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Introduction

Combretum leprosum Mart. is a shrubby 
plant (2–3 m) found in regions of Africa, 
Asia, and Brazil. In northeast Brazil, 
C. leprosum Mart. is popularly known 
as “mofumbo, mufumbo, or pente de 
macaco.” Various plant parts have been 
used as anti-inflammatory agents in tradi-
tional medicine [1].

Species of the Combretaceae family 
have a range of pharmacologic activities, 
including contraceptive, anti-inflamma-
tory, anti-proliferative, anti-ulcer, and 
anti-cholinesterase effects [2–5], making 

Combretaceae family members a poten-
tial source of novel bioactive compounds. 
Analysis of the Combretum genus showed 
flavonoids and triterpenes to be the chief 
components serving as natural sources 
for new drug development [6]. Facundo 
and colleagues (1993) isolated and char-
acterized the pentacyclic triterpene, 
3β,6β,16β-trihydroxylup-20(29)-ene 
[CL-1]; Figure 1) from C. leprosum leave 
extracts [7]. Indeed, the beneficial effects 
of this plant may be credited to the CL-1 
triterpene [2, 8, 9]. Pharmacologic studies 
with CL-1 include the following: antimicro-
bial and leishmanicidal activities [9,  10]; 
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Abstract

Background and aim: Combretum leprosum Mart. serves as a medicinal plant in traditional Brazilian 
medicine. The beneficial effects of C. leprosum Mart. are attributed to the triterpene, 3β,6β,16β-trihydroxy-
lup-20(29)-ene (CL-1). Herein we evaluate the toxicity of two semi-synthetic derivatives from CL-1 (CL-P2 
and CL-P2A) in vitro and in vivo, and determine the efficacy in zymosan-induced writhing response and the 
putative mechanism of action.
Experimental procedure: Toxicity prediction was assessed using the PROTOX-II and ADMETlab 2.0 pre-
diction tools, and SMILES codes for structure identification. In vitro cytotoxicity of the derivatives was tested 
using the sulforhodamine B assay in L929 and HaCaT cells at 24, 48, and 72 h. Mice received (oral gavage) 
CL-P2 or CL-P2A (10 mg/kg/d) for 14 days in in vivo toxicity assays. Blood samples and organs (stomach, 
liver, and kidneys) were collected for AST/ALT level determination and H&E staining, respectively. The 
anti-nociceptive effect of CL-P2 and CL-P2A (0.1, 1, or 10 mg/kg) was evaluated in the zymosan-induced 
writhing response. The peritoneal exudate was collected to determine myeloperoxidase (MPO) and superox-
ide dismutase (SOD) activity, and nitrite concentration.
Results: CL-P-2 and CL-P2A derivatives exhibited low cytotoxicity and did not change body mass, AST/
ALT levels, or organ weight. The histopathologic analysis did not reveal significant changes in organs. Both 
derivatives inhibited the writhing response in a dose-dependent manner. In addition, both derivatives failed to 
reduce MPO activity. However, CL-P2A increased SOD activity and CL-P2 decreased nitrite/nitrate levels.
Conclusion: CL-P2 and CL-P2A were shown to exhibit anti-nociceptive effects without toxicity. Our data 
suggest that CL-P2 and CL-P2A efficacy is mediated, at least in part, via antioxidant activity by modulating 
nitrite/nitrate levels and SOD activity, respectively.
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anti-inflammatory effects [3]; anti-nociceptive effects [11]; 
anti-proliferative tumor cell activity [12]; antimicrobial 
effects [9]; and anti-ulcerogenic effects [4].

The structural modification of natural products with con-
firmed biological activities to obtain semi-synthetic deriva-
tives during drug development may represent a promising 
approach. Our research group isolated and obtained six 
semi-synthetic derivatives of triterpene CL-1, as follows: 
dehydrated, CL-P1; diacylated, CL-P2A; triacylated, CL-P2; 
oxidized, CL-P3; hydrogenated, CL-P5; hydrazone, CL-P6; 
and oxime, CL-P9 [12].

Examining the toxicity and effectiveness of two deriva-
tives (CL-P2 and CL-P2A) (Figure 1) of the triterpene CL-1 
in vitro, in vivo, and in silico was the aim of the current study, 
given that C. leprosum is primarily used as a traditional med-
icine and that plant chemicals may aid in the search for new 
drugs. Although C. leprosum has been traditionally used by 
communities, its mechanism of action has not yet been elu-
cidated. Longhi-Balbinot et al. (2012) [2], using the acetic 
acid-induced writhing model, demonstrated that the anti-in-
flammatory efficacy of CL-1 is associated with reduced cell 
migration and TNF-α levels. Furthermore, bearing in mind 
the previously reported anti-nociceptive [11] and anti-in-
flammatory [3] actions of CL-1, the efficacy and mechanism 
of action of CL-P2 and CL-P2A was determined in a classic 
model of the zymosan-induced writhing response.

Methodology

Obtaining and characterizing CL-P2 
and CL-P2A
A 100-mg aliquot (0.218 mmol) of CL-1 was dissolved 
in 2.18 mL of CH

2
Cl

2
 in a 25-mL round bottom flask to 

obtain CL-P2 and CL-P2A derivatives. Then, 91 μL of 
CH

3
CH

2
COCl (propanoyl chloride), 26.59 mg of DMAP, 

and 31 μL of Et
3
N were added. The mixture was kept at 

room temperature while stirring and monitored by thin layer 
chromatography for 10 h. The reaction mixture was con-
centrated under reduced pressure, which provided 231 mg 
of product. After purification by flash chromatography, 79 
mg (57.80%) of CL-P2 (triacylated product) and 37.4 mg 
(30.05%) of CL-P2A (diacylated product) were obtained 
using 13 g of silica gel (40–63 μM) and 400 mL of mixture 
hexane/acetate/methanol (9:0.5:0.5) as eluent.

3ββ,6ββ,16ββ-tripropionyloxylup-20(29)-ene 
(CL-P2)

The compound CL-P2 appeared as a yellowish resin with the 
following spectrometric data: 13C NMR (CDCl

3
, 75 MHz): 

δ 12.82 (C-28), 16.30 (C-27), 16.67 (C-26), 17.60 (C-24), 
17.70 (C-25), 19.37 (C30), 21.11 (C-11), 23.92 (C-12), 
24.82 (C-2), 27.60 (C-23), 29.81 (C-21), 33.66 (C-10), 
36.76 (C-13), 36.96 (C-15), 37.69 (C-22), 37.98 (C-4), 38.65 
(C-8), 40.06 (C-1), 40.42 (C-7), 44.41 (C-14), 47.48 (C-17), 
47.63 (C-18), 47.94 (C19), 50.34 (C-9), 55.03 (C-5), 70.42 
(C-6), 78.52 (C-16), 80.34 (C-3), 110.13 (C-29), 149.82 
(C-20), 9.09, 28.11, 173.59 (propanoyl); δ 9.40, 28.14, 
174.03 (propanoyl), δ 9.42, 28.65, 174.21 (propanoyl); 1H 
NMR (CDCl

3
, 300 MHz): δ 0.81 (s, CH

3
), 0.87 (s, CH

3
), 

0.99 (s, CH
3
), 1.00 (s, CH

3
), 1.13 (9H, m, propanoyl), 1.20 

(s, CH
3
), 1.21 (s, CH

3
), 1.66 (3H, s, H-30), 2.30 (6H, m, pro-

panoyl), 4.41 (1H, dd, J = 11.3 and 4.5 Hz, H-16), 4.59 (1H, 
sl, H-29), 4.69 (1H, sl, H-29), 4.83 (1H, dd, J = 9.5 and 4.5 
Hz, H-3), 5.51 (1H, sl, H-6); υ

max
 3070, 2943, 1735, 1642 

cm−1; (+)-HR-ESI-MS m/z 649.44312 [M + Na]+ (calcd for 
C

39
H

62
O

6
Na, 649.89579).

6ββ-hydroxy-3ββ,16ββ-dipropionyloxylup- 
20(29)-ene (CL-P2A)

The compound CL-P2A appeared as a yellowish resin with 
the following spectrometric data: 13C NMR (CDCl

3
, 75 

Figure 1  Chemicals structures of CL-1, CL-P2, and CL-P2A.

BIOI  2024
O

ri
g

in
al

 A
rt

ic
le



M. J. Passos et al.: DOI: 10.15212/bioi-2024-0009� 3

MHz): δ 12.74 (C-28), 16.19 (C-27), 16.87 (C-26), 17.72 
(C-24), 18.20 (C-25), 19.27 (C-30), 20.98 (C-11), 23.92 
(C-12), 24.75 (C-2), 27.54 (C-23), 29.72 (C-21), 33.55 
(C-10), 36.52 (C-13), 36.71 (C-15), 37.60 (C-22), 38.75 
(C-4), 40.11 (C-1), 40.40 (C-4), 42.14 (C-8), 44.32 (C-14), 
47.36 (C-17), 47.53 (C-18), 47.90 (C-19), 50.52 (C-9), 
55.66 (C5), 68.72 (C-6), 78.84 (C-16), 80.57 (C-3), 110.01 
(C-29), 149.77 (C-20), 9.35, 28.10, 174.31, (propanoyl), 
9.34, 28.07, 174.17, (propanoyl); 1H NMR (CDCl

3
, 300 

MHz) δ 0.85 (3H, s, H-28), 0.93 (3H, s, H-27), 1.02 (3H, s, 
H-23), 1.14 (6H, m, propanoyl), 1.22 (6H, s, H-24 e H-25), 
1.37 (3H, s, H-26), 1.68 (3H, s, H-30), 2.30 (4H, m, pro-
panoyl), 4.43 (1H, dd, J = 11.2 and 4.5 Hz, H-16), 4.60 (1H, 
sl, H-29), 4.71 (1H, sl, H-29), 4.85 (1H, dd, J = 11.2 e 4.5 
Hz, H-3), 4.51 (1H, sl, H-6); υ

max
 3072, 2945, 1733, 1643, 

1189 cm−1; (-)-HR-ESI-MS m/z 605.39759 [M + Cl]− (calcd 
for C

36
H

58
O

5
Cl, 605.39783).

In silico toxicity

Toxicity prediction was assessed using the PROTOX-II [13] 
and ADMETlab 2.0 [14] prediction tools with SMILES 
codes for structure identification. Acute oral toxicity was 
determined using the toxicity class and mean lethal dose 
(LD50). Cardiotoxicity, nephrotoxicity, hematoxicity, and 
hepatoxicity were also predicted.

Cell culture

In vitro assays included cytotoxicity tests on immortalized 
human keratinocyte cells (HaCaT; CLS Cell Lines Service, 
Germany) and murine fibroblast L929 cells (clone 929; 
ATCC, Manassas, VA). DMEM (Gibco, USA) supple-
mented with 100 U/mL of penicillin, 100 μg/mL of strepto-
mycin (Gibco), and 10% FBS (Gibco) were used to support 
cell growth (37°C in a 5% CO

2
 atmosphere).

Cytotoxicity assay

L929 and HaCaT (2 × 104 cells/mL) cells were plated in 
96-well plates for 24 h and the groups were treated with 
CL-P2 (0.312–40 μg/mL) or CL-P2A (0.312–40 μg/mL) 
for 24–72 h. The vehicle group was the control group for 
the treatment of cells. The sulforhodamine B (SRB) stain-
ing method was used to quantity viable cells through an 
estimate of the total protein mass [15]. The cells were fixed 
with 10% trichloroacetic acid and incubated with SRB 
solution (0.4%) for 30 min. The excess dye was removed 
by repeated washing with 1% acetic acid. The pro-
tein-bound dye was dissolved in 10 mM Tris-base solution 
and the optical density was determined at 570 nm using a 
microplate autoreader (Multiskan FC, Thermo Scientific, 
Finland) [16]. The results are expressed as a percentage of 
cell viability.

Animals

Male Swiss mice (25–30 g) were housed in appropriate 
polypropylene cages and maintained on 12 h-12 h light-
dark cycles with a constant room temperature of 25°C 
with water and food provided ad libitum. Every attempt 
was made to reduce the number of animals used and 
unnecessary suffering. The Institutional Animal Care and 
Use Committee from of the Federal University of Ceará 
(Campus Sobral) granted approval for the experimental 
protocol (permit number: 06/2017) in compliance with the 
rules issued by the Brazilian Society of Laboratory Animal 
Science (SBCAL).

Toxicologic assays

Animals were gavaged with CL-P2 or CL-P2A (10 mg/kg/ 
day) and the non-treated group (NT) were gavaged with the 
vehicle (saline) daily for 14 d. This dose was selected based 
on a previous report [17, 18].

Daily weights and gavage with the derivatives were 
recorded for 14 d. Then, the mice were anesthetized with a 
combination of xylazine hydrochloride (10 mg/kg intraperi-
toneally [i.p.]) and ketamine (90 mg/kg i.p.), and blood sam-
ples were collected for aspartate aminotransferase (AST) and 
alanine aminotransferase (ALT) level determination, accord-
ing to the manufacturer’s specifications (Labtest®, Lagoa 
Santa, MG, Brazil). The mice were euthanized and under-
went a laparotomy for organ (stomach, liver, and kidneys) 
removal. The organs were weighed and a portion of each 
organ was processed for hematoxylin-eosin (H&E) stain-
ing. H&E-stained 5-μM sections were evaluated semi-quan-
titatively for loss of epithelial cells, hemorrhagic damage, 
inflammatory cells, vascular congestion, and edema with a 
0–3 score for each parameter.

Measurement of anti-nociceptive 
activity: writhing test following an 
i.p. injection of zymosan

Nociceptive behavior was evaluated using the writhing model 
[19]. Briefly, zymosan (1 mg) was injected i.p. in mice. Mice 
were housed in a glass cylinder (30 cm in diameter and 45 
cm in height) and the total number of writhing movements 
that occurred between 0 and 30 min after zymosan adminis-
tration were counted.

Assessment of the anti-nociceptive 
effect of CL-P2 and CL-P2A
Mice were gavaged with vehicle (saline [NT group]), CL-P2 
(0.1, 1, or 10 mg/kg) or CL-P2A (0.1, 1, or 10 mg/kg). 
Zymosan was injected ip 30 min later and the number of 
writhing move ents was counted. The mice were euthanized 
and the peritoneal cavity was washed with PBS. Aliquots 
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of the fresh peritoneal exudate were collected to determine 
myeloperoxidase (MPO) and superoxide dismutase (SOD) 
activities, and the nitrite concentration.

Investigating the mechanism of 
action underlying CL-P2 and CL-P2A

Neutrophil involvement: MPO activity

MPO activity was assessed using the previously reported 
methodology [20]. Briefly, aliquots of the peritoneal exu-
dates (10 μL) were mixed with 200 μL of a solution contain-
ing o-dianisidine dihydrochloride and 1% hydrogen perox-
ide (H

2
O

2
). MPO absorbance was measured at 450 nm. Data 

are expressed as MPO units/mL of peritoneal exudate.

Antioxidant activity: SOD activity and 
nitrite concentration

SOD activity was measured using the protocol previously 
described [19]. Peritoneal exudate (50 μL) was added to 
1000 μL of reaction medium (250 mL phosphate buffer [50 
mM], 250 μL of L-methionine (19.5 mM), and 250 μL of 
EDTA (100 μM). Then, 300 μL of riboflavin solution (1 μM) 
and 150 μL of nitro blue tetrazolium [NBT] (750 μM) were 
added to the solution. The material was exposed to light for 
15 min. The absorbance was read at 560 nm using a spectro-
photometer. The total protein content was determined with a 
commercial lab test kit (Total Proteins kit, Labtest®, Lagoa 
Santa, MG, Brazil). Data are shown as μg SOD/μg protein.

Nitrite concentrations was evaluated by the Griess reac-
tion [21]. Briefly, 50 μL of the sample and 50 μL of Griess 
reagent [2% sulfanilamide in 5% phosphoric acid and 0.2% 
N-(1-naphthyl ethylenediamine dihydrochloride] were 
mixed. Absorbance was measured at 550 nm by spectropho-
tometry in an ELISA reader (Loccus, Cotia, SP, Brazil). Data 
are shown as μM of nitrite.

Statistical analysis

Data were normalized using the Shapiro-Wilk normality test. 
The results are shown as the mean ± SEM or median and 
range. ANOVA followed by the Tukey or Games-Howell 
test was used to compare means. The Kruskal–Wallis and 
Dunn tests were used to compare medians. A P < 0.05 was 

considered significant. Statistical analysis was performed 
using GraphPad Prism 8 (San Diego, CA, USA) and IBM 
SPSS Statistics for Windows (SPSS, version 20.0, IBM 
SPSS Inc., Chicago, IL, USA).

Results

Chemical structures

Figure 1 shows CL-1 and the two chemical derivatives of 
CL-1 (CL-P2 and CL-P2A). The semi-synthetic derivatives 
(triacylated CL-P2) and diacylated CL-P2A) were obtained 
from the pentacyclic triterpene (CL-1) isolated from 
C. leprosum flowers. No chemical and biological data have 
been reported for CL-P2 and CL-P2A.

In silico toxicity

Table 1 summarizes the in silico toxicity data. Due to the 
predicted LD50 of 5000 mg/kg, CL-P2 and CL-P2A were 
categorized as toxicity class 5 (minimal acute toxicity) [13]. 
Both compounds were categorized as inactive with respect 
to cardiotoxicity, indicating a very low risk of cardiac tox-
icity with probabilities of 0.72 for CL-P2A and 0.75 for 
CL-P2. Both compounds were considered inactive with 
respect to nephrotoxicity, indicating a small risk of kidney 
injury with a high probability of 0.94 for CL-P2 and 0.76 
for CL-P2A. CL-P2 was classified as active with a proba-
bility of 0.44, while CL-P2A was considered inactive with 
a probability of 0.47; both compounds were classified as a 
moderate risk of hematologic toxicity based on the prob-
ability values. CL-P2 (probability of 0.56) and CL-P2A 
(probability of 0.79) were considered inactive with respect 
to hepatotoxicity.

In vitro assay: cytotoxicity evaluation 
of CL-P2 and CL-P2A

The cytotoxic activity of the CL-P2 and CL-P2A deriva-
tives was evaluated using the SRB test. CL-P2 exhibited 
low cytotoxicity in HaCaT cells. The highest concentra-
tion of CL-P2 (40 μg/mL) reduced viable cells to 81.4%, 
69.2%, and 54.9% compared to the vehicle group and 
54.9% after 24, 48, and 72 h (P < 0.001; Figure 2A-C), 

Table 1  Predicted Toxicity Variables for CL-P2 and CL-P2A

Variables   CL-P2   Probability   CL-P2A   Probability
LD50 expected   5000 mg/kg   -   5000 mg/kg   -

Expected toxicity class   5   -   5   -

Cardiotoxicity   Inactive   0.75   Inactive   0.72

Nephrotoxicity   Inactive   0.94   Inactive   0.76

Hematoxicity   Active   0.44   Inactive   0.47

Hepatotoxicity   Inactive   0.56   Inactive   0.79

BIOI  2024
O

ri
g

in
al

 A
rt

ic
le



M. J. Passos et al.: DOI: 10.15212/bioi-2024-0009� 5

respectively. However, CL-P2 caused an 82.4%, 49.7%, 
and 27.8% reduction in L929 cell growth at the highest 
concentrations (10, 20, and 40 μg/mL), respectively, at the 
shortest incubation time (24 h; Figure 3A) compared to 
the vehicle group (P < 0.05, P < 0.001, and P < 0.001, 
respectively). CL-P2 was shown to have a cytotoxic effect 
on L929 cells at 10, 20, and 40 μg/mL after 48 and 72 h 
(Figure 3B and C). The minimum inhibitory concentra-
tion (IC50) of the CL-P2 compound for HaCaT and L929 
cells was 35.73 μg/mL and 10.5 μg/mL, respectively, after 
a 72-h incubation.

At a concentration of 20 μg/mL, CL-P2A reduced cell 
viability to 86.83% (P < 0.05) after 24 h, and 78.5% and 
79.1% after 48 and 72 h, respectively, compared to vehi-
cle group (P < 0.001; Figure 2D-F). In addition, CL-P2A 
reduced cell viability in HaCaT cells at the highest con-
centration (40 μg/ml) to 53%, 27.9%, and 17.3% after 24, 
48, and 72  h, respectively, compared to the vehicle group 
(P < 0.001). Like CL-P2, L929 cell growth was reduced in 
the presence of the highest concentrations of CL-P2A (10, 
20, and 40 μg/ml) compared to the vehicle group (P < 0.001) 
after 24, 48, and 72 h. Furthermore, CL-P2A (5 μg/mL) had 
a cytostatic effect with a reduction in cell viability of 78.1% 
after 72 h (Figure 3D-F; P < 0.05). The CL-P2A compound 
IC50 for HaCaT and L929 cells was 20.30 μg/mL and 7.61 
μg/mL after a 72-h incubation, respectively.

Both derivatives exhibited low cytotoxicity, reduced the 
cell growth rate, and showed a cytostatic effect only at the 
highest concentrations.

In vivo toxicity assays

The toxicity parameters were evaluated to verify the safety 
of CL-P2 and CL-P2A in mixw. Body mass alterations, 
biochemical parameters (ALT and AST), organ weight, 
and histopathologic analyses were measured as side effect 
indices.

Loss of body weight is considered to be a marker of toxi
city triggered by drugs [22]. The CL-P2 (Figure 4A) and 
CL-P2A group (Figure 4B) body mass variation curves 
were not statistically different (P > 0.05) from the NT. 
In addition, CL-P2 and CL-P2A treatment did not cause 
changes in liver enzyme levels (AST and ALT) compared 
to the vehicle group (Table 2). The derivatives did not alter 
organs weight (data not shown). To support these data, his-
topathologic analyses (H&E) of kidneys, liver, and stom-
ach were performed. The histopathologic analyses did not 
reveal any important changes in the stomach, liver, and kid-
neys (Table 3 and Figure 5). These results strongly suggest 
that CL-P2 and CL-P2A did not produce systemic toxicity 
in vivo.
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Figure 2  Effects of CL-P2 (A-C) and CL-P2A (D-F) on HaCaT cell (human epidermal keratinocyte line) viability by the SRB method after 
24 (2A and 2D), 48 (2B and 2E), and 72 h (2C and 2F). Three independent experiments (n = 6/group) were performed and the results are 
expressed as the mean percentage ± SEM. *P < 0.05 and ***P < 0.001 represent a statistic difference compared to the vehicle group (ANOVA 
and Tukey’s test).
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CL-P2 and CLP-2A efficacy against 
the zymosan-induced writhing 
response

Zymosan (1 mg) induced a significant writhing response 
that was significantly (P < 0.05) inhibited by CL-P2 (1 and 
10 mg/kg) by 50.24% and 72.63%, respectively, compared 
to the NT group (Figure 6A). Similarly, treatment with 
CL-P2A (1 or 10 mg/kg) reduced the zymosan effect (3.57 ± 
1.17 and 4.83 ± 0.70, respectively; Figure 6B).

Putative mechanisms involved in 
CL-P2 and CL-P2A efficacy
The possible involvement of neutrophils and oxidative stress 
(SOD and nitrite/nitrate) in the mechanism underlying 
CL-P2 and CL-P2A action was studied by measuring MPO 
and SOD activities, and nitrite/nitrate levels in peritoneal 
exudates in mice challenged with zymosan. Both derivatives 
failed to reduce MPO activity (Table 4). However, CL-P2A 

increased (P < 0.05) SOD activity and CL-P2 decreased (P < 
0.05) nitrite/nitrate levels (Table 4).

Discussion

The development of modern medications may be influenced 
by the possible benefits of traditional herbal remedies. The 
main active components of botanical plants are progres-
sively being isolated for use in pharmaceutical formulae for 
clinical purposes [23]. Herein, the toxicity and biological 
activities of semi-synthetic molecules (CL-P2 and CL-P2A) 
derived from the natural triterpene, 3β,6β,16β-trihydroxy-
lup-20(29)-ene (CL-1), are reported for the first time base 
on in silico, in vitro, and in vivo experiments. The predicted 
toxicity suggested that CL-P2 and CL-P2A have favora-
ble profiles. An in vitro assay showed low cytotoxicity for 
both semi-synthetic molecules in L929 and HaCaT cells. 
Furthermore, an in vivo assay showed that gavaged mice 
with both semi-synthetic molecules for 14 d did not cause 
toxicity or mortality.
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Figure 3  Effects of CL-P2 (A-C) and CL-P2A (D-F) on murine fibroblast (L929 cells) viability by the SRB method after 24 (2A and 2D), 48 
(2B and 2E), and 72 h (2C and 2F). Three independent experiments (n = 6/group) were performed and the results are expressed as the mean 
percentage ± SEM. *P < 0.05, **P < 0.01, and ***P < 0.001 represent a statistical difference compared to the vehicle group (ANOVA and 
Tukey’s test).
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The CL-P2 derivative had low cytotoxicity in HaCaT cells 
and only the highest concentration (40 μg/mL) reduced the 
viability of cells. However, CL-P2 had cytotoxic effects 

against L929 cells at the highest concentrations. Furthermore, 
the CL-P2A derivative reduced HaCaT viability at the high-
est concentrations (20 and 40 μg/mL). L929 cell growth 
was reduced in the presence of the highest concentrations 
of CL-P2A, like CL-P2. The triterpene compound class is 
considered to have low-to-moderate cytotoxic and poten-
tially protective activity [24]. Sousa et  al. [25] evaluated 
the C. leprosum extract, did not note mutagenic activity on 
mouse peritoneal macrophages at the tested concentrations.

After performing the MTT cell viability assay on periph-
eral blood mononuclear cells from healthy volunteers, 
Lacouth-Silva et  al. [8] reported that CL-1 isolated from 
C. leprosum has moderate cytotoxicity. In addition, it was 
shown that CL-1 reduced the replication and survival of 
Leishmania amazonensis in host cells, while no cytotoxic-
ity was observed on murine peritoneal macrophages [10]. 
Moreover, Horinouchi et al. [26] showed that adding CL-1 
to the HaCaT cell culture reduced proliferation and induced 
cell apoptosis. Thus, considering these previous results and 
our current in vitro data, we suggest that both semi-synthetic 
derivatives exhibit minimal cytotoxicity.

An evaluation of CL-P2 and CL-P2A efficacy using 
an in  vivo assay showed that both derivatives reduced 
zymosan-induced writhing movements, with the CL-P2 effi-
cacy associated with reduced nitrite/nitrate levels. In contrast, 
CL-P2A efficacy was associated with increased SOD activity.

In silico assays are valuable for predictive toxicity assess-
ment and can provide additional insight into the safety pro-
file of compounds [27]. In the present study, in silico tox-
icity predicitions were confirmed using an in  vivo toxicity 
assay. In fact, when evaluating the safety of both semi-syn-
thetic derivative gavage in mice after 14 d of treatment, 
no signs of toxicity were noted. The following parameters 
were compared to mice that only received vehicle: body 
mass changes; biochemical parameters (ALT and AST); and 
H&E analysis of the kidneys, liver, and stomach,. Similarly, 
Sousa et  al. [25] demonstrated no toxicity in mice treated 
with extracts and fractions from C. leprosum at different 
doses (250, 500, and 750 mg/kg) for 24, 48, and 72 h. These 
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Figure 4  Body mass variation (g) in mice treated with CL-P2 (A) or CL-P2A (B) for 14 d. Mice received CL-P2 (10 mg/kg), CL-P2A (10 mg/kg), 
or vehicle per os for 14 d and were weighed daily. Data are represented as the mean ± S.E.M (t-test).

Table 2  Serum AST and ALT Levels After CL-P2 and 
CL-P2A Treatment

Group   AST   ALT

Vehicle   34.36 ± 5.54   43.61 ± 4.70

CL-P2 (10 mg/kg)   39.68 ± 7.15   55.84 ± 15.09

CL-P2A (10 mg/kg)   55.04 ± 5.54   42.96 ± 6.02

Data are represented as the mean ± S.E.M. (t-test).

Table 3  Effect of CL-P2 and CL-P2A Treatment on Histo-
pathologic (H&E) Analysis of Stomach, Liver, and Kidneys

Organs/Histopathologic 
Parameters

 
 

Groups
Vehicle   CLP-2   CLP-2A

Stomach      

  Loss of epithelial cells   0.5 (0-2)   1.5 (1-2)   0 (1-1)

  Hemorrhagic damage   0 (0-1)   0 (0-0)   0 (0-0)

  Edema   0 (0-1)   1 (0-1)   1 (0-1)

  Inflammatory cells   0 (0-0)   0 (0-0)   0 (0-1)

Liver      

  Loss of epithelial cells   0 (0-1)   0.5 (0-1)   0 (0-0)

  Vascular congestion   1 (0-2)   2 (1-2)   0 (1-1)

  Hemorrhagic damage   0 (0-0)   1 (0-1)   0 (0-1)

  Edema   0 (0-1)   1 (1-1)   0 (1-2)

  Inflammatory cells   0 (0-0)   0 (0-0)   0 (0-1)

Kidney      

  Loss of epithelial cells   0 (0-0)   0 (0-1)   0 (0-0)

  Necrosis   0 (0-0)   0 (0-1)   0 (0-0)

  Hemorrhagic damage   0 (0-1)   1 (1-2)a   0 (1-2)

  Edema   0 (0-1)   1 (0-2)   0 (1-2)

  Inflammatory cells   0 (0-0)   0 (0-0)   0 (0-1)

The data represent the median and range (n = 6 for each treatment).
aP < 0.05 versus vehicle group (Kruskal-Wallis and post hoc Dunn’s 
test).
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Table 4  Effect of CL-P2 and CL-P2A on Myeloperoxidase (MPO) and Superoxide Dismutase (SOD) Activities, and Nitrite/
nitrate Levels in the Peritoneal Exudates of Mice After Zymosan Injection

Group   MPO Activity (MPO units/mL 
of Peritoneal Exudate)

  SOD Activity  
(μμg SOD/μμg Protein)

  Nitrite/nitrate 
Levels (μμM)

Vehicle   3.30 ± 0.29   1.68 ± 0.009   0.69 ± 0.023

CL-P2 (10 mg/kg)   3.39 ± 0.83   1.29 ± 0.093   0.60 ± 0.009a

CL-P2A (10 mg/kg)   3.69 ± 0.29   2.24 ± 0.113a   0.68 ± 0.016

Peritoneal exudates were collected 4 h after injection (i.p.) of zymosan (1 mg/animal/250 μL). CL-P2 (10 mg/kg) or CLP-2A (10 mg/kg) was 
administered 60 min before zymosan injection. Data represents the mean ± SEM (n = 7 mice per group; ANOVA andTukey’s test). aP < 0.05 
compared to vehicle group.
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Figure 6  Effect of CL-P2 (A) and CL-P2A administration (B) on the zymosan-induced writhing response induced in mice. The number of 
writhing movements was determined between 0 and 30 min after injection (ip) of zymosan (1 mg/animal/250 μL). CLP-2 (0.1, 1 or 10 mg/kg) 
or CLP-2A (0.1, 1 or 10 mg/kg) was administered (oral gavage) 60 min before zymosan injection. Data are expressed as the mean ± SEM of 
6 animals for each group *P < 0.05 indicates a significant difference from the untreated (NT) group (ANOVA and Tukey’s test).
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Figure 5  Photomicrographs of organs from mice treated with CL-P2 or CL-P2A (10 mg/kg). (A) stomach, (D) liver, and (G) kidneys from mice 
that received vehicle (NT group). (B) stomach, (E) liver, and (H) kidneys from mice that received CL-P2. (C) stomach, (F) liver, and (I) kidneys 
from mice that received CL-P2A. Each treatment group was treated (oral gavage) daily for 14 d. (H) black arrows indicate area of hemorrhagic 
damage. Magnification 100×.
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results suggest preclinical safety and efficacy for both semi-
synthetic derivatives.

Some evidence suggests the potential of CL-1 as an 
anti-nociceptive, antioxidant, and anti-inflammatory agent 
[19, 26, 28]. Considering the mechanism of action, it was 
shown that CL-1 reduced total leukocyte migration (mainly 
neutrophils) induced by carrageenan in a peritonitis model 
[2]. Further, it was recently suggested that nitric oxide might 
modulate, at least in part, the anti-nociceptive effects of 
CL-1 [18]. Thus, the CL-P2 derivative reduced the number 
of writhing responses which corresponded to a reduction in 
nitrite levels. In contrast, the CL-P2A anti-nociceptive effect 
was associated with increased SOD activity without changes 
in MPO activity.

Although Longhi-Balbinot et  al. [2] showed that CL-1 
reduces inflammatory infiltration (mainly neutrophils), 
in the present study we showed that both derivatives (CL-
P2 and CL-P2A) failed to reduce MPO activity. This fact 
may be related to the structural changes in CL-1 to pro-
duce CL-P2 and CL-P2A. Silva et  al. [18] reported that 
the anti-nociceptive effect of CL-1 is modulated by nitric 
oxide, similar to the CL-P2 findings. Some authors have 
shown that Combretum possesses antioxidant properties 
[29–31]. Viau et  al. [32] showed that C. leprosum has an 
antioxidant effect. In agreement with these data, we showed 

a modulatory effect of CL-P2 and CL-P2A on SOD activity 
and nitrite levels, suggesting an antioxidant activity for both 
compounds.

In conclusion, both derivatives (CL-P2 and CL-P2A) 
obtained from CL-1 reduced the zymosan-induced writh-
ing response in mice without causing toxicity. The putative 
mechanism of antinociceptive action suggested that CL-P2 
and CL-P2A efficacy was mediated, at least in part, via 
antioxidant activity by modulating nitrite/nitrate levels and 
SOD activity, respectively. Thus, considering the medicinal 
use of Combretum leprosum by the communities as an anti-
inflammatory and healing agent, the current study aimed to 
generate strength of evidence for the development of new 
medicines based on prior knowledge based on successful 
community practices.
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