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ABSTRACT
Objective: To evaluate the toxicity of three synthetic chalcones administered intraperitoneally to BALB/c 
mice. Materials and methods: The median lethal dose (LD50) was estimated by Dixon’s Up-and-Down 
method. Subchronic toxicity of chalcones was evaluated at 20 and 40 mg/kg for 21 days. Behavioral, 
physiological, biochemical, and histological toxic effects were evaluated. Results: Chalcone 43 produced 
mucus in feces, visceral damage (liver) and alterations in organ coefficient (kidney, p = 0.037 and bra-
in, p = 0.008) when compared to the control group. In addition, histological analysis showed that this 
chalcone produced edema, inflammation and necrosis in the evaluated organs, although there was no 
significant difference with the control. None of the biochemical parameters differed significantly between 
the treatment groups at 40 mg/kg dose and the control. Conclusions: The LD50 for all three chalcones was 
greater than 550 mg/kg of body weight. Chalcones 40 and 42 were found to be relatively non-toxic. Both 
can be considered safe for intraperitoneal application in BALB/c mice and, consequently, are potential 
candidates for use in the treatment of leishmaniasis.

Keywords: Synthetic Chalcones; Drug Development; BALB/c Mice; Subchronic Toxicity; Median Lethal 
Dose (source: MeSH NLM).

INTRODUCTION

Chalcones are abundant in edible plants, are part of the flavonoid family and have a wide 
spectrum of pharmacological activities (1,2). Regarding their antiparasitic properties, 
their activity against pathogenic protozoa of the Trypanosomatidae family is noteworthy, 
which includes the Trypanosoma genus (which causes Chagas disease and human African 
trypanosomiasis) and Leishmania (which causes leishmaniasis) (3,4). Several studies report 
the chemical synthesis and evaluation of natural chalcone analogues with the aim of 
developing compounds with improved selective antitrypanosomatid activity (3-5), including 
chalcone derivatives with promising arginase inhibitory activity in Leishmania infantum 
(6). These studies show the constant effort to search for new therapeutic alternatives against 
trypanosomiasis and leishmaniasis, which affect millions of people and animals worldwide (7), 
and for which the few available treatments have limitations (8).

In previous studies, with a new series of synthetic chalcones, our team evaluated in 
vitro activity against Leishmania species responsible for New World cutaneous and mucosal 
leishmaniasis. Nine chalcones (including 40, 42, and 43) showed biological activity and 
selectivity comparable to amphotericin B on both axenic amastigotes and intracellular 
amastigotes in macrophage infections, with selectivity indexes ranging from 10 to 80 (9). Five 
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Motivation for the study: Chalcones have a broad spectrum 
of antiparasitic activity, which is why they were evaluated as 
intralesional treatment against cutaneous leishmaniasis in 
a previous study. The toxicity of these compounds applied 
intraperitoneally in in vivo models has not yet been described.

Main findings: All three evaluated synthetic chalcones had 
a median lethal dose (LD50) greater than 550 mg/kg body 
weight, Chalcone 43 produced visceral damage and edema in 
internal organs unlike chalcones 40 and 42.

Implications: The relatively non-toxic chalcones 40 and 42 may 
be part of future therapeutic strategies against leishmaniasis.

KEY MESSAGES
chalcones were evaluated in vivo in BALB/c mice infected 
with Leishmania amazonensis (using the classical model 
of subcutaneous inoculation of the parasite in the plantar 
pad). Two of these compounds (42 and 43), administered 
intralesionally, showed a reduction in parasite load compared 
to untreated infected controls (9). For this evaluation, the 
compounds were administered at a dose of 5 mg/kg/day 
(a dose almost 7 times lower than the positive control with 
glucantime, the first-line reference drug, administered at 33 
mg/kg/day). Based on these results and in order to guide 
the development of a potential new antileishmanial drug, 
we decided to evaluate the toxicity in in vivo experimental 
models taking into account the administration route of 
the compounds, dosage and treatment schedule, similar to 
that used in clinical treatment with reference drugs. This 
investigation aimed to determine the mean lethal dose and 
possible subchronic toxicity of three synthetic chalcones (40, 
42 and 43) administered intraperitoneally in BALB/c mice.

MATERIALS AND METHODS

Design
This was an experimental study that was carried out with 
the three chalcones (40, 42 and 43) previously identified by 
our team. For the determination of the LD50, female mice 
(n = 6) were used because they are more susceptible to the 
compounds according to the Organization for Economic 
Cooperation and Development (OECD) (10). The LD50 was 
estimated using the Up-and-Down method (11). To determine 
subchronic toxicity, animals were randomly distributed into 
eight groups (6 male mice per group). Two doses per chalcone 
were chosen according to the reviewed literature (4): 20 mg/kg 
(dose A) and 40 mg/kg (dose B) of animal weight. Each dose 
was administered according to the treatment schedule: nine 
administrations in 21 days (three per week) in a maximum 
volume of 100 µL intraperitoneally (IP). We included a 
control group, to which the solvents used in the compound 
dissolution were applied, and the Sham group, which did not 
receive any treatment. The experimental design for recording 
clinical data (body weight, organ coefficient, mortality, blood 
biochemistry and histopathology) is described in Figure 1.

Procedures

Animals
BALB/c mice (8 - 10 weeks old, 30 g weight and pathogen-
free) were obtained from the National Institute of Health of 

Peru. The vivarium was maintained at 22 °C ± 2 °C and 60% 
± 10% relative humidity with a 12-h light-dark cycle. The 
animals received food and water ad libitum.

Chemicals
The de novo synthesis of chalcone 40 (C14H12O5) was carried 
out following the methodology described by Aponte et al. 
(3) from 2’,4’,6’-trihydroxyacetophenone, while chalcone 42 
(C21H22O8) and chalcone 43 (C21H24O8) were synthesized 
by a similar route described by Du et al. (12).

The identity and purity of the compounds were verified 
by nuclear magnetic resonance (NMR) spectroscopy (Figure 
2). The spectra were recorded at the NMR service of the 
Pontificia Universidad Católica del Perú. For IP application 
in mice, the compounds were dissolved in 5% dimethyl 
sulfoxide (DMSO) and 4% Tween 20 in 0.01 M phosphate-
buffered saline (PBS).

Estimation of the LD50 using the Dixon Up-and-Down Method 
The first animal receives a dose below the best preliminary 
estimate of the oral LD50 

(11). If the animal survives, the second 
animal receives a higher dose. If the first animal dies or 
appears moribund, the second animal receives a lower dose. 
The recommended dose to use when there is no previous 
data is 175 mg/ kg body weight; the experiment started with 
this dose and then 550 mg/kg body weight was used. The 
animal was evaluated 48 hours after each dose. During this 
period (at 15 minutes, 30 minutes, 24 hours and 48 hours) 
we applied the modified Irwin test (13). The animals were 
euthanized six days after the administration of the doses, for 
macroscopic examination of the liver, spleen and kidney.
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Figure 1. Experimental design of the subchronic toxicity study.

Weight

-8 0 21 34

Observation

Dose (mg/kg
20 mg/kg
40 mg/kg

Study
 days

Analyzed 
tissues
Brain
Spleen
Kidney
Liver

TreatmentAdaptation period

OHHO

O O

O

OO

O O

O O

(E)

O

O

OH

OCH3

OCH3

OCH3

O

O O

O

(2E)-1-(2,4-Dihydroxy-6-methoxyphenyl)-3-(2-fura
nyl)-2-propen-1-one

Molecular formula: C14H12O5
Molecular weight: 260.24 g/mol

(2E)-3-(1,3-Benzodioxol-5-yl)-1-(2,4-dimethoxymet
hyl-6-methoxyphenyl)-2-propen-1-one 

Molecular formula: C21H22O8
Molecular weight: 402.39 g/mol

(2E)-1-(2-Hydroxy-4-methoxymethyl-6-methoxyphenyl)-3
-(3,4,5-trimethoxyphenyl)-2-propen-1-one

Molecular formula:  C21H24O8
Molecular weight: 404.41 g/mol

Chalcone 40 Chalcone 42 

Chalcone 43 

Figure 2. Chemical structure of chalcones 40, 42 and 43

Subchronic toxicity study
Animals were examined individually at least once during the 
first 30 minutes after IP administration, periodically during 
the first 24 hours and then daily for 13 days after the last 
administration (until day 34), except when required to be 
removed from the study for animal welfare reasons or were 
found dead.

Body weight and organ coefficient
Animals were euthanized according to the euthanasia 
protocol of the Institutional Animal Use Ethics Committee 
(CIEA) of the Universidad Peruana Cayetano Heredia. The 
liver, spleen, kidneys and brain were removed and weighed. 
In addition, we included sections of intestine. We determined 
organ weight in relation to body weight (organ coefficient).

Weight Weight
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Determination of biochemical parameters
Before being euthanized, the animals were transferred to cages, 
without food for six hours, before blood sampling by cardiac 
puncture. Serum was obtained by centrifugation at 3000 g 
for 10 min. The measured parameters included two enzymes 
indicative of hepatocellular effects: aspartate aminotransferase 
(AST/GOT) and alanine aminotransferase (ALT/GPT); 
creatinine, C-reactive protein and glucose. These biochemical 
parameters were determined using commercial kits (Wiener 
lab., Argentina). The commercial kits do not require reference 
values for animals. The analysis was carried out comparing the 
treated groups with the control group.

Histopathology
Organs were embedded in paraffin; then, 4 µm sections were 
stained with hematoxylin-eosin using standard techniques. 
We analyzed each specimen by light microscopy in five fields 
at 20× magnification. The pathologist performing the his-
topathology was unaware of the identity of the specimens. 
The fields were selected randomly and continuously. A qua-
litative evaluation of the material was carried out (4), where: 
absent = 0, mild = +, moderate = ++ and severe = +++. The 
histopathological characteristics we recorded were: edema, 
inflammation and necrosis.

Statistical analysis
To determine the normal distribution of the data, we used the 
normal probability plot (QQ plot). Given this compliance, the 
comparison of the data (weight, organ coefficient and bioche-
mical values) between the study groups was conducted with 
ANOVA. To identify the significance value between groups, we 
applied multiple comparison of means according to Tukey’s cri-
terion. For comparison of histological findings (edema, inflam-
mation and necrosis) between groups, we used Chi-square and 
Fisher’s tests. R program version 3.3.2 for Windows was used. 
We considered a significance level of 0.05.

Ethical criteria
The procedures were approved by the Institutional Ethics 
Committee for Animal Use (CIEA) of the Universidad Pe-
ruana Cayetano Heredia (approval No. 0350119, May 2019 
and renewed in May 2021, certificate No. 0130521).

RESULTS

LD50 according to Dixon’s Up-and-Down Method
One animal per dose per chalcone was used to determine the 

LD50. Oral administration of chalcones (40, 42 and 43) was 
initiated at a dose of 175 mg/kg body weight to one animal. 
During the first 48 hours of qualitative evaluations of behavior, 
neurological and autonomic characteristics, no lethality, 
convulsions, sedation, excitation, motor incoordination, 
aggressiveness, abnormal gait, jumping, abdominal writhing, 
piloerection or stereotypies (sniffing, chewing or head 
movements) were observed. The animals survived the 
observation period; therefore, we administered the next dose of 
550 mg/kg body weight.

As with the previous dose, the treated animals (chalcone 
40, 42 and 43) showed no evidence of alterations in behavior, 
neurological and autonomic characteristics during the six 
days of observation. The necropsy showed: chalcone 40, 
splenomegaly; chalcone 42, organs without alterations; 
chalcone 43, anatomical alterations such as visceral distress 
and edema (in intestine and liver), fibrin formation in liver, 
fusion of liver with diaphragm and formation of ligaments 
between the external walls of the intestine. The alterations 
due to chalcone 43 were observed in the animals that received 
both doses (175 mg/kg and 550 mg/kg body weight).

Subchronic toxicity study
After the second dose, all animals presented a brief lethargy 
(30 minutes) and abdominal pain. After this period, the 
animals resumed their regular activity. In addition, it was 
possible to observe changes in the behavior of the mice 
(aggressiveness) with chalcone 43 (20 mg/kg and 40 mg/
kg) from the end of treatment (day 21) until the end of the 
experiment (day 34). Aggressiveness was not evident in the 
animals treated with chalcone 40 and 42 at the two doses 
administered until the end of the experiment. In all groups 
treated with chalcones, no apparent change in the hair or in 
the eyes were evident.

Animals in the group treated with chalcone 43 (40 mg/
kg) presented mucus in the feces at 24 hours after the first 
dose was administered. This condition continued until day 
34. On the other hand, in the groups treated with chalcone 
42 and chalcone 40 (20 mg/kg and 40 mg/kg), mucus was 
observed between application 4 (day 8) and 6 (day 11). At the 
end of treatment, animals in the control group presented the 
same sign. No signs of colitis were evident in the mice with 
mucus in the feces. Figure 3 shows the results of the weight 
gained by the animals at the end of treatment compared to 
day 1 (start of treatment). The groups treated with chalcone 
42 (40 mg/kg) or chalcone 43 (20 mg/kg and 40 mg/kg) did 
not show weight gain at day 21 compared to the control 
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Figure 3. Weight gain of control animals versus those treated with synthetic chalcones 40, 42 and 43 (where A: 20 mg/kg and 
B: 40 mg/kg) at the end of treatment compared to day 1 (start of treatment). A: day 21. B: day 34. (n = 6 per group). Data are 
expressed as mean and standard deviation.

group (p > 0.05). However, there was a statistically significant 
difference in weight gain in groups 42 (40 mg/kg) (p = 0.037) 
and 43 (20 mg/kg) (p = 0.033) compared to the Sham group. 
Two weeks after the end of treatment (day 34), all treated 
groups showed modest weight gain, with the exception of 
groups 40 and 42, both at the 40 mg/kg dose.

The organ coefficient results (Figure 4) showed that 
chalcones affected the internal organs we evaluated. 
Chalcone 42 at the dose of 20 mg/kg (42A) reduced the 
spleen coefficient (p = 0.034), while chalcone 43, at the dose 
of 40 mg/kg (43B), increased the kidney coefficient (p = 
0.037) and the brain coefficient (p = 0.008). No significant 
differences were observed for the liver.

Creatinine decreased due to the treatment with chalcones 42 
and 43, both administered at the dose of 20 mg/kg, compared 
to the control group (mean ± standard deviation: 2.20 ± 1.31; 
p = 0.026 and 2.50 ± 0.74; p = 0.033 vs. 16.30 ± 2.09 mg/L, 
respectively). No significant variations were found for GOT and 
GPT transaminase levels influenced by treatment (Figure 5). 
C-reactive protein was not detected in any sample.

All groups had at least one mouse, with at least one 
organ histologically altered (mild/moderate level in the 
control and Sham groups; moderate/severe in the treated 
groups). Necrosis in the liver, spleen, kidney and brain 

was not evident in any group (including the control); 
neither was inflammation in the liver or spleen (Figure 6). 
It is noteworthy that histological alterations were severe in 
the intestines of treated mice (mainly with chalcone 43). 
Despite the histological alterations, there was no statistically 
significant difference (p > 0.05) between the chalcone-
treated groups compared to the control and the Sham group.

DISCUSSION

In this study, the subchronic in vivo toxicity of synthetic 
chalcones 40, 42 and 43 was evaluated by IP route following 
the reference treatment scheme for leishmaniasis; as well 
as the LD50, by oral route. The three chalcones, at a dose 
of 40 mg/kg, did not alter biochemical serum parameters. 
On the other hand, some of the anatomo-histopathological 
characteristics of main organs, organ coefficients and 
behavioral signs in the animals were altered, mainly in those 
treated with chalcone 43.

Few studies have reported the analysis of the in vivo toxicity 
of chalcones and their ADME process (absorption, distribution, 
metabolism and excretion) in the organism, despite their simple 
chemical structure and promising effects at the level of biological 
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Figure 5. Analysis of biochemical parameters in serum of male BALB/c mice treated with synthetic chalcones 40, 42 and 43 (where A: 
20 mg/kg and B: 40 mg/kg). Control: chalcone diluent. Sham: untreated animals. A: creatinine, B: glucose, C: GOT, D: GPT. Data are 
expressed as mean and standard deviation (6 per group). *p < 0.05 compared to control group, using ANOVA.
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Figure 4. Organ coefficient from BALB/c mice treated with synthetic chalcones 40, 42 and 43 (where A: 20 mg/kg and B: 40 mg/kg). 
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activity. These studies have mainly evaluated the biological 
activity in different pathological models (2-4,6,9,14,15). Based on the 
results of our study, we suggested to address ADME processes 
mainly with chalcones 40 and 42 in future studies.

Depending on the in vivo leishmaniasis model, the ad-
ministration route, treatment schedule and biological ef-
fect may differ. De Mello et al. determined the non-toxicity 
of two synthetic chalcones (intralesionally and IP) up to a 
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Figure 6. Representative images of histopathological evaluation of mouse vital organs from the subchronic toxicity study of synthetic chalcones. Representative 
sections of spleen, kidney, liver, brain and intestine stained with hematoxylin-eosin, taken from untreated (Sham), control (solvent), mice administered with 20 
mg/kg synthetic chalcones (40A, 42A and 43A) or 40 mg/kg synthetic chalcones (40B, 42B and 43B). 200× magnification.
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dose of 10 mg/kg body weight administered three times a 
week for four weeks and their antiparasitic activity against 
Leishmania braziliensis in golden hamsters (16). Aponte et al. 
observed high in vivo activity of chalcones 42 and 43 (ad-
ministered intralesionally) in the murine model infected by 
Leishmania amazonensis in the plantar pad (9). Considering 
the above, the importance of selecting the best administra-
tion route is validated when the compounds are designed to 
be applied as a treatment, in such a way that bioavailability is 
favored and their biological activity is maximized.

Intraperitoneal administration of drugs is widely used in 
rodents because it improves the absorption speed compared 
to the intramuscular and subcutaneous routes (17,18). The 
main limitation of the IP route is the effect of initial metab-
olism; however, low molecular weight drugs (such as chal-
cones) administered by the IP route are considered to result 
in lower systemic exposure (17). Other limitations include the 
sterility and irritancy they may generate  (17). Irritant com-
pounds can cause ileus and peritoneal inflammation and 
this could favor the development of adhesions, which were 
evident in the necropsy of animals treated with chalcone 
43. Although the route of administration differs (oral route, 
1000 mg/kg/day) from that used in this study, it has been 
reported that other chalcones can affect some physiological 
parameters, such as kidney weight, altering the organ coeffi-
cient, and generate minimal macroscopic changes in the liv-
er (19), as recorded in the animals of the chalcone 43B group 
(40 mg/kg) in this study. In contrast, other authors have not 
reported histological changes in the kidney or liver, nor the 
alteration of biochemical parameters generated by chalcones 
administered intralesionally (15).

The absorption of drugs applied in the peritoneal cavity 
is caused by diffusion to the surrounding tissues (including 
the intestine) (17,18). In this study, we propose that IP admin-
istration and intestinal diffusion of chalcones may cause an 
increased amount of mucus in the feces, which acts as a bi-
ological barrier, mainly in animals treated with chalcone 43, 
this being confirmed at the histopathological level. There is 
limited information regarding the toxicological relevance 
of the interaction between mucus in feces and xenobiotic 
compounds for the host. Studies indicate that the amount of 
intestinal mucus can increase or decrease depending on the 
administered chemical compound or by diet (20,21). It is still 
poorly understood how environmental chemicals (pesti-
cides, among others) can interact with intestinal mucus and 
the “mucophilic” bacteria of the microbiota (20).

It is to be expected that, despite environmental factors, 
organ coefficients for the same mouse strain will be similar. 

The control group organ coefficients determined in this study 
for the BALB/c strain are similar to those previously reported 
by Shi et al. for their control group (22). Commonly, abnormal 
body weight alterations in toxicity studies are considered criti-
cal indicators of adverse effects. The administered compounds 
and abdominal pain may influence the appetite of the animals 
and consequently the weight. However, in our study there was 
no significant difference in weight gained between the control 
and treated groups at the end of treatment (day 21). The wei-
ght gain recorded in our study is similar to that reported in 
mice by Zhao et al. (23) and Shi et al. (22).

The determination of subchronic toxicity in this study 
evidenced behavioral changes in animals treated with chal-
cone 43 (40 mg/kg). Although behavioral alterations (ner-
vous system) due to chalcone derivatives have been reported 
previously (24); in our study, the aggressiveness of the animals 
was not validated by the histopathological analyses conduc-
ted. Considering that laboratory conditions, such as feeding, 
light exposure schedules, food and water availability, vary 
among institutions, as well as the methods used in the quan-
tification of biochemical parameters, the generalization of 
reference values becomes complex. Mazzaccara et al. suggest 
using sex- and age-dependent hematological parameters for 
each mouse strain, as these vary from strain to strain (25). 
Although there are papers in the literature that discuss he-
matological and biochemical parameters for healthy BALB/c 
mice, few address the evaluation of these parameters in pa-
thological situations (26); moreover, these have been obtained 
using different methodologies. Literature suggests to com-
pare biochemical parameters between treated and untreated 
groups. Considering the approaches for obtaining reference 
values of hematological parameters in male BALB/c mice, 
the values of GPT and GOT found in this study are com-
parable to those established by Lima et al. (27) and Fernan-
des et al. (28). However, the values reported for creatinine 
in both studies are not comparable. The creatinine results 
in our study are below those reported by Lima et al. (0.58 
± 0.24 mg/dL) (27). On the other hand, Silva-Santana et al. 
reported undetectable reference values for creatinine (<0.2 
mg/dL), determined with the automatic spectrophotometer 
VITROS® 350 (Ortho Clinical Diagnostics) (29). For a more 
sensitive screening, other parameters (alkaline phosphatase, 
triglycerides, blood urea nitrogen, among others) should be 
included to complement the detection of alterations in the 
animals’ metabolism.

According to Dixon’s method, trial continuation with do-
ses higher than 550 mg/kg body weight is recommended. Gi-
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ven the limited availability of the synthetic compounds in this 
study, this was not possible. It should be noted that the maxi-
mum administered dose of the chalcones (550 mg/kg body 
weight, orally) was 100 times higher than the dose that proved 
to be effective (5 mg/kg/day, 8 inoculations intralesionally) in 
significantly reducing the parasite load in the mouse model 
infected by L. amazonensis in the plantar pad (9). 

Using the chemical property predictor software admet-
SARTM version 2.0 (30), the oral LD50 could be determined 
in silico in rats: chalcone 40 (5998.06 g/kg), chalcone 42 (10 
986.05 g/kg) and chalcone 43 (9445.40 g/kg). In silico oral 
LD50 was determined in rats using the chemical property 
predictor software admetSARTM version 2.0 (30): chalcone 
40 (5998.06 g/kg), chalcone 42 (10 986.05 g/kg) and chalco-
ne 43 (9445.40 g/kg).

In conclusion, the overall findings indicate that the 
LD50 for all three chalcones is greater than 550 mg/kg body 
weight. Chalcones 40 and 42 are relatively non-toxic and 
can therefore be considered for safe use in BALB/c mice. 
We consider it relevant to extend toxicity screening to 
chalcone analogues that show antileishmanial activity and 

are lead compounds candidates to guide the development 
of new drugs for leishmaniasis. Such studies should take 
into account the evaluation of toxicity, the administration 
route and the ADME process in in vivo models. This will 
contribute to the efforts of the scientific community (4,6,9,16) 
towards the validation the biological activity of chalcones in 
murine models of cutaneous and visceral leishmaniasis.
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