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Polymyxins are efficient antibiotic drugs used for the treatment of Gram-negative bacterial infections. These
compounds are not absorbed in the gastrointestinal tract and are responsible for serious toxicological
effects. In order to enhance their therapeutic effectiveness, decrease the adverse/toxic side effects and
promote a sustained release profile, a derivative — polymyxin B sulphate — has been formulated in solid lipid
nanoparticles (SLNs) intended for buccal administration. To quantify polymyxin B in the formulation, UV
spectrophotometry analysis was applied, validating the analytical methodology by assessing the selectivity,
accuracy, precision, linearity, and repeatability. Analyses were performed at 210 nm keeping the samples
at 25 °C. Results showed that lipid composition of SLNs did not interfere with the polymyxin B spectra. The
linearity showed a correlation coefficient of 0.9977 in the range of 5-90 ng/mL. Quantification of polymyxin
B by UV spectrophotometry, at 210nm in SLN formulations, was approved in all analyzed parameters,

validating the methodology proposed in this work.

1. Introduction

Pseudomonas aeruginosa is a Gram-negative opportunistic
pathogen that causes serious infections in compromised patients
(Valotetal. 2015). Bacteria create a biofilm in the infected tissue,
causing inflammatory responses and drug bacterial resistance
(Alipour et al. 2009). The increased morbidity and mortality rate
from Pseudomonas aeruginosa infections is therefore a serious
public health problem (Cruz 2014). Recent studies show that
Pseudomonas aeruginosa bacteremia can cause mortality rates
from 33 to 61% among all patients and approximately 50% of
patients die in the first 24-72 h.

Polymyxins have been used for the treatment of diseases caused
by opportunist pathogens. They have the advantage of not
being absorbed in the gastrointestinal tract because of their low
bioavailability (Alipour et al. 2008), but impair severe adverse
side effects, such as neurotoxicity (Akajagbor et al. 2013) and
nephrotoxicity (Nandha et al. 2013). Therefore, the clinical use
of polymyxin B is limited and confined in part to the intestinal
sterility and topical treatment of infections caused by susceptible
microorganisms.

In order to enhance its therapeutic effectiveness, decrease toxic
effects and promote a sustained release profile, polymyxin B
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has been formulated as liposomes (Wang et al. 2009; He et al.
2013), nanoemulsions or nanoparticles (Pattani et al. 2006; Sev-
erino et al. 2015). Other possible types of nanocarriers include
solid lipid nanoparticles (SLNs) useful to load a wide variety
of hydrophilic (Severino et al. 2011; Severino et al. 2014; Sev-
erino et al. 2014, Severino et al. 2015) and lipophilic (Singh,
Dobhal et al. 2010, Severino, Andreani et al. 2015) drugs,
including thermolabile compounds, such as peptides and pro-
teins (Almeida and Souto 2007; Severino et al. 2013). SLNs are
composed of biodegradable lipids, recognized as physiological
and biocompatible carriers (Doktorovova et al. 2014), produced
by techniques which are easily to scale up (Severino et al. 2012).
Quantification of drugs in formulations is of utmost impor-
tance for quality assurance, so that the analytical procedure
should be reproducible, combining the good manufacturing
practices. Moreover, the validation can be used for subsequent
stability studies, quality control and clearance. For validation
purposes, it is necessary to determine the analytical parameters,
i.e. specificity, linearity, range, precision, limit of quantifica-
tion, sensitivity and accuracy (Cielecka-Piontek et al. 2015;
Muralidharan et al. 2015).

The Brazilian Pharmacopoeia does not describe an analytical
assay for polymyxin B, thus the aim of this study was to inves-
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Fig. 1: Absorption spectra of (a) Polymyxin B solution (b) Polymyxin B-loaded
SLN and (c) empty SLN.

tigate the effect of the SLNs formulation components in the
quantitative analysis of polymyxin B when loaded in the lipid
matrix composed of cetyl alcohol. In addition, we planned to
validate the analytical methodology by UV spectrophotometry,
according to the Brazil National Agency for Sanitary Surveil-
lance (ANVISA) Guide for Validation of Bioanalytical and
Analytical Methods (RDC 899), the International Conference
on Harmonization (ICH) of Technical Requirements for Regis-
tration of Pharmaceuticals for Human Use (ICH, 2005) and USP
XXVTanalyzing selectivity, linearity, repeatability and accuracy
(de Siqueira-Mour et al. 2008).

2. Investigations, results and discussion

To record the wavelength of the largest absorption of polymyxin
B sulphate in water, a drug solution of 10 wg/mL was ana-
lyzed within the scanning range of 190-400nm (Fig. 1la).
The optimized concentration of 10 wg/mL has been selected
after reaching the best absorption peak between 0.1 and 1
(Lambert-Beer Law). From the spectrum obtained, the wave-
length of maximum absorption chosen for quantitative analysis
was 210 nm. In order to verify the specificity and selectivity of
the method, a solution of 20 pwg/mL polymyxin B sulphate was
analyzed in the presence of the emulsified system (i.e. without
drug) under the same analytical conditions.

The EE of SLNs loading polymyxin B was 37.36 +2.25%.
SLNs have been commonly used to load lipophilic drugs reach-
ing high EE due to the high affinity of these compounds to
the lipid matrix. For hydrophilic drugs, the EE is compara-
tively lower. To improve EE, in situ formation of an ion pairing
between drug and lipid is recommended to enhance the encapsu-
lation of hydrophilic drugs. The low EE obtained for polymyxin
B sulphate in SLN was attributed to the hydrophilic charac-
ter of the drug (water solubility 50 mg/ml). Figure 2 shows the
calibration curve of polymyxin B. According to RDC 899, the
minimum acceptable criterion of correlation coefficient of the
calibration curve is 0.99.

Table 1 shows the individual values of intercept, slope and cor-
relation coefficient of the calibration curves of polymyxin B.
Table 2 shows the results of the repeatability of the method,
which has been verified by analysis of three concentrations in
triplicate (n=3) at each concentration at two different days.
The results of intra-day repeatability obtained for each concen-
tration investigated in both assays were analyzed using t-Student
test to determine statistical differences. No statistical difference
was seen (p<0.05) between the values recorded for the con-
centrations of 4.9 wg/mL, 43.0 pg/mL, 78.0 pg/mL, with the p
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Fig. 2: Analytical curve of polymyxin B by spectrophotometry, A=210 nm.

Table 1: Individual values of intercept, slope and correlation
coefficient of the calibration curves of polymyxin B
obtained in the validation of the analytical method

sulfate
Day Curve Intercept Slope Correlation Coefficient
1 1 0.0060 0.0099 0.9990
2 0.0060 0.0099 0.9990
3 0.0029 0.0100 0.9990
2 1 0.0268 0.0098 0.9913
2 0.0097 0.0097 0.9917
3 0.0097 0.0097 0.9934
Average 0.0101 0.0098 0.9955
*SD 0.0085 0.0001
“*RSD 1.23

*SD: Standard deviation; **RSD: Relative standard deviation.

values 0f 0.074, 0.071, 0.26, respectively. The result of the statis-
tical analysis confirms the accuracy of the method for different
assays.

Table 3 shows the results of intermediate precision of the
method, which has been verified by the analysis of three con-
centrations (1, 50, 100 wg/mL) (n=3) in triplicate for each
concentration at two different days.

The relative standard deviation (RSD) obtained in the evalua-
tion of the accuracy of the method was shown appropriate (less
than 5.0%). The analytical method may assign high degree of
agreement between the results when conducted under the same
conditions carried out in this study.

Table 4 shows the results of the recovery method, which was ver-
ified by the analysis of three concentrations in triplicate (n = 3) of
each concentration. The accuracy obtained in the evaluation of
the method was appropriate. The analytical method may assign
high degree of agreement between the results when conducted
under the same conditions.

The calculated values for the limit of detection (LLD) and limit
of quantification (LQ) sensitivity and specificity of the method
for the determination of polymyxin B, were 5.37 mg/mL and
17.92 g/ml respectively (Table 5).

The robustness was verified by the analysis of a solution of
polymyxin B in a concentration of 43 wg/ml in triplicate (n = 3),
and the results are shown in Table 6.

The variations were found to be among the values allowed by
the ANVISA, which is £ 10% for accuracy and 5% for RSD.
Therefore, the UV spectrophotometive method can be consid-
ered robust for the quantification of polymyxin B.
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Table 2: Results of the evaluation of the accuracy for repeatability (intra-day)

Theoretical Concentration 1° day 2° day
4.9 ug/mL 43.0 pg/mL 78.0 pug/mL 4.9 ug/mL 43.0 pg/mL 78.0 pug/mL

n=1 4.50 44.70 77.00 4.60 45.80 81.70
n=2 4.50 44.70 77.00 4.80 45.80 77.20
n=3 4.60 45.80 77.00 4.80 48.20 80.00
Average 4.52 45.06 77.15 4.73 46.60 79.63
SD 0.05 0.51 0.30 0.09 1.13 1.85
RSD 1.10 1.15 0.38 1.99 2.42 2.32

*SD: Standard deviation; **RSD: Relative standard deviation.

Table 3: Results of the evaluation of intermediate precision
(inter-run)

Concentration (pg/mL)

4.9 ug/mL 43.0 pg/mL 78.0 jug/mL
Average Day 1 4.52 45.06 77.15
Average Day 2 4.73 46.60 79.63
Average 4.62 45.83 78.39
SD 0.14 1.08 1.75
RSD 3.21 2.37 2.23
*SD: Standard deviation; **RSD: Relative standard deviation.
Table 4: Results of the evaluation of the accuracy
Concentration (pg/mL)

49 43.0 78.0
Day 1 4.53 45.00 77.60
Day 2 4.73 46.60 79.63
Average 4.63 45.83 78.61
SD 0.14 1.03 1.43
RSD 3.05 2.36 1.82
Accuracy
Average 96.76 108.72 102.86
SD 2.94 2.68 1.87

*Equalion for accuracy y =0.0098x +0.0168.
*SD: Standard deviation; **RSD: Relative standard deviation.

The excipients contained in formulation demonstrated not to
absorb in the wavelength of the highest absorption of polymyxin
B, thus they do not interfere with the analysis and quantification
of the drug. The validated method showed selectivity, accuracy,
linearity and repeatability in the range of 5 — 90 wg/mL. This
method is fast and of low cost, and has demonstrated to be suit-
able for the determination of polymyxin B sulphate incorporated
in the lipid nanoparticles.

3. Experimental
3.1. Materials

Polymyxin B sulphate was kindly donated by Cristélia (Itapira, Brazil). Soy-
bean phospholipid (Lipoid S75%®) was donated by Lipoid (Ludwigshafen
am Rhein, Germany). Block copolymers based on ethylene oxide (Pluronic
F68®) was purchased from Sigma-Aldrich (Munich, Germany). Cetyl Alco-
hol (Crodacol C90®) was donated by Croda (Campinas, Brazil). Ethanol was
bought by Synth (Diadema, Brazil). Double distilled water was used after
filtration in a Millipore system (home supplied).

3.2. Methods
3.2.1. Preparation of sample solutions and validation parameters

Analyses were carried out by UV spectrophotometry (Thermo Electron
Corporation, Genesys 6, USA). To prepare the stock solution, 50 mg of
polymyxin B were weighed and dissolved in 50 mL Milli®-Q water. The
stock solution was then diluted with water to achieve concentrations of 5,
10, 25, 30, 40, 50, 60, 80, and 90 pg/mL and quality controls were 4.9,
43.0, and 78.0 pg/mL. According to the Brazilian Pharmacopoeia for val-
idation of standard procedures, six calibration curves were prepared from
different stock solutions and analyzed for linearity and quality parameters.
Quality controls for each curve were different from those used to prepare

Table 5: Results of limit of detection (LD) and limit of quantification (LQ) polymyxin B

Line equation Slope (a) Intercept (b)
Day 1 y =0.009x +0.005 0.0090 0.0050
Day 2 y=0.0097x +0.0287 0.0097 0.0287
Average 0.0093 0.0168
SD 0.0004 0.016758431
Limit of
detection Limit of quantification
5.377 wg/mL 17.92 pg/mL
Table 6: Results of the study of robustness for quantification of polymyxin B by spectrophotometry
Parameters Concentration (pg/mL) Accuracy RSD
Sample temperature 40°C 44.22 +0.007 102.83 +0.617 0.525
10°C 42.24 £0.009 98.23 £ 0.598 0.636

*Equatiun for robustness y =0.0098x +0.0168.
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the standard curve. Samples of SLN, with or without drug, were dispersed in
ethanol, the solution was filtered through a 0.45 mm membrane. Appropriate
aliquots of the filtrate were transferred and completed to the volume with
water. For validation of the UV spectrophotometry, the following analytical
parameters were considered.

3.2.1.1. Linearity. Linearity is the ability of the analytical method to
demonstrate that the results obtained are directly proportional to the concen-
tration of compound in the sample. Six calibration curves were built with
solutions of polymyxin B in water at different concentrations (5 —90 pg/mL).
The concentration curve of polymyxin B as a function of absorbance was
built and linearity of the method in the range of tested concentrations was
evaluated by linear regression fit of the data using the method of least squares.

3.2.1.2. Precision. Precision was evaluated by testing instrumental accu-
racy, repeatability and intermediate precision. In the assay, three consecutive
analyses of the standard solution of polymyxin B were carried out at three
different concentrations (4.9, 43.0, and 78.0 pg/mL), followed by the cal-
culation of the average, the standard deviation and the relative standard
deviation. The repeatability was evaluated by analysis, on the same day, of
three consecutive samples of the standard solution of polymyxin B at three
different concentrations. The intermediate precision was then determined
on two different days by three consecutive analyses of a standard solution
of polymyxin in three different concentrations. According to RDC 899, the
standard deviation was calculated by Eq. (1)

_ SD x 100
~ DAC

RSD )]
where RSD stands for the relative standard deviation, SD for the standard
deviation and DAC for the determined average concentration.

3.2.1.3. Accuracy. The accuracy of an analytical method is the closeness of
the results obtained from the study in relation to the true value. The accuracy
should be verified from at least nine determinations covering the linear range
of the procedure, i.e. three concentrations (low, medium and high), with three
replications each. Accuracy is expressed as the ratio between the average
concentration determined experimentally, and the corresponding theoretical
concentration, and was calculated by Eq. (2) (Sanitdria 2003).

EAC
Accuracy = (F) x 100 2)

where EAC is the experimental average concentration and TC is the theo-
retical concentration. According to the regulations, the results should not
exceed 5%.

3.2.1.4. Limit of detection and limit of quantification. The limits of detec-
tion (LD) and quantification (LQ) were calculated using values of the
intercept with the axis and the slope of the analytical curves. The theoretical
LD and LQ were calculated by Egs. (3) and (4), respectively.

(A x33)

LD = ¢ 3)

Lo— (IA x 10) 4
Q= T )

where IA is the intercept with the axis Y and SC is the slope of the calibration
curve.

3.2.1.5. Robustness. The robustness of an analytical method is a measure
of its ability to resist against small and intentional variations of the analyt-
ical parameters. In the present work, robustness was checked, stressing the
samples at 40 °C and at 10°C.

3.2.2. Statistical analysis

The results obtained from the tests for intra accuracy and inter-runs repro-
ducibility were submitted to Student’s t test to determine the statistical
differences (confidence level 95%).

3.2.3. Preparation of polymyxin B sulphate SLN

The SLN were prepared by solvent emulsification/evaporation method
described previously with slight modifications. Briefly, 0.1 g lipid, and
0.05 g phospholipid were dissolved in SmL ethanol, and polymyxin B
sulphate was dissolved in water (1 mg/mL) separately; drug and lipid solu-
tions were mixed together under mechanical stirring (Ultra-turrax®, TKA
T25, Germany). The organic phase was dispersed in Pluronic® solution
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(1.5mg/mL) and mixed together with mechanical stirring. Finally, the for-
mulation was homogenized (Microfluidizer, Germany) applying 500 bar of
pressure and 1 cycle. The organic solvent was completely evaporated with
mixed under magnetic stirring for 24 h. Non-encapsulated drug was removed
by centrifugation (60,000 rpm for 2h at 4 °C). The amount of polymyxin
B in the supernatant was determined at 210 nm using UV-Vis spectropho-
tometer after appropriate dilution, and the encapsulation efficiency (EE) was
determined using the Eq. 6.

O

Total drug content — Free drug
%EE = x 100

Total drug content

Acknowledgments: The authors wish to acknowledge the sponsorship of the
FAPESP (Fundacao de Amparo a Pesquisa do Estado de Sao Paulo) (Pro-
cesso #2011/20801-2, #2012/21219-5). The authors also acknowledge by
FCT (Fundagio para a Ciéncia e Tecnologia) and the European Union Funds
(FEDER/COMPETE - Operational Competitiveness Programme) under the
project reference PTDC/SAU-FAR/113100/2009.

References

Akajagbor DS, Wilson SL, Shere-Wolfe KD, Dakum P, Charurat ME,
Gilliam BL (2013) Higher incidence of acute kidney injury with intra-
venous colistimethate sodium compared with polymyxin B in critically ill
patients at a tertiary care medical center. Clin Infect Dis 57: 1300-1303.

Alipour M, Halwani M, Omri A, Suntres ZE (2008) Antimicrobial effective-
ness of liposomal polymyxin B against resistant Gram-negative bacterial
strains. Int J Pharm 355: 293-298.

Alipour M, Suntres ZE, Halwani M, Azghani AO, Omri A (2009) Activity
and interactions of liposomal antibiotics in presence of polyanions and
sputum of patients with cystic fibrosis. PLoS One 4: e5724.

Almeida AJ, Souto E (2007) Solid lipid nanoparticles as a drug delivery
system for peptides and proteins. Adv Drug Deliv Rev 59: 478-490.

Cielecka-Piontek J, Paczkowska, M, Zalewski P, Talaczynska A, Mizera M
(2015) Tebipenem pivoxyl. Derivative spectroscopy study of stability of
the first oral carbapenem. Spectrochim Acta A Mol Biomol Spectrosc
135: 14-19.

Cruz D (2014) New trends in polymyxin B hemoperfusion: from 2006 to
2013.Blood Purif 37 (Suppl 1): 9-13.

de Siqueira-Moura MP, Lira MCB, Santos-Magalhaes NS (2008) Valida¢do
de método analitico espectrofotométrico UV para determinacio de dcido
Usnico em lipossomas. Braz J Pharm Sci 44: 621-628.

Doktorovova S, Souto EB, Silva AM (2014) Nanotoxicology applied to solid
lipid nanoparticles and nanostructured lipid carriers - a systematic review
of in vitro data. Eur J Pharm Biopharm 87: 1-18.

He J, Abdelraouf K, Ledesma KR, Chow DS, Tam VH (2013) Pharmacoki-
netics and efficacy of liposomal polymyxin B in a murine pneumonia
model. Int J Antimicrob Agents 42: 559-564.

Muralidharan S, Kumar Jr., Dhanaraj SA (2015) Simple and effective HPLC
method development and its validation for Clindipine in human drug free
plasma. Pak J Pharm Sci 28: 135-138.

Nandha R, Sekhri K, Mandal AK (2013) To study the clinical efficacy and
nephrotoxicity along with the risk factors for acute kidney injury associ-
ated with parenteral polymyxin B. Indian J Crit Care Med 17: 283-287.

Pattani AS, Mandawgade SD, Patravale VB (2006) Development and
comparative anti-microbial evaluation of lipid nanoparticles and
nanoemulsion of Polymyxin B. J Nanosci Nanotechnol 6: 2986-2990.

Sanitdria DC d. A. N. d. V. (2003) Resolucdo -RDC n° 899/2003 — Guia
para validacdo de métodos analiticos e bioanaliticos.

Severino P, Andreani T, Chaud MV, Benites CI, Pinho SC, Souto EB (2015)
Essential oils as active ingredients of lipid nanocarriers for chemothera-
peutic use. Curr Pharm Biotechnol 16: 365-370.

Severino P, Andreani T, Jager A, Chaud MV, Santana MH, Silva AM, Souto
EB (2014) Solid lipid nanoparticles for hydrophilic biotech drugs: opti-
mization and cell viability studies (Caco-2 & HEPG-2 cell lines). Eur J
Med Chem 81: 28-34.

Severino P, Chaud MV, Shimojo A, Antonini D, Lancelloti M, Souto
EB, Santana MHA (2015) Sodium alginate-cross-linked polymyxin B
sulphate-loaded solid lipid nanoparticles: antibiotic resistance tests and
HaCat and NIH/3T3 cell viability studies. Coll Surf B Biointerfaces DOI:
10.1016/j.colsurfb.2015.03.049.

Severino P, Fangueiro JF, Ferreira SV, Basso R, Chaud MV, Santana MH,
Rosmaninho A, Souto EB (2013) Nanoemulsions and nanoparticles for
non-melanoma skin cancer: effects of lipid materials. Clin Transl Oncol
15: 417-424.

Pharmazie 70 (2015)


http://dx.doi.org/10.1016/j.colsurfb.2015.03.049
http://dx.doi.org/10.1016/j.colsurfb.2015.03.049

ORIGINAL ARTICLES

Severino P, Pinho SC, Souto EB, Santana MH (2011) Polymorphism,
crystallinity and hydrophilic-lipophilic balance of stearic acid and
stearic acid-capric/caprylic triglyceride matrices for production of stable
nanoparticles. Colloids Surf B Biointerfaces 86: 125-130.

Severino P, Santana M, Souto E (2012) Optimizing SLN and NLC by 22 full
factorial design: Effect of homogenization technique. Materials Science
and Engineering C 32: 1375-1379.

Severino P, Szymanski M, Favaro M, Azzoni AR, Chaud MV, Santana
MH, Silva AM, Souto EB (2014) Development and characterization of
a cationic lipid nanocarrier as non-viral vector for gene therapy. Eur J
Pharm Sci 66C: 78-82.

Pharmazie 70 (2015)

Singh S, Dobhal AK, Jain A, Pandit JK, Chakraborty S (2010)
Formulation and evaluation of solid lipid nanoparticles of a
water soluble drug: Zidovudine. Chem Pharm Bull (Tokyo) 58:
650-655.

Valot B, Guyeux C, Rolland JY, Mazouzi K, Bertrand X, Hocquet D (2015)
What it takes to be a Pseudomonas aeruginosa? The core genome of the
opportunistic pathogen updated. PLoS One 10: e0126468.

Wang D, Kong L, Wang J, He X, Li X, Xiao Y (2009) Polymyxin E
sulfate-loaded liposome for intravenous use: preparation, lyophiliza-
tion, and toxicity assessment in vivo. PDA J Pharm Sci Technol 63:
159-167.

697



	Validation of an UV spectrophotometric assay for the quantification of polymyxin B in solid lipid nanoparticles
	Introduction
	Investigations, results and Discussion
	Experimental
	Materials
	Methods
	Preparation of sample solutions and validation parameters
	Linearity
	Precision
	Accuracy
	Limit of detection and limit of quantification
	Robustness

	Statistical analysis
	Preparation of polymyxin B sulphate SLN


	Acknowledgments
	References


