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abstract 

Introduction: β-lapachone (β-LAP), a potent antitumor agent, has limited therapeutic use due to its low solubility and high toxicity. 
A possible strategy to overcome these drawbacks may be the use of adjuvants such as chitosan (CS), a cationic polysaccharide with biological 
properties of biocompatibility and biodegradability. Objective: Evaluate the adjuvant action of CS as a cytoprotectant associated with 
β-LAP, through acute toxicity studies, evaluating histopathological changes in organs such as liver and kidneys. Methods: The β-LAP-CS 
conjugate was prepared in a 1:1 ratio, administered orally, with a single dose of β-LAP of 80 mg/kg, in Swiss mice. Histomorphological 
and histomorphometric analyses of the kidneys and liver were performed. Results: In the histomorphological studies of the tested 
groups, we observed that the hepatocytes of animals treated with the free drug presented morphological alterations, such as cytoplasmic 
vacuolization, cellular extravasation, atypical and pyknotic nuclei. In this same group, the kidneys presented granular aspects suggestive 
of glomerulonephritis. These changes were not found in the control group and in animals treated with CS-conjugated β-LAP. There was no 
statistical difference in the histomorphometric analyses of the distal tubules and the renal glomeruli between the three groups analyzed, 
even with evident histomorphological alterations. After histomorphometric studies, it was observed that the area of hepatocytes and their 
cell nuclei presented a statistically significant difference between the animals treated with free β-LAP and the β-LAP-CS. Conclusion: 
The decrease in β-LAP toxicity after conjugation may be related to the hepatoprotective property of CS.

Key words: chitosan; acute toxicity; histology; β-lapachone.

Introduction

β-lapachone (β-LAP) is an ortho-naphthoquinone sinthesized 
from lapachol, obtained from purple lapacho tree, belonging to 
the Bignoniaceae family, Tabebuia sp. (Figure 1), a tree native 
to the Brazilian Atlantic Forest. It displays a wide range of 
pharmacological properties, such as antibacterial(1, 2), antiviral(3), 
antifungal(4), and antiprotozoal activity against Plasmodium 
falciparum(5) and Trypanosoma cruzi(6, 7). Additionally, other 
effects were reported, such as anti-inflammatory(8) and, especially, 
anticancer properties, with activity against several types of cancer(9, 10).

A limitation in clinical use is its poor aqueous solubility and 
high toxicity, what prevents it from being commercialized using 
conventional formulations(12). New strategies have been developed 
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Figure 1 − Synthesis of β-lapachone from lapachol under acid catalysis

Adapted from Aires et al. (2014)(11).

Purple lapacho tree

Extraction
Lapachol

to ensure higher bioavailability and biological action of β-LAP, 
such as the use of lower doses and convenient administration via, 
aimed at minimizing the adverse effects of its high toxicity(13). 
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An alternative is the use of bioadhesive polymers, which can deliver 
the drug and be employed in sustained releases with applicability 
in antitumor oral administration(14).

Chitosan (CS), an N-deacetylated derivative of chitin 
(β-(1-4)-2-amino-2-deoxy-D-glucopyranose), is a promising 
biopolymer that can be used to reduce toxicity and protect 
hepatocytes during administration of cytotoxic drugs. The 
hepatoprotective effect of CS is probably owed to an action against 
free radicals, by its antioxidant nature and/or capacity to inhibit 
lipid accumulation by its antilipidemic properties(15). Some of the 
advantages associated with CS are low toxicity, low immunogenicity 
and biocompatibility(16, 17).

For those reasons, in order to reduce the undesired toxicity 
of β-LAP, as well as to improve its solubility, the objective of this 
study was to evaluate the use of CS and its adjuvant effect in 
the reduction of hepatic and renal acute toxicity, by means of a 
comparative assessment of the toxicological potential of β-LAP, 
free and conjugated to CS, after oral administration, through 
histopathological and histomorphometric analyses.

methods

Materials

β-LAP and low molecular weight CS was obtained from 
Sigma-Aldrich (St. Louis, USA). Sulfuric acid, sodium nitrite, 
acetic acid, dichloromethane and other chemical products of 
analytical quality that were used directly with no additional 
purification belonged to the collection of chemical substances of 
our research laboratory (Labipol).

β-lapachone synthesis

β-LAP was synthesized from lapachol, extracted from the heart 
of Tabebuia avellanedae (Bignoneaceae), with a yield of 76%, 
by the use of sulfuric acid, following the method adapted from 
Cavalcante(18). β-LAP was purified by silica gel column using an 
eluent system of n-hexane-dichloromethane (8:2, v/v). The product 
was characterized by the usual spectroscopic methods, including 
hydrogen nuclear magnetic resonance (1H-RMN) and infrared 
(IR) spectroscopy. The physicochemical properties and melting 
point were assessed chromatographically by comparing the product 
profile with a pure β-LAP.

CS purification and depolymerization

A 0.5% CS solution in 1% acetic acid was prepared under 
constant agitation, for approximately 12 h, filtered with a 

pre-filter, followed by filtration in Millipore filters 3.0 and 0.8 μm. 
For precipitation, 40% NaOH was dropped, until pH reached 9. 
The precipitate was separated by centrifugation at 4,000 rotations 
per minute (rpm) for 20 min; the supernatant was discarded; the 
precipitated was washed three times with distilled water, three times 
with ethanol; and once with ether. The precipitate was dried in the 
oven at 40°C for later depolymerization, according to Janes(19), with 
some modifications. The CS purified solution in 0.5% acetic acid was 
added to 0.1 M NaNo

2
, kept under agitation for 3 h and precipitated 

with NaOH up to pH 9. Later, it was centrifuged for 30 min at 
4,000 rpm; the supernatant was discarded, and the precipitate was 
washed three times with distilled H

2
O and three times with ethanol. 

The depolymerized CS solution (DpCS) was dried in the oven at 40°C 
for later use, in the preparation of β-LAP/DpCS conjugate.

Preparation and characterization of β-LAP/DpCS 
conjugate

The β-LAP/DpCS conjugate was prepared by the association 
of β-LAP in 70% ethanol (EtOH) with a DpCS solution in 0.5% 
acetic acid, in the 1:1 proportion. This mixture was kept at 25°C, 
under agitation, for a period of 18 h; then it was frozen at -80°C 
and lyophilized for later use. The spectrophotometric profiles of 
the β-LAP/DpCS conjugate, DpCS, and free β-LAP, here analyzed, 
were obtained from the technique of Fourier-transform infrared 
spectroscopy (FTIR). Solid samples were pressed against a 
diamond crystal, using a pressure clamp attached to the device, 
followed by reading and recording in the Agilent 630 spectrometer, 
with wavelength between 4,000 and 750 cm-1.

Acute toxicity testing

In the acute toxicity study, female Swiss albino mice were used, 
weighing 40 g, aged between 6 and 8 weeks. The animals were kept 
in cages with water and feed, and were managed as recommended 
for experimental procedures following the institutional policy of 
Animal Research Ethics Committee. The Project was approved by 
the Animal Research Ethics Committee of Universidade Federal de 
Pernambuco (UFPE), under no. 23076.016084/2014-29.

The acute toxicity of β-LAP was analyzed by administering 
a single dose of 80 mg/kg of the drug in the free and conjugate 
presentations. The animals were divided in groups of six animals 
each: free β-LAP group (G1), β-LAP/DpCS conjugate group (G2), 
and a control animal (with no administration of free or conjugated 
drug). For G1 group, β-LAP was dissolved into 10% dimethyl sulfoxide 
(DMSO); and group G2 the conjugate, in distilled water, to form the 
suspension to be administered. After administrations by gavage, 
the animals were observed for the development of toxicity, regarding 
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the presented clinical signs, for 30 minutes, and afterwards, each 
24 h for 14 days, being kept under room temperature, with available 
food and water during the whole day.

Histological analyses

Fourteen days after the acute toxicity experiment, the animals 
were sacrificed by the method of cervical dislocation. During 
exploratory laparotomy, organs were taken (liver and kidneys) for 
histological processing. The organs of G1 and G2 animals, besides 
the control animal, were stored and fixed in 10% formaldehyde, 
for a period of 48 h. Next, fragments underwent cleavage, were 
processed according to routine techniques for inclusion in paraffin 
blocks, cut in microtomes and stained by the hematoxylin and 
eosin (HE) technique. After mounting histological preparations, 
slides of the animals’ liver and kidneys were observed through 
optical microscopy for analysis of possible morphological 
alterations and degenerative lesions, at hepatic and renal level.

Histomorphometry

A total of 30 histological preparations were studied by the analysis 
of five random fields. The histological preparations were scanned, 
using a digital video camera (Samsung-Color Digital), connected to 
an optical microscope (Olympus BX-50). Morphometrical analysis 
of structures was carried out with the software Image J. Final 
magnification to obtain photographs was 400×. In order to measure 
nuclear and cytoplasmic areas of hepatocytes, renal corpuscle, 
glomerulus, and glomerular capsule in μm2, preparations of the 
control animal and each animal of groups G1 and G2 were chosen 
at random, besides cells of entirely visible contour, by means of five 
different fields of the same preparation. In each photograph, the 
nuclear area and the total cellular area were measured at random. 
The area of the subcapsular space of Bowman's capsules was 
obtained by subtracting it from the total area of the renal corpuscle, 
by the value of the area of the glomerulus(20).

Statistical analysis

Mean, median, and standard deviation (SD) were calculated 
from the morphometric data of tested animals. Inferential analysis 
comprised Kruskal-Wallis test, and in the case of significant 
differences, tests of multiple comparison of the mentioned test with 
later tests were performed. The statistical significance level or the 
error margin was 5%. Data were entered in an Excel spreadsheet, 
and the programs used for obtainment of statistical calculations 
were Statistical Package for the Social Sciences (SPSS) version 23 
and MedCalc version 14.

Results

Formation and characterization of β-LAP/DpCS 
conjugate

For β-LAP/DpCS conjugate formation, commercial CS was 
previously purified and depolymerized for elimination of impurities 
and inconsistencies, in relation to variations in molecular mass. 
The β-LAP/DpCS conjugate presented a size of 1.3 ± 0.15 µm and 
polydispersity (PDI) 0.04 ± 0.002.

In Figure 2, FTIR of isolated β-LAP showed characteristic 
absorption with bands at 2951cm-1, corresponding to C-H bonds 
of the β-LAP aromatic region. In the region 1700-1000 cm-1, we 
found the band 1696 cm-1 corresponding to C=O group; we also 
observed bands of 1315-1122 cm-1 corresponding to C-O-C group, 
all according to the β-LAP(21, 22) corresponding spectra.

With the infrared spectrum of depolymerized CS (Figure 2), 
3362 cm-1 large bands were observed, normally in the region of the 
range 3200-3600 cm-1, which are attributed to groups OH and/or 
-NH

2
 corresponding to CS(23). Bands that appear in 1710 cm-1 were 

observed, attributed to the amine stretching (C=O). Besides bands 
in 1249 cm-1 that can be attributed to -NH

2
 deformation, occurred 

probably due to CS depolymerization, we observed the 2892 cm-1 
band corresponding to C-H group(24).

In the spectrum of β-LAP/DpCS conjugate (Figure 2), we did 
not observe significant displacements of the corresponding peaks 
to 1759, 1712, and 1678 cm-1 corresponding to C=O group, what 
suggests there was no chemical interaction among the compounds 
in this group.

Evaluation of acute toxicity of β-lapachone associated with chitosan as a cytoprotective agent

Figure 2 − FTIR of β-LAP, DpCS and the β-LAP/DpCS conjugate

FTIR: Fourier-transform infrared spectroscopy; β-LAP: free β-lapachone; DpCS: 
depolymerized low molecular weight chitosan.
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Acute toxicity testing

The behavior of animals treated with the free and conjugated 
drug was observed and, 14 days after the experiment, no death 
occurred in the dose of 80 mg/kg. 

Histopathological analyses

In the histological preparations, histopathological changes 
were observed in the liver of animals treated with the free drug 
after oral administration of a single dose of 80 mg/kg β-LAP. In 
hepatocytes of group G1, we observed vacuolization of cytoplasm 
and nucleus; some cells presented cellular extravasation, exposing 
atypical and pyknotic nuclei, suggestive of a degenerative necrosis 
process (Figure 3A2). In the control animal and in group G2, 
histopathological alterations were not observed in the analyzed 
hepatocytes (Figure 3A3). In kidney cells, we observed that in 
glomeruli of group G1 there were, internally, characteristics similar 
to the presence of hyaline (Figure 4). Besides, hypertrophic 
tubules were found, with dilated lumens (Figure 3B2 and B3), 
presenting the granular aspect suggestive of chronic or sclerosing 
glomerulonephritis(25). These alterations were neither found in 
histological sections of group G2 animals, nor in the control 
animal (Figure 3B1). Some glomeruli of group G1 animals 
also presented membranous glomerulonephritis with subcapsular 
space greater than that of the control animal and group G2 
(Figure 3C1, C2, and C3).

Histomorphometry

In the histomorphometric analysis of histological liver 
preparations, areas in the nucleus of hepatocytes of the treated 
groups and the control animal were compared and their results 
were shown in Table 1. The control animal presented mean 
nuclear area ± 7.96 µm2. Groups G1 and G2 did not present 
significant statistical variation of the nuclear area when compared 
one with the other and with the control animal (p > 0.05). In 
relation to the mean area of hepatocytes, which ranged from 
24.14 µm2 to 50.55 µm2, the G1 group presented a cellular area 
twice as small as that of the control animal, and also smaller than 
that presented in group G2, with significant differences (p < 0.05).

In the histomorphometrical analysis of kidneys (Table 2), 
we observed that the mean size of Bowman capsules was larger in 
group G1 and smaller in group G2, when compared with the control 
animal, however with no significant difference between them (p > 
0.05). The average of glomeruli presented larger area in the control 
animal; groups G1 and G2 presented a glomerular area smaller 
than the control animal, with significant difference (p < 0.05).

Figure 3 − Analyses of histological sections representative of hepatocytes (A1, A2, and A3) 
distal and proximal tubules (B1, B2, and B3) and renal glomeruli (arrows) with 
subcapsular space (*) from mice used in the acute toxicity test, including control (A1, B1, 
and C1), free β-LAP (A2, B2, and C2), and β-LAP/DpCS (A3, B3, and C3). Magnification 
200×, HE

β-LAP: free β-lapachone; DpCS: depolymerized low molecular weight chitosan; HE: 
hematoxylin and eosin.
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B2 B3
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Figure 4 − Histological observation of kidney treated with free β-LAP. The changes in 
proximal tubules and in the renal glomerulus are highlighted. Magnification 400×, HE

β-LAP: free β-lapachone; HE: hematoxylin and eosin.
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Discussion

In developing countries, products based on medicinal plants 
are used indiscriminately, for being considered safe, as they are 
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obtained from natural sources. Toxicity studies are necessary to 
supply scientific information for the safe use of herbal medicines, 
before they are consumed in alternative medicine(28).

The FTIR analysis is a useful technique to evaluate interaction 
and formation of conjugate between molecules of the drug and 
CS. Changes or alterations in the intensity of bands characteristic 
of pure substances are considered a possible existence of 
conjugate(29). However, some changes are very subtle, requiring a 
careful interpretation of spectra. We observed that in the spectra 
of β-LAP/DpCS conjugate, in the region of stretching of OH, C-H, 
and C-O-C bonds, spectra were little modified, without significant 
difference from the spectra of isolated samples. The hypothesis is 
that carbonyl has not formed a C=N imine with amines of CS, 
what suggests there was no formation of conjugate in the chemical 
form, but they are believed to be physically attached.

β-LAP is a promising molecule of the lapachol-derivative 
group, being toxic for a variety of tumor cells, which are typically 
more susceptible to oxidative damage than normal cells(30). Acute 
exposure of mice to it can produce unpredictable toxic effects, 
depending on the dose levels and administration via. In albino rats, 
a median lethal dose (DL

50
) of 80 mg/kg β-LAP intraperitoneally 

is reported in the literature(31). 

Medeiros (2020)(4) observed that the dose of 10 mg/kg 
β-LAP dissolved in 10% DMSO was not notably toxic for 
immunosuppressed mice, a week after the toxicity assays, while 
animals treated with 20 mg/kg presented lesions in the tail, which 
became necrotic. Analyses of possible histological alterations in 
organs such as liver and kidneys are important, when products 
of natural origin are used, besides new synthetic substances and 
formulations, aiming at investigating cell disorders caused by the 
drugs. These analyses are useful in confirming interferences with 
the normal activity of renal and hepatic cells(5).

The liver is an important organ that plays a significant role 
in the metabolism and detoxification of exogenous toxins and 
therapeutic agents(32, 33). It is in the liver that drug metabolism 
and substance detoxification occur; therefore, verifying hepatic toxicity 
in pre-clinical assays is fundamental for the therapeutic use of new 
drugs. Lesions in this organ preclude the adoption of new therapies 
that could be efficient in the treatment of different diseases(34).

In histopathological analysis of the liver we can observe that 
in group G1 treated with free β-LAP, single dose of 80 mg/kg, 
there was vacuolization of cytoplasm and pyknotic nuclei, and 
some cells presented cellular extravasation, suggesting high 
toxicity of this drug in hepatic cells. In histopathology of group 
G2, little incidence of alteration was observed in the cytoplasmic 
membrane, cytoplasm, and nucleus, a picture very similar to the 
histology of the control animal, suggesting a hepatoprotective 
action of CS associated with β-LAP.

In the histomorphometric analysis of the area of hepatocyte 
nucleus, significant statistical differences were not observed 
between groups, although the findings indicate toxicological 
changes. However, in the histomorphometric analysis of 
hepatocyte area of G1 group animals, they presented significant 
difference when compared with the control animal and G2 group, 
confirming the findings of the present study. The hepatocytes of 
G2 group animals presented results similar to those of the control 
animal, that is, without cellular damage, reinforcing that CS has 
a hepatoprotective action. Histomorphometric studies of organs 
involved in the detoxification process are relevant, especially when 
one intends to evaluate the toxicity potential of new substances or 
formulations(35).

Table 2 − Statistics of capsular and glomerular areas

Site Statistics
β-LAP/
DpCS

Free 
β-LAP

Control 
group

p value

Capsule

Number of slides 5 8 9
Mean (µm2) 433.05 605.47 505.99 p1 = 0.055

Standard deviation (µm2) 87.51 125.06 73.19
Coefficient of variation (%) 20.21 20.66 14.46

Median (µm2) 427.41 587.96 523.37

Glomerulus

Number of slides 4 8 9
Mean (µm2) 279.57(a) 286.32(a) 374.04(b) p1 = 0.026*

Standard deviation (µm2) 62.61 61.31 72.72
Coefficient of variation (%) 22.4 21.41 19.44

Median (µm2) 281.63 271.41 396.76
β-LAP: free β-lapachone; DpCS: depolymerized low molecular weight chitosan; 1by means 
of Kruskal-Wallis test with comparisons with the mentioned test(26, 27).
Observation: if the letters in parentheses are distinct, significant difference between the 
corresponding groups is proved.

Table 1 − Statistics of nuclear and cellular area of hepatocytes

Site Statistics
β-LAP/
DpCS

Free 
β-LAP

 Control 
group

p value

Nucleus

Mean (µm2) 7.09 5.59 7.96 p1 = 0.102
Standard deviation (µm2) 1.43 1.19 1.08

Coefficient of variation (%) 20.17 21.29 13.57
Median (µm2) 7.4 5.24 7.41

Hepatocyte

Mean (µm2) 42.13(a) 24.14(b) 50.55(c) p1 = 0.006*

Standard deviation (µm2) 5.87 2.05 8.11
Coefficient of variation (%) 13.93 8.49 16.04

Median (µm2) 39.35 24.32 51.59
β-LAP: free β-lapachone; DpCS: depolymerized low molecular weight chitosan; 1by means 
of Kruskal-Wallis test with comparisons with the mentioned test(26, 27).
Observation: if letters in parentheses are distinct, significant difference between the 
corresponding groups is proved.
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In the study performed by Omara(36), evaluating the cytotoxic 
effect of CS, 150 mg/kg and 300 mg/kg doses were tested, orally, 
in male and female albino Swiss mice for 35 days. The animals 
treated with the lowest dose did not present hepatic toxicity, 
compared with those treated with 300 mg/kg CS that presented 
degeneration, necrosis, vacuolated cytoplasm, and hemorrhagic 
hepatocytes. CS induces histopathological alterations in the liver 
just in high doses ≥ 300 mg/kg. In our study, doses of 80 mg/kg 
of CS conjugated with β-LAP were administered, what is below the 
lowest dose tested by Omara(36), therefore without toxicity. There 
are no reports in the literature about CS in lower doses than 
150 mg/kg causing any toxic effect in the liver.

Hepatic diseases involve any physicochemical, biological, and 
morphological changes in the normal work of the liver. Reactive 
oxygen species (ROS) and free radicals have been demonstrated to 
play crucial roles in the pathogenesis of several hepatic diseases(37). 
The β-LAP redox cycle leads to increased levels of highly reactive 
ROS catalyzed by NAD (P) H:quinone oxidoreductase 1 (NQO1), 
inducing extensive damage to deoxyribonucleic acid (DNA)(38, 39). 
ROS production is known to induce cytotoxic lesions in tissues. 
Increased ROS and H

2
O

2
 deplete, subsequently, the supply of 

glutathione by oxidation, what could alter the activity of enzymes or 
vital proteins, resulting in lipid peroxidation and disorganization 
of proteins, and affecting cell capacity to protect themselves from 
free radicals, causing their death(40-42).

Several natural antioxidants have been studied aimed at 
reducing oxidative stress and protecting against hepatic damage. 
CS has attracted much attention as a hepatoprotective agent due 
to its antioxidative properties(43). It can reduce oxidative stress, 
improve endogenous levels of antioxidants, and has an important 
effect on inhibition of lipid peroxidation, avoiding lesions in the 
liver(44). Possibly because of these properties, it has inhibited 
the toxic effects of β-LAP in our study.

The administration of antituberculosis drugs caused significant 
increase (p < 0.001) in levels of aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), lactate dehydrogenase (LDH), 
alkaline phosphatase (ALP) in the serum of animals treated with 
isolated drugs. Co-administration of CS kept normal levels in the 
serum of treated animals, in comparison with rats of the control 
group, indicating the cytoprotective effect of CS(45, 46).

Great part of the armamentarium used in the treatment of 
cancer has a significant impact upon the gastrointestinal tract 
and kidneys, thus, histological observations are necessary for 
the detection of morphological alterations caused by antitumor 
compounds(35). In the histopathological observation of kidneys, 

hyalinized glomeruli and hypertrophic tubules were observed in 
the animals of group G1.

Santana et al. (2016)(47), using a derivative of β-LAP, 
2-hydroxy-3-anilino-1,4-naphthoquinone, in the dose of 
1,000 mg/kg, observed tissue hyperemia in kidneys. Other studies 
also showed severe kidney damage, such as tubular necrosis in rats 
treated with naphthoquinone derivatives, such as 2-hydroxy-1,4-
naphthoquinone(48), and 2-amino-1,4-naphthoquinone(49). In our 
studies, similar results were observed, as processes characteristic of 
necrosis in kidneys and liver of animals treated with free β-LAP, 
possibly due to ROS reactions and free radicals generated by active 
β-LAP compounds.

Hypertrophic tubules can cause generalized tubular atrophy 
and decreased renal blood flow, resulting in chronic kidney 
disease. The hyalinized glomeruli can also cause generalized 
tubular atrophy, occasionally with hypertrophic tubules (with 
dilated lumens), corresponding to rare nephrons still functioning 
and the decreased renal blood flow(50).

The animals of group G2 presented renal histopathology 
similar to that of the control animal. However, in the 
histomorphometric analysis, statistical differences were not 
observed in the analyzed structures among the groups G1, G2, 
and the control animal.

Pesce (1998)(51) points out that the set of quantitative 
(histomorphometric) data of renal morphology is important to 
validate scientific findings. In the scientific literature, studies on 
renal histology and morphometry are abundant and significant, 
but there are few histomorphometric studies of kidneys treated 
with free β-LAP or with the use of CS associated with β-LAP. Studies 
related to harmful effects of β-LAP are still scarce, what impaired 
a wider analysis of the histopathological and histomorphometric 
findings of the present work.

At a study conducted to evaluate CS toxicity with doses of 
150 and 300 mg/kg orally, in male and female mice for 35 days, 
by general histopathology kidney examination, hypercellularity 
and degeneration of glomeruli and tubules treated with the 
lowest dose were observed; the animals treated with the highest 
dose presented severe degeneration in relation to the control 
animal, besides significant difference (p < 0.05) from the levels 
of kidney markers (creatinine and urea) in a dose-dependent 
form(36). Therefore, CS renal toxicity is related to administration 
of higher doses for a longer period, what did not happen in our 
study, in which 80 mg/kg were administered of the β-LAP/DpCS 
conjugate for 14 days orally, with no toxic findings in histology 
and histomorphometry.
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CS has been extensively studied in the development of 
nanocarriers due to its unique and versatile physicochemical 
properties and its biodegradability(52). The effects of its use in 
treatments for renal diseases, such as kidney failure, have been 
investigated. Patients on dialysis were treated with CS during 
four weeks, and their renal function improved significantly in 
relation to patients who did not receive CS supplementation(36). 
Data revealed that the treatment with CS protects against kidney 
damage in animal models testing acute toxicity. The authors 
suggest that CS protects against severe renal lesions.

Histopathological results of kidney and liver reveal 
hypercellularity in glomeruli and degeneration in renal tubules, as 
well as decrease in hepatocytes. The morphometric study of these 
organs revealed toxicity statistically significant just in hepatocytes 
of animals treated with isolated β-LAP.

Conclusion

In the present study of acute toxicity in free and conjugated 
forms of β-LAP, when administered in a single dose of 80 mg/kg 
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resumo 

Introdução: A β-lapachona (β-LAP), um potente agente antitumoral, tem uso terapêutico limitado devido a sua baixa solubilidade e 
elevada toxicidade. Uma possível estratégia para contornar esses inconvenientes pode ser a utilização de adjuvantes como a quitosana 
(QS), um polissacarídeo catiônico com propriedades biológicas, como biocompatibilidade e biodegradabilidade. Objetivo: Avaliar a ação 
adjuvante da QS como citoprotetor associada à β-LAP por meio de estudos de toxicidade aguda, verificando as alterações histopatológicas 
em órgãos como fígado e rins. Métodos: Um conjugado da β-LAP-QS foi preparado na proporção 1:1, administrado por via oral, 
com dose única da β-LAP de 80 mg/kg, em camundongos Swiss. Foram realizadas análises histomorfológicas e histomorfométricas 
dos rins e do fígado desses animais. Resultados: Nos estudos histomorfológicos dos grupos testados, observamos que os hepatócitos dos 
animais tratados com a droga livre apresentaram alterações morfológicas, como vacuolização do citoplasma, extravasamento celular, 
núcleos atípicos e picnóticos. Nesse mesmo grupo, os rins apresentaram aspectos granulosos sugestivos de glomerulonefrite. Essas 
alterações não foram encontradas no grupo-controle e nos animais tratados com a β-LAP conjugada com QS. Não houve diferença 
estatística nas análises histomorfométricas dos túbulos distais e dos glomérulos renais entre os três grupos analisados, mesmo com 
alterações histomorfológicas evidentes. Após estudos histomorfométricos, foi observado que a área dos hepatócitos e seus núcleos celulares 
apresentaram diferença estatística significativa entre os animais tratados com a β-LAP livre e o conjugado β-LAP-QS. Conclusão: 
A diminuição da toxicidade da β-LAP, após ser conjugada, pode estar relacionada com a propriedade hepatoprotetora da QS.

Unitermos: quitosana; toxicidade aguda; histologia; β-lapachona.
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