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Summary. An accurate and reliable LC–MS/MS assay was firstly developed and vali-
dated for quantitative determination of a new antimalarial prototype drug, 3β-hydroxy-
urs-12-en-28-oic acid (LAFIS 01), in rat plasma. Dexamethasone was employed as inter-
nal standard. Simple protein precipitation by acetonitrile for the sample preparation was 
used. Effective separation was achieved with Phenomenex Luna C18 (50 × 2 mm, 5 μm) 
column. The mobile phase consisted of (A) water and (B) acetonitrile, both containing 
0.1% acetic acid, delivered by gradient elution. The column temperature was maintained 
at 40 °C. The LAFIS 01 was monitored by electrospray ionization interface, operating in 
the negative mode (ESI−) in multiple reactions monitoring (MRM), checking the transi-
tions 455 > 455 for LAFIS 01 and 451 > 361 for the IS. Once LAFIS 01 demonstrated low 
fragmentation by collision-induced dissociation (CID) nonpresenting abundant high-
intensity fragments to meet the desired concentration levels quantification, only pseu-
domolecular ion was monitored. The flow rate was 500 μL min−1. The lower limit of 
quantitation achieved was 10 ng mL−1 and linearity was observed from 10 to 500 ng 
mL−1. The relative standard deviation (RSD) values of the intra- and inter-assay preci-
sions of the method were below 8.42 and 7.94%, respectively. The accuracy ranged from 
92.05 to 102.94%. The extraction recovery of LAFIS 01 and IS was up to 90%. The method 
showed linearity, precision, accuracy, sensitivity, and stability required to quantify LA-
FIS 01 in preclinical pharmacokinetic study.  
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Introduction 
 
Malaria is a serious endemic disease that represents a major threat to public 
health in more than 100 countries, distributed in Africa, Asia, Oceania, and 
Latin America [1]. Today, even in the United States and Western Europe, 
which are not endemic areas, an important number of malaria infections is 
carried by travelers coming from high risk areas, and it increases year after 
year.  

Most antimalarial drugs in use nowadays were developed through ser-
endipitous identification of the therapeutic activity of natural products (as 
quinine and artemisinin), its derivatives (as cloroquine and artesunate), or 
compounds used to other infectious treatment (as antifolates and tetracy-
clines) [1, 2]. Moreover, the rapidly growing resistance of the malaria para-
site to the available drugs represents a significant role in the occurrence and 
severity of epidemics [3, 4].  

Recently, the advance of molecular biology techniques improved the 
understanding of the biochemistry of malaria parasites concurring to the 
identification of potential three new targets for drugs, the lysosome food 
vacuole (site of the hemoglobin degradation), the apicoplast (a plastid or-
ganelle), and the mitochondria [5–7]. Considering these facts, the need for 
novel chemotherapeutic compounds in the fight against the resistant Plas-
modium falciparum pathogen is unquestionable. In this sense, natural prod-
ucts continue to be rich sources of novel antimalarial scaffolds. Indeed, in 
our preliminary work, some triterpenic compounds had demonstrated in-
teresting antimalarial activities. The in vitro antimalarial activity (IC50) of 
ursolic acid (3β-hydroxy-urs-12-en-28-oic acid) (Fig. 1), named here as LA-
FIS 01, against chloroquine-resistant (FcB1) [8] and chloroquine-sensitive 
(3D7) [9] P. falciparum strains was found to be 53 µM and 36 μM, respec-
tively. 

OH

COOH

 
Fig. 1. Molecular structure of LAFIS 01 
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Moreover, LAFIS 01 was also submitted to an in vitro evaluation of its 
capabilities to inhibit β-hematin formation in order to further explore the 
mechanism of action, comparing the results to chloroquine. Considering the 
results obtained, it can be postulated that most of the antimalarial activity 
observed for LAFIS 01 is due to the inhibition of heme assembly in β-
hematin [8]. 

The introduction of new drugs on the market often is related to phar-
macokinetic parameters not suitable to drug therapy. An unfavorable 
pharmacokinetic profile – as low bioavailability, volume of distribution lim-
ited, or excessively rapid metabolism and excretion – can determine thera-
peutic efficacy or significant toxic effects. Preclinical pharmacokinetics stud-
ies have predictive validity in the construction of dosing regimens for clini-
cal studies and have close relationship with the pharmacodynamics and the 
toxicodynamics. These studies are essential in the evaluation of new drugs 
prior to their application in clinical trials. The preclinical pharmacokinetic 
evaluation should be comprehensive enough to ensure that compounds do 
not fail in the clinic. 

The results of the preclinical pharmacological investigation of LAFIS 01 
obtained so far justify investigating the pharmacokinetics of this antimalar-
ial drug candidate. Thus, the objective of this study is to establish a high 
sensitive, specific, and accurate high-performance liquid chromatography–
tandem mass spectrometry (LC–MS/MS) method for the pharmacokinetics 
study of an antimalarial drug candidate in rat plasma, after intravenous 
administration. 

 
Experimental 

 
Chemicals and Reagents 

 
The LAFIS 01 compound was obtained by the Laboratory of Phytochemical 
and Organic Synthesis of the Federal University of Rio Grande do Sul (RS, 
Brazil). The full details of the obtaining and structural elucidation of the 
LAFIS 01 have been described previously [8]. Dexamethasone (internal 
standard [IS]) was obtained from Sigma-Aldrich (São Paulo, Brazil). HPLC 
grade methanol, acetonitrile, and acetic acid were purchased from Merck 
(Darmstadt, Germany). Other chemicals used in the experiment were of 
analytical reagent grade and purchased from commercial sources. Distilled 
water was prepared using a Milli-Q water purification system from Milli-
pore. 
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Apparatus and Analytical Conditions 
 

The LC system is an Agilent 1260 series system (Agilent Technologies, 
USA). The chromatographic separations were carried out on a Phenomenex 
Luna C18 (50 × 2 mm, 5 μm) column, with a security guard C18, 4 mm, 5 μm 
column (Phenomenex, USA). The mobile phase was consisted of (A) water 
and (B) acetonitrile, both containing 0.1% acetic acid. The elution program 
was optimized as follows: the flow rate was 500 μL min−1, and a 4-minute 
equilibrate time was applied prior to 10-minute chromatographic run. The 
gradient started with 10% of B, increasing to 95% in 2 min, kept for 6 min, 
and decreasing to 10% in 10 min, being the retention times of 4.7 and 7.0 
min to IS and LAFIS 01, respectively. A diverter valve was employed to re-
duce the introduction of matrix components in the spectrometer. The col-
umn temperature was maintained at 40 °C. The injection volume was 2 μL. 
Mass spectrometric detection was performed on a triple quadrupole mass 
spectrometer AB Sciex 5500 QTRAP (AB Sciex, Concord, Ontario, Canada) 
with an electrospray ionization (ESI) source in the negative ion detection 
mode. Typical source conditions were set as follows: turbo spray tempera-
ture, 500 °C; ion spray needle voltage, 4500 V; high purity nitrogen was 
used in all cases; nebulizer gas and dryer gas, 55 psi; and curtain gas, 20 psi. 
Analytes were quantified by multiple reactions monitoring (MRM) mode. 
The optimized fragmentation transitions for MRM were set as the following 
precursor-to-product ion pair and parameters: m/z 455 > 455 with declus-
tering potential (DP) of −150 V, collision energy (CE) of −10 V, and collision 
cell exit potential (CXP) of −15 V for LAFIS 01; m/z 451 > 361 with DP, −115 
V; CE, −26; and CXP, −15 V for IS. Data acquisition was performed with 
Analyst 1.6.2 software version (AB SCIEX, Concord, Ontario, Canada).   

 
 

Preparation of Calibration Standards and Quality Control 
Samples 

 
The standard stock solutions of LAFIS 01 and IS (1 mg mL−1) were prepared 
by dissolving required amount of the reference standards in methanol. The 
working solutions of calibration curve were prepared by diluting the stock 
solutions of each compound with methanol. To LAFIS 01, two working so-
lutions at 1 μg mL−1 and 10 μg mL−1 were prepared. To IS, a working solu-
tion at 10 µg mL−1 was prepared. Calibration standard samples for LAFIS 01 
were prepared by spiking the appropriate amounts of the working solutions 
into 90 μL of blank plasma to obtain final concentrations of 10, 20, 50, 100, 
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250, and 500 ng mL−1. Quality control (QC) samples (30, 200, and 400 ng 
mL−1) were prepared in the same way from a separate stock solution. A 
separate stock solution was made up for the preparation of the QC samples 
and calibration standards in order to uncover possible errors during the 
preparation of stock solutions. 

 
 

Plasma Preparations 
 

An aliquot of 90 μL of each plasma sample was mixed with 5 μL of working 
IS solution (10 μg mL−1). Acetonitrile (900 μL) was then added for precipita-
tion. After vortexing for 1 min and centrifuging at 12,000×g, 4 °C for 10 min, 
the supernatant was injected for LC–MS/MS analysis.  

 
 

Method Validation 
 

The method was validated in compliance with the Food and Drug Admini-
stration (FDA) Guidelines for Biological Method Validation [10]. The ana-
lytical performance parameters evaluated included specificity test, linearity, 
lower limit of quantification, matrix effect, precision (intra- and inter-assay), 
accuracy, recovery, and stability.  

 
 

Selectivity 
 

The selectivity of the method was investigated by comparing the chroma-
tograms of blank plasma obtained from six rats with those of corresponding 
standard plasma sample spiked with LAFIS 01 and IS at the lower limit of 
quantification, and plasma samples after intravenous administration. 

 
 

Linearity and LLOQ 
 

The linearity of the assay for the test compound was evaluated with a total 
of six calibration standards. Calibration curves consisted of six concentra-
tions of LAFIS 01 spiked in rat plasma: 10, 20, 50, 100, 250, and 500 ng mL−1. 
Calibration curves (y = ax + b) were constructed by plotting the area ratio of 
LAFIS 01 to IS (y), against the corresponding nominal LAFIS 01 concentra-
tion (x), by least-squares linear regression. The lower limit of quantification 
(LLOQ) was estimated in the process of calibration curve construction and 
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was defined as the lowest concentration for which relative standard devia-
tion (RSD) should not deviate by more than 20% and the accuracy is be-
tween 80 and 120% [10]. 

 
 

Accuracy and Precision 
 

The intra- and inter-day precisions were evaluated by assessing six repli-
cates QC samples in spiked rat plasma at three different concentrations (30, 
200, and 400 ng mL−1) on two consecutive days. The accuracy and precision 
were expressed in terms of RE and RSD, respectively. Accuracy and preci-
sion values within ±15% covering the actual range of experimental concen-
trations were considered acceptable.  

 
 

Recovery 
 

The recovery for LAFIS 01 and IS was evaluated. The peak area ratios ob-
tained from the samples at the above concentrations were compared with 
those of the spiked samples after the extraction procedure. 
 

 
Matrix Effects 

 
To assess the matrix effects, a comparison between curves in solvent, ma-
trix-matched, and postextraction was plotted. The matrix effect was deter-
mined by comparing the calibration curves slopes. 

 
 

Stability 
 

The stability of LAFIS 01 in rat plasma was investigated by analysis of two 
levels of QC samples stored at −80 °C for 6 months (long-term stability),  
at 25 °C for 8 h (short-term stability), and after three freeze–thaw cycles  
(−80 °C to 25 °C). Postpreparative storage was evaluated by analyzing the 
ready-to-inject samples placed in autosampler at 4 °C, for 24 h. The sample 
stability was evaluated by the difference from the nominal concentration. 
The acceptance criteria were set at within 100 ± 15% of the nominal or initial 
concentration. 
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Animals 
 

Adult male Wistar rats, weighing 230–300 g, were purchased from Technol-
ogy and Science Foundation (Santa Maria, Brazil) and given access to a 
commercial rat chow diet and tap water. The animals were housed, four per 
cage, and maintained under controlled environmental conditions (tempera-
ture, 22 ± 2 °C; relative humidity, 55 ± 5%; 12:12 h, light–dark cycle). All the 
experiments initiated after acclimation under these conditions for at least 7 
days. The study was conducted under protocols approved by the Animal 
Ethics Committee of Caxias do Sul University, in accordance with the Guide 
for the Care and Use of Laboratory Animals. 

 
 

Pharmacokinetic and Data Analysis 
 

LAFIS 01 was administered through intravenous (n = 6) route as a single 
dose in male Wistar rats at a dose of 5 mg kg−1. LAFIS 01 was prepared em-
ploying 5% glucose and 8% (v/v) dimethylsulfoxide. Intravenous admini-
stration in the lateral tail vein (right side) was performed. About 200 μL of 
blood samples were withdrawn into heparinized Eppendorf tubes from lat-
eral tail vein (left side) at zero time and 0.08, 0.25, 0.5, 1, 2, 4, and 6 h after 
intravenous administration. Then, the samples were centrifuged at 
12,000×g, at 4 °C for 10 min. The supernatant obtained was stored at −80 °C 
until analysis. A baseline blank plasma sample was drawn from each ani-
mal before drug administration. All samples were processed according to 
the procedure described earlier and analyzed using the validated method 
described in this article. All samples that presented concentrations above 
the upper limit of the calibration curve were diluted and reanalyzed. 

The pharmacokinetic parameters of LAFIS 01 after iv bolus administra-
tion were calculated from plasma concentrations profile versus time and de-
termined through noncompartmental analysis, using Excel® software (Mi-
crosoft, Redmond, WA, USA). In the same way, compartmental analysis 
was evaluated by the nonlinear regression program Scientist® version 2.0 
(MicroMath, Salt Lake City, USA).  

The pharmacokinetic parameters were estimated from the plasma con-
centration data. The elimination half-life (T1/2) was determined by linear re-
gression of the terminal segment of the plasma concentration–time profile 
by the equation 0.693/λz [11, 12]. The area under plasma concentration–
time curve from zero to the last measurable plasma concentration point 
(AUC0−t) was calculated by the linear trapezoidal method. Extrapolation to 
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time infinity (AUC0–inf) was calculated as follows: (AUC0–inf) = AUC0–t + 
Cn/λz, where Cn is the last quantifiable plasma concentration and λz is the 
apparent terminal elimination rate constant calculated by log-linear regres-
sion of the concentration–time profile. Clearance total (CLtot) was estimated 
by the ratio D/AUC0–inf. The mean residence time (MRT) was determined 
by the ratio of AUMC0–inf /AUC0–inf. The volume of distribution at steady-
state (Vdss) was estimated by multiplying MRT and CLtot. Area under the 
plasma concentration versus time curve AUC0–? and area under the first 
moment curve AUMC0–inf were estimated by the trapezoidal rule, using the 
last concentration experimentally determined divided by λz (Cn/λz) and  
Cn × tn/λz + Cn/λz2 to determine the extrapolated areas, respectively. 

Considering the compartmental analysis, the correlation coefficient and 
the model selection criterion (MSC) were employed as criteria for the good-
ness of the resulting curve fits. Total plasma levels after intravenous ad-
ministration of 5 mg kg−1 were fitted to a two compartment open model, 
described by the following equation: 

 
Cp = a⋅e−α⋅t + b⋅e−β⋅t 

 
where Cp is the total plasma concentration; a and b are the intercepts for the 
distribution and elimination phases, respectively; α and β are the rate con-
stants representing the distribution and elimination, respectively; and t is 
time. 
 

Statistical Analysis 
 
All reported values represent mean ± SD (standard deviation). Statistical 
analysis (t-test) was employed to analyze the pharmacokinetic parameters 
obtained by noncompartmental and compartmental analysis after intrave-
nous administration of LAFIS 01. The statistical difference was calculated 
considering Student’s paired t-test (pharmacokinetic parameters). A p value 
of <0.05 was considered statistically significant. 

 
 

Results and Discussion 
 

The method was validated based on the principles provided by the Good 
Laboratory Practice Standards for Nonclinical Laboratory Studies promul-
gated by the Food and Drug Administration of USA as well as the bio-
analytical methods guideline. 
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Selectivity and Recovery 
 

The selectivity of the method was verified by comparing the representative 
chromatograms of LAFIS 01 and dexamethasone (internal standard) in rat 
plasma (Fig. 2). LAFIS 01 has low fragmentation by CID without presenting 
abundant fragments. Thus was only monitored the pseudomolecular ion in 
negative mode in MRM transition. Considering the chromatogram pre-
sented for the blank plasma, there was no significant endogenous interfer- 
 

 
 

 
 

 
 

Fig. 2. Representative chromatograms in MRM–ESI− of rodents plasma.  
(A) Chromatogram of the blank plasma during LAFIS 01 analysis. (B) Chromatogram of 

the blank plasma during the internal standard (IS) analysis. (C) Plasma spiked with  
IS (500 ng mL−1) ratio mass–charge 451 > 361. (D) Plasma spiked with LAFIS 01  

(10 ng mL−1) ratio m/z of 455 > 455. (E) Plasma sample processed after the 
administration of LAFIS 01 at 5 mg kg−1 containing IS 

A 

B 

C 

Unauthenticated | Downloaded 05/19/23 02:06 PM UTC



C.C. Pires et al. 448 

 
 

 
 

Fig. 2. (Continued) 
 
 

ence in the analytes retention times. Once no fragments were selected to 
LAFIS 01 most interfering compounds have been observed, but not in the 
analytes retention times, which indicating the assay was selective. 

 
 

Linearity and LLOQ 
 

All calibration curves for LAFIS 01 were linear over the concentration range 
of 10–500 ng mL−1. Correlation coefficients greater than 0.995 were found 
following all conditions investigated, and the results from analysis of vari-
ance of the data indicated no significant difference in the slopes of the cali-
bration curves (p < 0.05). No weighting factor was employed. A mean linear 
regression equation for calibration curve was y = 0.9980x + 0.8236. The 
LLOQ for all curves was identified at 10 ng mL−1 concentration with 
acceptable precision (%RSD <20) and accuracy (range between 80 and 
120%) for biological matrix. 

 
 
 

D 

E 
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Precision and Accuracy 
 

The results of the intra-assay and inter-assay precisions were summarized 
in Table I. The RSD values of the method were below 8.42 and 7.94%, respec-
tively. The results of accuracy were all within the acceptance criteria, sug-
gesting that this assay was reproducible and reliable. Table II summarizes 
the accuracy of the bioanalytical method, which ranged from 92.05 to 
102.94% for QC samples. These results are in agreement with the acceptable 
limits for the validation of bioanalytical methods [10]. 

 
Table I. Intra-assay and inter-assay precision of quality control samples 

Mean concentration   Spiked conc. QC  
(ng mL−1) Day 

found (ng mL−1) SD (ng mL−1)a  RSD (%)b 

Intra-assay     

30 1   29.01 1.68 5.79 

 2   32.46 2.48 7.64 

200 1 194.92 3.54 1.81 

 2 203.06 5.59 2.75 

400 1 390.07 9.73 2.49 

 2 385.35          32.44 8.42 

Inter-assay     

30    30.74   2.44 7.94 

200  198.99   5.75 2.89 

400  387.71   3.34 0.86 

aSD = standard deviation. 
bRSD = relative standard deviation. 

 
Table II. Accuracy for the analysis of quality control samples 

Quality control (ng mL−1) Range (ng mL−1) Accuracy (RE %) 

  30 27.61–30.88 92.05–102.94 

200 191.01–197.90 95.51–98.95 

400 379.02–397.41 94.76–99.35 
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Matrix Effects and Recovery 
 

Evaluation of matrix effect on the quantitative analysis in biological sam-
ples plays an important role in bioanalytical method validation because of 
enhancement or ion suppression [13]. Matrix effects as ion suppression 
were observed; however, internal standard introduction normalizes and 
corrects the calibration curve slope, indicating that the internal standard can 
successfully compensate for remaining matrix effects. The extraction recov-
ery of LAFIS 01 and IS was 94.5 ± 2.8% and 96.6 ± 3.1%, respectively.  

 
 

Stability 
 

The stability results were summarized in Table III under three storage condi-
tions (short-term room temperature for 8 h, long-term stability at −80 °C for 
6 months, and three freeze–thaw cycles (−80 °C to 25 °C). Postpreparative 
storage was also evaluated. The data showed that LAFIS 01 was stable in rat 
plasma under all conditions investigated in this study, ranging from 0.80 to 
6.71 (%RSD). 

 
Table III. Determination of the stability of LAFIS 01 (n = 3) 

Spiked 
conc.  

(ng mL−1) 
Conditions 

Mean measured
conc. ± SD  
(ng mL−1)a 

Accuracy 
(RE %) 

RSD 
(%)b 

30 8 h at room temperature 31.40 ± 2.11 104.67 6.71 

 3 F/Tc 31.30 ± 1.65 104.33 5.27 

 6 months at −80 °C 30.30 ± 3.49 101.09 1.75 

 Autosampler (24 h at 4 °C) 30.67 ± 0.90 102.23 2.94 

400 8 h at room temperature 418.73 ± 11.92 104.68 2.85 

 3 F/Tc 414.90 ± 3.40 103.73 0.82 

 6 months at −80 °C 389.50 ± 10.85 97.38 2.79 

 Autosampler (24 h at 4 °C) 412.96 ± 2.10 103.24 0.80 

aSD = standard deviation. 
bRSD = relative standard deviation. 
cF/T = freeze–thaw cycles. 
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Pharmacokinetic Study: Application of the Assay 
 

Pharmacokinetic study of LAFIS 01 in rats was performed to evaluate the 
applicability of the developed LC–MS/MS assay. The validated method 
was successfully used to quantify LAFIS 01 in rat plasma samples. The 
mean pharmacokinetic plasma profile of LAFIS 01 after intravenous ad-
ministration can be seen in Fig. 3. The experimental data fitted to a two-
compartment model provided model selection criterion (MSC) between 3.9 
and 6.0, demonstrating the goodness of fitting of the experimental data. It 
can be observed that there are two distinct phases, where the distribution 
phase of LAFIS 01 is more rapid than its elimination from the rat. 

 

 
 

Fig. 3. Concentration versus time profile of LAFIS 01 after intravenous administration of 
5 mg kg−1 to Wistar rats. Data are depicted as means ± standard deviation 

 
 
The pharmacokinetic parameters in plasma obtained by noncompart-

mental and compartmental analysis after LAFIS 01 (5 mg kg−1) are pre-
sented in Table IV. The compartmental analysis yielded total plasma  
AUC0–inf of 3920 ± 1390 ng⋅h mL−1, which was not statistically different from 
the value determined by the noncompartmental analysis (3244 ± 1376  
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ng⋅h mL−1). The terminal half-life, the total clearance, the apparent volume 
of distribution at steady-state, and the mean residence time were not statis-
tically different between the two approaches applied to evaluate the ex-
perimental data, indicating that the two-compartment model was adequate 
to describe the experimental data. 

 
Table IV. Pharmacokinetic parameters determined after single intravenous 

administration of LAFIS 01 to rats (n = 6/group) 

5 mg kg−1 iv 
Parameters 

Non compartmental Two-compartmenta 

T½β (h) – 1.76 ± 0.55 

T½ (h) 1.71 ± 0.62 – 

AUC0–inf (ng⋅h mL−1) 3244 ± 1376 3920 ± 1390 

CLtot (L h−1 kg−1) 1.79 ± 0.75 1.42 ± 0.49 

Vdss (L kg−1) 2.57 ± 1.86 1.75 ± 1.23 

Vdarea (L kg−1) – 3.48 ± 1.40 

MRT0–inf (h) 1.32 ± 0.40 1.20 ± 0.56 

aThe pharmacokinetic parameters were not statistically different between non com-
partmental and compartmental analysis. 

 
 

Conclusions 
 

A simple, sensitive, accurate, and reproducible LC–MS/MS method for the 
determination of LAFIS 01 in rat plasma was developed and validated. All 
results have shown themselves according to the criteria of acceptability of 
bioanalytical methods. The method was successfully applied to the phar-
macokinetic study of intravenously administered LAFIS 01 using the rat as 
an animal model, and it is ideal for routine analysis in preclinical studies. 
Plasma concentration of LAFIS 01 was accurately described by a two-
compartment model. The described method was able to describe the sys-
temic exposure of this promising antimalarial molecule in rat plasma. 
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