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ARTICLE INFO ABSTRACT

Keywords: The aim of this study is to develop validated methods for the extraction and quantification of antimalarial
Plasmodium triterpene esters from Keetia leucantha and from plasma samples. These compounds, showing in vitro and in vivo
Validation

antiplasmodial activities, were optimally extracted from Keetia leucantha twigs using ultrasounds with di-
chloromethane and from plasma using protein precipitation with acetonitrile. We then developed and validated
HPLC-UV quantification methods, which proved to be selective, accurate, linear, true and precise, both in plant
and plasma samples for the eight triterpenic esters in mixture. Based on the total error concept as decision
criteria, the validated dosage ranges of the triterpene esters mixture were set between 14.68 and 73.37 ug/mL in
plants and 15.90 and 106.01 pg/mL in plasma injected solutions, corresponding to 7.95 and 53.01 ug/mL in
plasma. These reliable methods were used to determine effectively triterpene esters content in collected samples,
that seems highly variable in plant extracts, and will be helpful to further investigate pharmacokinetics para-

Triterpene esters
Keetia leucantha
Rubiaceae
Plasma

meters of these interesting bioactive compounds.

1. Introduction

Malaria remains the most important parasitic disease worldwide,
particularly for children under five years old and pregnant women, with
216 million cases worldwide and about 445,000 deaths in 2016 [1].
Despite efforts to develop vaccines, a protection of at most 36%, mainly
for children and infants, could be obtained due to the antigenic varia-
bility of these parasites [2]. Furthermore, given the development of
resistance even to the current most effective molecules in the market,
artemisinin and their derivatives, the treatment of malaria remains a
major public health concern [3]. So, the need to discover new drugs
prototypes is essential. In this search, investigation of natural resources
could be helpful by providing new molecules and skeletons.

Keetia leucantha is a West African tree traditionally used in Benin to
treat malaria as a whole plant decoction soup (so containing water
soluble but also insoluble compounds) taken three times a day, alone or
in association with Carpolobia lutea (Polygalaceae) and Triclisia patens
(Menispermaceae). The twigs dichloromethane extract of this plant has
shown a selective antiplasmodial activity in vitro against Plasmodium
falciparum chloroquine-sensitive and —resistant strains as well as an in
vivo antimalarial activity on Plasmodium berghei infected mice [4-6,22].
A bioguided fractionation of this extract allowed the identification of
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thirteen compounds among which eight triterpenic esters (8TTE) re-
sulting from a trans/cis ferulic/coumaric acid esterification of two
isomeric triterpenic acids (Fig. 1). These were the most in vitro effective
and selective identified compounds, being more than ten times more
active than corresponding acids. Furthermore, the mixture was shown
to be as active as some purified cis/trans forms of individual com-
pounds (the two geometric forms easily interconvert in solution giving
an equilibrium of both diastereoisomers) [2]. This activity enhance-
ment had already been associated to coumarate moiety esterification
while no significant activity difference due to geometric isomerism was
found for other similar compounds [3-5]. The 8TTE also displayed in
vivo antimalarial efficacy that can explain at least a part of Keetia leu-
cantha activity on Plasmodium and no acute toxicity was observed at a
total cumulative dose of 150 mg/kg mice body weight given ip [6].
Given the 8TTE potential as novel antiplasmodial lead, it is im-
portant to quantify them accurately in samples from Keetia species. This
quantification will allow to select samples with the highest anti-
plasmodial potential and to standardize extracts for traditional use.
Moreover, in further investigation, information on pharmacokinetic
profile will be needed for dose/effect relation understanding. So, we
developed and validated an extraction process from both twigs of Keetia
leucantha and biological samples, followed by the same HPLC-UV

E-mail addresses: claire.beaufay@uclouvain.be (C. Beaufay), marie-france.herent@uclouvain.be (M.-F. Hérent), joelle.leclercq@uclouvain.be (J. Quetin-Leclercq).

https://doi.org/10.1016/j.jchromb.2018.11.003

Received 27 June 2018; Received in revised form 25 October 2018; Accepted 2 November 2018

Available online 04 November 2018
1570-0232/ © 2018 Elsevier B.V. All rights reserved.


http://www.sciencedirect.com/science/journal/15700232
https://www.elsevier.com/locate/jchromb
https://doi.org/10.1016/j.jchromb.2018.11.003
https://doi.org/10.1016/j.jchromb.2018.11.003
mailto:claire.beaufay@uclouvain.be
mailto:marie-france.herent@uclouvain.be
mailto:joelle.leclercq@uclouvain.be
https://doi.org/10.1016/j.jchromb.2018.11.003
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jchromb.2018.11.003&domain=pdf

C. Beaufay et al.

1.
2.
3.
4.

Journal of Chromatography B 1104 (2019) 109-118

R1

OH

R4 =H, Ry = CH3, R3 = H (27-O-p-(E)-coumaroyloxyoleanolic acid)
R4 =H, Ry = H, R3 = CH3 (27-O-p-(E)-coumaroyloxyursolic acid)

R4 = OCH3, Ry = CH3, R3 = H (27-O-p-(E)-feruloyloxyoleanolic acid)
R4 = OCHj3, Ry = H, R3 = CHj (27-0O-p-(E)-feruloyloxyursolic acid)

OH

R4

H, R, = CH3, R3 = H (27-O-p-(Z)-coumaroyloxyoleanolic acid)
H, Ry = H, R3 = CHj3 (27-O-p-(Z)-coumaroyloxyursolic acid)

= OCHj3, Ry = CH3, Ry = H (27-0-p-(Z)-feruloyloxyoleanolic acid)
= OCHj, Ry = H, R3 = CH3 (27-0O-p-(Z)-feruloyloxyursolic acid)

Fig. 1. Structural formula of antimalarial 8TTE isolated from Keetia leucantha.

quantification of these 8 bioactive compounds. As they possess similar
antiplasmodial activity, have very close structures and absorption
maxima and form four interconverting diastereoisomers, we decided to
develop a method for their global quantification using a Single Standard
to Determine Multicomponents (SSDMC) [7-9]. So, the 8TTE were
considered as one single analyte for the quantification.

2. Material and methods
2.1. Chemicals and material

All used organic solvent (VWR, Belgium) were HPLC grade, except
dichloromethane used for sample extraction which was of analytical
grade and water which had MilliQ quality. The oestradiol valerate was
acquired from Aca Pharma NV (Certa, Belgium) and used as internal
standard.
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The mixture of 8TTE was isolated from the dichloromethane extract
of Keetia leucantha twigs as described previously [5]. The purity of this
purified mixture was measured as 96.7% using an Accela HPLC system
(Thermo Fisher Scientific) (see Section 2.2).

Twigs (KLT-1) and leaves (KLL-1) of Keetia leucantha (K. Krause)
Bridson (syn. Plectronia leucantha Krause, Rubiaceae) were collected
in Benin (Adjarra, Ouémé) in July 2011 and August 2012 and iden-
tified at the National Botanic Garden of Belgium in Meise (in com-
parison to voucher number BRO000005087129). Twigs of Keetia ve-
nosa (Oliv.) Bridson (syn. Plectronia venosa Oliv.) were collected in
Benin (KVT-1, Djougou, Donga) in December 2009 (voucher number
BR0000005088713, the Herbarium of the National Botanic Garden of
Belgium, Meise). Several other samples of K. leucantha twigs (de-
scribed in Table 1s) were also collected from different places. Twigs
and leaves were dried at room temperature, powdered and sifted with
a sieve of 355 um.
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Fig. 2. 8TTE responses with ultrasonication in a bath or with an ultrasound stem processor and after 1 or 2cycles of extraction (Mann Whitney test, n = 4,

p < 0.05).

Table 1
Recovery percentages from plant samples.

Table 2
Recovery percentages from plasma samples.

Concentration levels (ug/mL) Recovery % (n =3, m = 4,k = 3)

Concentration levels” (ug/mL) Recovery % (n =3, m =4,k =3)

Mean (%) Sd (%) CV (%) Mean (%) Sd (%) CV (%)

9.57 97.88 0.88 0.90 15.90 73.35 7.94 10.82
14.68 101.59 3.66 3.60 26.50 75.99 4.37 5.76
31.34 99.67 2.33 2.34 53.01 76.84 6.49 8.45
73.37 100.26 3.70 3.69 106.01 77.33 9.75 12.61
Total 99.85 2.83 2.83 Total 75.88 6.52 8.59
IS 100 pg/mL 70.75 2.68 3.79

2.2. UV/MS HPLC analyzes

Analyzes were performed on an Accela UHPLC system from Fisher
Scientific (Thermo Fisher Scientific, Bremen, Germany) consisting in a
photodiode array (PDA) detector, an autosampler equipped with a
conventional sample tray compartment with its cooler (set to 4 °C) and
an injection system with a sample loop of 50 UL, and a quaternary
pump, all piloted by ChromQuest software. The column used was a
Phenomenex Lichrospher C18 (2), 250 X 4.6 mm? packed with 5um
particles. 25 pL of samples were injected in the full loop injection mode
or no waste one for plant or plasma samples respectively by the auto-
sampler. The column was eluted at constant flow rate of 1 mL/min
using a binary solvent system: solvent A, MilliQ water 0.1% formic acid
and solvent B, methanol HPLC grade (0-2 min: 60% A, 7-22 min: 15%
A, 23-35min: 60% A). Quantification analyzes were carried out at a
wavelength of 310 nm corresponding to the maximum absorption of the
triterpene esters and at 281 nm for internal standard (IS) maximum one.

The selectivity of the method and the purity of 8TTE were evaluated
on an LC-MS/MS consisting of the same system as above hyphenated
with a Thermo Fisher Scientific LTQ orbitrap XL mass spectrometer
from the UCLouvain Massmet platform. HR-MS were measured with ESI
source in the positive mode using full-scan MS with a mass range of
100-2000 m/z. The orbitrap operated at 30,000 resolution (FWHM
definition). All experimental data were acquired using daily external
calibration prior to data acquisition. Appropriate tuning of the elec-
trospray ion source was done and the following electrospray inlet
conditions were applied: flow rate, 1000 pL/min with a split of 50/50
before reaching mass detector; spray voltage, 5 kV; sheath gas (N,) flow
rate, 20 a.u.; auxiliary gas (N5) flow rate, 20 a.u.; capillary temperature,
275 °C; capillary voltage, 18 V; tube lens, 45V. Data acquisition and
processing were performed with Xcalibur software.

2.3. Standard solutions

Stock solutions of 8TTE were prepared in methanol at 500 pg/mL

2 Spiked concentrations

and stored at —20°C. At the experiment day, they were diluted in
methanol to obtain adapted working solutions.

For plant studies, calibration standards were analyzed three times
(n = 3) with three series of experiments (k = 3) at four concentration
levels (m = 4) (100, 50, 15 and 10pug/mL). Validation standards were
prepared in a mixture of three samples of dichloromethane extracts of K.
venosa that only contains very low amounts of 8TTE (< LOQ) to represent
a typical mean matrix, stored at 4 °C and spiked with the 8TTE stock so-
lution (concentration of about 500 pg/mL, considered as true value). They
were analyzed three times (n = 3) for three series of experiment (k = 3) at
four concentration levels (m = 4) (75, 32.5, 15 and 10 pug/mL).

For plasma studies, six working solutions were prepared at 120,
100, 75, 50, 15 and 10 ug/mL in methanol to be spiked in the blank
biological matrix as recommended by EMA guidelines [10]. A suitable
internal standard (IS), oestradiol valerate, was added during working
solutions preparation from a stock solution of 1 mg/mL in MeOH to
obtain a constant 100 pg/mL concentration. 100 pL of these working
solutions at the six concentration levels (m = 6) were spiked in 200 pL
human plasma, treated and analyzed in triplicate (n = 3) with 3 series
of experiments (k = 3) giving the calibration standards. Validation
standards were prepared in the same way with four working solutions
concentration levels (100, 50, 25 and 15 pg/mL). These are a bit higher
than those chosen for plant validation standards to take into account a
possible loss during extraction from plasma. Three independent samples
(n = 3) at each concentration (m = 4) were analyzed in duplicate for 3
series of experiment (k = 3). All these samples underwent sample
preparation procedure described below, giving analyzed calibration
solutions at 120, 100, 75, 50, 15 and 10 pg/mL and analyzed validation
solutions at 100, 50, 25 and 15 pg/mL.

2.4. Extraction procedure

2.4.1. Ultrasonication with ultrasound stem processor

100mg dried powdered material was extracted in 5mL
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Fig. 3. Chromatogram of a Keetia leucantha extract with UV detection at 310 nm (a) triterpene esters 1-6 (b) triterpene esters 7-8.

dichloromethane and one/two 5 min cycle(s) of sonication in ice with
an ultrasound stem processor (Hielscher UP200S (200 W, 24 kHz, 85%
of power, pulse each 0.5s)). At the end of the extraction, the solution
was centrifuged at 4000g during 10 min and the supernatant was re-
covered. The pellet was resuspended in 5mL of dichloromethane and
centrifuged again. Supernatants were pooled and evaporated to dryness
under reduced pressure with a RapidVap (30 min at 40 °C, 100 mbar
and 50% vortex speed).

2.4.2. Ultrasonication in a bath

10 mg dried powdered material was extracted four times with 1 mL
of dichloromethane during 20min in an ultrasound water bath
(Omnilab 540S). Between each cycle of extraction, the suspension was
centrifuged at 4000 g during 10 min, the supernatant was discarded and
the pellet was resuspended in 1 mL of dichloromethane. Supernatants
were pooled and evaporated to dryness under reduced pressure with a
RapidVap (30 min at 40 °C, 100 mbar and 50% vortex speed).

The dried crude extracts obtained were resolubilized in 500 pL of
methanol to compare the extraction procedures and in 1000 pL of me-
thanol to compare the number of sonication cycles, filtered through
0.45 pm filter and injected into HPLC.

2.4.3. Protein precipitation

For plasma samples, 100 uL. working solution or methanol, for va-
lidation or routine analyzes respectively, were spiked in 200 pL plasma.
1 mL organic solvent was added to samples that were submitted to
9184g centrifugation during 10 min at 4 °C (Hettich Mikro 200/200R,
Sigma-Aldrich). The supernatants were then evaporated 24 h at room
temperature and to dryness under gentle N, stream. The residues were
dissolved in 100 pL methanol, vortex-mixed, sonicated 1 min on ice,
vortex-mixed and filtered prior to UV-HPLC analysis. Analyzed solu-
tions were so two times more concentrated than plasma samples.

112

2.5. Evaluation of the extraction procedure

To determine the extraction procedure for plant extracts, peak area
of 8TTE was determined after 1 or 2 cycles of ultrasound stem extrac-
tion and compared with the ultrasound bath one. Results are expressed
in area of peak/mg of powder/uL of injection volume. Four in-
dependent experiments were realized. The recovery percentages were
also calculated from calibration (in MeOH) and validation (in a plant
matrix) standards (n = 3, m = 4, k = 3) to verify the completeness of
the optimized extraction.

A preliminary extraction test was performed on plasma samples
with four different organic solvents mixtures (acetonitrile, methanol,
acetonitrile-methanol (2:1), ethyl acetate-hexane (4:1)) [11-14] and
the recovery was determined by area comparison between blank
plasma, spiked with a Keetia leucantha esters-enriched fraction and IS,
and working solutions in methanol at the same concentration. Acet-
onitrile (100%) and acetonitrile-methanol (2:1) extractions were fur-
ther repeated (n = 2, k = 3, mean *+ Sd). The recovery percentages
were then calculated with the chosen solvent for pure compounds in
matrix compared to solutions in methanol (n = 3, m = 4, k = 3).

2.6. Validation of the method

We validated the method with three independent series of experi-
ments. The same mobile phase was used all along one series. We ana-
lyzed the following criteria: response function, linearity, selectivity,
precision, trueness, accuracy, limit of detection and limit of quantifi-
cation, quantification range, stability and matrix effect.

The method selectivity was verified by HPLC-UV/MS (see Section
2.2) for quantification in crude extracts by checking mass spectra at the
beginning, the middle and the end of peaks. For quantification in
plasma, HPLC-UV chromatograms obtained after sample preparation
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Fig. 4. Accuracy profile of the mixture of 8TTE obtained with linear regression. The plain line is the relative bias, dashed lines are the B-expectation tolerance limits
(B = 95%) and dotted lines represent the acceptance limits ( + 20%). The dots represent the relative back-calculated concentrations of the validation standards and
are plotted according to their target concentration. A: plant samples and B: plasma samples.

from blank plasma and spiked plasma were compared at the maximum
absorption wavelength of 8TTE (310 nm) and IS (281 nm) to confirm
the lack of interference peak in treated blank plasma at interest com-
pounds retention times. The 8TTE stability was evaluated for the four
validation standard concentrations (100, 50, 25 and 15 pg/mL) in three
different storage conditions: in methanol (24 h at 4 °C, 24 h and 1 week
at —20°C), in methanol after plasma preparation procedure (24 h at
4°C) and in plasma (2weeks at —80 °C). The back-calculated con-
centrations using corresponding calibration curve and introduced con-
centrations were compared to assess samples stability (relative standard
deviation and relative bias lower than 15%). The dilution effect was
evaluated with the highest tested 8TTE concentration (120 pug/mL) in
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two different dilution methods: spiked plasma samples at 120 ug/mL
were diluted 5-fold and re-analyzed or at the last step of the preparation
procedure, the pellet was directly dissolved in 500 pL instead of 100 pL.
Once again, the precision and trueness were verified based on calcu-
lated relative standard deviation and relative bias. For plant samples,
matrix effect was determined with another Keetia species extract con-
taining very low esters amount. All plasma samples underwent pre-
paration procedure and same matrix samples were compared to each
other.

The validation of our bioanalytical method is in agreement with
EMA guidelines defined by trueness and precision values lower than
15% and expressed with the relative bias (RB) and the relative standard
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Validation results obtained for the quantification method of 8TTE mixture in Keetia leucantha twigs extracts and spiked plasma.

Validation criteria

Concentration levels (ug/mL) for plant samples

Concentration levels® (ug/mL) for plasma samples

9.57 14.68 31.34 73.37 15.90 26.50 53.01 106.01
Response function Linear regression Linear regression after square root transformation
Calibration range (4 points) Calibration range (4 points)
10-75 pg/mL 15-100 pg/mL
Trueness Relative bias (%) —2.46 1.59 —-2.22 0.60 2.00 4.25 2.01 4.17
Precision Repeatability (RSD%) 3.97 4.61 2.89 4.56 2.40 3.25 2.32 1.38
Intermediate precision (RSD%) 5.83 4.87 4.15 5.90 4.47 3.46 2.26 2.51
Accuracy (95% relative B-expectation lower and upper tolerance —20.43 -10.67 —14.99 -16.03 —-14.04 —4.48 —3.45 —4.83
limits in %) 15.50 13.86 10.54 17.24 18.04 12.97 7.46 13.16
Linearity Slope 1.008 1.043
Intercept —-0.3216 —0.4543
R? 0.9931 0.9983

@ Spiked concentrations.

Table 4

Uncertainty estimations of the 8TTE mixture at each concentration level in-
vestigated during the method validation using the selected regression model.

The expanded uncertainty was calculated with a coverage factor of 2.

Concentration level ~ Uncertainty Expanded Relative expanded
(ug/mL) (ug/mL) uncertainty (ug/ uncertainty (%)
mL)
Plant sample
method
9.57 0.604 1.208 12.620
14.68 0.773 1.546 10.540
31.34 1.400 2.800 8.990
73.37 4.780 9.560 13.020
Plasma sample
method
15.90° 0.817 1.635 10.281
26.50" 1.019 2.039 7.693
53.01% 1.278 2.557 4.824
106.01° 3.121 6.242 5.888

@ Spiked concentrations

deviation (RSD) respectively [10]. In addition, total error (sum of sys-
tematic and random error) was used as decision criteria for the vali-
dation process [15-21]. Statistical analyzes were performed using JMP
v12 software. The acceptance limits (A) were set at + 20%, as usually
accepted for complex samples [20,21]. The probability to obtain future
results within these limits () was set at 95%. Regression parameters
were calculated from calibration data using Microsoft excel and
Graphpad Prism 5 software.

2.7. Applications

A sample of twigs (KLT-1) and leaves (KLL-1) of K. leucantha from
the same collection place and date as well as one sample of twigs of K.
venosa (KVT-1) were analyzed with the validated method for their
8TTE amount. 26 other Keetia leucantha twigs samples from different
regions, plant feet and collection date (see Section 2.1 and Table 1s)
were also analyzed.

3. Results and discussions
3.1. Optimization of the extraction

We first tested two different extraction methods from plant samples:
ultrasonication in a bath (4 X 20min) or with a stem processor
(1 x 5min). The extraction yield was significantly superior with the
ultrasound stem processor than in a bath and in addition more quick
and easy to perform (Fig. 2) (Mann Whitney test,n = 4 p < 0.05). We
also tested two extraction times: one or two 5 min cycle(s) to verify the

114

completeness of extraction. No significant difference was observed in
function of the number of cycles (Fig. 2) (Mann Whitney test, n = 4
p > 0.05). Consequently, one cycle of extraction with ultrasound stem
processor was considered as sufficient for a complete esters extraction
and used for all experiments. The recovery percentages, around 100%,
also demonstrated the completeness of extraction (Table 1), allowing to
work without internal standard, difficult to identify given the com-
plexity of the crude plant extract.

The preliminary extraction test, performed on plasma samples
spiked with a Keetia leucantha esters-enriched fraction and IS, showed
higher recovery percentages (=70%) with acetonitrile (100%) or
acetonitrile-methanol (2:1) than with methanol (100%) or ethyl
acetate-hexane (4:1)). So, the use of both solvent mixtures was further
repeated and the recovery percentages of 8TTE and IS were quite si-
milar, with 73.8 £ 5.2 and 69.4 = 7.7% for acetonitrile and
72.6 = 11.5 and 62.4 * 13.6% for acetonitrile-methanol (2:1).
Acetonitrile was preferred for its lower variability. The recovery per-
centages calculated from pure compounds with or without matrix are
presented in Table 2 with standard deviation (Sd) and coefficient of
variation (CV). They are under 15% but we decided to use an internal
standard for plasma analyzes to take into account and further minimize
extraction variations and allow more reliable results.

3.2. Validation of the method

3.2.1. Selectivity

Selectivity and peak purity were analyzed by the comparison of
retention times and mass spectra of peaks corresponding to the esters
with those of the purified mixture of 8TTE used as reference. Mass
spectra were analyzed at six retention times corresponding to the be-
ginning, the middle and the end of both groups of peaks (a and b) of
8TTE with positive mode ESI-MS (mass spectra are available in Figs. 1s
and 2s in supporting information). Molecular ion peaks at m/z 641.38
or 671.39 corresponding to [M + Na]* of coumaric or ferulic deriva-
tives respectively and fragment spectra were similar to those of refer-
ences. This indicates the selectivity of the method. As mentioned in the
introduction, the method was developed to give a rapid and good se-
paration of the mixture of 8TTE from other compounds of the extract
and did not aim at resolving triterpene esters from each other (Fig. 3).
To confirm the method selectivity in plasma, treated blank plasma was
also analyzed by HPLC-UV showing no interfering peak at the 8TTE
retention times (at 310 nm) neither at the IS one (at 281 nm). All
chromatograms for selectivity determination are available as sup-
porting information (Fig. 3s).

3.2.2. Response function
Method validation aimed to demonstrate quantification reliability
in biological matrices. Calibration in methanol are routinely used, even
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Fig. 5. Linear profiles of the 8TTE mixture for plant (A) and plasma (B) samples respectively. The plain line is identity line (y = x), the dashed line are the -
expectation tolerance limits (f = 95%) and dotted lines represent the acceptance limits ( = 20%).

for plant matrices [20,21] but it is recommended to use matrix cali-
bration for biological matrices as plasma [10,23]. We tested different
regression models from calibration standards and determined the re-
spective accuracy profiles to choose the most suitable one [24]. For
plant samples, linear regression was selected as the most adequate one
with 95% expectation tolerance intervals included inside the + 20%
acceptance limits for each concentration level of the validation stan-
dards except the lowest one. For plasma samples, a square root trans-
formation was performed to obtain the best calibration curve model
(Fig. 4). This total error concept allows to simplify decision making and
reduce risks associated to procedure use [16].

3.2.3. Trueness, precision and accuracy

Trueness [15,25] was calculated at each concentration level of the
validation standards and expressed in relative bias (RB). Relative bias
was < 3 and 5% for plant and plasma samples respectively showing the
excellent trueness of the method (Table 3).

Precision was evaluated intra-day (repeatability) and inter-day
(intermediate precision) and expressed as relative standard deviations
(RSD) [17,26]. The repeatability was < 4.61 and 3.25% and the in-
termediate precision 5.90 and 4.47% for plant and plasma samples
respectively (Table 3). All the trueness and precision results are in ac-
cordance with EMA guidelines criteria (<15%) [10].

Accuracy profiles, evaluating the sum of systematic and random
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Table 5
8TTE content in Keetia species samples analyzed by the vali-
dated method (n = 3, mean * Sd) in pg/100 mg of plant.

Sample 8TTE (ug/100 mg)

KLT-1 36.87 = 1.72

KLL-1 LOD < 5.62 * 1.52 < LOQ
KVT-1 LOD < 1.43 += 0.35 < LOQ

errors of the test values (total error) [15,17,24-26], are shown in Fig. 4,
indicating that the relative upper and lower 95% p-expectation toler-
ance limits are inside the acceptance limits, set at = 20% except for the
lowest concentration in plant samples. The method can thus be con-
sidered as accurate between 14.68 and 73.37 ug/mL for esters quanti-
fication in Keetia samples and between 15.90 and 106.01 pg/mL for
plasma samples analyzed solution corresponding to 7.95 and 53.01 pug/
mL in plasma. The accuracy results are presented in Table 3.

3.2.4. Detection and quantification limits

The limit of detection (LOD) is estimated as 1 and 3.2 pg/mL (plant
and plasma matrices respectively) by the signal/noise method from the
European Pharmacopeia [27]. The limit of quantification was de-
termined as the smallest tested concentration of the 95% [3-expectation
tolerance limits remaining inside the = 20% acceptance limits. It was
then set at 14.68 and 15.90 ug/mL for plant extract and plasma ana-
lyzes respectively. Considering the two-fold concentration of plasma
sample during treatment procedure, the method allows a precise
quantification from 7.95ug/mL and detection from 1.6ug/mL in
plasma.

3.2.5. Uncertainty measurement
To characterize the dispersion of the values that could reasonably be
attributed to the measurer during routine analysis [21,28], we
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evaluated the uncertainty of measurement. The expanded uncertainty is
calculated by applying a coverage factor of k = 2 (corresponding to a
95% confidence interval around the results where the measure may lie).
The maximum relative expanded uncertainty of the mixture of 8TTE is
13%, inside the = 20% acceptance limits and all estimated values for
each validation standard concentration level are summarized in
Table 4.

3.2.6. Linearity

To determine the linearity, which described the relationship be-
tween introduced and calculated concentrations, we evaluated the fit-
ness of a regression line between back-calculated concentrations of the
validation standards and exact concentrations [18,19]. The estimated
concentrations were plotted as a function of the introduced con-
centrations and the built regression line was compared to the identity
line y = x. For both samples kinds, we obtained a slope value close to 1,
demonstrating the linearity of the model. Furthermore, the absolute
95% [-expectation tolerance limits are within the absolute acceptance
limits, still set at + 20%, confirming the good linearity of the method

(Fig. 5).

3.2.7. Stability, dilution and matrix effects

The 8TTE stability was verified for methanol stock solution. The
trueness and precision for the four tested validation standards con-
centrations were verified for three different storage conditions and were
<15%, the criterion value accepted by EMA with a maximum of 20%
for the lowest concentration [10].Their stability after plasma sample
treatment and in plasma storage condition was also confirmed by the
same way as well as the absence of a dilution effect. The results of
trueness and precision for the four tested validation standards con-
centrations are available as supporting information (Tables 2-4s).

Calibration standards with 8TTE were prepared without matrix
(m = 4, n = 3) for plant analytical procedure. To analyze the plant
matrix effect, we used a dichloromethane extract of another related
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Fig. 6. 8TTE content in several Keetia leucantha twigs samples (in pg/100 mg plant).
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Keetia species, Keetia venosa which contains low quantities of triterpene
esters, and added known quantities of triterpene esters. The signal from
triterpene esters initially present in this extract was subtracted to tri-
terpene esters peaks obtained with these final solutions. The influence
of the matrix was evaluated by comparing the slope and the intercept of
the linear regression obtained with and without matrix. No significant
difference was observed for the intercept (p = 0.5127) nor for the
slopes (p = 0.8273) (Wilcoxon test, p > 0.05). For plasma quantifi-
cation, the treatment procedure implemented to all samples allowed to
overcome the systematic determination of recovery percentage and
matrix effect.

3.3. Application to samples of Keetia species

Extracts from K. leucantha twigs (KLT-1), leaves (KLL-1) and K.
venosa twigs (KVT-1) were analyzed with the developed validated
method and compared in Table 5.

Esters are mostly present in twigs of K. leucantha species with > 5
and 25 fold lower quantities in leaves of K. leucantha and twigs of K.
venosa species respectively for the tested samples. To evaluate their
amount variability, several Keetia leucantha twigs samples collected in
different places and at different date (Table 1s) were analyzed.

Quantification results (Fig. 6) showed a high variability in esters
content from different collection place samples but also from different
batch collected at the same time in the same area. Our results also
showed that older samples (i.e. 1-5) may contain higher esters amount
than more recent ones (i.e. 8b, 8f, 9e), indicating that degradation
during conservation time of dried samples, if any, has a lower effect on
8TTE content than the tree age, shape and sunshine cover. This should
be taken into account to investigate the high variation in twigs esters
amount.

4. Conclusions

The extraction and quantification methods developed in this work
were found to be selective, linear, accurate, true and precise from 14.68
to 73.37 ug/ml and 15.90 to 106.01 pg/mL for plant and plasma sam-
ples injected solutions respectively corresponding to 7.95 and 53.1 pug/
mL in plasma. The developed methods allowed the detection and
quantification of the 8 bioactive triterpenic esters from Keetia leucantha
twigs in mixture and brought up useful tools for plasma samples ana-
lyzes. In one hand, it opens the way to screen and discover samples with
higher quantity of these potential antimalarial compounds. In another
hand, it will allow their pharmacokinetics investigation.
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