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Abstract

Latex proteins extracted from Plumeria pudica (LPPp) have anti-inflammatory activity in different experimental
models. Considering this relevant result, we evaluated the toxicological aspects of the treatment of mice with LPPp.
Acute and subchronic toxicities were determined by daily intraperitoneal administration of 40 mg/kg of LPPp for 10
or 20 days, respectively, and were followed by behavioral, hematological, biochemical and histopathological
evaluation. Results showed no significant changes in body weight and organs of animals treated with LPPp. Total and
differential blood leukocyte counts of LPPp groups did not differ from controls. There was no significant difference in
aspartate aminotransferase, alanine aminotransferase, creatinine and urea measurements for the group treated for 20
days. The level of glutathione in the kidney was significantly higher in animals treated with LPPp in the acute toxicity
test, but no differences were observed for the subchronic evaluation. The concentration of malondialdehyde and
myeloperoxidase activity in the organs did not differ from controls. Histopathological examination of kidney, spleen
and liver tissue of animals treated with LPPp revealed normal structures or reversible alterations. Intraperitoneal LDsg
of LPPp was higher than 2,000 mg/kg. The data obtained reveal that LPPp is nontoxic at 40 mg/kg.

Keywords: Laticiferous proteins; Toxicological evaluation; Nontoxic; LDso.

Resumo

Proteinas extraidas do latex de Plumeria pudica (LPPp) apresentam atividade anti-inflamatéria em diferentes modelos
experimentais. Diante desse relevante resultado, avaliamos os aspectos toxicolégicos do tratamento de camundongos
com LPPp. A toxicidade aguda e subcronica foram determinadas pela administracdo intraperitoneal diéria de 40
mg/kg de LPPp por 10 ou 20 dias, respectivamente, e foram seguidas por avaliacdo comportamental, hematoldgica,
bioquimica e histopatoldgica. Os resultados ndo mostraram alteragdes significativas no peso corporal e drgéos dos
animais tratados com LPPp. A contagem total e diferencial de leucécitos no sangue dos grupos LPPp néo diferiu dos
controles. N&o houve diferenca significativa nas medidas de aspartato aminotransferase, alanina aminotransferase,
creatinina e uréia para o grupo tratado por 20 dias. O nivel de glutationa nos rins foram significativamente maior nos
animais tratados com LPPp no teste de toxicidade aguda, mas nenhuma diferenca foi observada para a avaliacdo
subcrénica. A concentracdo de malondialdeido e a atividade da mieloperoxidase nos érgdos ndo diferiram dos
controles. O exame histopatolégico do tecido renal, do bago e do figado de animais tratados com LPPp revelou
estruturas normais ou alteracoes reversiveis. A DLso de LPPp administrada por via intraperitoneal foi superior a 2.000
mg/kg. Os dados obtidos revelam que LPPp néo é tdxico na dose de 40 mg/kg.

Palavras-chave: Proteinas laticiferas; Avaliagao toxicologica; Néo toxico; DLso.

Resumen

Las proteinas extraidas del latex de Plumeria pudica (LPPp) tienen actividad antiinflamatoria en diferentes modelos
experimentales. Ante este relevante resultado, evaluamos los aspectos toxicoldgicos del tratamiento de ratones con
LPPp. La toxicidad aguda y subcronica se determind mediante la administracion intraperitoneal diaria de 40 mg/kg de
LPPp durante 10 o 20 dias, respectivamente, y fueron seguidas por evaluacion conductual, hematoldgica, bioquimica
e histopatol6gica. Los resultados no mostraron cambios significativos en el peso corporal y los érganos de los
animales tratados con LPPp. El recuento de leucocitos total y diferencial en la sangre de los grupos LPPp no difirié de
los controles. No hubo diferencias significativas en las mediciones de aspartato aminotransferasa, alanina
aminotransferasa, creatinina y urea para el grupo tratado durante 20 dias. El nivel de glutation en los rifiones fue
significativamente mayor en los animales tratados con LPPp en la prueba de toxicidad aguda, pero no se observaron
diferencias para la evaluacion subcronica. La concentracion de malondialdehido y la actividad de la mieloperoxidasa
en los organos no difirieron de los controles. EI examen histopatolégico del tejido renal, el bazo y el higado de los
animales tratados con LPPp revel6 estructuras normales o cambios reversibles. La LDso de LPPp administrada por via
intraperitoneal fue superior a 2000 mg / kg. Los datos obtenidos revelan que LPPp no es toxico a dosis de 40 mg/kg.
Palabras clave: Proteinas lacteas; Evaluacion toxicolégica; No toxico; DLso.

1. Introduction

Although many plants are commonly used in traditional medicine to ameliorate the symptoms of several diseases,
they may contain toxic molecules that cause serious harm to animals and/or humans (Veiga-Junior, Pinto, Maciel, 2005;
Subramanian, Sankaramourthy, Gunasekaran,2018; Memariani et al,2020). The toxicity of medicinal plants is considered a

public health problem since this can affect a large number of people (Oliveira & Almeida, 2016). Thus, the development of
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studies of plant species of clinical interest is important to ensure safe use and reduce the risk of toxicity (Mengue, Ments,
Schenkel, 2001; Silveira, Bandeira, Arrais, 2008; Christapher et al, 2017). According to the World Health Organization
(WHO), 80% of the world’s population use alternative therapies to treat health problems, and medicinal plants are the main
remedies used (Who, 2013). Although medicinal plans are used by a large number of people, frequent use does not prove their
effectiveness or the absence of toxicity. Therefore, it is fundamental to have knowledge about the doses that produce effective
and toxic effects, commonly obtained by standardized pharmacodynamic and toxicological studies, respectively (Agra, Franca,
Barbosa-Filho, 2007).

Plants producing latex are described as potential sources of molecules with pharmacological properties (Agrawal &
Konno, 2009). In this context, various species of the genus Plumeria are known for their medicinal properties (Shinde, Patil,
Bairagi; 2014). Several reports have shown the pharmacological properties of latex, such as anti-inflammatory,
antinociceptive, antioxidant, antibacterial, antifungal and gastroprotective (Gupta, et al, 2006; Baghel et al, 2010; Alencar et al,
2015; Fernandes et al,2015). However, despite these reports and the description of popular use of laticiferous plants against
different diseases, adverse effects have also been observed (Ramos et al, 2007).

Plumeria pudica (Jacq., 1760) is a latex-producing plant belonging to the Apocynaceae family. The plant, commonly
called “bridal bouquet”, is found abundantly in northeastern Brazil, where its raw latex is used in particular by poor people to
treat skin diseases and tooth pain. In tradition system of India, the plant is widely used for the treatment of diarrhea, bronchitis,
cure of itch and other disorders (Devprakash et al, 2012; Choudhary, Kumar, Singh,2014; Dwivedi, Shriwas, Dubey,2017).
Recently, it was demonstrated that a well-defined water-soluble protein fraction obtained from the latex of P. pudica (LPPp)
has potent anti-inflammatory, antidiarrheal effects and has protective effect during ulcerative colitis and reduce
ligature-induced periodontitis in rats (Fernandes et al,2015; Santana et al,2018, Oliveira et al,2019. Oliveira et al,2021). In
these studies, the authors showed that intraperitoneal administration of LPPp at 40mg/kg produces these effects by modulating
important inflammatory mediators such as prostaglandin E2, TNF-a and IL1-f, as well as by preventing tissue oxidative stress,
evaluated by measuring tissue activity of superoxide dismutase and levels of malondialdehyde and reduced glutathione.
Although interesting results have been obtained from LPPp studies, its possible toxic effects still need to be investigated. Thus,

the goal of the present study was to enhance the toxicological knowledge of LPPp.

2. Methodology

This is quantitative and experimental study carried out under controlled conditions (Sampieri et al., 2013).

2.1 Plant material and latex processing

Fresh latex was collected in tubes (1:1, v/v in distilled water) from the aerial parts of wild P. pudica growing in
Parnaiba, Brazil (2°54'28.4"S; 41°46'37.1"W). The plant voucher (sample specimen no. 2,432) used for identification of the
botanical material collected is deposited at the Delta do Parnaiba Herbarium of Federal University of Piaui, Brazil. The latex
collected was processed as previously described (Fernandes et al, 2015). During collection, the latex was placed in distilled
water at a dilution ratio of 1:1 (v/v) and the mixture was gently stirred. Afterward, the samples were taken to the laboratory and
centrifuged at 3.600 x g for 15 min at 25 °C. The supernatant was thoroughly dialyzed against distilled water using membranes
of 8 kD molecular weight cut-off. After dialysis, the material was centrifuged again as described above. The supernatant was

lyophilized (designated latex proteins from Plumeria pudica - LPPp) for use in the experiments.
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2.2 Experimental design
2.2.1 Animals

Adult (8-12 weeks) female Swiss mice (Mus musculus) were obtained from the Central Animal House of Federal
University of Piaui. Animals were kept in cages with free access to food and water and were maintained under a 12-h light—
dark cycle (lights on at 6 a.m.) at 25 °C. All experimental procedures with animals were performed in accordance with the
guidelines of the National Institutes of Health guide for the care and use of Laboratory animals (NIH Publications No. 8023,

revised 1978) and approved by Institutional Animal Ethics Committee from Federal University of Piaui (protocol no. 037/15).

2.2.2 Acute toxicity test

For the determination of acute toxicity, the method recommended by the Organization for Economic Cooperation and
Development (OEDC) Guideline 423 (2002) was used, with modifications. Two experimental groups were established (n = 6
females): a control group (treated with saline) and a test group (treated with LPPp). LPPp was administered at a dose of 40
mg/kg body weight, by intraperitoneal route for 10 consecutive days. Body weights of mice in each group were recorded
before the start of treatment and every other day for the entire treatment duration. Changes in body weight of mice were
calculated at the end of the 10-day period for the treatment and control groups. Since pharmacological activity documented for
LPPp was reached when the animals were pretreated with an intraperitoneal route with doses of 40 mg/kg (Fernandes et
al,2015; Santana et al,2018; Oliveira et al,2019; Oliveira et al,2021) our investigation was performed with this dose and route

of administration.

2.2.3 Subchronic toxicity test

For the study of subchronic toxicity, the method of the OECD guideline 407 (2008) was used with modifications. Two
experimental groups were established (n = 6 females): a control group (treated with saline) and a test group (treated with
LPPp). LPPp was administered at a dose of 40 mg/kg body weight by intraperitoneal route for 20 consecutive days. Body
weights of mice in each group were recorded before the start of treatment and every other day for the entire treatment duration.

Changes in body weight of mice were calculated at the end of the 20-day period for the treatment and control groups.

2.3 Cellular and biochemical analyses of blood

Following the completion of treatment on the 11th and 21st day, the mice in each group were anaesthetized by i.p.
administration of ketamine (60 mg/ kg) + xylazine (8 mg/kg). Blood samples were collected from each mouse by cardiac
puncture. Sample bottles with and without ethylenediaminetetraacetic acid (EDTA) were respectively used for collection of
blood samples for hematological analyses (total and differential leucocyte count) and biochemical analyses. Cell counting was
performed with an optical microscope. The non-heparinized blood was allowed to coagulate and centrifuged at 5,000 x g for 10
min after collection. The serum was analyzed for biochemical parameters: aspartate aminotransferase (AST), alanine

aminotransferase (ALT), creatinine and urea, according to the manufacturer's instructions for the kits used (Labtest).

2.4 Harvesting of organs and histopathological examination

Liver, kidney and spleen were removed, weighed and immediately sent for histopathological processing. For
histopathological examination, sections of liver, kidney, spleen, extracted from experimental mice were fixed in 10% buffered
formalin. Then the samples were dehydrated in graded alcohol (Dindmica), immersed in xylene (Cromoline) and embedded in

paraffin (Dindmica). Sections with 5 mm thickness were cut and stained with hematoxylin-eosin (H&E) (Dinamica).
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Histopathological analysis consisted of observation of tissue integrity by searching for injuries, such as congestion of vessels

and capillaries, degeneration, necrosis, apoptosis and infiltration of leukocytes, which could indicate signs of toxicity.

2.5 Cellular stress assessment

Representative samples of vital organs (liver, kidney and spleen) were used for measurement of malondialdehyde
(MDA) by the method previously described (Uchiyama & Mihara,1978) The reduced glutathione (GSH) level was measured
according to (Sedlak & Lindsay,1968). Myeloperoxidase (MPO) activity was determined as previously described by (Bradley
et al, 1982).

2.6 Lethal dose (LDso)

The LDsy was assessed according to the experimental protocol of the OECD guideline 423 (2002). After
administration of a single dose of 300 mg/kg or 2,000 mg/kg of LPPp, the animals were observed closely for the first 8 h and
thereafter once a day for 14 days. In addition, the animals were also observed for general health and clinical signs of toxicity,

following the criteria previously used by (Brito, 1994).

2.7 Statistical analysis

Results are shown as mean + standard error of the mean (SEM). Statistical analysis was carried out using one-way
analysis of variance (ANOVA) with the Student-Newman-Keuls test and Tukey multiple comparison test using GraphPad
Prism 5 (GraphPad Software, Inc., La Jolla, CA, USA). Significance was considered as P < 0.05.

3. Results
3.1 Effects of LPPp on body weights of mice

The mice were monitored for body weight throughout the acute (10 days) and subchronic (20 days) treatment assays.
The weight of the animals was recorded prior to administration of 40 mg/kg of LPPp and every other day of the experiment.
The weights of the animals treated with LPPp are presented in Figure 1. LPPp did not interfere in the ponderal development of
the animals. No significant differences were noted body weight between groups treated with LPPp and saline control group for

both acute and subchronic toxicity (P > 0.05).

Figure 1. Body weight of mice treated intraperitoneally with latex proteins from Plumeria pudica (LPPp) on acute (left) and
subchronic (right) toxicity. Data are presented as mean = SEM of six animals. No statistical difference was observed between
groups. ANOVA followed by Student Newman-Keuls test, P > 0.05.
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3.2 Effects of LPPp on Total and differential leukocyte count from the peripheral blood

Immediately before euthanization, blood samples were collected from the animals for evaluation of hematological
parameters. The results of total and differential blood leukocyte count are summarized in Table 1. The animals tested for the
acute and subchronic toxicity with intraperitoneal injection of LPPp had results similar to the control animals (saline), and no

significant differences were noted between groups submitted to 10 and 20 days of treatment.

3.3 Effects of LPPp on Blood biochemical parameters

For the analysis of LPPp toxicity, the biochemical parameters of hepatotoxicity markers were measured in the blood
(Table 2). The results revealed a significant increase of AST in the group treated with LPPp 40 mg/kg for 10 days (acute
toxicity) compared to the saline control. However, no significant differences were observed in the AST level between the LPPp
group treated for 20 days (subchronic toxicity) and the saline group. For ALT, there was no significant difference between
saline and LPPp groups for both acute and subchronic toxicity. Concerning the markers of renal function, there were no
significant differences in urea and creatinine content between saline and LPPp groups for animals treated during 10 or 20 days
(Table 2).

3.4 Effects of LPPp on organ weights

After sacrifice, the liver, spleen and kidneys of mice treated with LPPp 40 mg/kg or saline in acute and subchronic
toxicity evaluation assays were collected and the mean weights of organs were determined (Table 3). The weights of the
organs of experimental groups treated with LPPp for both acute toxicity evaluation and subchronic toxicity assessment did not

differ significantly from the controls receiving only the saline as vehicle during the same evaluation time.

3.5 Effects of LPPp on myeloperoxidase activity

Tissue samples of organs were collected to investigate cellular inflammatory parameters by measurement of
myeloperoxidase (MPO) enzyme activity. The MPO activity in the liver, kidneys and spleen of groups treated with LPPp was
not significantly different compared to their respective control groups during the 10 days of acute or 20 days of subchronic

evaluation (Figure 2).

Figure 2. Effects of latex proteins from Plumeria pudica (LPPp) on myeloperoxidase activity (MPO) in liver, kidney and
spleen of animals submitted to acute and subchronic toxicity tests. Data are presented as mean £ SEM of six animals. No

statistical difference was observed between groups. ANOVA followed by Student Newman-Keuls test, P > 0.05.
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Table 1. Total and differential leukocyte count from the peripheral blood of mice treated with latex proteins from Plumeria pudica (LPPp) on acute and subchronic toxicity.

Dose Total leukocytes Count differential of leukocytes (103cells/ul)
Treatment _ _ _ i
(mg/kg/day) (10%cells/pl) Basophil Eosinophil Neutrophil Lymphocyte Monocyte
Acute Saline - 5.680 + 0.482 0.009 + 0.009 0.125 + 0.053 0.752 +0.122 4.601 + 0.525 0.192 + 0.058
Toxicity LPPp 40 5.233+0.435 0.044 +0.016 0.098 + 0.043 0.779+0.172 4.169 + 0.530 0.143 + 0.032
Subchronic Saline - 5.947 +0.398 0.030 +0.020 0.019 +0.013 1.217 £ 0.116 4.367 +0.393 0.156 + 0.036
Toxicity LPPp 40 5.467 £ 0.391 0.000 + 0.000 0.019 + 0.012 0.836 + 0.075 4.400 + 0.339 0.211 + 0.043

Data are presented as mean + S.E.M. of six animals. No statistical significance was observed among groups. ANOVA followed by Student Newman-Keuls, p>0.05. Source: Authors.

Table 2. Blood biochemical parameters of mice treated with latex proteins from Plumeria pudica (LPPp) on acute and subchronic toxicity.

Acute Toxicity Subchronic Toxicity

Parameters
Saline LPPp P-value Saline LPPp P-value
AST (IU/L) 111.90 £ 4.92 245.10 = 25.88 0.0047* 166.10 £ 30.51 125.30 £ 27.07 0.6181
ALT (IU/L) 64.31 £ 2.95 49.76 +5.23 0.4594 57.40 £ 5.96 45.61 +8.78 0.5648
Urea (mEg/L) 56.62 + 3.34 54.09 £1.14 0.9926 72.77£6.11 52.14 + 8.67 0.0967
Creatinine (mEg/L) 0.280 £ 0.01 0.0240 +£0.01 0.9976 0.220 £ 0.13 0.038 £ 0.01 0.8663

Data are presented as mean + S.E.M. of six animals. *compared to saline group acute toxicity. ANOVA followed by Student Newman-Keuls and Tukey's test, p<0.05. Source: Authors.

Table 3. Relative organ weights of mice treated intraperitoneally with latex proteins from Plumeria pudica (LPPp) in acute toxicity and subchronic toxicity.

Treatment Dose (mg/kg/day) Liver (g/100g body weight) Spleen (g/100g body weight) Kidney (g/100g body weight)

o Saline - 4.18+£0.10 0.91+0.08 0.55+0.049
Acute Toxicity
LPPp 40 428 +0.11 0.99 £ 0.03 0.54£0.11
) o Saline - 4.15+0.11 0.95 £ 0.02 0.52 £ 0.047
Subchronic Toxicity
LPPp 40 4.16 £ 0.09 0.99 £0.02 0.61 £ 0.06

Data are presented as mean + S.E.M. of six animals. No statistical significance was observed between groups. ANOV A followed by Student Newman-Keuls,p>0.05. Source: Authors.
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3.6 Effects of LPPp on malondialdehyde and glutathione levels

The organs of animals submitted to the acute and subchronic toxicity tests were also investigated for antioxidant
defense against the deleterious effects of reactive oxygen species. Thus, the levels of malondialdehyde (MDA) and glutathione
(GSH) were investigated in the organs. The concentration of MDA in the liver, spleen and kidneys did not differ significantly
between LPPp-treated animals and the saline group in the acute and subchronic toxicity tests (Figure 3). GSH content in the
kidney of animals treated with LPPp reached values significantly higher than the saline control in the acute assay (Figure 4).

However, no statistical differences were observed in the subchronic evaluation (Figure 4).

Figure 3. Effects of latex proteins from Plumeria pudica (LPPp) on the lipid peroxidation marker malondialdehyde (MDA) in
liver, kidney and spleen of animals submitted to acute and subchronic toxicity tests. Data are presented as mean + SEM of six
animals. No statistical difference was observed between groups. ANOVA followed by Student Newman-Keuls test, P > 0.05.
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Source: Authors.

Figure 4. Effects of latex proteins from Plumeria pudica (LPPp) on reduction of the glutathione antioxidant index (GSH) in
liver and kidney of animals submitted to acute and subchronic toxicity tests. Data are presented as mean £ SEM of six animals.
* indicate statistical difference compared with kidney saline group of acute toxicity. ANOVA followed by Student Newman-

Keuls test, P < 0.05.
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3.7 Effects of LPPp on histopathological analysis of organs
Histopathological analysis of liver and spleen samples from the animals submitted to LPPp treatment during 10 days

and 20 days were also investigated and the results were compared to their controls (Figures. 5 and 6). The acute evaluation did
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not indicate signs of toxicity or tissue damage in the livers and spleens of the animals treated with LPPp 40 mg/kg (Figure 5.2
and 5.6). Both revealed tissue integrity, with normal morphology similar to the control group (Figures 5.1 and 5.5). However,
mild glomerular capillary congestion was observed in kidney of LPPp-treated animals (Figure 5.4). These histological changes
were considered as having low intensity, as presented in Table 4. No signs of toxicity or tissue damage in the livers and
kidneys were observed for subchronic evaluation in the groups treated with LPPp (Figure 6.2 and 6.4). Moreover, the organs of
the animals treated with LPPp were morphologically normal and similar to those of the control animals (Figures 6.1 and 6.3).

Slight congestion was observed in the spleen of the experimental group (Figures 6.6).

Table 4. Histopathological evaluation of mice treated with latex proteins

from Plumeria pudica (LPPp) on acute and subchronic toxicity.

Acute Toxicity Subchronic Toxicity

Parameters

Saline LPPp Saline LPPp
Liver

Steatosis 0(0-1) 0(0-2) 0 (0-1) 0(0-2)
Inflammation 1(1-1) 1(1-2 1(1-1) 1(1-2)
Necrosis score 1(1-1) 1(1-2 1(1-1) 1(1-2)
Foamy vacuolated cytoplasm 1 (1-1) 1(1-2) 1(1-1) 1(1-2)
Nuclear fragmentation 1(1-1) 1(1-2) 1(1-1) 1(1-2)
Kidneys 0(0-0) 0(0-1) 0 (0-0) 0(0-1)
Spleen 0(0-0) 0(0-1) 0 (0-0) 0(0-1)

Data are presented as mean + S.E.M. of six animals. There is no significant difference
between the groups (Mann-Whitney test, p>0.05). Source: Authors.
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Figure 5. Histopathological analysis of organs of mice treated with latex proteins from Plumeria pudica (LPPp) in the acute
toxicity. Figures 5.1 and 5.2: liver; 5.3 and 5.4: kidney; 5.5 and 5.6: spleen. Figures 5.1, 5.3 and 5.5 indicate saline control
group while 5.2, 5.4 and 5.6 designate mice treated with LPPp. Arrow indicates sinusoid capillary, CV the central vein, letter G
the glomerulus, asterisks capsular space, circle represents normal renal tubules, WP white pulp, RP red pulp and arrows
indicate trabeculae of connective tissue. Magnification of 600x for figures 5.1, 5.2, 5.3 and 5.4; 150x for figures 5.5 and 5.6.

No histological alterations of organs were observed after 10 days of treatment with LPPp

Source: Authors.
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Figure 6. Histopathological analysis of organs of mice treated with latex proteins from Plumeria pudica (LPPp) in the
subchronic toxicity. Figures 6.1 and 6.2: liver; 6.3 and 6.4: kidney; 6.5 and 6.6: spleen. Figures 6.1, 6.3 and 6.5 indicate saline
control group while 6.2, 6.4 and 6.6 designate mice treated with LPPp. Arrow indicates sinusoid capillary, CV the central vein,
letter G the glomerulus, asterisks capsular space, circle represents normal renal tubules, WP white pulp, RP red pulp and
arrows indicate trabeculae of connective tissue. Magnification of 600x for figures 6.1, 6.2, 6.3 and 6.4; 150x for figures 6.5 and

6.6. No histological alterations of organs were observed after 20 days of treatment with LPPp.

Source: Authors.

3.8 LDso of LPPp and evaluation of signs of toxicity

In order to assess the LDsq of latex proteins from P. pudica, the animals received a single intraperitoneal dose of 300
mg/kg or 2,000 mg/kg of LPPp. No mortality was recorded during the 14 days of evaluation for both tested doses. However,
some signs of toxicity were observed during the evaluation period, mainly during first 24 hours (Table 5). In the first half hour,
the animals that received 300 mg/kg of LPPp were lethargic, with decreased general activity. They walked with difficulty,

dragging the hind legs. They had slower auricular, corneal and straightening reflexes, as well as reduced response to stimuli
11
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such as touching and tail pinching. The mice also suffered from irritability, ptosis, piloerection, hypothermia and wheezing.
Most of the observed signs ended after the second hour of evaluation, except for ptosis, which was present up to the third hour,
piloerection, which persisted until the seventh hour, hypothermia, which was present until the eighth hour, and irritability,
which continued until the 14th day. The animals treated with 2,000 mg/kg of LPPp also presented signs of toxicity similar to
those observed for animals treated with 300 mg/kg. The main difference was the presence of diarrhea in the first 24 hours,

lacrimation on the 13th day and the absence of corneal reflex in one animal until the last day of analysis.

Table 5. Effects of intraperitoneal administration of single doses (300 or 2,000 mg/kg) of latex proteins from Plumeria pudica
(LPPp) in mice.

Dose mg/kg DIT* Time Symptoms

0 (Control) 0/3 14" day Absent

Lethargy, decreased general activity, decreased motor activity,
decrease of response to auricular and corneal reflexes, decreased
2h stimuli such as touch and tail grasping, righting reflex and grasping

strength, irritability, ptosis, piloerection, hypothermia, and accelerated

300 /3 breathing
3h Ptosis (1 animal)
7h Piloerection
8h Hypothermia
14" day Irritability
Lethargy, decreased general activity, decreased motor activity,
decrease of response to auricular and corneal reflexes, decreased
24 h stimuli such as touch and tail grasping, righting reflex and grasping
strength, irritability, Straub tail reaction, ptosis, diarrhea, piloerection,
2.000 0/3 hypothermia and accelerated breathing
11st day Straub tail reaction (1 animal)
13rd day Lacrimation and piloerection
14" day Irritability, auricular reflex and corneal reflex absent in 1 animal.

* number of dead mice/number of treated mice. Source: Authors.

4. Discussion

The scientific investigation of Plumeria pudica latex has supported its folk use. For example, the folk use of this latex
to ameliorate toothache by topical application is supported by the finding that proteins recovered from the latex (LPPp)
inhibited important inflammatory and pain events in animal pharmacological models (Fernandes et al,2015). Our research team
is investigating this protein fraction in the last years. Besides mentioned anti-inflammatory activity, we investigated its
antidiarrheal properties (Santana et al;2018), its protective effect on ulcerative colitis (Oliveira et al, 2019) and its effects and
periodontitis (Oliveira et al,2021) also against induced gastritis injury by ethanol (data not published). These interesting
pharmacological finding and the lack of scientific studies validating LPPp safety use, motivated us to perform the current

toxicological investigation.
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The toxic effects of other latexes have been previously reported. The laticifer fluid collected from Calotropis procera
produced significant toxicological effects, including death, on goats after intraperitoneal, intravenous or oral administration of
the whole latex (EI Badwi et al,1998). It is assumed that this observed toxicity, at least in part, is caused by cis-1,4-
polyisoprene (rubber) and low molecular weight molecules present in samples (Alencar et al,2006). Fractionation to remove
rubber and low molecular weight compounds from latex has been used to diminish its toxicity. This is confirmed since the
protein alone (after removal of rubber and low molecular weight substances) from C. procera latex was found to have potent
pharmacological properties and did not cause death of animals given 5,000 mg/kg orally (Alencar et al,2004; Oliveira et
al,2010; Bezerra et al,2017).

Since the rubber content seems to be associated with some adverse effects of latex, we performed dialysis and
centrifugation steps in an attempt to obtain a water-soluble protein fraction (LPPp) and eliminate rubber and low molecular
weight elements from the latex (Fernandes et al,2015; Santana et al,2018). The removal of the rubber is not difficult, so it
should not be a limitation to exploring the pharmacological uses of this plant. The rubber fraction of P. pudica comprises over
87% of the dry matter of the latex and 2% LPPp. The content of other compounds, such as secondary metabolites, represents
11% of the dry mass. Biochemical investigation of LPPp revealed the presence of proteins with molecular weight ranging from
14 to 45 kDa, comprising mainly cysteine proteinases, chitinases and protease inhibitors (Santana et al, Oliveira et al,2019).
These class of vegetable proteins have been described as having pharmacological properties (Lee et al, 2011; Rathnavelu et
al,2016; Vergnolle,2016). and may be associated to beneficial effects promoted by LPPp. On the other hand, there have been
no comprehensive investigations about the possible toxic effect promoted by them.

Data obtained from this study showed that LPPp from P. pudica administered intraperitoneally at a dose of 40 mg/kg
did not produce death or any significant sign of toxicity in both acute and subchronic models. In relation to body weight of
LPPp-treated animals, no significant change was observed for both acute and subchronic evaluation when compared to their
controls. This observation may indicate that the protein fraction of P. pudica did not affect the metabolism or nutrient
absorption of the animals, although another study found that it affects the hormones and body weight (Cajuday&
Poscidio,2010). The weight of the organs is directly related to the metabolic activity. Thus, an important index to estimate
whether an organ has been exposed to injury is to calculate the organ-to-body weight ratio (Rosidah et al,2009). Significant
difference in the organ-to-body weight ratio between treated and untreated groups can be considered an indicator of organ
damage (Bailey, Zidell, Perry,2004). In the present study, there were no significant changes in the relative weights of organs
between the control and mice treated with LPPp for both acute and subchronic toxicity, suggesting no glossy toxic effect from
the LPPp.

Other signs of toxicity measured by analysis of hematological and biochemical parameters are relevant for risk
evaluation, since changes in the hematological system in animals are also found in humans most of the time (Olson & Betton,
2000). In this respect, the total and differential blood cell count of the animals that received LPPp showed no significant
difference with control groups. Among the biochemical parameters, those related to liver (AST and ALT) and kidney
(creatinine and urea) function was analyzed. The concentration of AST in the group treated with LPPp for 10 days (acute
toxicity) showed a significant increase compared to respective control. However, the level of AST in the group treated during
20 days (subchronic toxicity) was smaller and statistically similar to the control. The levels of ALT in the groups receiving
LPPp in acute and subchronic toxicity tests did not differ from the respective control groups. AST and ALT are enzymes found
in high concentrations in muscle, liver and brain, and the elevation of their activity in the blood may be related to necrosis in
these tissues (Motta, 2003). However, absence of microscopic lesions in the liver allows inferring that the increase of AST is
not due to tissue injuries, and demonstrates the reversibility of possible toxic effects, indicating the ability of the body to react

when receiving LPPp (Eaton & Klaassen, 1996).
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Considering kidney function, increased blood levels of creatinine and urea are good indicators of negative impact on
kidney functions, so measurement of their concentrations are used for the assessment of renal sufficiency (Rhiouani et
al,2008). The absence of effects on these parameters for both acute and subchronic evaluation suggests that LPPp did not cause
renal failure, although slight congestion was observed in the kidneys of animals receiving LPPp in the acute evaluation.
Histological observation of mild congestion can be a normal finding after necropsy, because when the animal dies the
circulating blood remains in the organ. Moreover, the event can also be classified as a discrete, transitory and reversible toxic
effect.

The level of the enzyme myeloperoxidase (MPO) was measured in liver, kidney and spleen samples from animals
treated with LPPp in order to evaluate the development of inflammatory processes. This enzyme is present in the granules of
these cells in its inactive form, so increase of its activity indirectly indicates neutrophil infiltration (Dallegri & Ottonello, 1997)
our results showed that LPPp did not promote a tissue inflammatory process since LPPp treatment did not alter the MPO
activity of the evaluated organs in both acute and subchronic treatments.

The increment of MPO activity increases the levels of free radicals as part of the innate immune response of the host
(Arnhold & Flemming, 2010). These free radicals oxidize cell systems and membranes, causing cell damage or death (Welborn
et al, 1991). Although LPPp did not increase tissue MPO levels, the possible cellular oxidative stress associated with LPPp
treatment was assessed in the kidney, liver and spleen by measuring levels of GSH and MDA. Both biomarkers are widely
used for evaluation of tissue oxidative stress (Chiurchit & Maccarrone, 2016). In a toxicological evaluation, accumulation of
oxygen-reactive species or loss of antioxidant capacity can result in an increased chance of oxidative damage or cell death
(Perandin et al, 2015)

In the present study, despite the increase in liver GSH values in animals treated with LPPp in subchronic
investigation, no significant differences were found among groups submitted to acute and subchronic evaluation. The levels of
GSH in the kidneys significantly increased during the acute evaluation and decreased in subchronic toxicity group.
Additionally, tissue MDA levels were similar among groups for both acute and subchronic evaluation of LPPp treatment. In
fact, we expected LPPp treatment not to interfere in overall values of MPO, GSH and MDA, since LPPp inhibited their
alterations when inflammatory process was induced (Fernandes et al, 2015; Santana et al,2018, Oliveira et al,2019; Oliveira et
al,2021). Additionally, no signs of oxidative damage or inflammatory process were observed in histopathological evaluation of
kidneys, livers and spleens of animals treated with LPPp for 10 or 20 days, corroborating the results of biochemical evaluation.

The LDso for the intraperitoneal administration of proteins from P. pudica was estimated to be higher than 2,000
mg/kg. In this case, according to the OECD directive, the administration of LPPp can be considered practically nontoxic, or at
worst slightly toxic. Although deaths did not occur in the 14 days after administration of LPPp (single dose of 300 mg/kg or
2,000 mg/kg), behavioral alterations were seen in the first hours after administration. However, the majority of these alterations
did not persist for more than 24 hours and they were not observed on animals receiving 40mg/kg during acute and subchronic

toxicological evaluations.

5. Conclusion

Our data indicate the absence or low toxicity of intraperitoneal administration of 40 mg/kg of LPPp, the same dose
previously demonstrated to exhibit anti-inflammatory and antidiarrheal effects, and protective effect during ulcerative colitis.
The complex molecular composition of LPPp makes it difficult to determine the exact molecule involved in the
pharmacological activity or its possible toxic properties. The process of fractionation of LPPp to identify its constituents is now
in progress and will contribute significantly to characterize the proteins from P. pudica latex as well as to indicate the direction

to be followed for purification of the active principles. The results presented here are an important advance in the
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understanding of LPPp’s toxicological properties. Now LPPp is target to fractionation using chromatography steps in order to

purify proteins to be identified and thus investigate their pharmacological and toxicological properties.
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