
Brazilian Journal of Development 
ISSN: 2525-8761 

43644 

 

 

Brazilian Journal of Development, Curitiba, v.7, n.4, p. 43644-43666 apr 2021 

 

Libidibia ferrea extract as a promising antidiabetic agent: 

characterization, pre-clinical analysis and development of 

pharmaceutical dosage forms 
 

Extrato de Libidibia ferrea como um promissor agente antidiabético: 

caracterização, análise pré-clínica e desenvolvimento de formas de 

dosagem farmacêutica 
 
DOI:10.34117/bjdv7n4-699 

 

Recebimento dos originais: 30/03/2021  

Aceitação para publicação: 30/04/2021 

 

Maria Joanellys dos Santos Lima 

Doutoranda em Ciências Farmacêuticas 

Universidade Federal de Pernambuco - UFPE 

Av. Prof. Artur de Sá, S/N - Cidade Universitária - Recife – PE, Brasil 

E-mail: joanellys.lima@hotmail.com 

 

Karolynne Rodrigues de Melo 

Mestranda em Ciências Farmacêuticas 

Universidade Federal de Pernambuco - UFPE 

Av. Prof. Artur de Sá, S/N - Cidade Universitária - Recife – PE, Brasil 

E-mail: karol_krmelo@hotmail.com 

 

Victor de Albuquerque Wanderley Sales 

Doutorando em Inovação terapêutica 

Universidade Federal de Pernambuco - UFPE 

Av. Prof. Artur de Sá, S/N - Cidade Universitária - Recife – PE, Brasil 

E-mail: victorwsales@gmail.com 

 

Myla Lôbo de Souza 

Doutoranda em Inovação terapêutica 

Universidade Federal de Pernambuco - UFPE 

Avenida Professor Artur de Sá, S/N - Cidade Universitária - Recife – PE, Brasil 

E-mail: mylobo.souza@gmail.com 

 

Emerson de Oliveira Silva 

Doutorando em Inovação terapêutica 

Universidade Federal de Pernambuco - UFPE 

Avenida Professor Artur de Sá, S/N - Cidade Universitária - Recife – PE, Brasil 

E-mail: emersondeolliveira@gmail.com 

 

Wyndly Daniel Cardoso Gaião 

Doutorando em Ciências Farmacêuticas 

Universidade Federal de Pernambuco - UFPE 

Avenida Professor Moraes Rego, S/N - Cidade Universitária - Recife – PE, Brasil 

E-mail: wyndly@hotmail.com 

 

  



Brazilian Journal of Development 
ISSN: 2525-8761 

43645 

 

 

Brazilian Journal of Development, Curitiba, v.7, n.4, p. 43644-43666 apr 2021 

 

Pedro José Rolim Neto 

Professor Titular, Departamento de Ciências Farmacêuticas 

Universidade Federal de Pernambuco – UFPE 

Avenida Professor Artur de Sá, S/N - Cidade Universitária - Recife – PE, Brasil 

E-mail: rolim.pedro@gmail.com 

 

Maria Bernadete Sousa Maia 

Professora Titular de Farmacologia do Departamento de Fisiologia e Farmacologia 

Universidade Federal de Pernambuco – UFPE 

Avenida Professor Moraes Rego, S/N - Cidade Universitária - Recife – PE, Brasil 

E-mail: maria.maia@ufpe.br 

 

Ivone Antônia de Souza 

Professora Associada do Departamento de Antibióticos 

Universidade Federal de Pernambuco – UFPE 

Avenida Professor Moraes do Rego, S/N - Cidade Universitária - Recife – PE, Brasil 

E-mail: idesouza5@gmail.com 

 

Rosali Maria Ferreira da Silva 

Professora nível associado I do Departamento de Ciências Farmacêuticas 

Universidade Federal de Pernambuco – UFPE 

Av. Prof. Artur de Sá, S/N - Cidade Universitária - Recife – PE, Brasil 

E-mail: rosaliltm@gmail.com 

 

ABSTRACT 

The present work aimed at developing pharmaceutical dosage forms based on the dry 

bark extract of Libidibia ferrea for the treatment of diabetes mellitus. The 

physicochemical characterization of the plant raw material, extractive solution and dry 

extract obtained by freeze drying were carried out. Effervescent granules, oral solution 

and tablets from the dry extract were developed and subjected to the recommended quality 

control tests. All materials presented standardized values after physical-chemical 

characterization. The presence of several secondary compounds was confirmed, and the 

content of the tannins was determined. The extract did not present acute toxicity in the in 

vivo experiment and provided an increase in glucose uptake in the in vitro study. The 

developed formulations complied with previously established values for quality control. 

The results show the safety and efficacy of the developed products, may being promising 

options in the treatment of diabetes mellitus. 

 

Keywords: Medicinal plants, Phytotherapy, Diabetes mellitus, Toxicity 

 

RESUMO 

O presente trabalho visava desenvolver formas de dosagem farmacêutica baseadas no 

extracto seco de casca de Libidibia ferrea para o tratamento da diabetes mellitus. Foi 

realizada a caracterização físico-química da matéria-prima vegetal, solução extractiva e 

extracto seco obtido por liofilização. Grânulos efervescentes, solução oral e comprimidos 

do extracto seco foram desenvolvidos e submetidos aos testes de controlo de qualidade 

recomendados. Todos os materiais apresentaram valores padronizados após a 

caracterização físico-química. A presença de vários compostos secundários foi 

confirmada, e o conteúdo dos taninos foi determinado. O extracto não apresentou 

toxicidade aguda na experiência in vivo e proporcionou um aumento na absorção de 
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glucose no estudo in vitro. As formulações desenvolvidas respeitaram os valores 

previamente estabelecidos para o controlo de qualidade. Os resultados mostram a 

segurança e eficácia dos produtos desenvolvidos, podendo ser opções promissoras no 

tratamento da diabetes mellitus. 

 

Palavras-chave: Plantas medicinais, Fitoterapia, Diabetes mellitus, Toxicidade 

 

 

1 INTRODUCTION 

Diabetes mellitus (DM) is chronic metabolic disease characterized by disorders in 

insulin secretion, a hormone responsible for carbohydrate metabolism in the blood, 

altering the body's homeostasis and may leading to kidney, brain, and heart failure, as 

well as other organ complications (Association, 2018; Blair, 2016; Ferreira et al., 2011). 

DM therapy is focused on the control and maintenance of blood glucose levels as close 

to normal as safely possible, however, the long-term trends in antidiabetes drug usage are 

related with several side effects, which may lead to the worsening of diabetic-related 

comorbidities (Zeitler et al., 2014; Maeyama et al., 2020). In this sense, there is a great 

interest in the search for new alternatives for DM treatment (Castro et al., 2020). 

Libidibia ferrea, (Mart. ex Tul.) L.P.Queiroz, is a well-known natural plant used 

as antidiabetic agents, popularly known as "pau-ferro" or "jucá" in Brazil, and having as 

its basionym the species Caesalpinia ferrea Mart. ex Tul (The Plant List, 2020). Previous 

ethnopharmacological studies show that Libidibia ferrea has several popular uses, being 

mainly consumed in the form of tea (decoction and infusion), elixir, syrup and linctuses 

(Balbach, 1992; Barros, 1982; Lewis, 1987; Oliveira et al, 2010; Venancio et al, 2020). 

Currently, its use based on popular knowledge can still be observed to treat kidney 

disease, inflammation in the urethra, diabetes, diarrhea, cleaning and treatment of wounds 

and bruises due to numbness, antimicrobial activity, breathing problems, anemia, 

enterocolitis, fever, and to support weight loss (Roque et al., 2010; Bariani et al., 2012; 

Paiva et al., 2015; Kobayashi et al., 2015; Farias et al., 2020; Melo et al, 2020). For the 

treatment of Diabetes, the preparation of teas obtained by infusing the bark of the trunk 

is quite common (Oliveira et al., 2010; Lima et al, 2020b). 

In order to investigate the therapeutic activities seen from popular use, a number 

of studies have been carried out to elucidate these pharmacological properties of L. ferrea. 

In this sense, the anti-hyperglycemic action has garnering attention, which ratifies its 

traditional use for the treatment of diabetes, as observed in several studies that 



Brazilian Journal of Development 
ISSN: 2525-8761 

43647 

 

 

Brazilian Journal of Development, Curitiba, v.7, n.4, p. 43644-43666 apr 2021 

 

investigated the use of fruits, peels, leaves and seeds in decreasing diabetes complications 

(Ueda et al., 2001; Lima et al, 2020a).  

In this context, the aim of this study, therefore, was to develop pharmaceutical 

forms using L. ferrea (oral solution, effervescent granules, and tablets) as new therapeutic 

alternatives for the treatment of diabetes mellitus.  

 

2MATERIALS AND METHODS  

2.1 MATERIALS 

 The stem bark of L. ferrea, was collected in the municipality of Pesqueira, 

Pernambuco, Brazil, whose latitude and longitude are 8°21'28.0''S, 36°41'47.0''W, 

respectively. Plant exsiccata was previously identified at the Agronomic Institute of 

Pernambuco (IPA), under registration number #86678 (Fig. 1).  

 

Fig. 1 – Tree of Libidibia ferrea planted in the municipality of Pesqueira, in the state of Pernambuco, Brazil. 

 

 

After drying at room temperature, the material was dried in a circulating air oven 

at 45 ± 2 °C for weight stabilization. Then, the barks were ground in a rotary knife mill, 

with intermediate mesh opening. The characterization of L. ferrea bark powder was 

performed by determining the particle size distribution, loss on drying, and total ash 

content according to the Brazilian Pharmacopoeia 6th edition (Brasil, 2019). The Thermal 

analysis of L. ferrea raw material was performed using DTG/TG techniques, using the 

Shimadzu® DTG-60 equipment. The analysis was performed at a temperature range of 25 

to 600 ° C under dynamic atmosphere with ultra-pure nitrogen (100 mL/min) and heating 

ratio of 10 °C/min using open alumina crucibles containing around 5 mg of sample (Lyra, 

2013). 
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2.2 EXTRACTIVE SOLUTION, DRY EXTRACT, AND DOSING OF TANNINS 

The extractive solution was obtained by the hot extraction method, in a 

drug:solvent ratio of 1:20 (w/v), using distilled water as the extraction solvent (Souza et 

al., 2009; Simões, 2017). For sample characterization, pH value, relative density and dry 

residue determinations were performed (Brasil, 2019). The extractive solution was 

filtered, the solvent removed by freeze drying using the LIOTOP® (model L101) 

equipment, under the following conditions: pressure of 30 mmHg, at -55° C during 96 

hours of drying.  

The residual moisture through loss on drying was also performed (Brasil, 2019). 

The phytochemical prospecting was performed according to qualitative methodology 

(Bladt, 1996; Galvão et al., 2018). The foam test was executed to confirm the presence of 

saponins (Simões, 2017). The Thermal analysis of L. ferrea raw material was performed 

using DTG/TG techniques (Lyra, 2013). The powder flow by angle of repose and the flow 

time were determined (Viana et al., 2006), as well as the bulk density and compaction 

value (Allen et al., 2011; Schüssele and Bauer-Brandl, 2003). Specific surface area was 

determined by the BET method (Brunauer, Emmett and Teller), and mean diameter and 

volume by the BJH method (Barret, Joyner and Halenda). 

The tannin determination in the dry extract was based on the model described by 

Amorim et al., 2008. The calibration curve was prepared with a standard solution of gallic 

acid (1 mg/mL) and all other reagents, in concentrations of 0.5; 1.0; 1.5; 2.0; 2.5; 5.0; 7.5 

and 10.0 µg/mL. The total phenol content was expressed as milligrams equivalent of 

gallic acid per gram of extract (mg GAE/ g). 

 

2.3 PRE-CLINICAL STUDIES  

2.3.1 Acute Toxicity (LD50).  

To establish the LD50 (mean lethal dose), the single-dose acute toxicity 

experimental protocol was used, established in Guideline 423 (Organisation for 

Economic Co-operation and Development (OECD), 2002), and with the approval of the 

Ethics Committee on Animal Experimentation at the Federal University of Pernambuco 

(UFPE) under register number 0112019.  

A single-dose of 2000 mg/kg was administered orally in the Swiss albino mice 

(Mus musculus) by gavage. The animals, weighing around 30 g and approximately four-

week old, were obtained from the Department of Antibiotics, Center of Biosciences, 

UFPE. The animals were maintained under standard environmental conditions (12h 
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light/dark cycle) and temperature (22±2°C), in polypropylene cages. To carry out the 

investigation, the animals were divided into two groups of three animals. The mice were 

fasted for 12 hours prior to the test and received water ad libitum. Subsequently, the 

control group received only the vehicle (1 mL of distilled water / 100g of weight) and the 

treated group received the extract from the stem bark of L. ferrea diluted in distilled water. 

After oral gavage, the animals were confined and placed on a flat surface and 

observed for 30 minutes for toxic signs and behavioral analysis, following the parameters 

recommended by Malone (1977). Subsequently, observations were made at regular 

intervals for 14 days. The evolution of body mass was also evaluated, as well as the 

consumption of water and feed throughout the experiment. 

Statistical analyzes were performed using Graph Pad Prism 5.0® (GraphPad 

Software, Inc., La Jolla, CA 92037 USA). Values were expressed as mean ± standard 

deviation (SD), with analysis of variance (ANOVA) followed by Newman-Keuls 

multiple comparison/post-hoc test to determine the significance level. P-values less than 

0.05 were considered statistically significant. 

 

2.3.2 In vitro Glucose Consumption 

The influence of the dry extract of L. ferrea on the in vitro glucose consumption 

of adipocyte cells was analyzed. The 3T3-L1 cell line was acquired from the Cell Bank 

of the Federal University of Rio de Janeiro (UFRJ) and maintained in culture as described 

in the literature (Zebisch et al., 2012): medium modified by Dulbecco (DMEM; Gibco®) 

supplemented with 10% fetal bovine serum (FBS; Gibco®), 1% penicillin and 

streptomycin (Gibco®), under an atmosphere of 5% carbon dioxide (CO2) at 37 ° C. The 

cells were maintained in culture until reaching the confluence of 80% and then plated in 

96-well plates (1x104 cells per well). For the differentiation process, the cells remained 

three days in DMEM medium, containing 10% SFB, 0.5 mM 1-methyl-3-isobutyl-

xanthine (IBMX), 1 µM dexamethasone, and 1 µg/mL insulin (Sigma Aldrich, USA). 

After that period, the cells were kept for another seven days in DMEM medium containing 

10% FBS and 10 µg/mL of insulin. Cell differentiation was confirmed using the Oil Red 

O dye, which reveals red lipid deposits. 

 

2.3.3 In vitro Insulin Resistance Model and Experimental Groups 

The adipocytes were washed with saline buffer (PBS) and incubated with serum-

free DMEM containing 0.5% bovine serum albumin (BSA) 12 h before the experiments. 
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The cells were divided into 4 groups: (1) positive control group containing insulin (2) 

negative control, and (3) and (4) the groups treated with 25 µg/mL and 50 µg/mL of the 

L. ferrea dry extract, respectively. Insulin resistance was induced by exposure of 

differentiated adipocytes to 1 µM of dexamethasone and 10 µg/mL of insulin for 96 hours 

(Zhang et al., 2013). The culture medium was collected and the glucose concentrations 

were determined by the glucose oxidase method. 

Values were expressed as mean ± standard deviation (SD), “n” denotes the sample 

size in each group. The Shapiro-Wilk test was used for statistical analysis, then the 

analysis of variance (ANOVA) was performed, followed by the Tukey post-test. P-values 

less than 0.05 were considered statistically significant. 

 

2.4 DEVELOPMENT OF ORAL PHARMACEUTICAL DOSAGE FORMS 

L. ferrea dry extract and excipients were thermally characterized using the 

DTG/TG technique. Physical mixtures were made in a 1:1 (w/w) ratio of the dry extract 

with the respective excipients. The mixtures were homogenized and analyzed using the 

Shimadzu® DTG-60 equipment.  

Table I shows the excipients used for each dosage form. After obtaining the 

formulations the respective quality controls were applied, following the recommendations 

of the Brazilian Pharmacopoeia 6th edition, as well as the Guide for Registration of 

Phytotherapeutic Medicines and The Registration and Notification Guideline for 

Traditional Phytotherapeutic Products (Brasil, 2014). 

 

Table I - Excipients used to obtain the oral solution, effervescent granules and tablets based on the dry 

extract of Libibidia ferrea. 

Pharmaceutical dosage form Excipients 

Oral solution Sorbitol (70%), benzoic acid, sucralose and chocolate essence. 

Effervescent granules  citric acid, tartaric acid and sodium bicarbonate, sucralose and 

polyvinylpyrrolidone. 

Tablets Microcrystalline cellulose, sodium starch glycolate, colloidal silicon dioxide 

and magnesium stearate. 

 

3 RESULTS AND DISCUSSION 

3.1. RAW MATERIAL AND AQUEOUS SOLUTION CHARACTERIZATION 

Table II shows the physicochemical characterizations of the plant raw material 

and aqueous solution. The results were presented within the pharmacopoeic criteria 

established for L. ferrea. 
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Table II - Physicochemical characterizations of the plant raw material and aqueous solution. The results 

were presented within the pharmacopoeic criteria established for L. ferrea. 

Raw material Aqueous solution 

Granulometry Coarse powder Relative density 1.002 g / mL 

Loss on drying 8.15 ± 0.156% pH 5.56 ± 0.03 

Total ash 8.0 ± 0.022% Dry residue content 1.17 ± 0.03% 

  

Following the pharmacopoeial criteria, the particle size determination test 

classified the powder of the L. ferrea raw material as coarse powder. The average value 

obtained from the loss of drying and total ash value are within the maximum 

recommended value of 13% and 8% for L. ferrea, respectively. 

 

3.2. DRY EXTRACT CHARACTERIZATION 

The result obtained from the residual moisture determination of the dry extract 

was 6.62 ± 0.56%. For the phytochemical prospecting, the results show that all 

metabolites contained in the plant raw material are also present in the dry extract, thus 

indicating that there was no negative influence from the drying process. The presence of 

reducing sugars, flavonoids, triterpenes, steroids, hydrolyzable tannins, and condensed 

tannins, and the absence of alkaloids and coumarins was confirmed by thin layer 

chromatography (TLC) analyses. The presence of saponins was confirmed by the foam 

test (Simões, 2017). According to the literature, condensed (catechins) and hydrolyzable 

(gallic acid and ellagic acid) tannins are the main compounds of the dry extract of L. 

ferrea stem bark (Hassan et al., 2015) and responsible for its antidiabetic activity (Ueda 

et al., 2001; Hassan et al., 2015; Carvalho, 1993). In the tannin assay, a total of 370.14 

mg of Gallic Acid equivalent per gram (EAG/g) of the dry extract of L. ferrea were found, 

showing high tannin content (Neri, 2016). 

The nitrogen adsorption test shows that according to the International Union of 

Pure and Applied Chemistry (IUPAC), the pores in the dry extract of L. ferrea can be 

classified as mesoporous, with a pore diameter of 142.8590 Å, ranging from 2-50 nm (20 

Å and 500 Å) (Nery et al., 2008). In this sense, determinations of surface area and porosity 

are critical for pharmaceutical preformulation studies in formulation and development of 

new dosage forms. Therefore, the extract has a high porosity, with 2.3399 m²/g of surface 

area and 0.0064 cm³/g of pore volume, which confers good solubility by facilitating 

liquids penetration (Porte et al., 2011; Santos, 2013). 

The angle of repose and the flow time of the dry extract of L. ferrea were not 

possible to be obtained, since the extract showed high hygroscopicity and lack of fluidity. 
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Unsatisfactory determinations of these tests are expected for dried plant extracts (Chaves 

et al., 2009). Regarding the Hausner factor and densification index, the results presented 

for these parameters indicate that the powder has more stable packing properties and this 

characteristic impairs the flowability (Table III). Thus, diluents and lubricants were 

needed to increase flow properties. 

 

Table III - Analysis of the rheological behavior of Libidibia ferrea dry extract. 

 

The angle of repose is indicative of the packing properties. By aggregating this 

test to the flow time, it is possible to analyze the flow of powders, which represents a 

fundamental factor in solid pharmaceutical formulations (Chaves et al., 2009). The values 

of apparent and compacted densities, Housner ratio and Carr index can predict the 

propensity of a given powder sample to be compressed. The density determination 

evaluates the dynamic behavior of particles (Fahr and Voigt, 2015). Thus, these 

parameters are indicative of packing stability of powders and their rheological 

characteristics. 

The thermogravimetry (TG) curves of L. ferrea vegetal drug and its dried extract 

can be seen in Fig. 2. The first thermal event, in 22-80 ºC (Δm = 6.5%), represents the 

loss of free water present in the vegetal drug and the thermal decomposition begins at 260 

ºC with a total mass loss of 22% until 600 ºC. Regarding the thermal analysis of the 

freeze-dried extract, a similar thermal event was initially found, where the loss of free 

water was observed up to 100 ºC (Δm = 3.2%), thus showing remnant moisture after the 

drying process. The thermal decomposition presented two events, the first between 121 

and 268 ºC and the second in 288 and 408 °C, with the percentage mass loss of 10.72% 

and 25.87%, respectively. 

 

  

Properties Especifications   Results 

Bulk density - 0.23 g/mL 

Compacted density - 0.45 g/mL 

Hausner factor < 1.25 1.95 

Carr Index 5-15% 48.79 % 

Densification index < 20mL 21 mL 

Rest angle < 30º There was no outflow 

Flow time < 10 s Infinite 
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Fig. 2 - Thermogravimetry (TG) curve of the vegetable drug and dry extract. 

 
 

The first thermal event of the dry extract was found in lower temperatures when 

compared to the vegetal drug, which may be related to the smaller amount of free water 

in the dry extract. The results from the thermal analysis of the vegetal drug and L. ferrea 

dry extract are fundamental for temperature control during the process of production of 

solid pharmaceutical forms and storage of the plant material. 

  

3.3. PRE-CLINICAL STUDIES 

3.3.1. Acute toxicity (LD50) 

Regarding the acute toxicity test in mice, administrated at 2000 mg/kg, no clinical 

signs of toxicity, weight changes or alterations in water and feed consumption during the 

observation period was identified. Acute toxicity investigation is a widely-used 

methodology for identifying and classifying substances for their potential to cause acute 

damage to living organisms, in high doses, and may offer assistance in establishing safety 

parameters along with other toxicity data for human health (Cruz et al., 2017; Nascimento 

et al., 2016). 

Given the observed results and according to Guideline 423 (Organisation for 

Economic Co-operation and Development (OECD), 2002), the concentration used is 

considered safe (category 5) with estimated LD50 higher than 2000 mg/kg. The aqueous 

extract of L. ferrea was considered orally non-toxic in mice in a single acute dose, thus 

corroborating with the popular use of this type of extract, as well as with several studies 

as reported (Hassan et al., 2015; Freitas et al., 2012; Cavalheiro et al., 2009; Lima et al., 

2011; Pereira et al., 2012).  
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3.3.2. In vitro Glucose Consumption 

The effect of L. ferrea dry extract on glucose consumption in 3T3-L1 adipocytes 

cell line was determined by the glucose oxidase method (Fig. 3). In the negative control 

group, the amount of glucose consumption decreased significantly with dexamethasone 

and increased with insulin, demonstrating that the cellular model of insulin resistance was 

successfully developed. 

 

Fig. 3 - Effect of L. ferrea dry extract (25 and 50 µg/mL) on glucose consumption in 3T3-L1 adipocytes 

cell line. Values are expressed as mean ± s.d. One-way analysis of variance (ANOVA) followed by 

Tukey. 

 
 

In the analyzed concentrations L. ferrea dry extract increased fat cells glucose 

consumption, thus corroborating the antidiabetic effect observed in the literature (Ueda 

et al., 2001; Souza et al., 2009; Hassan et al., 2015; Vasconcelos et al., 2011; Cunha et 

al., 2017). 

 

3.4. DEVELOPMENT OF ORAL DOSAGE FORMS CONTAINING DRY EXTRACT 

OF LIBIDIBIA FERREA 

The appropriate dosage form can be selected based on several factors such as ease 

of administration, convenience and safety (Hasenclever et al., 2017). Taking into 

consideration the individualities of the group of people affected by diabetes mellitus 

syndrome, this study sought to diversify the options of treatment, and thus, the following 

pharmaceutical forms were developed: oral solution, effervescent granules and tablets. 

 

3.5. TECHNOLOGICAL DEVELOPMENT OF THE ORAL SOLUTION 

CONTAINING DRY EXTRACT OF LIBIDIBIA FERREA  

Figure 6 shows the thermogravimetry (TG) curves of the compatibility study 

between L. ferrea dry extract and the excipients selected for oral solution formulation. A 
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probable interaction between the dry extract and the chocolate essence was observed, as 

can be seen in Fig. 4. 

 

Fig. 4 - Thermogravimetric analysis curve (TG) of the dry extract of Libidibia ferrea, excipients and 

binary mixtures for the oral solution. 

 
 

The thermal analysis curve of the binary mixture of L. ferrea dry extract with 

chocolate essence was similar to that of the isolated excipient, thus indicating that the dry 

extract was solubilized by the essence preventing the analysis of the extract-excipient 

interaction. In this study, there was no interaction between the dry extract of L. ferrea and 

the remaining excipients selected for the oral solution, since the curves of the binary 

mixtures presented loss of mass at temperatures equal to or higher than the isolated dry 

extract. Thus, six bench batches containing 0.500 g of dry extract of L. ferrea were 

manipulated at each dose in a final dose volume of 15 mL. None of the batches showed 

solubility problems. The LB VI presented the best palatability. The final composition of 

the selected bench lot can be seen in Table IV. 

 

Table IV - Bench lot VI of Libidibia ferrea-based oral solution. 

Composition % g 

Dry extract of L. ferrea 3.330 5,000 

Sorbitol 70% 30.000 45,000 

Benzoic acid 0.500 0,750 

Sucralose 0.800 1,200 
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Chocolate Essence 0.100 0,150 mL 

Purified water q.s. 150 mL 

 

The organoleptic characteristics obtained are associated with the plant raw 

material and the excipients used. The pH value obtained in the oral solution did not differ 

from that found in the extractive solution, maintaining the same acid character (Longhini 

et al., 2007). The density found was slightly higher when compared to the extractive 

solution, which may be due by the inclusion of excipients (Allen et al., 2011). 

Regarding the determination of tannin content, when comparing with the value 

found in the dry extract, the result obtained at the oral solution was within the 15% of 

variation for the active marker, which is in accordance to the Guide for Registration of 

Phytotherapeutic Medicines and The Registration and Notification Guideline for 

Traditional Phytotherapeutic Products established by ANVISA (Brasil, 2014). 

 

3.6. TECHNOLOGICAL DEVELOPMENT OF EFFERVESCENT GRANULES 

CONTAINING DRY EXTRACT OF LIBIDIBIA FERREA 

The results obtained from the compatibility study between the dry extract and 

excipients can be seen in Fig. 5, which shows that there was no interaction between the 

dry extract and the excipients selected, since the curves of the binary mixtures presented 

loss of mass at temperatures equal to or higher than the dry extract. 
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Fig. 5 - Thermogravimetric analysis curve (TG) of the dry extract of Libidibia ferrea, excipients and binary 

mixtures for the effervescent granules. 

 
 

In this sense, the excipients chosen for the effervescent granules do not interact 

with the dry extract of L. ferrea and could thus be used for the formulation. Eight bench 

batches containing 1.00 g of L. ferrea dry extract were manipulated at each dose. 

Among the bench batches obtained, LB VIII presented the best performance in 

effervescence, solubility, sweetening capacity and the best flowability. The total yield of 

the granulation process was 71.18%. The final composition can be seen in table V. 

 

Table V - Final formulation of Libidibia ferrea effervescent granules. Bench lot VIII. 

Composition % g 

L. ferrea extract 35.59 10.00 

Sucralose 28.47 8.00 

Citric acid 5.34 1.50 

Tartaric acid 10.67 3.00 

Sodium bicarbonate 18.15 5.10 

PVP K30 1.78 0.50 

Total 100.00 28.10 
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For physicochemical characterization, the effervescent granulate was solubilized 

in water, presenting the macroscopic aspect shown in figure 9B. For the organoleptic 

characteristics, no color or taste changes were found when comparing aqueous extract 

and freeze-dried powder. In addition, after granules dissolution in water, the preparation 

presented the same acid character as in the extractive solution, which together with the 

presence of tannins resulted in an astringent flavor. The density value was close to that of 

the extractive solution, as well as that of water. In the residual moisture verification, a 

significant decrease was observed when compared to the value obtained in the dry extract, 

presenting a value of 2.39 ± 0.48%, within the recommended (0.5-2.0), which is 

suggestive that after the granulation process, the final formulation can present a reduced 

risk of microbial contamination.  

In the granule disintegration and effervescence test, after addition of 200 mL of 

distilled water, the gas bubbles were completely released and when the gaseous release 

ceased all solid components were disaggregated and dissolved or dispersed within less 

than 5 minutes, as recommended by the European Pharmacopoeia (European 

Pharmacopoeia (Ph. Eur.), 2017). Regarding the determination of tannin content, as well 

as the oral solution, the result obtained was within the 15% variation parameter (Brasil, 

2014). 

After the formulation process all the deficient flowability of the dry extract were 

overcome (table VI). The effervescent granules showed higher values of apparent and 

compacted densities, and presented excellent flow and ease of compaction. These results 

indicate that the final formulation has a greater potential to present satisfactory 

rheological properties with remarkable flowability. 

 

Table VI - Analysis of the rheological behavior of Libidibia ferrea effervescent granules. 

Properties Especification Results 

Bulk density - 0.69 g/mL 

Compacted density - 0.81 g/mL 

Hausner factor < 1.25 1.17 

Carr Index < 20% 14.81 % 

Densification index < 20mL 1 mL 

Rest angle < 30º 21.23° 

Flow time < 10 s 1.07s 

 

Given the pore diameter observed, the granulate can also be classified as 

mesopore, with 1.4769 m²/g of surface area. However, different to what was found in the 

dry extract, the low surface area of L. ferrea granulate together with its higher volume 
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(0,012140 cm³/g) and medium pore diameter (492,142 Å) gives better wettability and 

thus a high solubility. 

 

3.7 TECHNOLOGICAL DEVELOPMENT OF TABLETS CONTAINING LIBIDIBIA 

FERREA DRY EXTRACT 

As can be seen in Fig.6, there was no interaction between the dry extract and the 

excipients selected, since the thermogravimetry (TG) curves of the binary mixtures did 

not show mass loss events when compared to the dry extract, indicating that the excipients 

did not anticipate the thermal events of the dry extract. 

 

Fig. 6 - Thermogravimetric analysis curve (TG) of the dry extract of Libidibia ferrea, excipients and binary 

mixtures for tablet formulation. 

 
 

Thus, as with the other pharmaceutical forms, the compatibility study shows that 

the excipients selected for the formulation of tablet containing L. ferrea dry extract do not 

interact with the dry extract and can thus be used in the formulation. Three bench batches 

of L. ferrea tablets presented an average weight of 0.500 g. Each tablet contains 0.334 g 

of dry extract (Table VII). 

 

Table VII - Final formulation of Libidibia ferrea tablets. Bench lot II. 

Composition % g 

L. ferrea extract 66.80 3.340 

Microcrystalline cellulose 27.00 1.350 

Sodium Starch Glycolate 3.00 0.150 
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Colloidal silicon dioxide 0.40 0.020 

Magnesium stearate 2.80 0.140 

Total 100 5.000 

 

Following the pharmacopoeial criteria the acceptable range for tablets with an 

average weight of 250 mg or more is ± 5.0%, where no more than two units can be 

tolerated outside the specified limits (Brasil, 2019). L. ferrea tablets had an average 

weight of 0.499 g, and thus, withing the established limits. Regarding the friability test, 

after 100-time rotation, no tablet was broken, chipped or cracked, and presented a weight 

loss value below 1.5% (0,11%), characterizing them as resistant. The hardness value 

(kgf/cm2) obtained was greater than 10 kgf/cm2 (14,22 ± 0,17 kgf/cm2) and did not 

negatively influence tablet disintegration time, which began around 5 minutes and by 16 

minutes the tablets were soluble in the medium. 

Regarding the determination of tannin content, the value was within the 15% of 

the defined variation parameter (Brasil, 2014) for the active marker. In the tablet 

dissolution test, after the 60-minute period, the medium presented 38.30% of tannins 

dissolved. 

 

4 CONCLUSION 

In our study, pharmacognostic specifications were obtained within the established 

for quality criteria, as well as for safety and pharmacotechnical parameters. Moreover, its 

effectiveness through the in vitro glucose consumption test showed antidiabetic effect on 

adipocyte cells. 

From the standardization of the dry extract, the preliminary development of three 

dosage forms was carried out. The preformulation studies showed satisfactory results. 

The findings in the preliminary development indicated that oral pharmaceutical forms 

(oral solution, effervescent granules, and tablets) containing Libidibia ferrea extract may 

be promising alternatives in the treatment of diabetes mellitus. 

 

DECLARATION OF INTEREST 

The authors declare that there is no conflict of interest regarding the publication of this 

paper. 

 

  



Brazilian Journal of Development 
ISSN: 2525-8761 

43661 

 

 

Brazilian Journal of Development, Curitiba, v.7, n.4, p. 43644-43666 apr 2021 

 

ACKNOWLEDGEMENTS 

We gratefully acknowledge the Science and Technology Support Foundation of 

Pernambuco State (FACEPE) for granting the scholarship. 

  



Brazilian Journal of Development 
ISSN: 2525-8761 

43662 

 

 

Brazilian Journal of Development, Curitiba, v.7, n.4, p. 43644-43666 apr 2021 

 

REFERÊNCIAS 

 

Allen, L.V. Popovich, N.G., Ansel, H.C., 2011. Pharmaceutical Dosage Forms and Drug 

Delivery Systems, 9th ed. Lippincott Williams & Wilkins, Philadelphia. 

 

Amorim, E.L.C., Nascimento, J.E., Monteiro, J.M., Peixoto Sobrinho, T.J.S., Araújo, 

T.A.S., Albuquerque, U.P., 2008. A Simple and Accurate Procedure for the 

Determination of Tannin and Flavonoid Levels and Some Applications in Ethnobotany 

and Ethnopharmacology. Funct. Ecosyst. Communities 2, 88–94. 

 

Association, A.D., 2018. Classification and diagnosis of diabetes: Standards of medical 

care in Diabetesd. Diabetes Care 41, S13–S27. https://doi.org/10.2337/dc18-S002 

 

Balbach, A., 1992. As plantas curam, 2nd ed. Editora Missionária, São Paulo. 

 

Bariani, A., Gonçalves, J.F. de C., Chevreuil, L.R., Cavallazzi, J.R.P., de Souza, L.A.G., 

Bentes, J.L. da S., Pando, S.C., 2012. Purificação parcial de inibidores de tripsina de 

sementes de Caesalpinia ferrea e Swartzia polyphylla e o efeito dos extratos protéicos 

sobre fungos fitopatogênicos. Summa Phytopathol. 38, 131–138. 

https://doi.org/10.1590/S0100-54052012000200004 

 

Barros, M.A.G., 1982. Flora medicinal do Distrito Federal. Bras. Florest. 12, 35–45. 

 

Bladt, S., 1996. Plant Drug Analysis: A Thin Layer Chromatography Atlas, 2nd ed, Plant 

Drug Analysis. Springer Berlin Heidelberg, Berlin, Heidelberg. 

https://doi.org/10.1007/978-3-642-00574-9_1 

 

Blair, M., 2016. Diabetes Mellitus Review. Urol. Nurs. 36, 27. 

https://doi.org/10.7257/1053-816X.2016.36.1.27 

 

Brasil, 2019. Farmacopeia Brasileira, 6ed ed. Brasília. 

 

Brasil, 2014. INSTRUÇÃO NORMATIVA No 4, DE 18 DE JUNHO DE 2014. Brasília. 

 

Carvalho, J.C.T., 1993. Caesalpinia ferrea (pau-ferro): avaliacao da atividade 

antiinflamatoria e analgesica. Universidade de São Paulo, Ribeirão preto. 

 

Castro, V. M. D., Medeiros, K.C.P., Lemos, L.I.C., Teixeira, T.O., Carvalho, T.G., Ladd, 

F.V.L., Abreu, B.J., Farias, N.B.S. Effects of Allium cepa L. on the morphology of 

duodenal mucous of diabetic rats. Brazilian Journal of Development, 2020. 

 

Cavalheiro, M.G., Farias, D.F., Fernandes, G.S., Nunes, E.P., Cavalcanti, F.S., 

Vasconcelos, I.M., Melo, V.M.M., Carvalho, A.F.U., 2009. Atividades biológicas e 

enzimáticas do extrato aquoso de sementes de Caesalpinia ferrea Mart., Leguminosae. 

Brazilian J. Pharmacogn. 19, 586–591. https://doi.org/10.1590/S0102-

695X2009000400014 

 

Chaves, J.S., Da Costa, F.B., De Freitas, L.A.P., 2009. Development of enteric coated 

tablets from spray dried extract of feverfew (Tanacetum parthenium L.). Brazilian J. 

Pharm. Sci. 45, 573–584. https://doi.org/10.1590/S1984-82502009000300024 



Brazilian Journal of Development 
ISSN: 2525-8761 

43663 

 

 

Brazilian Journal of Development, Curitiba, v.7, n.4, p. 43644-43666 apr 2021 

 

Cruz, R.C.D., Silva, S.L.C.E., Souza, I.A., Gualberto, S.A., Carvalho, K.S., Santos, F.R., 

Carvalho, M.G., 2017. Toxicological Evaluation of Essential Oil From the Leaves of 

Croton argyrophyllus (Euphorbiaceae) on Aedes aegypti (Diptera: Culicidae) and Mus 

musculus (Rodentia: Muridae). J. Med. Entomol. tjw239. 

https://doi.org/10.1093/jme/tjw239 

 

Cunha, A.P., Ribeiro, A.C.B., Ricardo, Nadja M.P.S., Oliveira, A.C., Dávila, L.S.P., 

Cardoso, J.H.L., Rodrigues, D.C., Azeredo, H.M.C., Silva, L.M.A., Brito, E.S., Mendes 

Filho, J., Rocha, T.M., Leal, L.K.A.M., Ricardo, Nágila M.P.S., 2017. Polysaccharides 

from Caesalpinia ferrea seeds – Chemical characterization and anti-diabetic effects in 

Wistar rats. Food Hydrocoll. 65, 68–76. https://doi.org/10.1016/j.foodhyd.2016.10.039 

European Pharmacopoeia (Ph. Eur.), 9th ed, 2017. . Council of Europe, Strasbourg. 

 

Fahr, A., Voigt, R., 2015. Voigt Pharmazeutische Technologie für Studium und Beruf, 

12th ed. Deutscher Apotheker Verlag. 

 

Farias, E., Silva, T., Machado, S., Lima, M., Lima, G., Melo, K., Albuquerque, V., Rolim 

Neto, P., Lima, M. and Silva, R., Technological Development of Ointment Based on 

Ethanolic Extract of Libidibia ferrea for Antimicrobial Activity, Indo Am. J. Pharm. Sci. 

7 (2020) 689–699.; DOI:http://doi.org/10.5281/zenodo.3758174 

 

Ferreira, L.T., Saviolli, I.H., Valenti, V.E., Abreu, L.C. de, 2011. Diabetes melito: 

hiperglicemia crônica e suas complicações. Arq. Bras. Ciências da Saúde 36. 

https://doi.org/10.7322/abcs.v36i3.59 

 

Freitas, A.C.C., Ximenes, N.C.A., Aguiar, J.S., Nascimento, S.C., Lins, T.U.L., 

Magalhães, L.R., Coelho, L.C.B.B., Carneiro-Da-Cunha, M.G., Gonçalves-Silva, T., 

Correia, M.T.S., 2012. Biological activities of Libidibia (Caesalpinia) ferrea var. 

parvifolia (Mart. ex Tul.) L. P. Queiroz pod preparations. Evidence-based Complement. 

Altern. Med. 2012. https://doi.org/10.1155/2012/514134 

 

Galvão, M.A.M., Arruda, A.O. de, Bezerra, I.C.F., Ferreira, M.R.A., Soares, L.A.L., 

2018. Evaluation of the Folin-Ciocalteu Method and Quantification of Total Tannins in 

Stem Barks and Pods from Libidibia ferrea (Mart. ex Tul) L. P. Queiroz. Brazilian Arch. 

Biol. Technol. 61. https://doi.org/10.1590/1678-4324-2018170586 

 

Hasenclever, L., Paranhos, J., Costa, C.R., Cunha, G., Vieira, D., 2017. The Brazilian 

phytotherapics industry: Challenges and opportunities. Cienc. e Saude Coletiva 22, 2559–

2569. https://doi.org/10.1590/1413-81232017228.29422016 

 

Hassan, S.K., El-Sammad, N.M., Mousa, A.M., Mohammed, M.H., Farrag, A. el R.H., 

Hashim, A.N.E., Werner, V., Lindequist, U., El-Moein Nawwar, M.A., 2015. 

Hypoglycemic and antioxidant activities of Caesalpinia ferrea Martius leaf extract in 

streptozotocin-induced diabetic rats. Asian Pac. J. Trop. Biomed. 5, 462–471. 

https://doi.org/10.1016/j.apjtb.2015.03.004 

 

Kobayashi, Y.T. da S., de Almeida, V.T., Bandeira, T., de Alcántara, B.N., da Silva, 

A.S.B., Barbosa, W.L.R., da Silva, P.B., Monteiro, M.V.B., de Almeida, M.B., 2015. 

Avaliação fotoquímica e potencial cicatrizante do extrato etanólico dos frutos de Jucá 



Brazilian Journal of Development 
ISSN: 2525-8761 

43664 

 

 

Brazilian Journal of Development, Curitiba, v.7, n.4, p. 43644-43666 apr 2021 

 

(Libidibia ferrea) em ratos Wistar. Brazilian J. Vet. Res. Anim. Sci. 52, 34–40. 

https://doi.org/10.11606/issn.1678-4456.v52i1p34-40 

 

Lewis, G.P., 1987. Legumes of Bahia. Royal Botanic Garden, Kew. 

 

Lima, M. J. S.; Freitas, T. P. ; OLIVEIRA, R. S. ; Rolim, L. A. ; Rolim Neto, P. J. ; Maia, 

M. B. S. ; Silva, R. M. F. . Desenvolvimento tecnológico de cápsulas à base de Libidibia 

ferrea para terapia antihiperglicemiante. Brazilian Journal of Development, v. 6, p. 

95271-95288, 2020a. 

 

Lima, M. J. S.; Paula, M. M. F. ; Melo, K. R. ; Rolim, L. A. ; Rolim Neto, P. J. ; Silva, R. 

M. F. . Caracterização do extrato seco de Libidibia ferrea para terapia 

antihiperglicemiante. Brazilian Journal of Development, v. 6, p. 97488-97506, 2020b. 

 

Lima, S.M.A., Araújo, L.C.C., Sitônio, M.M., Freitas, A.C.C., Moura, S.L., Correia, 

M.T.S., Malta, D.J.N., Gonçalves-Silva, T., 2011. Anti-inflammatory and analgesic 

potential of Caesalpinia ferrea. Brazilian J. Pharmacogn. 22, 169–175. 

https://doi.org/10.1590/S0102-695X2011005000197 

 

Longhini, R., Raksa, S.M., Oliveira, A.C.P., Svidzinski, T.I.E., Franco, S.L., 2007. 

Obtenção de extratos de própolis sob diferentes condições e avaliação de sua atividade 

antifúngica. Brazilian J. Pharmacogn. 17, 388–395. https://doi.org/10.1590/s0102-

695x2007000300015 

 

Lyra, M.A.A., 2013. Desenvolvimento de forma farmacêutica granulado efervescente à 

base de extratos de Bauhinia forficata para obtenção de uma associação-dose-fixa como 

alternativa no tratamento do diabetes melittus. UNIVERSIDADE FEDERAL DE 

PERNAMBUCO, Recife. 

 

Maeyama, M. A., Pollheim, L.C.F., Wippel, M., Machado, C., Veiga, M.V. Aspects 

related to the difficulty of glycemic control in patients with type2 diabetes mellitus in 

Primary Health Care. BrazilianJournal of Development, 2020. 

 

Melo, K. R., Lima, M. J. S., Chagas, B. F., Freitas, T. P., Rolim Neto, P. J., Maia, M. B. 

S., Silva, R. M. F. . Propriedade cicatrizante de Libidibia ferrea: Uma revisão. Scientia 

Amazonia, v. 9, p. CS25-CS35, 2020. 

 

Malone, M.H., 1977. Pharmacological approaches to natural product, screening and 

evaluation, in: Wagner, H., Wolf, P. (meloEds.), Natural Products and Plant Drugs with 

Pharmacological, Biological or Therapeutical Activity. Springer-Verlag, Berlin, pp. 23–

53. 

 

Nascimento, D.K.D., De Souza, I.A., De Oliveira, A.F.M., Barbosa, M.O., Santana, 

M.A.N., Pereira Júnior, D.F., Lira, E.C., Vieira, J.R.C., 2016. Phytochemical screening 

and acute toxicity of aqueous extract of leaves of Conocarpus erectus Linnaeus in Swiss 

albino mice. An. Acad. Bras. Cienc. 88, 1431–1437. https://doi.org/10.1590/0001-

3765201620150391 

 



Brazilian Journal of Development 
ISSN: 2525-8761 

43665 

 

 

Brazilian Journal of Development, Curitiba, v.7, n.4, p. 43644-43666 apr 2021 

 

Neri, P.M.S., 2016. Extração de compostos fenólicos de Maytenus rigida MART. 

(BOMNOME): planejamento fatorial e atividade antimicrobiana. Universidade Federal 

de Pernambuco, Recife. 

 

Nery, C.G.C., Pires, M.A.D.S., Pianetti, G.A., Vianna-Soares, C.D., 2008. Caracterização 

do fármaco hipoglicemiante glibenclamida. Rev. Bras. Ciencias Farm. J. Pharm. Sci. 44, 

61–73. https://doi.org/10.1590/S1516-93322008000100008 

 

Oliveira, A. F., Batista, J. S., Paiva, E. S., Silva, A. E., Farias, Y. J. M. D., Damasceno, 

C. A. R., Brito, P. D., S. A. Queiroz, C., Rodrigues, C. M. F. and Freitas, C. I. A. 

Avaliação da atividade cicatrizante do jucá (Caesalpinia ferrea Mart. ex Tul. var. ferrea) 

em lesões cutâneas de caprinos, Rev. Bras. Plantas Med. 12 (2010) 302–310.; 

DOI:10.1590/s1516-05722010000300007 

 

Organisation for Economic Co-operation and Development (OECD), 2002. Test No. 423: 

Acute Oral toxicity - Acute Toxic Class Method, OECD Guidelines for the Testing of 

Chemicals, OECD guidelines for the testing of chemicals. Paris. 

https://doi.org/10.1787/20745788 

 

Paiva, W.D.S., De Souza Neto, F.E., Lima Bandeira, M.G., Abrantes, M.R., De Lima 

Batista, A.C., Da Silva, J.B.A., 2015. ATIVIDADE ANTIBACTERIANA DA CASCA 

DO JUCÁ (Libidibia ferrea (Mart. ex Tul.) L. P. Queiroz), FRENTE A Staphylococcus 

spp. ISOLADOS DO LEITE DE CABRAS COM MASTITE. Arch. Vet. Sci. 20. 

https://doi.org/10.5380/avs.v20i2.40422 

 

Pereira, L.D.P., Silva, R.O. Da, Bringel, P.H.D.S.F., Silva, K.E.S. Da, Assreuy, A.M.S., 

Pereira, M.G., 2012. Polysaccharide fractions of Caesalpinia ferrea pods: Potential anti-

inflammatory usage. J. Ethnopharmacol. 139, 642–648. 

https://doi.org/10.1016/j.jep.2011.12.012 

 

Porte, L.H.M., Leão, M.H.M.R., Porte, A., 2011. Avaliação da porosidade de 

microcápsulas contendo proteína bioativa por porosimetria de mercúrio e adsorção de 

nitrogěnio. Quim. Nova 34, 1582–1587. https://doi.org/10.1590/s0100-

40422011000900018 

 

Roque, A.A., Rocha, R.M., Loiola, M.I.B., 2010. Uso e diversidade de plantas medicinais 

da Caatinga na comunidade rural de Laginhas, município de Caicó, Rio Grande do Norte 

(nordeste do Brasil). Rev. Bras. Plantas Med. 12, 31–42. 

 

Santos, J.R.A., 2013. Caracterização do Estado Sólido e sua Influência na Qualidade dos 

Medicamentos. Universidade Fernando Pessoa, Porto. 

 

SBD, 2017. Epidemiologia e impacto global do diabetes mellitus, in: DIRETRIZES DA 

SOCIEDADE BRASILEIRA DE DIABETES 2017-2018. Clannad, São Paulo, p. 383. 

 

Schüssele, A., Bauer-Brandl, A., 2003. Note on the measurement of flowability according 

to the European Pharmacopoeia. Int. J. Pharm. 257, 301–304. 

https://doi.org/10.1016/S0378-5173(03)00142-X 

 



Brazilian Journal of Development 
ISSN: 2525-8761 

43666 

 

 

Brazilian Journal of Development, Curitiba, v.7, n.4, p. 43644-43666 apr 2021 

 

Silva, R., 2010. Peperomia pellucida L.(H.B.K.): obtenção tecnológica de formas 

farmacêuticas. Universidade Federal de Pernambuco, Recife. 

 

Simões, C.M.O., 2017. Farmacognosia da Planta ao Medicamento , 6ed. ed. Universidade 

Federal do Rio Grande do Sul, Porto Alegre. 

 

Souza, V.H., Barbosa, A.P.O., Cardoso, G.C., Marreto, R.N., Barreto Filho, J.A.S., 

Antoniolli, A.R., Santos, M.R.V., 2009. Avaliação do potencial antidiabético de cinco 

plantas medicinais em ratos. Lat. Am. J. Pharm. 28, no. 4. 

 

The Plant List. Libidibia ferrea (Mart. ex Tul.) L.P.Queiroz [WWW Document], 2013. 

URL http://www.theplantlist.org/tpl1.1/record/kew-2896509 (accessed 5.4.20). 

 

Ueda, H., Tachibana, Y., Moriyasu, M., Kawanishi, K., Alves, S.M., 2001. Aldose 

reductase inhibitors from the fruits of Caesalpinia ferrea Mart. Phytomedicine 8, 377–

381. https://doi.org/10.1078/0944-7113-00043 

 

Vasconcelos, C.F.B., Maranhão, H.M.L., Batista, T.M., Carneiro, E.M., Ferreira, F., 

Costa, J., Soares, L.A.L., Sá, M.D.C., Souza, T.P., Wanderley, A.G., 2011. 

Hypoglycaemic activity and molecular mechanisms of Caesalpinia ferrea Martius bark 

extract on streptozotocin-induced diabetes in Wistar rats. J. Ethnopharmacol. 137, 1533–

1541. https://doi.org/10.1016/j.jep.2011.08.059 

 

Venancio, G. N. , Souza, W. M., Sampaio, F.C., Bandeira, M.F.C.L., Vasconcellos,  M.C.,  

Souza, T.P, Toda, C., Conde, N.C.O. Cytotoxicity  and  antimicrobial  activity  of  

mouthwash  obtained  from  the extract of Libidibia ferreaMart. BrazilianJournal of 

Development, 2020. 

 

Viana, O.D.S., Benigno, J., Silva, R.M.F., De Medeiros, F.P.M., Grangeiro, S., De 

Albuquerque, M.M., Rolim Neto, P.J., 2006. Desenvolvimento de formulações e 

tecnologia de obtenção de comprimidos revestidos de efavirenz - Terapia anti-HIV. Rev. 

Bras. Ciencias Farm. J. Pharm. Sci. 42, 505–511. https://doi.org/10.1590/s1516-

93322006000400005 

 

Zebisch, K., Voigt, V., Wabitsch, M., Brandsch, M., 2012. Protocol for effective 

differentiation of 3T3-L1 cells to adipocytes. Anal. Biochem. 425, 88–90. 

https://doi.org/10.1016/j.ab.2012.03.005 

 

Zeitler, P., Fu, J., Tandon, N., Nadeau, K., Urakami, T., Barrett, T., Maahs, D., 2014. 

Type 2 diabetes in the child and adolescent. Pediatr. Diabetes 15, 26–46. 

https://doi.org/10.1111/pedi.12179 

 

Zhang, C. H., Xu, G. L., Liu, Y. H., Rao, Y., Yu, R. Y., Zhang, Z. W., Wang, Y. S. and 

Tao L., Anti-diabetic activities of Gegen Qinlian Decoction in high-fat diet combined 

with streptozotocin-induced diabetic rats and in 3T3-L1 adipocytes, Phytomedicine 20 

(2013) 221–229.; DOI:10.1016/j.phymed.2012.11.002 


