermis, excised and weighed.
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Fig. 1. Growth curve of the berberine treated B16 cells 
in the course of 72 h. Concentrations of berberine 
(µg/ml): control (♦), 0.001 (■), 0.01 (▲), 0.1 (×), 
1 (ж), 5 (◊), 10 (+), 25 (□). Each point represents 
the mean ± SD of three experiments.

Fig. 2. Weight of animals after intramuscular implatation 
of B16 cells. Mice were intraperitoneally treated 
with carboxymethylcellulose as control (C) and 
tested compound, berberine, at concentrations of 
1 (1), 5 (5) and 10 (10) mg/kg. The animals were 
weighed on day 0, 5, 9, 12 and 16. Data represent 
the arithmetic means ± SE. Statistically significant 
differences with P < 0.05 are indicated with *.

Fig. 3. Growth of tumors after intramuscular injection of 
B16 cells. Mice were intraperitoneally treated with 
carboxymethylcellulose as control (C) and berber-
ine at concentrations of 1 (1), 5 (5) and 10 (10) mg/
kg. The animals were measured on day 0, 5, 9, 12 
and 16. Data represent the arithmetic means ± SE. 
Statistically significant differences with P < 0.05 are 
indicated with *.

Fig. 4. Weight of tumors formed in mice 16 days after in-
tramuscular injection of B16 cells. C57BL/6 mice 
were intraperitoneally treated with carboxymethyl-
cellulose as control (C) and berberine at concentra-
tions of 1,5 and 10 mg/kg. Data represent the means 
± SE.

The data from in vitro and in vivo study were presented 
as means ± s.e. (standard errors). The statistical signifi-
cance of the results was evaluated by Student’s t-test, with 
probability values of 0.05 being considered as significant. 

RESULTS AND DISCISSION

The growth of B16 cells exposed to berberine at con-
centrations ranging from 0.001 to 25 µg/ml was moni-
tored within 72 h of culturing (Fig. 1). As shown in Fig. 1, 
the addition of berberine to the medium reduced the B16 
viable cell number. After 24 h, the highest tested concen-
trations (25, 10 and 5 µg/ml) had an acute cytotoxic effect 

manifested by partial degeneration of the B16 cell popula-
tions. Berberine at concentrations of 1 µg/ml for the B16 
cells induced a delayed cytotoxic effect. After 24 h, part 
of the cell population proliferated, but after 48 h, 64.9 % 
of the cell degeneration was observed. The cytotoxic ef-
fect of berberine at the next tested concentrations (0.1, 
0.01 and 0.001 µg/ml) was directly proportional to the 
concentration and the time of influence. The inhibition 
of cell proliferation was 32.7–86.1 %. These changes in 
viable cell number were also observed when aliquots of 
the cultures were examined by light microscopy.

The weight of the animals treated with 1, 5 and 
10 mg/kg in comparison with control is shown in Fig. 2. 
The injected animals were weighed twice per week, on 

S. Letašiová, S. Jantová, M. Múčková, M. Theiszová



463

day 0, 5, 9, 12 and 16. The weight of carboxymethylcellu-
lose-injected animals did not changed remarkably during 
the experiment. The weights of the animals treated with 
berberine at concentrations of 1 and 5 mg/kg did not dif-
fer from the weight of the control group. On the other 
hand, the weight of the animals treated with berberine at 
concentration of 10 mg/kg was slightly decreased by 3.3 % 
on day 5 compared to the control, but in the next time 
interval, on day 9, the decrease was 5.8 % in comparison 
with the control on day 9. On day 12, the weight decrease 
between animals treated with 10 mg/kg and control was 
6.6 %. In the next time interval, on day 16, the weight was 
inhibited by 6.7 %. The statistically significant differences 
were observed when comparing the highest tested concen-
tration, 10 mg/kg, with the control on day 9, 12 and 16.

The injected animals were also examined twice per 
week for tumor growth. Five days following cell inocula-
tion, the appearance of small solid tumors was observed. 
Concentrations 1, 5 and 10 mg/kg injection did not re-
duce tumor volume on day 5, 9 and 12 in comparison 
with the control (Fig. 3). On day 16, the dose of 1 mg/kg 
reduced tumor volume by 1.1 %, 5 mg/kg by 11.3 % and 
10 mg/kg by 26.2 % compared to carboxymethylcellulose-
injected animals. The statistically significant difference 
was observed when comparing the highest tested dose, 
10 mg/kg, with the control on day 9 (P = 0.046).

By day 16, the group treated with berberine at dose of 
1 mg/kg grew slightly bigger tumors than carboxymethyl-
cellulose-treated animals (Fig. 4). However, there was 
no statistically significant difference between the two 
groups (P = 0.14). Tumor mass in animals treated with 
5 mg/kg was reduced by 30.8 % compared to the control 
group with statistically significant difference (P = 0.014). 
Injection of berberine at concentration of 10 mg/kg re-
sulted in similar tumor mass reduction as that induced by 
5 mg/kg compared to the control group, reduction was 
36.6 %. However, there was no statistically significant dif-
ference between the two groups (P = 0.08).

As it follows from the growth curves of the B16 cells 
(Fig. 1), berberine caused different cytotoxic effects de-
pending on concentration and time of influence. The high-
est tested concentrations of berberine induced an acute 
cytotoxic effect which was manifested by the decrease 
of viable B16 cell number. Berberine at concentration 
1 µg/ml induced a delayed cytotoxic effect. While after 
the first 24 h of influence the increased cell number was 
monitored, in the next time interval the decrease of cell 

number was found. The cytotoxic effect of berberine at the 
next tested concentrations (0.1, 0.01 and 0.001 µg/ml) was 
directly proportional to the concentration and the time 
of influence. Similar type of combined cytotoxic effect 
by monitoring the effects of berberine on proliferation of 
the HeLa and L1210 cells3 was observed. Because of the 
significant in vitro antiproliferative effects of berberine 
achieved, the antitumor activity in vivo was investigated. 
First of all the toxicity of the drug on C57BL/6 mice in 
the range of concentrations from 10 mg/kg to 50 mg/kg 
was studied and the LD50

, less than 50 mg/kg, (for intra-
peritoneal injection) value was determined. Then the can-
cerostatic activity in vivo was studied with the transplanted 
B16 line in the range of doses from 1 mg/kg to 10 mg/kg. 
Berberine administered intraperitoneally at doses of 1 and 
5 mg/kg did not affect the weight of the animals. The dose 
of 10 mg/kg sligthly reduced the weight of the animals, 
on day 16 the weight reduction was 6.7 % (Fig. 2). On the 
other hand, not even tumor volume was affected on day 
5, 9 and 12 (Fig. 3). The significant reduction of tumor 
volume was first observed on day 16 at doses of 5 and 
10 mg/kg. The tumor weight on day 16 is shown in Fig. 4. 
Concentration 1 mg/kg stimulated the tumor mass, but 
other tested concentrations, 5 and 10 mg/kg reduced the 
tumor weight. We can conclude that after long-term ef-
fect berberine has shown anticancer activity on C57BL/6 
mice, while the tumor weight and tumor volume reduction 
are not at the expence of the animal weight.

It is known that the effect of the drug depends on the 
application dose, way of application and dose interval. 
The change of application way of berberine and its effect 
on anticancer activity will be the object of our next stud-
ies.
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