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Abstract: Bioprospecting has contributed to the work of pharmaceutical chemists in the development 

and commercial disposal of new drugs. Currently, the pharmaceutical industry has emphasized drugs 

produced from bioactive compounds extracted from natural sources, based on popular medicine 

discussed in the literature, such as secondary metabolites isolated from the stem bark and seeds of the 

Amburana cearensis, rich in coumarin derivatives, flavonoids, and phenolic acids and is popularly used 

in the treatment of respiratory diseases and with anti-inflammatory and antioxidant bioactivity. This 

review is a study of the structure/activity and structure/property (SAR/SPA) relationship with the 

physicochemical properties calculated by the algorithms of the MarvinSketch software for the 

secondary metabolites of A. cearensis, as well as their correlation with in silico test values the 

SwissADME and admetSAR 2.0 servers and in vitro and in vivo models of the dataset from the 

PreADMET, GUSAR Online and PASS Online servers. The results showed that substances derived 

from coumarin, flavonoids, and phenolic acids have attributes of good permeability and low efflux, 

which favor their oral bioavailability, since phenolic heterosides, amburoside analogs, and biflavonoids 

are effective in local action as subcutaneous application, constituting promising antimicrobial, anti-

inflammatory and antioxidant therapeutic actions in their proper administration routes. 

Keywords: Amburana cearensis; SAR study; amburosides; oral bioavailability; subcutaneous 

application. 
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1. Introduction 

Most commercially available drugs are based on a biomolecule with a promising 

pharmacological active principle, such as substances produced from compounds extracted from 

natural sources, whether for food or therapeutic purposes. The pharmaceutical industry has 

been emphasizing bioactive substances designed from natural sources due to their high 

feasibility and low production cost. However, many of these explored substances have their 

physicochemical and pharmacological properties not reported in the literature [1-4]. 

Medicinal plants are sources of molecules recognized by medicinal chemists and 

pharmacologists. Research that considers the bioactive potential of compounds derived from 
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medicinal plants shows the support for physicians and pharmacologists in the characterization 

and development of new drugs from natural sources [5,6]. 

One of these natural sources is the arboreal plant of the genus A. cearensis (AC Smith 

Fabaceae), found in the Cerrado and Caatinga biome in northeastern Brazil and several 

countries in South America. Popularly known as “Cumaru” or “Imburana-de-cheiro”, the plant 

is of inestimable importance from the therapeutic and commercial point of view. The bark of 

the stem of this species is widely used in folk medicine as an anti-inflammatory and syrup to 

fight respiratory diseases such as flu, colds, bronchitis, and asthma [7-9]. 

In previously published studies, secondary metabolites isolated from the stem bark of 

Amburana cearensis such as ayapin (1), phenolic acids protocatechuic (2) and vanillic (3), 6-

coumaryl-protocatechuate (4), phenolic heterosides amburoside A and B (5 and 6), the 

flavonoids 4'methoxy-fisetin (7), isokaempferide (8), kaempferol (9), quercetin (10) and 

afrormosin (11), β-sitosterol glucoside mixtures (12 and 13) and the biflavonoids amburanin A 

and B (14 and 15), as well as substances isolated from seeds rich in coumarins such as 6-

hydroxycoumarin (16), o-coumaric acid (17) and their analogs (Z)-o-coumaric acid glucoside 

(18) and (E)-o-coumaric acid (19) in addition to the esterified analog of amburoside (20) 

(Figure 2) obtained significant anti-inflammatory and antioxidant activities [10-14]. 

Thus, the objective of this work was to carry out an evaluation of their anti-

inflammatory and antioxidant activities with related enzymatic targets, as well as their 

pharmacokinetic properties of absorption, distribution, metabolism, excretion (ADME), 

toxicity, and structure-activity relationships (SAR) through computer-aided drug design 

(CADD) techniques. 

 
Figure 2. Structure of secondary metabolites isolated from the stem bark and seeds from Amburana cearensis. 
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2. Materials and Methods 

Figure 3 shows the flowchart used in this study, where molecules were designed and 

treated according to their dominant microspecies at pH 7.4 for molecular docking simulations. 

Then, the substances from A. cearensis were submitted to an in silico screening of 

physicochemical and medicinal chemistry properties through the drug discovery tools of the 

CADD approaches, where the drug-likeness characteristics and toxicity profiles were evaluated 

for the promotion of substances such as medicines in their proper administration routes. The 

methodology implemented in recent years to optimize the initial stages of characterizing 

bioactive substances as potential medicines [16–21]. 

 

Figure 3. Flowchart illustrating the procedure for promoting substances extracted from Amburana cearensis as 

medicine using CADD tools. 

2.1. Drug-likeness, estimation of ADME attributes, and structure/activity relationships (SAR). 

The molecules (1-20) were designed to calculate the physicochemical properties of the 

ionization constant (pKa), partition coefficients (logP), distribution (logD), and solubility 

(logS), as well as the extensive properties of molecular weight (MW), acceptors and H-bond 

donors (HBA and HBD), the number of rotatable bonds (Nrot) and topological polar surface 
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area (TPSA) [22] in JS MarvinSketch version 21.3 software, ChemAxon 

(https://chemaxon.com/products/marvin) and then applied to the drug-likeness filters of the 

"rule of five" (RO5) of Lipinski (2004) [23] and to the rule of Veber et al., (2002) [24] and the 

oral bioavailability criteria by the method of Martin (2005) [25]. 

Furthermore, the physicochemical properties were applied to CNS MPO desirability 

score filters to identify compounds with desirable drug-likeness, ADME (absorption, 

distribution, metabolism, and excretion), and safety properties [26], as well as structure 

relationship properties and activity/property (SAR/SPA). The logP, logD, MW, and TPSA 

values were used to graphically predict intestinal permeability and absorption according to the 

reference [27]. The TPSA was used to calculate the percentage of absorption (%Abs) according 

to equation: %Abs = 109 – 0.345 x TPSA [28]. 

2.2. In silico prediction of pharmacokinetic properties. 

The properties of permeability and oral bioavailability, fundamental attributes of 

ADME, were predicted by the in silico method of Brain Or Intestinal EstimateD permeation 

(BOILED-Egg) from the SwissADME platform (http://swissadme.ch/index.php) [29,30], 

through the molecular descriptors of WlogP and TPSA. At the same time, the apparent 

permeability coefficients (Papp in ×10⁻⁶ cm/s) and free molecular fraction in the systemic 

circulation were predicted by the in vitro methods of permeability in a Madin-Darby Canine 

Kidney (MDCK) model and binding to plasma proteins (PPB), respectively, from the 

PreADMET server (https://preadmet.bmdrc.kr/adme/). 

2.3. Metabolism, biological activity, and antitargets by the QSAR screening. 

First-pass metabolism of Amburana cearensis phytochemicals was predicted by 

screening the applicability domain of the admetSAR 2.0 webserver 

(http://lmmd.ecust.edu.cn/admetsar2/) [31] for substrate and cytochrome P450 (CYP450) 

isoenzyme inhibitor 1A2, 2C19, 2C9, 2D6, and 3A4, as well as phase II metabolism by UDP-

glucuronosyltransferase (UGT) enzyme catalyzes [32] and excretion by organic cation 

transporter (OCT2) inhibition. 

Furthermore, the substances were submitted to statistical screening on the PASS Online 

web server (http://way2drug.com/PassOnline/predict.php) [33] for inhibition of kinase, 

oxidoreductase and 3CLpro (coronavirus) and antiprotozoal (Leishmania), antiviral 

(Influenza), anti-inflammatory and antioxidant bioactivity, as well as the estimation of the 

inhibition coefficient (-log10Ki) for the various biological targets of the receptor, enzyme and 

transporter classes by the QSAR applicability domain of the GUSAR antitargets tool 

(http://way2drug.com/Gusar/antitargets.html) [34]. 

2.4. Acute rodent toxicity and toxicological effects prediction. 

Acute toxicity was predicted by the QSAR applicability domain for lethal dose (LD50) 

in rats by oral and subcutaneous (SC) administration of the GUSAR Acute Rat Toxicity web 

server dataset (http://way2drug.com/Gusar/acutoxpredict.html) [35]. Toxic effects were 

predicted by the probability of intestinal, hepatic, carcinogenic, mutagenic, cytotoxic, and 

vascular toxic activity (Pa) from the toxicity models of the PASS Online web server 

(http://way2drug.com/PassOnline/predict.php) [33]. 
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3. Results and Discussion 

3.1. Drug-likeness properties. 

High oral bioavailability is a medicinal property of considerable importance for 

projecting a new bioactive compound as a therapeutic agent [36,37]. The in vivo properties of 

a substance can be strongly influenced by its physicochemical properties. To facilitate the 

process of discovering new drugs, the famous “rule of 5” (RO5), or “rule of Pfizer”, by Lipinski 

(2004) [23] is based on four physicochemical parameters where it exists the probability of a 

compound is an oral drug: MW ≤ 500, logP ≤ 5, HBA ≤ 10 (count of N or O atoms) and HBD 

≤ 5 (count of NH or OH groups). Two other parameters identified by Veber et al. (2002) [24] 

of several swivel links (Nrot ≤ 10) and polarity (TPSA ≤ 140 Å²) are associated with a good 

oral bioavailability observed in rats as a predictive model of human oral bioavailability. For 

good oral bioavailability, a compound must be relatively small, uncharged, and essentially 

lipophilic [38-40]. 

Thus, it is possible to observe that the analogs sitogluside (12) and stigmasterol 

glucoside (13) have a double violation of the type MW > 500 g/mol and logP > 5, being larger 

and more lipophilic compounds than the ideal predicted by RO5, while the esterified analog of 

amburoside (20) has a triple violation of type MW > 500, HBA > 10 and HBD > 5 and the 

biflavonoids amburanin A and B (14 and 15) violated all four criteria of RO5, resulting in a 

higher polarity to that provided for by Veber's rule (TPSA > 140 Å²), limiting their respective 

bioavailability by oral administration, as well as the interaction of these compounds with 

therapeutic biological targets (Table 1) [41]. 

The parameters observed by Martin (2005) [25] can refine a series of compounds 

regarding their oral bioavailability: a) the bioavailable fraction (F) of anions drops by 85% if 

the TPSA ≤ 75 Å²; b) for 56% if 75 < TPSA ≤ 150 Å²; c) to 11% if TPSA > 150 Å²; d) the F 

for cations and neutrals drops by 55% when not in violation of RO5; c) to 17% in compounds 

violating RO5. 

Thus, pKa values between 3.0-4.16 of the compounds vanillic acid (2) and o-coumaric 

acid (17) suggest that they are strong acids with high oral bioavailability since their TPSA 

values < 75 Å² show an F score in the order of 0.85. Furthermore, pKa values for the flavonoids 

4'-methoxy-fisetin (7), isokaempferide (8), kaempferol (9), quercetin (10), and afrormosin (11) 

between 6.3-6.9 indicate that they are weak acids where a bioavailability ranges from 0.56-

0.85 F, with afrormosin (11) higher F score due to its low polarity. In addition, the violators 

above the RO5 rule have an F score of 0.17, except for the biflavonoid amburanin B (15), 

loaded at physiological pH and highly polar, with an F score of 0.11 (Table 1). 

Table 1. Drug-likeness parameters of phytochemical from A. cearensis. 

Compound name Lipinski rule Veber rule pKa F 

MW logP HBA HBD Nrot TPSA 

Phytochemicals of stem bark 

Ayapin 190.15 1.41 4 0 0 44.76 - 0.55 

Protocatechuic Acid 154.12 1.02 3 3 1 77.76 4.16 0.56 

Vanillic Acid 168.15 1.17 3 2 2 66.76 4.16 0.85 

6-coumaryl-protocatechuate 298.25 2.84 6 2 2 93.06 8.52 0.55 

Amburoside A 422.39 0.52 10 6 6 166.14 8.56 0.55 

Amburoside B 436.41 0.67 10 5 7 155.14 8.99 0.55 

4'-methoxy-fisetin 300.27 1.96 6 3 2 96.22 6.32 0.56 

Isokaempferide 300.27 2.57 6 3 2 96.22 6.38 0.56 

Kaempferol 286.24 2.46 6 4 1 107.22 6.38 0.56 

Quercetin 302.24 2.16 7 5 1 127.45 6.38 0.56 

Afrormosin 298.29 2.72 5 1 3 64.99 6.92 0.85 
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Compound name Lipinski rule Veber rule pKa F 

MW logP HBA HBD Nrot TPSA 

Sitogluside 576.86 6.07 6 4 9 99.38 12.21 0.17 

Stigmasterol Glucoside 574.84 5.71 6 4 8 99.38 12.21 0.17 

Amburanin A 558.50 6.32 11 7 5 194.21 7.64 0.17 

Amburanin B 554.46 5.13 11 6 2 183.21 7.09 0.11 

Phytochemicals of seeds 

6-hydroxy-coumarin 162.14 1.48 3 1 0 46.53 9.41 0.55 

o-coumaric acid 164.16 1.83 2 2 2 57.53 3.85 0.85 

(Z)-o-coumaric acid glucoside 326.30 -0.44 7 5 5 136.68 3.01 0.56 

(E)-o-coumaric acid glucoside 326.30 -0.44 7 5 5 136.68 3.51 0.56 

Amburoside analog 574.49 2.11 14 8 8 232.90 7.98 0.17 

Drug- lead-like properties ≤ 500 ≤ 5 ≤ 10 ≤ 5 ≤ 10 ≤ 140   

Note: MW (Molecular Weight in g/mol); HBA (H-Bond Acceptors); HBD (H-Bond Donors); Nrot (Number of 

rotatable bonds); TPSA (Topological Polar Surface Area in Å²); F (bioavailability score). 

3.2. CNS MPO desirability as a measure of ADME and drug-likeness. 

The discovery of drugs with activity in the central nervous system (CNS) presents 

specific challenges, as they constitute chemical entities that must have favorable 

pharmacokinetics and that have safe properties to penetrate the blood-brain barrier (BBB) [42]. 

A new CNS drug optimization technique (CNS MPO desirability score) was developed to 

improve the planning of drugs with activity in the brain, since they have the ideal drug-like 

properties, based on six fundamental physicochemical parameters: a) logP ≤ 3; b) logD ≤ 2; c) 

MW ≤ 360 g/mol; d) 40 < TPSA in Å² ≤ 90; e) HBD ≤ 0.5; pKa score ≤ 8. Thus, the individual 

transformed value (T0) below the limit is T0 = 1.0, while values above the limits have T0 

tending to 0.00, where the CNS MPO score is the sum of individual contributions, which may 

vary from 0 to 6. Compounds with a CNS MPO score ≥ 4 have the best drug-likeness properties 

[26]. 

In this study, the algorithm was applied to the phytochemicals isolated from A. 

cearensis (1-20) (Figure 2) from the chemical and pharmacological review made by Almeida 

et al. (2010) [12]. With the results in Table 2, it was possible to observe that amburosides A 

and B (5 and 6), sitogluside (12), stigmasterol glucoside (13), the biflavonoids amburanin A 

and B (14 and 15) and the esterified analog of amburoside (20) obtained a CNS MPO score < 

4, because they are molecules with the highest mass values, while a large number of hydrogen 

bond donors (HBD) substantially increase their polarities (Figure 4), evaluated in TPSA > 90 

Å². In addition, the remaining 13 compounds had a CNS MPO score ≥ 4. These scores suggest 

that these compounds allow projecting an ideal spectrum for use as an oral drug, maintaining 

most of the desirable attributes of ADME, including CNS activity (Table 2). 

The ideal in vitro ADME characteristics of a compound increase as its CNS MPO score 

approaches 6. In this way, it is possible to highlight the substance ayapin (1), the phenolic acids 

protocatechuic (2) and vanillic (3), the flavonoids 4'-methoxy-fisetin (7), isokaempferide (8), 

and aformosin (11), as well as the coumarin analogs, 6-hydroxy-coumarin (16) and o-coumaric 

acid (17). Thus, they represent a spectrum of drugs with a good alignment of the three ADME 

attributes: high passive permeability (Papp), low passive efflux of P-gp, and low metabolic 

clearance (CLint,u), as well as safety requirements such as high viability cellular (THLE Cv) 

and low potential blocking hERG transport channels (human Ether-a-go-go Related Gene) [26] 

constituting potential pharmacological agents with greater desirability of ADME and safety 

attributes to penetrate the BBB (Table 2). 
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3.3. Structure-activity/property relationship of phytochemicals From A. cearensis. 

Most of the time, improving pharmacological activity, solubility, and permeability 

properties is more advantageous during the drug candidate planning process. In this way, 

medicinal chemists have developed techniques to determine the relationship between structure 

and activity/property (SAR/SPA) in a qualitative approach [43,44]. 

A very important factor in developing new drugs is lipophilicity (logP). This is a 

structural property that describes solubility properties, ADME, and pharmacological activity. 

As a general rule, good oral bioavailability is associated with values of 0 < logP < 3 (good 

permeability and solubility) since very high values of logP result in low aqueous solubility, 

while very low values make it difficult to penetrate the lipid bilayer of cell membranes [23,26]. 

At the same time that compounds in the MW range < 450 g/mol are small enough to be well 

absorbed by the administration, in addition to readily penetrating the BBB [24,39]. 

 
Figure 4. Hydrogen bond donors (HBD) of compounds with CNS MPO score < 4. 

Figure 5 shows the structural contributions to the lipophilicity of phytochemicals 

isolated from A. cearensis, where it is possible to observe that the compounds ayapin (1), 6-

coumaryl-protocatechuate (4), the flavonoids 4'-methoxy-fisetin (7), isokaempferide (8), 

kaempferol (9), quercetin (10) and afrormosin (11), and 6-hydroxy-coumarin (16) are the small 

compounds that are in the ideal range of lipophilicity and therefore possess the properties ideals 

of solubility and permeability that facilitate absorption by oral administration. This is verifiable 

in the golden triangle model [45], where the combined values of MW and lipophilicity in a 

https://doi.org/10.33263/BRIAC126.84718491
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physiological medium measured by the distribution coefficient (logD 7.4) leave these 

substances in the center of the predicted spectrum for good oral absorption (Figure 6A). 

 
Figure 5. Lipophilicity (logP) structural contributions of the best permeable compounds of A. cearensis. 

The statistical predictive model of Egan et al. (2000) [46] uses a graph formed between 

the structural descriptors of logP and TPSA to elucidate well-absorbed compounds by oral 

administration of poorly absorbed compounds, in addition, to relate these parameters to 

violations of the “rule of five” (RO5) of Lipinski (2004) [23]. Thus, compounds within the 

ellipse formed by the limits logP ≤ 5.88 and TPSA ≤ 131.6 Å² have structural properties that 

favor their oral use with a high absorption percentage. 

With the calculated values in table 2 and the graph plot in Figure 6A, it is possible to 

observe the amburoside analogs A and B (5 and 6) are outside the polarity limit, with a total of 

10 oxygenated groups and with a strong contribution from their glucoside groups. Although 

the substances sitogluside (12) and stigmasterol glucoside (13) has a highly water-soluble 

glucoside group, their polycyclic chains ensure high lipophilicity (logP > 5), decreasing their 

absorption viability. The large size and large number of oxygenated groups (HBA > 10) of the 

biflavonoids amburanin A and B (14 and 15) and the esterified analog of amburoside (20) 

results in a high polarity (TPSA > 180 Å²), leaving these substances far from the ideal 

absorption spectrum. Furthermore, it is possible to observe the substances quercetin (10) and 

https://doi.org/10.33263/BRIAC126.84718491
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o-coumaric acid glucoside isomers (18 and 19) in the vicinity of the ellipse, as they are small 

compounds with a high number of oxygenated groups (HBA = 7), which results in low 

lipophilicity and high polarity to be absorbed in the intestine. Thus, their calculated absorptions 

(%Abs) resulted in values below 75%, therefore impracticable for administration due to their 

low intestinal absorption, resulting in low bioavailability. 

On the other hand, the other substances are within the expected spectrum of 

lipophilicity and polarity for good absorption (Figure 6B), where it is possible to highlight the 

compounds ayapin (1), the phenolic acids protocatechuic (2), and vanillic (3), the flavonoid 

afrormosin (11), and the coumarin derivatives, 6-hydroxy-coumarin (16) and o-coumaric acid 

(17) as the best-absorbed compounds (%Abs > 80) and therefore have the best-predicted 

bioavailability (Table 2). 

 
Figure 6. (A) Golden triangle model and (B) Egan-egg model to predict permeability and oral absorption of 

phytochemicals from A. cearensis. 

Table 2. CNS MPO Scores and Individual Transformed Scores (T0) calculated percentage of absorption of 

phytochemicals from A. cearensis. 

Compound name logP 

T0 

logD 

T0 

MW 

T0 

TPSA T0 HBD 

T0 

pKa 

T0 

CNS 

MPO 

%ABS 

Phytochemicals of seeds 

Ayapin 1.00 1.00 1.00 1.00 1.00 1.00 6.00 93.56 

Protocatechuic Acid 1.00 1.00 1.00 1.00 0.25 1.00 5.25 82.17 

Vanillic Acid 1.00 1.00 1.00 1.00 0.50 1.00 5.50 85.97 

6-coumaryl-protocatechuate 1.00 0.60 1.00 0.90 0.50 1.00 4.99 76.89 

Amburoside A 1.00 1.00 0.55 0.00 0.00 1.00 3.55 51.68 

Amburoside B 1.00 1.00 0.45 0.00 0.00 1.00 3.45 55.48 

4'-methoxy-fisetin 1.00 1.00 1.00 0.79 0.25 1.00 5.04 75.80 

Isokaempferide 1.00 1.00 1.00 0.79 0.25 1.00 5.04 75.80 
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Compound name logP 

T0 

logD 

T0 

MW 

T0 

TPSA T0 HBD 

T0 

pKa 

T0 

CNS 

MPO 

%ABS 

Kaempferol 1.00 1.00 1.00 0.43 0.00 1.00 4.43 72.01 

Quercetin 1.00 1.00 1.00 0.00 0.00 1.00 4.00 65.03 

Afrormosin 1.00 0.94 1.00 1.00 0.75 1.00 5.69 86.58 

Sitogluside 0.00 0.00 0.00 0.69 0.00 1.00 1.69 74.71 

Stigmasterol Glucoside 0.00 0.00 0.00 0.69 0.00 1.00 1.69 74.71 

Amburanin A 0.00 0.00 0.00 0.00 0.00 1.00 1.00 42.00 

Amburanin B 0.00 0.00 0.00 0.00 0.00 1.00 1.00 45.79 

Phytochemicals of seeds 

6-hydroxy-coumarin 1.00 1.00 1.00 1.00 0.75 1.00 5.75 92.95 

o-coumaric acid 1.00 1.00 1.00 1.00 0.50 1.00 5.50 89.15 

(Z)-o-coumaric acid glucoside 1.00 1.00 1.00 0.00 0.00 1.00 4.00 61.84 

(E)-o-coumaric acid glucoside 1.00 1.00 1.00 0.00 0.00 1.00 4.00 61.84 

Amburoside analog 1.00 1.00 0.00 0.00 0.00 1.00 3.00 28.65 

3.4. In silico pharmacokinetic properties as a validation of the SAR analysis. 

The Brain or Intestinal Estimated permeation (BOILED-Egg) in silico method, from 

the SwissADME platform, consists of an instantaneous tracking of compounds passively 

permeable to the gastrointestinal tract (GI) and the blood-brain barrier (BBB) through traced 

lipophilicity profiles (WlogP) [47] and polarity (TPSA) [22]. The server also uses a support 

vector machine algorithm and a dataset for substrates and non-substrates of P-glycoprotein (P-

gp) [30]. Together with the numerical data of the apparent permeability coefficients (Papp) of 

the in vitro models MDCK [48] and plasma protein binding (PPB) in pH 7.4 of the PreADMET 

platform, it constitutes a predictive method that correlates physicochemical properties and in 

vitro datasets to estimate the pharmacokinetics and oral bioavailability attributes of A. 

cearensis phytochemicals. 

 
Figure 7. BOILED-Egg with estimates of gastrointestinal (GI) and blood-brain barrier (BBB) permeability of 

phytochemicals from A. cearensis. 

The systematic analysis between the two platforms shows that Papp values > 1.0×10⁻⁶ 

cm/s associated with ayapin (1), the flavonoids 4'-methoxy-fisetin (7) and afrormosin (11), and 

derivatives of coumarin 6-hydroxy-coumarin (16) and o-coumaric acid (17) suggest that they 

are substances with high gastrointestinal permeability and capable of penetrating the BBB [26], 

since ayapin (1), afrormosin (11) and 6-hydroxy-coumarin (16) are within the spectrum formed 

by the limits of 0.4 < WlogP < 6.0 and TPSA < 79 Å², which give them the condition of high 

passive permeability by the BBB (Figure 7). It is worth noting that, although the substance 

stigmasterol glucoside (13) is within the predicted spectrum for a high passive intestinal 
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permeability (−2.3 < WlogP < 6.8 and TPSA < 142 Å²), the molecule efflux back into the 

lumen of the gastrointestinal tract, for being a substrate of P-gp, in addition to binding 100% 

with plasma proteins, reflecting the decrease in its oral bioavailability (Table 3). 

In addition, it is worth noting that the phenolic acids protocatechuic (2) and vanillic (3), 

the 6-coumaryl-protocatechuate (4), and the flavonoids isokaempferide (8), kaempferol (9), 

and quercetin (10) are substances with high passive gastrointestinal permeability and no central 

nervous system (CNS) activity, as their Papp < 1.0×10⁻⁶ cm/s indicate that they are unable to 

penetrate the BBB (Table 3). 

Table 3. Pharmacokinetic information in pH 7.4 of A. cearensis phytochemicals by in silico test and in vitro 

models. 

Compound name WlogP TPSA GI Pgps BBB Papp 

(MDCK) 

%PPB 

Phytochemicals of seeds 

Ayapin 1.52 44.76 High No Yes 5.00×10-6 45.80 

Protocatechuic Acid -0.54 80.59 High No No 4.67×10-7 16.75 

Vanillic Acid -0.24 69.59 High No No 5.63×10-7 37.53 

6-coumaryl-protocatechuate 2.42 93.06 High No No 9.50×10-8 96.06 

Amburoside A -0.52 166.14 Low Yes No 9.16×10-8 67.98 

Amburoside B -0.22 155.14 Low Yes No 7.88×10-8 65.16 

4'-methoxy-fisetin 3.02 102.96 High No No 2.11×10-6 71.04 

Isokaempferide 3.02 102.96 High No No 6.15×10-7 71.80 

Kaempferol 2.72 113.96 High No No 6.04×10-7 76.48 

Quercetin 2.43 134.19 High No No 2.44×10-7 78.06 

Afrormosin 3.62 71.73 High No Yes 1.44×10-6 77.43 

Sitogluside 5.85 99.38 Low No No 1.22×10-8 100 

Stigmasterol Glucoside 5.63 99.38 High Yes No 8.42×10-9 100 

Amburanin A 3.23 194.21 Low No No 5.29×10-9 100 

Amburanin B 3.92 189.95 Low No No 8.32×10-6 100 

Phytochemicals of seeds 

6-hydroxy-coumarin 1.50 46.53 High No Yes 5.59×10-6 11.01 

o-coumaric acid 0.05 60.36 High No No 2,14×10-6 47.98 

(Z)-o-coumaric acid glucoside -2.48 139.51 Low No No 5.92×10-8 41.25 

(E)-o-coumaric acid glucoside -2.48 139.51 Low No No 5.92×10-8 41.25 

Amburoside analog 0.46 232.90 Low Yes No 8.52×10-9 98.24 

3.5. Metabolism and excretion prediction of A. cearensis phytochemicals. 

As the main precursors of drug metabolism, cytochrome P450 (CYP450) isoenzymes 

are oxidases of the first-pass metabolism of xenobiotics. The isoenzymes CYP450 2C19 and 

2C9 are oxidases that mediate the plasma concentrations of the drugs, while the isoenzymes 

CYP450 2D6 and 3A4 are responsible for the O-dealkylation reactions. Present in phase II 

metabolism, UDP-glucuronosyltransferase, or simply UGT, is responsible for adding a 

glucoside group in a metabolized substance, constituting a chemical entity more susceptible to 

excretion [32]. The screening method of Veith et al. (2009) [49] includes drug libraries 

approved by the US Food and Drug Administration (FDA) in the identification of potentially 

inhibitory substructures of five CYP450 isoenzymes: 1A2, 2C19, 2C9, 2D6, and 3A4, 

corresponding to 78% of the drugs in the library. In molecular docking studies, it is possible to 

observe that some compounds derived from coumarin are potential inhibitors of CYP1A2, 

while flavonoids have structural contributions with greater promiscuity of inhibition of 

CYP450 [50-52]. 

Figure 8 shows the structural contributions of Amburana cearensis phytochemicals, 

where it is possible to observe that ayapin (1) was the only substance to inhibit all CYP450s in 

this study (1A2, 2C19, 2C9, 2D6, and 3A4) with a strong negative contribution of the 1,3-
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benzodioxole molecular fragment. It is also possible to observe positive structural 

contributions, as in the case of the carboxyl group fragments of the phenolic acids 

protocatechuic (2) and vanillic (3), and the acid analogs of coumarin, o-coumaric adic (17), 

and their glycosylated stereoisomers (Z) and (E) -o-coumaric acid glucoside (18 and 19), as 

well as the ester and hydroxyl group fragments of the 6-coumaryl-protocatecuate (4), of the 

amburoside A and B (5 and 6) phenolic heterosides and its esterified analog (20) and the 

conjugated polycyclic rings of the compounds sitogluside (12) and stigmasterol glucoside (13) 

and, therefore, substances with low inhibitory promiscuity of the CYP450 isoenzymes. It is 

interesting to note that the substance 6-hydroxy-coumarin (16) is a coumarin derivative and, 

therefore, has low CYP450 inhibition promiscuity, inhibiting only the 1A2 family isoenzyme, 

with contribution from its fragment 5,6-dihydro-2H-pyran-2-one, while the non-inhibition of 

the other isoenzymes is due to the positive contribution of the hydroxyl group. The flavonoids 

4'-methoxy-fisetin (7), isokaempferide (8), kaempferol (9), quercetin (10), and afrormosin (11), 

on the other hand, have greater CYP450 inhibition promiscuity with a negative contribution of 

the fragment 3,4-dihydro-2H-pyran-4-one. Therefore, they are slowly metabolized substances 

and have a high plasma concentration, except for quercetin (10) for not inhibiting the 2C family 

isoenzymes. The metabolic stability of flavonoids with some CYP450 enzymes is due to the 

presence of hydroxyl substituents, a molecular fragment with a low potential to inhibit these 

isoenzymes (Table 4). 

In addition, they are substances easily biotransformed by UGT, constituting more 

water-soluble compounds for renal elimination, except for the substances ayapin (1), 4'-

methoxy-fisetin (7), and kaempferol (9), while not inhibiting the OCT2 transporter (Organic 

Cation Transporter 2) (Table 4). 

3.6. Antitargets screening and biological activity by the QSAR regressions. 

The growing number of inappropriate drugs has drawn the attention of medicinal 

chemists in recent years. In many cases, these complexities are linked to the non-fitting of 

compounds into therapeutic biological targets [53-55]. The regression of the quantitative 

structure/activity relationship (QSAR) models of the GUSAR (General Unrestricted Structure-

Activity Relationships) Online tool was applied to define the inhibition constants (-log10Ki) for 

the various biological targets of the classes of receptors, enzymes, and transporters, according 

to the domain of applicability of the data set [56]. 

Table 4. Predicted substrates and inhibitors of CYP450 isoenzymes by the fragmental method of admetSAR 2.0 

tool. 

Compound Metabolism phase I Metabolism phase II and 

excretion 

CYP450 substrate CYP450 inhibiton UGT 

catelyzed 

OCT2 

inhibitor 2C9 2D6 3A4 1A2 2C19 2C9 2D6 3A4 

Phytochemicals of stem bark 

Ayapin No No No Yes Yes Yes Yes Yes No No 

Protocatechuic Acid No No No No No No No No Yes No 

Vanillic Acid No No No No No No No No Yes No 

6-coumaryl-protocatechuate No No No Yes No No No No Yes No 

Amburoside A No No Yes No No No No No Yes No 

Amburoside B No No Yes No No No No No Yes No 

4'-methoxy-fisetin No No Yes Yes Yes Yes No No No No 

Isokaempferide No No Yes Yes Yes Yes No Yes Yes No 

Kaempferol No No Yes Yes Yes Yes No Yes No No 

Quercetin No No Yes Yes No No No Yes Yes No 

Afrormosin No No Yes Yes Yes Yes No Yes Yes No 

Sitogluside No No Yes No No No No No Yes No 
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Compound Metabolism phase I Metabolism phase II and 

excretion 

CYP450 substrate CYP450 inhibiton UGT 

catelyzed 

OCT2 

inhibitor 2C9 2D6 3A4 1A2 2C19 2C9 2D6 3A4 

Stigmasterol Glucoside No No Yes No No No No No Yes No 

Amburanin A No No Yes No No Yes No No Yes No 

Amburanin B No No Yes No No Yes No Yes Yes No 

Phytochemicals of seeds 

6-hydroxy-coumarin No No No Yes No No No No Yes No 

o-coumaric acid No No No No No No No No Yes No 

(Z)-o-coumaric acid glucoside No No No No No No No No Yes No 

(E)-o-coumaric acid glucoside No No No No No No No No Yes No 

Amburoside analog No No Yes No No No No No Yes No 

 

In the heatmap of Figure 9A (series A) it is possible to observe that the flavonoids 4'-

methoxy-fisetin (7), isokaempferide (8), kaempferol (9), quercetin (10), and afrormosin (11) 

are potential receptor antagonists of dopamine D3 (R3DR), delta-type opioid receptor (DOR) 

and estrogen receptors (ER) with -log10Ki values > 5.0. At the same time, all Amburana 

cearensis phytochemicals in this study may be potential inhibitors of carbonic anhydrase 

enzymes types 1 and 2 (HCA1 and 2), with -log10Ki values > 6.5 (series B). Also, it is worth 

noting the series of inhibition of the RO5-violating compounds in this study, sitogluside (12), 

stigmasterol glucoside (13), amburanin A (14), and B (15), being, therefore, the compounds 

with the highest total number of antitargets (series C), with -log10Ki values > 5.0 for all its 

receptors, enzymes and transporters, except for the inhibitory activity against the enzyme 

monoamine oxidase A (MAOA) by the ligands sitogluside (12), stigmasterol glucoside (13). 

The -log10Ki values filtered by the applicability domain (AD) of the dataset are listed in Table 

1 of the supplemental section. 

The Prediction of Activity Spectra for Substances (PASS) method is a series of libraries 

that correlate in vivo animal test parameters with input compounds, generating an order of 

probability of activity (Pa) and inactivity (Pi) with biological targets and main bioactivities 

[33]. Thus, it is worth noting that the flavonoids 4'-methoxy-fisetin (7), isokaempferide (8), 

kaempferol (9), and quercetin (10) are potential inhibitors of kinases, while the acid analogs of 

coumarin, o-coumaric acid (17), (Z) and (E) -o-coumaric acid glucoside (18 and 19) are GPCR-

type kinase inhibitors (G Protein-Coupled Receptor). At the same time, the substances 

protocatechuic acid (2), 6-coumaryl-protocatechuate (4), the heterosides amburoside A and B 

(5 and 6), the analogs sitogluside (12) and stigmasterol glucoside (13) and the derivatives of 

coumarin, 6-hydroxy-coumarin (16), (Z) and (E) -o-coumaric acid glucoside (18 and 19) are 

potent inhibitors of oxidoreductases. Therefore, the phytochemicals of A.cearensis have Pa > 

0.70 (70%) to act with the main enzymes of the glycolytic pathways (Table 5). 

The anti-inflammatory and antioxidant activity models reported in the folk medicine of 

A. cearensis, as well as the fight against respiratory diseases [12,57] is validated in the 

prediction with the PASS Online tool since most substances obtained a Pa > 0.50 score for the 

anti-inflammatory and antioxidant activities of the server database regression models. Still, 

except for the phenolic acids protocatechuic (2) and vanillic (3), they are substances with a 

high probability of antiprotozoal activity against Leishmania (Pa > 5.0), at the same time as 

the amburosides A and B (5 and 6), sitogluside (12), and the (Z) and (E) -o-coumaric acid 

glucoside stereoisomers (18 and 19) stand out with antiviral activity of the Influenza virus 

(H1N1) dataset model, with a Pa > 0.70 score (Table 5). 
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3.7. Evaluation of acute rat toxicity and toxic effects. 

The acute toxicity model in rodents is often used to detect the harmful effects of new 

bioactive drugs. In this work, lethal dose values (LD50) were predicted in rats for oral and 

subcutaneous (SC) administration routes through a self-consistent QSAR regression model 

based on the descriptors of quantitative electron topological atom neighborhoods (QNA) from 

the GUSAR Online tool, combined with the toxicity end-point models of the PASS method, 

performing a virtual screening to detect the compounds with lower toxicological risk [35]. 

 
Figure 8. Structural contributions for CYP450 inhibition of phytochemical isolated from A. cearensis. 
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Table 5. Prediction of inhibition of biological targets and biological activity of phytochemicals from A. 

cearensis by the PASS Online tool. 

Compound Target inhibition Antimicrobial activity Biological activity 

Kinase OR 3CLpro Antiprotozoal 

(Leishmania) 

Antiviral 

(Influenza) 

Antiinflammatory Antioxidant 

Ayapin 0.33 0.56 0.34 0.52 0.39 0.52 0.42 

Protocatechuic Acid 0.41 0.75 0.37 0.37 0.61 0.54 0.40 

Vanillic Acid 0.40 0.67 0.35 0.39 0.56 0.50 0.37 

6-coumaryl-

protocatechuate 

0.51 0.78 0.33 0.51 0.36 0.71 0.49 

Amburoside A 0.14a 0.77 0.21 0.83 0.71 0.65 0.64 

Amburoside B 0.09a 0.70 - 0.85 0.70 0.62 0.60 

4'-methoxy-fisetin 0.93 0.67 0.22 0.53 0.29 0.60 0.70 

Isokaempferide 0.93 0.57 0.24 0.58 0.38 0.70 0.75 

Kaempferol 0.96 0.61 0.24 0.55 0.40 0.68 0.86 

Quercetin 0.81 0.61 0.21 0.57 0.40 0.69 0.87 

Afrormosin 0.67 0.57 0.22 0.71 0.27 0.56 0.59 

Sitogluside 0.60b 0.89 - 0.67 0.77 0.62 0.34 

Stigmasterol Glucoside 0.63b 0.93 - 0.77 0.69 0.60 0.38 

Amburanin A 0.63 0.00 - 0.52 0.00 0.44 0.50 

Amburanin B 0.90 0.39 - 0.50 0.26 0.39 0.57 

Phytochemicals of seeds 

6-hydroxy-coumarin 0.68 0.82 0.31 0.53 0.38 0.63 0.48 

o-coumaric acid 0.84b 0.60 0.22 0.53 0.45 0.68 0.52 

(Z)-o-coumaric acid 

glucoside 

0.94b 0.72 - 0.83 0.71 0.70 0.70 

(E)-o-coumaric acid 

glucoside 

0.94b 0.72 - 0.83 0.71 0.70 0.70 

Amburoside analog 0.85 0.69 0.21 0.80 0.67 0.66 0.70 

Note: OR (Oxidoreductase); a = Acetyl-CoA-Kinase; b = G-protein-coupled receptor kinase. 

 
Figure 9. (A) Antitarget effects and (B) acute rodent toxicity of oral and subcutaneous administration routes by 

the QNA-QSAR models. 
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In the graph in Figure 9B, it is possible to notice the difference between the values 

obtained for LD50 (mg/kg) from oral and subcutaneous administrations of Amburana cearensis 

phytochemicals. Among the compounds with good oral bioavailability, it is possible to 

highlight the coumarin derivatives 6-coumaryl-protocatechuate (4) and o-coumaric acid (17) 

and the flavonoids 4'-methoxy-fisetin (7), isokaempferol (8), and kaempferol (9) as substances 

with LD50 > 2000 mg/kg and, therefore, little toxic by ingestion (Class 5) [58], in addition to 

not presenting hepatotoxic, mutagenic or cytotoxic risk (Table 6). 

The phenolic heterosides amburoside A and B (5 and 6) and its esterified analog (20), 

the analogs sitogluside (12) and stigmasterol glucoside (13), and the stereoisomers (Z) and (E) 

-o-coumaric acid glucoside (18 and 19) are compounds with bioavailability problems and have 

Pa > 0.70 to be toxic by residual accumulation in the gastrointestinal tract, but they have 

physicochemical properties that allow their subcutaneous (SC) application since LD50 SC 

values are higher than 3000 mg/kg suggest non-toxicity by this route of administration (Table 

6). 

Table 6. Predicted LD50 to oral and subcutaneous (SC) routes and toxicological effects of phytochemicals from 

A. cearensis. 

Compound Oral LD50 SC LD50 Toxic effects probability 

Intestinal Hepatic Carcinoma Mutagen Cytotoxic Vascular 

Phytochemicals of stem bark 

Ayapin 1225 1267 0.35 0.42 0.86B 0.29 0.23 0.73 

Protocatechuic Acid 1897 1217 0.66 0.71 0.33 0.18 0.27 0.80 

Vanillic Acid 1725 1225 0.60 0.65 0.24 0.14 0.28 0.81 

6-coumaryl-protocatechuate 2046 3492b 0.53 0.68 0.50 0.14 0.32 0.80 

Amburoside A 3132 5287 0.81 0.58 0.32 0.29 0.56 0.78 

Amburoside B 2901b 7470 0.77 0.49 0.23 0.23 0.56 0.80 

4'-methoxy-fisetin 2153 3463 0.30 0.46 0.35 0.27 0.36 0.78 

Isokaempferide 2485 4669 0.34 0.62 0.53T 0.42 0.41 0.83 

Kaempferol 2183 5938 0.32 0.56 0.70T 0.46 0.40 0.77 

Quercetin 1892 3550b 0.33 0.58 0.61T 0.46 0.31 0.80 

Afrormosin 1694 1692 0.32 0.36 0.33 0.20 0.25 0.57 

Sitogluside 1279 1057 0.91 0.76 0.35 0.00 0.71 0.82 

Stigmasterol Glucoside 2033 95.02 0.94 0.58 0.46 0.00 0.70 0.80 

Amburanin A 1033 630.9 0.00 0.30 0.00 0.00 0.00 0.50 

Amburanin B 2109 2592 0.00 0.41 0.26 0.20 0.25 0.66 

Phytochemicals of seeds 

6-hydroxy-coumarin 805.4 1130 0.52 0.60 0.53 0.28 0.38 0.82 

o-coumaric acid 2071 463.1 0.48 0.65 0.40B 0.27 0.22 0.53 

(Z)-o-coumaric acid glucoside 1371 6810 0.75 0.58 0.48 0.33 0.52 0.53 

(E)-o-coumaric acid glucoside 1371 6810 0.75 0.58 0.48 0.33 0.52 0.53 

Amburoside analog 3669 1.2×10⁴ 0.74 0.48 0.34 0.32 0.54 0.63 

Note: b = Out of AD, B = Binary carcinogenicity, T = Trinary carcinogenicity. 

4. Conclusions 

The physicochemical properties are parameters that favor ADME attributes, such as 

solubility, permeability, and oral absorption. The structure and activity/property relationships 

(SAR/SPA), as well as in silico ADME tests, indicate a high ADME viability of the coumarin 

6-coumaryl-protocatechuate (4) and o-coumaric acid (17) derivatives, as well as the 4'-

methoxy-fisetin flavonoids (7), isokaempferide (8), kaempferol (9), quercetin (10) and 

afrormosin (11) while having an active pharmacological principle as an oral drug with low 

toxic risk, while the substances amburoside A and B (5 and 6) and its esterified analog (20), 

the analogs sitogluside (12) and stigmasterol glucoside (13) and the stereoisomers (Z) and (E) 

-o-coumaric acid glucoside (18 and 19) have physicochemical properties that guarantee their 

use as local action medications via the topical route. 
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Supplementary Data 

Table S1. Inhibitory constants (Ki) of antitarget models to the phytochemicals from Amburana cearensis by the QSAR datasets of GUSAR antitargets tool. 

Compound name Receptors Enzymes Transporters 

5-HT1B 5-HT2A 5-HT2C α1AAR α1BAR α2AAR D(1A)DR D3DR DOR ER KOR MOR MAOA HCA1 HCA2 DAT SERT 

Phytochemicals of stem bark                  

Ayapin 6.16a 5.43b 6.95b 5.75b 7.16b 6.26a 5.79b 6.45b 6.95b 5.72a 6.00b 6.23b 5.79a 8.25b 7.94b 6.11b 7.38b 

Protocatechuic Acid 6.17b 4.76b 5.22b 4.64b 5.05b 5.92b 6.58b 6.55b 5.67b 6.49a 6.94b 7.30b 6.18a 6.56b 6.75b 4.72b 5.21b 

Vanillic Acid 6.10b 4.95b 5.41b 4.91b 5.31b 6.07a 6.60b 6.83b 7.91b 6.68a 6.25b 6.77b 6.99a 7.05a 7.07a 4.60b 5.48b 

6-coumaryl-protocatechuate 6.44a 6.10a 6.68b 4.99b 6.39b 6.33a 6.20b 7.42b 5.78b 8.04a 6.03b 5.77b 6.05a 7.31a 7.99a 5.57b 5.55b 

Amburoside A 6.22b 6.36b 6.78b 4.76b 5.81b 6.21b 6.72b 7.14b 5.75b 7.44a 5.44b 7.13b 6.02a 6.67a 7.29a 6.77b 6.27b 

Amburoside B 6.01b 6.49b 6.52a 5.03b 6.16b 5.84a 6.13b 7.03b 5.86b 7.65a 5.22b 7.64b 7.10a 6.81a 7.29a 5.34a 7.63b 

4'-methoxy-fisetin 6.50a 6.46a 6.23a 5.69a 6.81b 6.44a 6.23a 7.56b 7.27b 8.09a 7.07b 6.78a 6.59b 7.40a 7.46a 6.57a 5.94b 

Isokaempferide 6.59a 6.06a 5.92a 5.69b 6.72b 6.38a 6.37a 7.49b 6.92b 7.82a 6.64b 6.97a 6.70b 7.73a 7.55a 5.85a 6.59b 

Kaempferol 6.45a 5.30b 6.43b 4.92b 6.43b 6.53a 6.78a 7.76b 6.76b 7.96a 6.80b 6.57b 6.38a 7.44b 7.76b 5.42b 6.03b 

Quercetin 6.40a 5.32b 6.44b 4.94b 6.51b 6.68a 6.90a 8.18b 7.15b 7.85a 6.81b 6.76b 6.37a 7.51b 7.74b 5.47b 6.08b 

Afrormosin 6.41a 6.34a 6.74a 5.43a 7.05a 6.15a 6.10a 7.55b 6.32b 7.76a 6.72b 7.37a 6.57a 7.91a 7.59a 5.84a 7.43b 

Sitogluside 7.28b 6.05b 6.69b 6.09b 6.41b 7.22b 6.50b 6.53b 5.86a 8.10a 6.34b 8.17b 4.90a 6.96a 7.47a 6.20b 7.17b 

Stigmasterol Glucoside 7.35b 6.15b 6.68b 6.34b 6.50b 6.87b 6.71b 6.76b 6.00a 8.01a 6.43b 8.15b 4.57a 7.06a 7.47a 5.43b 7.12b 

Amburanin A 7.23a 6.57b 6.61a 6.73a 7.49b 6.94a 5.95b 7.66b 7.67b 7.27a 6.88b 8.67b 6.04a 8.56a 8.39a 6.07b 6.82b 

Amburanin B 7.48b 6.39b 7.09b 5.95b 6.91b 6.61a 6.11b 7.78b 7.11b 7.65a 7.10b 6.59a 6.23a 7.61b 8.18b 5.32b 6.67b 

phytochemicals of seeds                  

6-hydroxycoumarin 6.42a 5.20b 6.43b 5.44b 5.92b 6.42b 6.83b 7.41b 5.70b 7.71a 6.80b 6.11b 5.96a 7.11a 7.58b 5.85b 5.73b 

o-coumaric acid 6.40a 5.31b 6.11b 5.07b 5.78b 6.08b 6.41b 6.69b 5.72b 6.95a 6.14a 6.64b 5.22a 6.95a 7.63a 4.51b 5.46b 

(Z)-o-coumaric acid glucoside 5.59a 6.76b 6.25b 4.84b 5.38b 6.40b 6.33b 6.61b 5.71b 7.08a 5.36b 8.14b 5.58a 6.96a 7.29a 4.63b 6.61b 

(E)-o-coumaric acid glucoside 5.59a 6.76b 6.25b 4.84b 5.38b 6.40b 6.33b 6.61b 5.71b 7.08a 5.36b 8.14b 5.58a 6.96a 7.29a 4.63b 6.61b 

Amburanyl gallate 6.36b 5.72b 6.44b 5.13b 6.23b 6.52b 6.64b 7.45b 6.05b 7.55a 6.21b 7.34b 6.15a 6.63a 7.58a 5.59b 6.75b 

Note: a = in AD, b = out of AD 
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