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Abstract

The tumor microenvironment presents several therapeutic 
targets, with inflammation being one of them. In search of new 
drugs, plants have shown to be an effective source of potent 
anti-inflammatory and anticancer agents. This study aimed to 
evaluate the antitumoral and inflammatory activities of Boe-
hmeria caudata aerial parts extract. Bioguided in vitro antipro-
liferative screening showed that phenanthroquinolizidine ob-
tained from the aerial B. caudata ethanolic extract had a straight 
relationship with activity. Moreover, the orally administered 
ethanolic extract reduced Ehrlich solid tumor growth and dis-
played an anti-inflammatory effect in both evaluated experi-
mental models (carrageenan-induced paw edema and croton 
oil-induced ear edema). These results suggest that the antitu-
mor activity of the ethanolic extract could be explained by 
antiproliferative effects associated with anti-inflammatory ac-
tion.
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Abbreviations

AE:	 aqueous extract
AEF:	 alkaloid enriched fraction
CG:	 carrageenan
COX:	 cyclooxygenase
DE:	 dichloromethane extract
EE:	 ethanolic extract
HaCat:	 immortal keratinocyte non-tumor human line
i.p.:	 intraperitoneal
LOX:	 lipoxygenase
MCF-7:	 breast human tumor cell line
NCI-H460:	 non-small cell lung human tumor line
o.r.:	 oral
RTW:	 relative tumor weight
TPA:	� 12-O-tetracanoylphorbol lipoxygenase-13-ac-

etate
TGI:	 total growth inhibition
t.t.:	 topical treatment
U251:	 glioma human tumor cell line

Introduction
Considered one of the hallmarks of cancer, inflammation substan-
tially contributes to the development and progression of malignan-
cies [1]. Many plant-derived natural products have been described 
as potent anti-inflammatory and anticancer agents, in which they 
provide alternative strategies for the development of new drugs 
[2–4].
Boehmeria caudata Sw (Urticaceae) aerial parts extract had showed 
a promising antiproliferative effect (total growth inhibition lower 
than 0.25 μg mL − 1) in a preliminary screening done by our research 
team [5]. This species is widely spread across the neotropical re-
gion, that is, throughout Central and South America [6]. Found in 
the Southeast and Southern regions, and in the State of Mato Gros-
so do Sul in Brazil, B. caudata is well known as “lixa-da-folha-larga” 
and “assa-peixe” [7].

Despite the traditional usage, there is only one study aiming at 
the investigation of the pharmacological potential of B. caudata 
that describes the cytotoxic activity of B. caudata stem wood etha-
nolic extract upon human epidermoid carcinoma of the nasophar-
ynx [8]. Considering the Boehmeria genus, there is evidence of an-
ti-inflammatory and antitumor effects in addition to the presence 
of phenanthroquinolizidine alkaloids, such as cryptopleurine, in 
some extracts [9–14]. Therefore, the present study prompted the 
in vitro and in vivo evaluation of anti-inflammatory and antitumor 
effects of the ethanolic extract of B. caudata aerial parts.

Results and Discussion
DE, EE, and AE of B. caudata aerial parts and AEF were evaluated on 
four human cell lines (one non-tumor and three tumor cell lines) 
using doxorubicin as a positive control. Expressed as the sample 
concentration required for TGI (μg mL − 1), the extracts and fraction 

were classified as active when TGI  ≤  50 μg mL − 1 against at least two 
tumor cell lines in a panel of three tumor cell lines [15]. DE weakly 
inhibited breast (MCF-7, TGI: 35.26 μg mL − 1) and lung (NCI-H460, 
TGI: 38.19 μg mL − 1) tumor cell lines while AE showed weak and 
moderate activity on glioma (U251, TGI: 27.73 μg mL − 1) and lung 
(NCI-H460, TGI: 6.67 μg mL − 1) tumor cell lines in the order given. 
The most active samples were EE and AEF, which potently inhibit-
ed (TGI < 0.25 μg mL − 1) the three tumor cell lines. Further, all ex-
tracts inhibited the non-tumor cell line HaCat (▶Table 1).

Using TLC with Dragendorff reagent (▶Fig. 1a–m), the expect-
able presence of alkaloids was confirmed in the B. caudata aerial 
parts ethanolic extract by the regard of fluorescent spots under UV, 
which were brownish due to the Dragendorff reagent. Acid-based 
extraction of EE afforded the AEF (▶Fig. 1j–m). Thus, the presence 
of alkaloids in both EE and AEF could explain the alikeness in the 
antiproliferative profile of these samples.

High-resolution electrospray ionization mass spectrometry (HRE-
SI-MS) analysis of AEF allowed for the putative identification and rel-
ative quantification of five phenanthroquinolizidine alkaloids (cryp-
topleurine, boehmeriasin A, boehmeriasin B, julandine, hydroxycryp-
topleurine), one quinolizidine alkaloid [3-(4-hydroxyphenyl)-4- 
(3-methoxy-4-hydroxyphenyl)-3,4-dehydroquinolizidine], and two 
acetophenone alkaloids (3,4-dimethoxy-ω-(2'-piperidy1) aceto-
phenone and 2’,4’dimethoxyacetofenone) (▶Table 2). Except for 
cryptopleurine, seven alkaloids were identified for the first time in 
B. caudata aerial parts extract.

Due to the antiproliferative effect of EE, the anti-inflammatory 
[18] and antitumor [8, 11, 18] activities of the identifiable alkaloids 
(▶Table 2), and the availability of test material, further assess-
ments were conducted on in vivo antitumor and anti-inflammato-
ry models to establish the in vivo correlation between the two ac-
tivities.

Following the acute toxicity protocol [19], the higher adminis-
trated dose of EE that promotes no clinical adverse effects was de-
termined using two different routes of administration. Neverthe-

▶Table 1	 B. caudata extracts in vitro antiproliferative activity (TGI, μg 
mL − 1).

Cell linesa

Sam-
ples

U251 MCF-7 NCI-H460 HaCat

DE 90.50 I 35.26 W 38.19 W 35.57 W

EE  < 0.25 P  < 0.25 P 0.66 P  < 0.25 P

AE 27.73 W 63.57 I 6.67 M 7.94 M

AEF  < 0.25 P  < 0.25 P 0.66 P  < 0.25 P

DOXO 2.66 P 3.69 P  > 25 W 19.41 W

TGI: total growth inhibition after 48 h exposition. TGI values were 
calculated by nonlinear regression analysis using ORIGIN 8.0 
(OriginLab Corporation). aHuman tumor cell lines: U251 (glioma), 
MCF-7 (breast), NCI-H460 (lung, non-small cells); human non-tumor 
line: HaCat (immortal keratinocyte). DE: dichloromethane extract, 
EE: ethanolic extract, AE: aqueous extract; AEF: alkaloid enriched 
fraction; DOXO: doxorubicin (positive control). CSIR’s criteria: 
inactive (I, TGI > 50 μg mL − 1), weak activity (W, 15 μg 
mL − 1 < TGI < 50 μg mL − 1), moderate activity (M, 6.25 μg 
mL − 1 < TGI < 15 μg mL − 1), and potent activity (P, TGI < 6.25 μg mL − 1) 
[15].

e18



de Paiva PP et al. An Ethanolic Extract of …  Planta Med Int Open 2020; 7: e17–e25

less, when administrated via the i.p. route, EE (500 mg kg − 1) pro-
moted depression, piloerection, tachypnea, and palpebral ptosis 
up to 4 h after administration, which suggested central nervous 
system effects. After 24 h, the EE-treated mice showed normal be-
havior, which persisted throughout the experiment. In addition, at 
a higher dose (1000 mg kg − 1, i.p.), EE promoted signs and symp-
toms of central nervous system depression, which resulted in the 
death of mice within the first 24 h. Based on these results, we chose 
150 mg kg − 1 (30 % of the lower toxic dose on acute evaluation) of 
EE as the highest dose on the pharmacological experiments using 
the i.p. route.

In the same manner, after oral treatment, EE at 1000 mg kg − 1 
produced piloerection, tachypnea, and palpebral ptosis in mice dur-
ing the first 4 h after treatment. All these symptoms disappeared 
after 24 h, with mice exhibiting normal behavior during the follow-
ing 14 days. Thus, to avoid possible cumulative adverse effects, the 
highest dose on pharmacological assays of EE using the o.r. route 
was established as 300 mg kg − 1 (30 % of 1000 mg kg − 1). The result 
also suggested that the toxic substances present in EE had low bio-
availability by the o.r. route, not reaching a sufficient systemic con-
centration to trigger the physiological changes that led to the death 
of the mice when compared to EE administration via the i.p. route.

The antitumor activity of EE was evaluated by the Ehrlich solid 
tumor model, which is used for mouse experimentation worldwide 
[20]. Derived from murine breast adenocarcinoma with aggressive 
and fast-growing characteristics, the Ehrlich tumor cells can grow 
in ascitic and solid forms depending on the inoculation in cavities 
or tissue, respectively [21]. Therefore, EE treatment significantly 
decreased tumor growth by 48.51 % [75 mg kg  − 1,  i .p., 
RTW = 0.00155 ± 0.0006, p < 0.01] and 35.5 % (150 mg kg − 1, i.p., 
RTW = 0.00194 ± 0.0004, p < 0.05) in comparison to vehicle-treat-
ed animals (RTW = 0.00301 ± 0.0007), while doxorubicin promot-

ed a reduction of 33.88 % (3 mg kg − 1, RTW = 0.00199 ± 0.0003, 
p < 0.05. There was no statistically significant difference among the 
treated groups (▶Fig. 2). Furthermore, EE doses did not produce 
any clinical signs of toxicity during treatment.

It is well known that Ehrlich cell growth generates a local 
inflammatory response characterized by increased vascular perme-
ability, edema formation, cell migration, and recruitment of the 
immune response [21]. As we take the tumor microenvironment 
into consideration as a therapeutic target, EE was evaluated by two 
different inflammation models in mice. Since i.p. administration 
can induce the local inflammatory process, the o.r. route was cho-
sen for these assays.

CG-induced paw edema is a well-established in vivo inflamma-
tion model, commonly used to evaluate the anti-edematous effect 
of natural products [22]. When injected, CG-induced inflammato-
ry edema result in a sequential and integrated actions of several 
inflammatory mediators. Two hours after CG injection, there is the 
release of histamine, 5-hydroxytryptamine, bradykinin, and sero-
tonin, among other substances. Afterwards, increased COX-2 ex-
pression and prostaglandin production, monocyte mobilization, 
macrophage migration, and nitric oxide production maintain the 
edema up to 4 to 6 h after CG injection [23, 24].

In this model, oral administration of EE inhibited CG-induced 
edema with an inverse dose-effect relationship (▶Table 3). Thus, 
the major inhibitory effect of EE was observed at 75 mg kg − 1, from 
the first hour of CG edema induction (p < 0.001), while at 150 mg 
kg − 1, the inhibitory effect of EE was significant only after 4 h of 
edema induction. Moreover, at 300 mg kg − 1, EE had a slight in-
crease in CG-induced edema (p < 0.05) at 6 h in comparison to the 
vehicle group. As expected, dexamethasone (positive control) in-
hibited edema development in a significant manner in relation to 
the vehicle group 2 h after CG injection.

A B C D E F G H I J L M

▶Fig. 1	 Thin-layer chromatography plates (silica gel 60 F254) of dichloromethane (DE, a–c), ethanolic (EE , d–e), aqueous (AE, g–i) extracts of 
Boehmeria caudata aerial parts and alkaloid rich fraction (AEF, j–m). Stationary phase: Mobile phase: dichloromethane/methanol (97:3, for DE) and 
butanol/acetic acid/distilled water (4:1:5, for EE, AE and AEF). Detection: under UV light (254 nm: D, G and L; 366 nm: A, E, H and J); Anisaldehyde (B) 
and Dragendorff (C, F, I and M) solutions.
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The proinflammatory effect observed for EE at 300 mg kg − 1 
could be attributed, in part, to the vesicant properties of crypto-
pleurine, which resemble those of nitrogen mustard [25], an 
alkylating agent used as a chemotherapeutic agent [26]. As the 
other identified phenanthroquinolizidine alkaloids shared chemi-
cal similarities with cryptopleurine, all theses alkaloids together  in 
high dose, could present this vesicant properties and induced the 
edema. Other alkaloids used in cancer chemotherapy also have ves-
icant properties, such as vinca and taxol, which can cause severe 
irritation with vesicle formation, edema, and tissue destruction 
when in contact with intact skin [27].

Based on the report that the NSAIDs were unable to inhibit the 
first 2 h after CG edema induction [28], our results suggested that 
EE anti-edematogenic activity at 75 mg kg − 1 can be partially ex-
plained as similar to that observed for steroidal anti-inflammatory 
drugs. To support this hypothesis, we decided to select the croton 
oil-induced ear edema model in mice.

Used as a screening assay for substances with potential anti-in-
flammatory action [29], the croton oil-induced ear edema model 
allowed for the evaluation of both topical and systemic routes of 
steroidal and nonsteroidal anti-inflammatory drugs [23, 30]. Cro-
ton oil, obtained from croton seeds (Croton tiglium L.), is a phorbol 
ester enriched phlogistic agent, with TPA as the major compound. 
Since phorbol esters activate the arachidonic acid inflammatory 
cascade through LOX and COX activities, substances with LOX and/
or COX inhibitory effects can be evaluated in this model [31].

As reported by our research group [32], independent of the ad-
ministration route (o.r., i.p., or t.t. treatment), EE reduced croton 
oil-induced edema in mice ears by 41.39 % (6.3 mg ± 1.7, t.t.), 
57.48 % (4.2 mg ± 1.34, i.p.), and 62.02 % (4.31 mg ± 0.71, o.r.) com-▶
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p < 0.05,  * *  p < 0.01, significant differences by statistical means in 
relation to vehicle group. (One-way ANOVA – followed by Tukey 
test).

e20



de Paiva PP et al. An Ethanolic Extract of …  Planta Med Int Open 2020; 7: e17–e25

15a

b

c

10

W
ei

gh
t d

iff
er

en
ce

 (m
g)

5

***

***

***

***

***

*

0

15

10

W
ei

gh
t d

iff
er

en
ce

 (m
g)

5

0

15

10

W
ei

gh
t d

iff
er

en
ce

 (m
g)

5

0

Vehicle t.t.

Dexa (5 mg mL –1) t.t.

EE (75 mg mL –1) t.t.

Vehicle i.p.

Dexa (5 mg kg –1) i.p.

EE (75 mg kg –1) i.p.

Vehicle o.r.

Dexa (50 mg kg –1) o.r.

EE (75 mg kg –1) o.r.

▶Fig. 3	 Effect of Boehmeria caudata ethanolic extract and positive 
control on ear edema induced by croton oil (Croton tiglium L.). The 
results expressed as the mean ± standard error media; weight differ-
ence (mg) = weights differences of equal portions obtained from the 
treated and untreated ears of the animals from each experimental 
group. Groups: negative control: vehicle (acetone 70 % to group with 
application topic and 10 mL kg − 1 of the PBS pH 7 + tween 80 5 % to 
group with intraperitoneal and oral treatment), positive control: 
dexamethasone (dexa) and experimental group: crude ethanolic 
extract (EE). a Treatment by application topic: t.t, b treatment by 
intraperitoneal route: i.p. and c treatment by oral route: o.r.   
*  p < 0,05,  * *  p < 0,01 e  * * *  p < 0,001, significant difference by 
statistical means according to vehicle group (One-way ANOVA – fol-
lowed by Tukey test).

▶
Ta

bl
e 

3	
Ev

al
ua

tio
n 

of
 th

e 
ed

em
a 

va
ria

tio
n 

an
d 

in
hi

bi
tio

n 
ra

te
 ( 

%
) p

ro
m

ot
ed

 b
y 

EE
 in

 th
e 

ca
rr

ag
ee

na
n-

in
du

ce
d 

pa
w

 e
de

m
a 

m
od

el
.

1 
ha

2 
ha

4 
ha

6 
ha

24
 h

a

Gr
ou

p
D

os
e

M
V 

± 
SD

 %
M

V 
± 

SD
 %

M
V 

± 
SD

 %
M

V 
± 

SD
 %

M
V 

± 
SD

 %

Ve
hi

cl
e 

10
b

7.
35

 ±
 3

.2
9

-
11

.6
9 

± 
7.

72
-

20
.3

6 
± 

6.
05

-
33

.6
8 

± 
7.

47
-

11
.2

4 
± 

6.
34

-

D
ex

a
25

c
1.

96
 ±

 3
.0

4
73

.3
3

1.
96

 ±
 3

.0
4

83
.2

3 *
 *

 
3.

60
 ±

 3
.2

9
82

.3
1 *

 *
 *

 
5.

15
 ±

 6
.1

3
84

.7
0 *

 *
 *

 
0.

00
 ±

 0
.0

0
10

0 *
 *

 *
 

EE

75
c

0.
00

 ±
 0

.0
0

10
0 *

 
2.

46
 ±

 4
.0

5
78

.9
5 *

 *
 

0.
79

 ±
 1

.9
4

96
.1

1 *
 *

 *
 

8.
97

 ±
 8

.6
3

73
.3

6 *
 *

 *
 

0.
00

 ±
 0

.0
0

10
0 *

 *
 *

 

15
0c

0.
93

 ±
 2

.2
7

87
.3

4
7.

69
 ±

 4
.9

0
34

.2
1

7.
83

 ±
 5

.0
9

61
.5

4 *
 *

 *
 

21
.0

2 
± 

5.
50

37
.5

8 *
 *

 *
 

3.
84

 ±
 3

.0
1

65
.8

3 *
 

30
0c

2.
22

 ±
 4

.9
7

69
.7

9
12

.6
0 

± 
4.

93
 −

 7
.7

8
23

.3
0 

± 
9.

87
 −

 1
4.

44
41

.0
9 

± 
6.

70
 −

 2
2.

00
 *

 
12

.3
3 

± 
4.

94
 −

 9
.6

9

a T
im

e 
af

te
r e

de
m

a 
in

du
ct

io
n,

 b d
os

e 
ex

pr
es

se
d 

in
 m

L 
kg

 −
 1

, c d
os

e 
ex

pr
es

se
d 

in
 m

g 
kg

 −
 1

. E
de

m
a 

va
ria

tio
n 

( %
): 

re
su

lts
 e

xp
re

ss
ed

 a
s 

th
e 

m
ea

n 
± 

st
an

da
rd

 d
ev

ia
tio

n 
(M

V 
± 

SD
). 

Ed
em

a 
in

hi
bi

tio
n 

ra
te

 ( 
%

): 
di

ffe
re

nc
e 

of
 th

e 
ed

em
a 

va
ria

tio
n 

of
 th

e 
tr

ea
te

d 
gr

ou
ps

 in
 re

la
tio

n 
to

 th
e 

ed
em

a 
va

ria
tio

n 
of

 th
e 

ve
hi

cl
e 

gr
ou

p 
di

vi
de

d 
by

 th
e 

ed
em

a 
va

ria
tio

n 
of

 th
e 

ve
hi

cl
e 

gr
ou

p 
m

ul
tip

lie
d 

by
 o

ne
 h

un
dr

ed
. G

ro
up

s:
 n

eg
at

iv
e 

co
nt

ro
l 

(v
eh

ic
le

, P
BS

 p
H

 7
 +

 T
tw

ee
n 

80
 5

 %
, o

ra
lly

), 
po

si
tiv

e 
co

nt
ro

l (
de

xa
: d

ex
am

et
ha

so
ne

 2
5 

m
g 

kg
 −

 1
, o

ra
lly

), 
an

d 
ex

pe
rim

en
ta

l g
ro

up
s 

(E
E 

75
, 1

50
, a

nd
 3

00
 m

g 
kg

 −
 1

, o
ra

lly
), 

EE
: e

th
an

ol
ic

 e
xt

ra
ct

.  *
  P 

< 
0.

05
,  *

 *
  p

 <
 0

.0
1,

 
an

d 
 *

 *
 *

  p
 <

 0
.0

01
, s

ig
ni

fic
an

t d
iff

er
en

ce
 in

 re
la

tio
n 

to
 th

e 
ve

hi
cl

e 
gr

ou
p 

by
 s

ta
tis

tic
al

 m
ea

ns
 (t

w
o-

w
ay

 A
N

O
VA

 fo
llo

w
ed

 b
y 

Bo
nf

er
ro

ni
’s

 te
st

).

e21



de Paiva PP et al. An Ethanolic Extract of …  Planta Med Int Open 2020; 7: e17–e25

Original Papers Thieme

pared to the vehicle group (10.75 mg ± 3.31, t.t; 9.88 mg ± 1.78, 
i.p.; and 11.35 mg ± 2.8, o.r.). In all experiments, dexamethasone 
(5 mg mL − 1, t.t.; 5 mg kg − 1, i.p.; or 50 mg kg − 1, o.r.) was able to in-
hibit from 88.05 % (1.18 mg ± 1.13, i.p.) to 88.55 % (1.23 mg ± 1.07, 
t.t.) and 88.89 % (1.26 mg ± 1.04, o.r.) of the croton oil-induced 
edema in mice ears (▶Fig. 3).

According to Carlson et al. [31], COX inhibitor drugs such as in-
domethacin, aspirin, and piroxicam show no anti-inflammatory ef-
fect when administered orally by TPA-induced and arachidonic ac-
id-induced ear edema assays, while mixed COX/LOX inhibitors as 
well as steroidal anti-inflammatory drugs are more effective by the 
oral route.

Analyzing our results, we observed that EE was more effective 
when administered by a systemic route than t.t. (▶Fig. 3), suggest-
ing that the mechanism of anti-inflammatory action of EE would 
involve a mixed inhibitory capacity (COX/LOX inhibitors) or an ac-
tivity similar to steroidal anti-inflammatory drug. (phospholipases 
inhibitor), corroborating CG-induced paw edema results (▶Table 3).

Therefore, blocking COX and/or LOX pathways could be a plau-
sible approach for the inhibition of tumor progression. Some in vitro 
studies have demonstrated that simultaneous inhibition of COX 
and LOX pathways are more efficient in cell death induction in com-
parison to selective inhibition [33, 34].

In conclusion, the antitumor activity of EE from B. caudata aer-
ial parts could be explained by the antiproliferative effects associ-
ated with the anti-inflammatory effects.

Material and Methods

Chemical and equipment
Dichloromethane and ethanol were purchased from Labsynth. 
Trichloroacetic acid, Tween 80, dexamethasone (purity > 90 %), 
DMSO, CG, and croton oil were obtained from Sigma-Aldrich. All 
solvents were of analytical grade. Culture medium RPMI 1640 and 
fetal bovine serum were from Gibco. Penicillin/streptomycin (1000 
U/mL:1000 mg/mL) was acquired from Vitrocell. Doxorubicin (dox-
orubicin chlorohydrate 50 mg; purity > 90 %) was purchased from 
Eurofarma. TLC plates using silica gel 60 (F254) were obtained from 
Merck. ESI-Obitrap (Q Exactive) was attained from Thermo Scien-
tific Bremen, the mass detector (CG 6890N) was from Agilent, and 
the Plethysmometer apparatus (7140) was from Ugo Basile.

Plant material
The aerial parts of the B. caudata Sw. were collected at the CPQBA 
– UNICAMP experimental field, in which the botanical identifica-
tion was performed by MSc Jorge Yoshio Tamashiro, researcher of 
the Department of Plant Biology, Institute of Biology/UNICAMP. A 
voucher specimen was deposited at the UNICAMP Herbarium under 
number UEC 107966. B. caudata is a Brazilian native genetic mate-
rial. Hence, the present study had been approved by the Genetic 
Patrimony Management Board (CGEN/MMA) through the Access 
and Shipment Component of Genetic Heritage for scientific re-
search purposes (number: 010672/2012–5).

Extract preparation
Milled dried aerial parts of B. caudata (5 g) were extracted with di-
chloromethane, 95 % ethanol, and distilled water by a Soxhlet ex-
traction system (1:5 plant:solvent ratio, w/v) in succession. After 
solvent evaporation under vacuum at 40 ºC and freeze-drying, the 
DE (5 % yield), EE (4.6 % yield), and AE (6.7 % yield) were stored 
at  − 20 ºC until further analysis.

Acid-base extraction
An aliquot of EE diluted in distillate water (1:4 plant:solvent ratio, 
w/v) was acidified with 10 % hydrochloric acid until pH  ≈  1. After 
24 h at 4 ºC, the mixture was vacuum filtered to separate a dark 
green precipitate from the red supernatant in which was extracted 
by liquid-liquid partition with ethyl acetate (3:1, v/v, 3 times) af-
fording the aqueous acidic solution (AAS), and the ethyl acetate 
solution. Furthermore, the AAS was partitioned with ethyl ether 
(3:1, v/v, 3 times) providing ethyl ether solution, and the final aque-
ous acidic solution (AASF). After pH adjustment (pH  ≈  11) with am-
monium hydroxide, AASF was partitioned with dichloromethane 
(3:1, v/v, 3 times) giving forth the aqueous basic and dichlorometh-
ane (DCM) solutions. After being washed with distilled water (3:1, 
v/v, 3 times) and filtered through anhydrous sodium sulfate, the 
DCM solution was evaporated to dryness under vacuum at 40 ºC. 
After HRESI-MS analysis, the DCM fraction was renamed as AEF 
(0.9 % yield).

Thin-layer chromatography analyses
DE, EE, AE, and AEF were analyzed by TLC plates with silica gel 60 as 
the stationary phase and two mobile phases [dichloromethane:
methanol 97:3 (v/v) and BAW (butanol:acetic acid:distilled water 
4:1:5, v/v)]. After complete elution, the TLC plates were visualized 
under UV light (254 and 366 nm) followed by detection with spray 
reagents anisaldehyde/sulfuric acid (lipophilic substances, sugars, 
and glycosides) and Dragendorff (nitrogen-containing compounds) 
[35].

Characterization of the ethanolic extract and 
alkaloid enriched fraction by high-resolution 
electrospray ionization mass spectrometry
One aliquot (10 μL) of EE and AEF solution (20 mg mL − 1, in metha-
nol) was diluted in separate methanol/water (1:1, v/v) with 0.1 % 
formic acid (99 %, 990 μL). To utilize one syringe pump, the sample 
solution was injected by direct infusion into the ESI-Obitrap mass 
spectrometer for positive ion mode ionization in which the total 
acquisition time for each spectrum was fixed at 1 min. ESI-MS (full 
scan) spectra were acquired in the range of m/z 150 to 800 for the 
EE, and the alkaloids were identified in the range of 200–400 m/z 
of AEF. The ESI-MS/MS spectra were acquired with a collision en-
ergy of 10–40 eV. The general operating conditions of the equip-
ment were: 3500 V of spray voltage, 320 ºC to capillary tempera-
ture, 10 psi of sheath gas pressure, and 50 V to S-lens. Data treat-
ment was carried out using Xcalibur software. (Thermo Scientific).

Alkaloid enriched fraction analysis by gas 
chromatography coupled to mass detector
A sample (1 μL) of AEF solution (20 mg mL − 1) was subject to scien-
tific analysis by capillary gas chromatography coupled to a mass 
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selective detector, equipped with a silica column (30 m  ×  0.25 mm, 
HP-5). The overall operating conditions of the equipment were: 
temperature of the injector: 250 ºC; detector temperature: 300 ºC; 
temperature program: 110 (2 min)  − 240 ºC, 5 ºC/min, 240–300 ºC, 
10 ºC/min; with or without split ratio 1:100.

Cell lines
Human tumor cell lines [U251 (glioma), MCF-7 (breast), NCI-H460 
(lung, non-small cells)] were provided by the National Cancer Insti-
tute. The non-tumor cell line HaCat (human keratinocytes) was do-
nated by Professor Dr. Ricardo Della Coletta, FOP/ UNICAMP.

Cell culture
All cell lines were maintained in complete medium [RPMI 1640 me-
dium supplemented with 5 % fetal bovine serum and 1 % of a 
penicillin:streptomycin mixture (v/v) (1000 U mL − 1:1000 g mL − 1)]. 
For incubation conditions, the temperature was set at 37 °C in a 
humid atmosphere with 5 % of CO2, and the in vitro experiments 
were conducted under the same conditions.

In vitro antiproliferative activity assay
Cells in 96-well plates (100 µL cells/well) were exposed to sample 
concentrations (0.25, 2.5, 25, and 250 µg mL − 1 in DMSO/complete 
medium, in triplicate) for 48 h. The final DMSO concentration ( ≤  
0.25 %) was unaffected by cell viability. Doxorubicin was the posi-
tive control (0.025; 0.25, 2.5 and 25 µg mL − 1). Before (T0 plate) 
and after the sample addition (T1 plates), cells were fixed with 50 % 
trichloroacetic acid, and cell proliferation was determined by spec-
trophotometric quantification (540 nm) of the cellular protein con-
tent employing sulforhodamine B. Using the concentration-re-
sponse curve for each cell line, TGI was determined through non-
linear regression analysis using ORIGIN 7.5 (OriginLab Corporation) 
software [21].

Animals
Experiments were conducted with Balb/c (17–25 g, 60 days) and 
Swiss (25–35 g, 60 days) female mice obtained from the Multidis-
ciplinary Center for Biological Investigation at Animals Sciences 
Laboratory (CEMIB–UNICAMP). Animals were maintained at the 
Animal Facilities of Pharmacology and Toxicology Division, CPQBA-
UNICAMP, under controlled conditions [temperature 25 ± 2 ºC for 
12 h light/dark cycle, with free access to food (Nuvilab) and tap 
water]. Animal care and research and animal sacrifice protocols 
were in accordance with the principles and guidelines adopted by 
the Brazilian College of Animal Experimentation (COBEA). The ex-
perimental procedures were approved by the Institute of Biology/ 
UNICAMP — Ethical Committee for Animal Research (3440–1 and 
3441–1 were approved on July 7, 2014; 3391–1 and 3390–1 were 
approved on August 28, 2014). Euthanasia was performed by deep 
anesthesia followed by cervical dislocation.

Sample preparation
EE was diluted in PBS (pH 7.0) with 5 % Tween 80, considering the 
employment of different doses. Only for the tests with single oral 
administration (Vmax = 10 mL kg − 1), animals were kept in a fasting 
period of 4 h before treatment with free access to water, to allow 
total gastric emptying and no feeding interference in the active 

principles absorption. Moreover, all experimental models began 
1 h after sample administration to ensure absorption and systemic 
distribution.

Acute toxicity evaluation
Swiss mice were distributed (n = 5 animals/group) into negative 
control (vehicle, 10 mL kg − 1) and experimental (EE, 1000 mg kg − 1, 
o.r.; 500 and 1000 mg kg − 1, i.p) groups. After administration, ani-
mals were observed during the first 4 h, and daily for 14 days. Af-
terwards, all animals were euthanized by cervical dislocation [19].

The Ehrlich solid tumor model
Ehrlich tumor cells were maintained in the ascitic form by weekly 
i.p. transplantation in Swiss mice. For the experiments, the ascitic 
suspension was collected and the tumor cell suspension was pre-
pared at a density of 5 x 106 cells/60µL/animal after cell viability 
evaluation with trypan blue.

Ehrlich cells suspension was inoculated subcutaneously in the 
flank of Balb/c mice (n = 6 animals/group, 60 µL/animal). On the 3rd 
day, animals with palpable tumors were randomly divided into neg-
ative control (vehicle, 10 mL kg − 1, i.p.), positive control (doxoru-
bicin, 3 mg kg − 1, i.p.), and experimental groups (EE, 75 and 150 mg 
kg − 1, i.p.). The negative control and EE groups were treated every 
day, while the positive control group was treated every 2 days. On 
the 10th day, animals were euthanized, and tumors were removed 
and weighted. The procedures used for this study were similar to 
those previously described [21].

Carrageenan-induced paw edema
Balb/c mice (n = 6/group) were weighed, randomly distributed, and 
orally treated with vehicle (10 mL kg − 1, negative control), dexa-
methasone (25 mg kg − 1, positive control) or EE (75, 150, and 
300 mg kg − 1). After 1 h, inflammation was induced by carrageenan 
inoculation (3 % in PBS, 30 µL/paw) into the subplantar region of 
the right hind footpad. The hind paw volume was evaluated using 
a plethysmometer at 0 (basal volume), 1, 2, 4, 6, and 24 h after CG 
inoculation, and the edema volume was obtained by the difference 
between basal and experimental hind paw volumes. The proce-
dures used for this study were similar to those described previous-
ly, with minor modifications [10, 36].

▶Table 4	 Group distribution in the croton oil-induced ear edema assay in 
mice.

Groupsa

Route of adminis-
tration

Vehicleb Dexa-
metha-
sonec

EEd

Topical 20 µL 5 mg mL − 1 75 mg 
mL − 1

Oral 10 mL kg − 1 50 mg kg − 1 75 mg 
kg − 1

Intraperitoneal 10 mL kg − 1 5 mg kg − 1 75 mg 
kg − 1

an = 6 Balb/c mice/group; bnegative control (70 % acetone on topical 
administration and PBS with 5 % Tween 80 by oral administration; 
cpositive control; dethanolic extract.
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Croton oil-induced ear edema
Balb/c mice (n = 6 animals/group) were weighed and distributed 
into the experimental groups (▶Table 4). One hour after each 
treatment, mice received croton oil topical application (20 µL/ear, 
5 % in acetone 70 %) in the right ear, while the left ear was treated 
with 70 % acetone (20 µL/ear). Four hours after croton oil applica-
tion, the animals were euthanized, and the ear edema was deter-
mined by weight difference between the left and right ears [36].

Statistical analysis
The experimental results are expressed as the mean ± standard error 
media (SEM) or mean ± standard deviation (SD). Statistical signifi-
cance was evaluated by analysis of variance (ANOVA), one-way or 
two-way, followed by Tukey’s or Bonferroni’s test in the order given 
using GraphPad Prism version 5.0 software. Statistical significance 
is represented by  * p < 0.05,  * * p < 0.01, and  * * * p < 0.001.

Supporting information
The ethanolic extract and alkaloid enriched fraction spectrum by HRE-
SI-MS is available as Supporting Information (Fig. 1S and Fig. 2S).
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