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Abstract

Content uniformity testing was implemented.

uniformity testing

Due to the lack of other treatment options, a rebirth of polymyxins is urgently required. Colistin (also called
polymyxin E) and polymyxin B are the only two examples of this antibiotic class that were effectively employed
in such critical situations. In the present work, both of the two studied medications were quantified via a simple,
green, and non-extracting spectrophotometric approach based on the formation of ion-pair complexes with
Erythrosine B. Without using any organic solvents, the pink color of the created complexes was detected at
wavelength=558 nm. To achieve the highest intensity of absorbance, optimum conditions were established

by the screening of many experimental factors such as pH, buffer volume, the volume of Erythrosine B, and

the time consumed to undergo the reaction. For Colistin and Polymyxin B respectively, Beer-Lambert's law was
observed at the concentration ranges of 1-6, 1-9 pug mL™". The technique was approved and validated following
ICH recommendations. Lastly, the suggested approach has been successfully implemented to quantify the cited
medications colorimetrically, for the first time, in their parenteral dosage forms with excellent recoveries. Also,
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Introduction

With the emergence of multidrug-resistant (MDR)
Gram-negative bacteria and the lack of innovative anti-
microbial medications, the revival of polymyxins (PMS)
is urgently essential [1, 2]. Recently, there has been a sig-
nificant rise in infections caused by MDR Gram-negative
pathogens, named Pseudomonas aeruginosa, Acineto-
bacter baumannii, and Klebsiella pneumoniae. For these
subtypes of bacteria, PMS are frequently the only active
antibiotics and are remarkably successful in killing them.
Colistin (CS) and Polymyxin (Poly B) have relatively simi-
lar chemical structures. The only difference between the
two structures occurs in one amino acid at position 6 of
the peptide ring, where CS has a d-leucine and Poly B has
a d-phenylalanine, as observed in (Fig. 1). Moreover, the
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Fig. 1 Chemical structure of Colistin (a) and Polymyxin B (b)

way that both drugs are delivered into the human body is
also one of their main differences. While Poly B is given
directly as its active form, CS is taken as an inactive less
toxic prodrug called Colistimethate Sodium (CMS) [3].
Numerous analytical strategies based on spectro-
scopic (spectrophotometric [4—-8] and fluorimetric
[9-14] methods and also microbiological assays [15-19]
were reported. On the other hand, chromatographic
approaches include high-performance liquid chroma-
tography (HPLC) [20-26], liquid chromatography cou-
pled with mass detector (LC-M) [27-36], and capillary
electrophoresis (CE) [37-40], also published. As well
known, separative techniques such as HPLC and LC-M
consume large amounts of energy, need well-experienced
operators, and have complex and costly instrumentation.
Microbiological assays need a long incubation time and
lack selectivity and sensitivity. Belongs to the reported
spectrophotometric approaches [5-8] were less sensitive
than the present work. Also, the complex formation with
FeCl; [4] needed an organic solvent (methanol) but the
present study has been completely performed in aqueous
media. Related to the fluorimetry technique, three arti-
cles were laborious and time-consuming [9-11]. And the
other needed a costly reagent and organic solvent (ace-
tone) to proceed [12]. Consequently, the valuable aim of
the current work was to establish a rapid, sensitive, cost-
effective, and green alternative technique for analyzing
these drugs. Moreover, it is the first colorimetric paper
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employed to quantify the parenteral dosage forms of the
investigated drugs, along with the employment of Con-
tent uniformity testing and greenness evaluation.

Ion pair complex formation is one of the most applied
spectroscopic approaches that depend on the colored
product measurement in the visible region. Therefore,
the final colored product is devoid of any interfering
substances such as any solvent or degradation product.
Erythrosine B (EB) is a xanthene dye that is widely used
as a spectroscopic probe in the investigation of pharma-
ceutical and biological substances [41]. It is one of the
most commonly employed reagents in ion-pair complex
reactions in a simple methodology. Chemically, it is a
disodium salt of 2, 4, 5, 7-tetraiodofluorescein having a
negative charge that contributes to the formation of the
colored complex together with the positive charge of the
experimental substances.

Experimental

Devices

All colorimetric measurements were performed using a
spectrophotometer made by Shimadzu UV-visible 1900i
(Tokyo, Japan). Two quartz sample cells (1 cm) were
utilized to measure the absorbance. A digital analyti-
cal balance (Mettler Toledo, Glattbrugg, Switzerland), a
thermostatically controlled MLW type water bath (Mem-
mert Gmbh, Schwabach, Germany), and an ADWA 11
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pH meter (Romania) instruments also were involved in
the described methodology.

Pure powder and marketed formulations

CS and Poly B powders with purity grades of 99.2% and
98%, respectively were kindly gifted by the National
Organization for Drug Control And Research (NOD-
CAR) and utilized without further purification.

Paximid® vial (a Cipla Company product) is labeled to
contain 500,000 IU, which is equal to 5 mg of the authen-
tic drug). Colomycin® lyophilized powder for injection
(Forest Laboratories, United Kingdom) is labeled to con-
tain 2 M.L.U which is equivalent to 160 mg of CMS, the
prodrug of CS.

Chemicals and reagents
EB was obtained from (Loba Chemie, Mumbai, India)
and prepared as 0.15% (w/v) in distilled water (DW).

Drug stock solution

CS and Poly B were daily prepared as a working solution
of 100 pg mL~! by weighing 10 mg of each authentic in
100 mL of DW.

Standard analytical procedure

In addition to one mL of the screened medications’
working solutions, one mL of acetate buffer (pH=4) was
added to a 10-mL volumetric flask. Then 0.5 mL of 0.15%
w/v EB was poured. The flasks’ components were kept at
room temperature for ten minutes. Eventually, following
the dilution with DW, the absorbance of each medication
was determined at a wavelength of 558 nm. A blank solu-
tion was made in the same way without the addition of
the cited drugs.

R-NH»
R = Poly B or CS +

COONa

lon-pair complex

Fig. 2 Schematic pathway between polymyxins and Erythrosine B

Page 3 of 11

Quantification of CS and poly B in their Market products
Preparation of vial form of the studied drugs

A precise amount from Colomycin® vial equal to 10.0 mg
of the studied medication was poured into a volumet-
ric flask of 100 mL, then five mL of 0.2 M sulfuric acid
was added and remained for ten minutes to convert all
CMS into CS [42]. Furthermore, ten mL of 0.2 M NaOH
was added to neutralize the solution. Belongs to Poly B,
in a 100-mL standard flask, an exact equivalent to 10 mg
of Poly B was moved and completed to mark with DW.
Then, further dilution was employed to obtain working
solutions and previously general analytical procedures
were implemented for both drugs.

Preparation of Colistin Sulfate® tablets

Twenty tablets were weighed, ground, and well-mixed.
After that, an aliquot amount equal to 10.0 mg of CS was
mixed with 30 mL of D.W. and sonicated for 15 min. Fil-
tration and further dilution were employed to provide
the final working solutions. Finally, the general analytical
procedure was followed.

Procedure for Content Uniformity Testing

During the investigation, 10 tablets of Colistin sulfate®
were individually well-shriveled, from each crushed pill,
a specified quantity equal to 10 mg of authentic was
employed and then followed the same steps in Sect. 2.6.2.
Testing for content homogeneity was carried out follow-
ing USP requirements [43]. The acceptance value (AV)
was determined after 10 tablets had each been evaluated
independently.

Results and discussion

The formed products were water-soluble and no organic
solvents were involved throughout the described
approach. Moreover, the resultant ion-pair complexes
were measured precisely and directly without the neces-
sity for organic solvent extraction. All these features con-
flict with the environmental friendliness, simplicity, and
not time-consuming of the present work over the other
reported methods. Several medications were spectro-
photometrically and spectrofluorimetrically investigated
through complex formation with EB [44—50]. In an acidic
media, the reaction between CS and Poly B produced a
stable, robust, and water-soluble pink complex with a
maximum absorbance at A=558 nm. The schematic reac-
tion pathway and approach’s spectrum were shown in
(Fig. 2) and (Fig. 3) respectively.

Optimization

To find the best reaction circumstances required to pro-
duce the highest absorbance readings, certain technique
factors were varied while the others remained frozen.
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Fig. 3 Absorption spectra of ion-pair complexes of Colistin (6 ug mL™") and polymyxin B (9 ug mL™") with Erythrosine B
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Fig. 4 Effect of the pH on the absorbance of the ion-pair complexes of Colistin (3 ug mL™") and Polymyxin B (5 ug mL™")

Buffer solution

Because any alteration in pH has a significant effect on
the yielded absorbance of the colored complex, a buffer of
acetate was utilized to obtain a pH range (3—5). The best
values were in the pH range (3.8—4.2) and any deviation
had an extremely bad effect on the outcomes. During the
screening of the optimal volume of the used buffer, the
maximum ABS has been recorded between the quantities

(0.5-1.5 mL). As a result, 1 mL acetate buffer (pH 4) was
the best buffer condition, as shown in (Figs. 4 and 5).

Erythrosine B volume optimization

The cited drugs were subjected to varying volumes of the
dye ranging from (0.1-1 mL). Turbidity in the experimen-
tal solutions was caused by higher dye volumes. Conse-
quently, 0.5 mL of 0.15% w/v EB for both drugs yielded
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Fig.5 Effect of the buffer volume on the absorbance of the ion-pair complexes of Colistin (3 ug mL™") and Polymyxin B (5 pg mL™")
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Fig. 6 Effect of erythrosine B volume on the absorbance of the ion-pair complexes of Colistin (3 ug mL™") and Polymyxin B (5 pg mL™")

the most stable complexes with the best values of ABS.
All details have been illustrated in (Fig. 6).

Reaction time and temperature optimization

Based on the screening of color intensity that stayed
stable for more than one day, the influence of time and
temperature on the yielded complex was investigated.
Reaction time was tested up to 30 min, and a slight
increase in ABS was noticed. Belongs to temperature,
turbidity was induced at the elevated degree of temper-
ature that resulted in a decrease in ABS values. Conse-
quently, 10 min at room temperature was the optimum
condition yielding the maximum ABS, as was observed in
(Fig. 7).

Experimental solvent adjustment

To demonstrate how different solvents affected the ABS
values, numerous solvents including DW, acetonitrile,
acetone, methanol, and ethanol were investigated. The
best outcomes were obtained by employing DW as the
diluting solvent that reflects the greenness of the pre-
sented work. All data were displayed in (Fig. 8).

Stoichiometric mole fraction method

Equimolar (3x10™* M) standard solutions of CS, Poly
B, and EB were used to implement Job’s method of con-
tinuous variations. The total volume of a series of com-
plementary solutions was preserved at 1 mL. While the
ratios of the examined drugs and EB were created as
follows: (0.1:0.9, 0.2:0.8, 0.3:0.7, 0.4:0.6, 0.5:0.5, 0.6:0.4,
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Fig. 7 Effect of time on the absorbance of the ion-pair complexes of Colistin (3 ug mL™") and Polymyxin B (5 ug mL™")
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Fig. 8 Effect of diluting solvent on the absorbance of the ion-pair complexes of Colistin (3 ug mL™") and Polymyxin B (5 ug mL™")

0.7:0.3, 0.8:0.2, and 0.9:0.1), then the general analytical
methodology was implemented. As a result, the mole
fraction of 0.5 outputted the highest results that revealed
the molar ratio between the studied drugs and EB dye
was 1:1. All details were illustrated in (Fig. 9).

Validation study

In agreement with ICH guidelines [51], the validity of
several analytical parameters was examined. Linear-
ity and range, the limit of detection (LOD), the limit of
quantification (LOQ), precision, accuracy, and robust-
ness were examples of these screened factors.

Range of Linearity
By drawing the obtained absorbance against CS and
Poly B at different concentrations (ug mL™!), calibration

curves were constructed. In the range of 1-6 and 1-9 pg
mL~! for CS and Poly B, respectively, the relationship
between the concentrations and the absorbance values
was linear as indicated by high coorelation coefficient
values (20.9990) and low standard deviation of residuals
from line valus. All analytical parameters of both studied
drugs that belong to the linear regression equation were
gathered in (Table 1).

LOD & LOQ

LOD and \ LOQ were calculated to assess the sensitivity
through the formulas 3.3 g /S and 10 0/S, respectively.
Where 0 is the standard deviation of the intercept and S
is the calibration curve’s slope. The values for both cited
drugs were gathered in (Table 1).
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Fig. 9 Job's technique for determining the stoichiometry of the reaction using 3x 107* M concentration of both erythrosine B and Polymyxins

Table 1 Spectral features and validation parameters for the
studied colorimetric approach

Parameters Poly B cs

Ace (V) 545

Linearrange (ugmL™")  1-9 1-6

Correlation coefficient ()  0.9995 0.9995
Determination coef- 0.999 0.9991

ficient (r)

Intercept +SD* 0.3882+3671x107%  03745+2449% 1073
Slope+SD 00552+652x107*  00534+621x107*
Sy.x** 0.005053 0.00294

** 0D (ug mL™") 022 0.15

= 0Q (ug mL™) 0.66 046

The acceptability criteria for linearity is expressed as (r) and should be >20.9990
*SD: Standard Deviation ** Sy.x: Standard Deviation of residuals from lines
***LOD: Limit of detection. ****LOQ: Limit of quantitation

Table 2 Evaluation of the accuracy of the described
spectrophotometric approach

Poly B (&)

Taken conc. Found % Found %

(g mL™") conc. Recovery* conc. Recovery
(ngmL™") (%R) (ngmL™") (%R)

2 1.987 99.35 2.098 98.60

4 4076 101.90 3.929 98.23

6 5923 98.72 6.055 100.92

Mean* 99.99 99.25

SD 1.68 146

RSD 1.68 147

% R: should be in the range (98-102%) * mean: of three replicate measurements

Accuracy

Three drug concentration levels (2, 4, and 6 pg mL™?)
were examined to evaluate the suggested method’s accu-
racy. The calculated percentage recovery (%R) showed a
good agreement between the measured and actual values

in its acceptable range (98-102%), proving the accuracy
of the proposed method, as shown in (Table 2).

Precision

The closeness of the experimental values to each other
was assessed in two ways. Firstly, intra-day precision, by
replicating analysis of three different concentrations (2,
4, 6 ug mL™') of both experimented drugs at three dif-
ferent times along the day. Secondly, inter-day precision,
by checking the same concentrations through successive
three days. The calculated relative standard deviation
(RSD) does not exceed 2, which is the accepted criteria,
confirming the good precision of the described work. All
data were illustrated in (Table 3).

Robustness

The method’s capacity to remain unaffected by small
intentional changes to the experimental parameters with-
out significant alterations to measure the absorbance
values is referred to as robustness. Four factors from the
experiment were screened: pH, buffer volume, dye vol-
ume, and reaction time. It was revealed that none of these
factors has significantly affected. Thus, the established
spectrophotometric approach was said to be robust and
can be routinely employed in the assay of studied drugs.
All outcomes were displayed in (Table 4).

Applications of the developed approach

Assay of PMS in parenteral and oral dosage forms
Quantification of intravenous dosage forms of PMS
and oral Colistin sulfate® tablets was successfully imple-
mented. Through statistically comparing the outcomes
with the previously reported article [10], we used the Stu-
dent’s t-test and the F-test to evaluate the precision and
accuracy. Consequently, there was no major difference



Abdelmajed et al. BMC Chemistry (2024) 18:158 Page 8 of 11
Table 3 Intra- and inter-day precisions evaluation for PMS analysis
Concentration (ug mL™") Poly B cs
%Mean Recovery* + RSD
Intra-day Inter-day Intra-day Inter-day
2 99.76£0.88 9847112 101.61£0.77 99.53£0.72
4 100.13+1.24 99.22+0.69 99.51+£1.48 100.65+1.74
6 98.44+1.77 100.62+0.38 98.16+£0.94 99.20£0.42
RSD: relative standard deviation (should not exceed 2) * Mean of three determinations
Table 4 Robustness for determination of poly B and CS by the Table 6 Content uniformity of CS in tablet form
developed approach Tablet number Mean % R* of
Method Parameters Poly B cs the claimed
%R* + SD content Colistin
pH sulfate °© tablet
38 9832+1.87 99.93+0.44 1 98.78
4 99.88+091 101.54+1.76 2 99.51
42 100514165 98.74+158 3 9741
Buffer volume 4 101.33
0.8 1.01.32+0.99 99.05+0.92 > 10027
1 99.14+0.87 100.04+1.36 6 98.94
12 98.87+1.36 98.11£1.51 / 96.99
Volume of erythrosine B 8 98.77
04 100.92+0.80 98.80+1.27 ? 99.82
05 98704135 99.09+0.94 10 101.22
06 101814179 101.714+155 Mean 99.30
Time of reaction (min) sD 144
5 101.44+1.93 99.11+1.59 RSD 145
10 99.71+0.76 99.84+0.52 Acceptance value (AV) 3456
15 97.99+163 9948+099  Maximum allowed AV(LT) 15

% R: should be in the range (98-102%) * Mean of three determinations

Table 5 Screening of PMS parenteral dosage forms by
developed approach and compared with the reference approach

Market Developed  Reference
form method method

%R +SD* t-value**  f-value
Colomycin® vial 100.05+£0.66 99.54+157 0.851 2233
Paximid® vial 99.79+1.04  9962+039 0468 1477

"Mean is the average of five determinations. ** Tabulated values at 95%
confidence limit are t value=2.306, F value=6.338

between the suggested approach and the published one.
All values were inserted in (Table 5).

Test of Content Homogeneity

The tested tablets exhibited the acceptable uniformity of
CS, as shown by the estimated acceptance value (AV),
which was 3.456 and was less than the highest permis-
sible acceptable value of 15. All information was gathered
in (Table 6).

Greenness assessment

Many tools are now available to assess and contrast
the greenness of different analytical techniques. GAPI
(Green Analytical Procedure Index) tool has the unique

“Mean is the average of three determinations

advantage of covering the entire analytical method [52]. It
consists of five pentagrams, each of which denotes a step
in the analytical technique: sample preparation and col-
lection; chemicals and solvents; applied equipment; and
the goal of the analytical technique. Three color codes
are used by GAPI: red denotes a significant environmen-
tal threat, while yellow and green denote a lower risk and
increased greenness. AGREE (the Analytical GREEness)
is also a flexible, and straightforward assessment tool that
provides an easily interpretable and informative result
[53]. The assessment criteria are taken from the 12 prin-
ciples of green analytical chemistry and are transformed
into a number. The result is a pictogram indicating the
final score performance of the analytical procedure in
each criterion and weights assigned by the user. All data
were inserted in (Figs. 10 and 11). The good G score, 0.73,
conflicted high greenness of the current work owing
to utilizing distilled water throughout the procedures
without extraction process and drastic conditions like
heating [13, 14] or boiling [9, 11] or employing organic
solvent [10], this is in light of comparison with the other
reported fluorimetric techniques. On the other hand,
not consuming large amounts of energy as in LC-MS
articles or huge volumes of organic solvents like in HPLC
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Fig. 10 Pictogram of the developed method using GAPI tool

published papers for the cited drugs, all previously men-
tioned factors negatively affected the G score. Recently,
more than one method was employed for the assessment
of the methodology such as cGAPI, AGREEprep, The up-
to-date ChlorTox Scale indicator, CALIFICAMET tool,
RGB12 algorithm, and spider diagram [54—57].

Conclusion

The screened medications were quantified by employing
a green, easy-to-implement, and economical spectro-
photometric approach. The produced complexes were
water-soluble, therefore there was no need for organic
solvents, making the methodology safer for the envi-
ronment. Furthermore, the suggested approach is more
efficient in terms of time reliability, and sensitivity than
other reported spectrophotometric methods. In light of
this, the described approach can be easily implemented
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Fig. 11 Pictogram of the developed method using AGREE tool
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for the routine assay of the studied drugs instead of the
previously published spectroscopic and chromatographic
techniques in quality control laboratories. Moreover,
Content uniformity testing for CS tablets was employed
and the described current work was considered the first
colorimetric method employed to quantify the intrave-
nous market forms of the cited drug.

Author contributions

Mahmoud A. Abdelmajed: Methodology and writing the original draft, Khalid
M. Badr EI-Din: Validation and Review, Tamer Z. Attia: reviewing and publishing
editing; Mahmoud A. Omar: reviewing.

Funding

Non-funding.

Open access funding provided by The Science, Technology & Innovation
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank
(EKB).

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
Guidelines according to BMC journal.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 4 March 2024 / Accepted: 5 August 2024
Published online: 27 August 2024




Abdelmajed et al. BMC Chemistry

(2024) 18:158

References

1.

Mohapatra SS, Dwibedy SK, Padhy I. Polymyxins, the last-resort antibiotics:
Mode of action, resistance emergence, and potential solutions. J Biosci.
2021;46. https://doi.org/10.1007/512038-021-00209-8.

Abraham EP, Antibiotics T. Compr Biochem. 1963;11:181-224. https://doi.
0rg/10.1016/B978-1-4831-9711-1.50022-3.

Tran TB, Velkov T, Nation RL, Forrest A, Tsuji BT, Bergen PJ, Li J. Pharmaco-
kinetics/pharmacodynamics of colistin and polymyxin B: are we there

yet? Int J Antimicrob Agents. 2016;48:592-7. https://doi.org/10.1016/j.
jjantimicag.2016.09.010.

Mannan A, Khan AJ, Khan M, Abbas G. Validated Spectrophotometric Method
for determination of Polymaxin-B sulfate in Pharmaceutical formulations.
RADS J Pharm Pharm Sci. 2017,5:33-8. http://www.jpps,juw.edu.pk/index.
php/jpps/article/view/176. (accessed December 26, 2020).

Severino P, Silveira EF, Vazzana M, Chaud MV, Santana MHA, Souto EB. Valida-
tion of an UV spectrophotometric assay for the quantification of polymyxin
Bin solid lipid nanoparticles. Pharmazie. 2015. https://doi.org/10.1691/
ph.2015.5073.

Gallego JML, Arroyo JP. Simultaneous resolution of dexamethasone and
polymyxin B by spectrophotometry derivative and multivariate methods.
Anal Lett. 2001;34:1265-83. https://doi.org/10.1081/AL-100104152.

Lemus Gallego JM, Pérez J, Arroyo. Spectrophotometric resolution of ternary
mixtures of Dexamethasone, Polymyxin B and Trimethoprim in synthetic and
pharmaceutical formulations. Anal Chim Acta. 2001;437:247-57. https.//doi.
0rg/10.1016/50003-2670(01)01008-X.

Mutasim Elimam M, Wagiealla Shantier S, Ahmed Gadkariem E, Awadalla
Mohamed M. Derivative spectrophotometric methods for the Analysis and
Stability Studies of Colistin Sulphate. J Chem. 2015 (2015) 5-10. https://doi.
0rg/10.1155/2015/624316

Badr EI-Din KM, Abdelmajed MA, Omar MA, Attia TZ. The first spectrofluo-
rimetric approach for quantification of colistin sulfate and its prodrug
colistimethate sodium in pharmaceutical dosage form and human plasma.
Luminescence. 2021;36:1249-56. https://doi.org/10.1002/bi0.4050.

Badr EI-Din KM, Abdelmajed MA, Omar MA, Attia TZ. Salvage parenteral
antibiotics for multidrug-resistant (MDR) Gram-negative bacteria; a fluores-
camine-based technique for ultrasensitive spectrofluorimetric measurement
of polymyxins; human plasma application. Luminescence. 2022;37:971-9.
https://doi.org/10.1002/bio.4245.

Attia TZ, Abdelmajed MA, Omar MA, EI-Din KMB. Selective Spectrofluorimetric
Protocol for determination of commonly used Gram-negative Bactericidal
Drug in Combined Pharmaceutical Dosage forms and Human plasma. J
Fluoresc. 2022;32:603-12. https://doi.org/10.1007/510895-021-02862-6.
El-Kosasy AM, Abdel-Aziz O, Magdy N, EI NM, Zahar. Screening and optimiza-
tion of the reaction of polymyxin B sulphate with NBD-Cl for the synchronous
spectrofluorimetric determination of polymyxin B sulphate in human plasma.
J Fluoresc. 2015. https://doi.org/10.1007/510895-015-1555-8.

Attia TZ, Abdelmajed MA, Omar MA, Al Thagfan SS, EI-Din KMB. New validated
spectrofluorimetric protocol for colistin assay through condensation with 2,
2-dihydroxyindan-1, 3-dione: application to content uniformity testing. RSC
Adv. 2022;12:33559-66.

Abdelmajed MA, EI-Din KMB, Attia TZ, Oraby M, Omar MA. Condensation
methodology for quantification of Polymyxin B fluorimetrically: application
to pharmaceutical formulations and greenness assessment. BMC Chem.
2024;18:105.

Kjeldsen NJ, Beezer AE, Miles RJ. Flow microcalorimetric assay of antibiotics-lll.
Zinc bacitracin and its combinations with polymyxin B sulphate and neomy-
cin sulphate on interaction with Micrococcus luteus. J Pharm Biomed Anal.
1989;7:865-9. https://doi.org/10.1016/0731-7085(89)80007-X.

Albadawy OH, Nafee AM, Thabet MM, El-Rehewy MS, Ahmed AS. Microbio-
logical assay of colistin sulfate antibiotic in pharmaceutical formulations. Bull
Pharm Sci Assiut. 2013;36:93-103. https://doi.org/10.21608/bfsa.2013.63200.
Gales AC, Reis AO, Jones RN. Contemporary assessment of antimicrobial
susceptibility testing methods for polymyxin B and colistin: review of avail-
able interpretative criteria and quality control guidelines. J Clin Microbiol.
2001;39:183-90. https://doi.org/10.1128/JCM.39.1.183-190.2001.

Li J, Nation RL, Milne RW, Turnidge JD, Coulthard K. Evaluation of colistin as
an agent against multi-resistant gram-negative bacteria. Int J Antimicrob
Agents. 2005;25:11-25. https://doi.org/10.1016/j.jantimicag.2004.10.001.
Yainoy S, Hiranphan M, Phuadraksa T, Eiamphungporn W, Tiengrim S,
Thamlikitkul V. Evaluation of the Rapid Polymyxin NP test for detection of
colistin susceptibility in Enterobacteriaceae isolated from Thai patients.

20.

21.

22.

23.

24.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Page 10 of 11

Diagn Microbiol Infect Dis. 2018;92:102-6. https://doi.org/10.1016/.
diagmicrobio.2018.05.009.

Pinho AR, Rocha MJ, Alves G, Falcdo AC, Fortuna AC. Development and
validation of an HPLC-FLD technique for colistin quantification and its plasma
monitoring in hospitalized patients. Anal Methods. 2018;10:389-96. https://
doi.org/10.1039/c7ay02585h.

QOuchi S, Matsumoto K, Okubo M, Yokoyama Y, Kizu J. Development of HPLC
with fluorescent detection using NBD-F for the quantification of colistin sul-
fate in rat plasma and its pharmacokinetic applications. Biomed Chromatogr.
2018;32. https://doi.org/10.1002/bmc.4167.

Hanai Y, Matsuo K, Kosugi T, Kusano A, Ohashi H, Kimura |, Hirayama S, Nanjo
Y, Ishii Y, Sato T, Miyazaki T, Nishizawa K, Yoshio T. Rapid, simple, and clinically
applicable high-performance liquid chromatography method for clinical
determination of plasma colistin concentrations. J Pharm Heal Care Sci.
2018;4. https://doi.org/10.1186/540780-018-0119-x.

Papavasileiou K, Tsiasioti A, Tzanavaras PD. HPLC determination of Colistin

in human urine using Alkaline Mobile Phase combined with Post-column
Derivatization. Validation Using Accuracy Profiles; 2022.

Zhang H, Li F, Dun J, Sun N, Liu H, Chen G. Combination of Derivatization—
HPLC-MS and enzymatic hydrolysis—edman degradation for amino acid
sequence and configuration of Polymyxin B Components. Chromatographia.
2021;84:1057-64. https://doi.org/10.1007/510337-021-04091-2.

Ghanem A, Marzouk AA, EI-AdI SM, Fouad A. A polymer-based monolithic
Capillary Column with Polymyxin-B Chiral Selector for the Enantioselec-

tive Nano-High Performance Liquid Chromatographic Pharmaceutical
Analysis. J Chromatogr A. 2022;1662:462714. https://doi.org/10.1016/].
chroma.2021.462714.

Setiawati H, Harmita H, Suryadi H. Development and validation method for
simultaneous quantification of neomycin and polymyxin B by HPLC-ELSD
and comparison with microbiological method. J Appl Pharm Sci. 2020.
https://doi.org/10.7324/JAPS.2020.104016.

Wang P, Zhang Q, Qin Z, Xing H, Xu M, Pei H, Yang J, Zhang X. A simple and
robust liquid chromatography with Tandem Mass Spectrometry Analyti-

cal Method for Therapeutic Drug Monitoring of plasma and cerebrospinal
fluid polymyxin B1 and B2, Ther. Drug Monit. 2020;42:716-23. https://doi.
0rg/10.1097/FTD.0000000000000754.

Hee KH, Leaw YKJ, Ong JL, Lee LS. Development and validation of liquid chro-
matography tandem mass spectrometry method quantitative determination
of polymyxin B1, polymyxin B2, polymyxin B3 and isoleucine-polymyxin B1
in human plasma and its application in clinical studies. J Pharm Biomed Anal.
2017;140:91-7. https://doi.org/10.1016/}jpba.2017.03.018.

Covelli J, Ruszaj D, Straubinger R, Li J, Rao GG. The development and valida-
tion of a simple liquid chromatography-tandem mass spectrometry method
for polymyxin B1 and B2 quantification in different matrices. J Chromatogr

B Anal Technol Biomed Life Sci. 2017;1065-6. https://doi.org/10.1016/j.
jchromb.2017.09.031.

Liu X, Yu Z, Wang Y, Wu H, Bian X, Li X, Fan Y, Guo B, Zhang J. Therapeutic drug
monitoring of polymyxin B by LC-MS/MS in plasma and urine. Bioanalysis.
2020. https://doi.org/10.4155/bio-2020-0051.

Huang X, Liu X, Wang Y, Zhang J. Determination of polymyxin B in dried
blood spots using LC-MS/MS for therapeutic drug monitoring. J Chromatogr
B Anal Technol Biomed Life Sci. 2022;1192:123131. https://doi.org/10.1016/].
jchromb.2022.123131.

Qi B, Gijsen M, Van Brantegem P, De Vocht T, Deferm N, Abza GB, Nauwe-
laerts N, Wauters J, Spriet |, Annaert P. Quantitative determination of colistin
A/B and colistin methanesulfonate in biological samples using hydrophilic
interaction chromatography tandem mass spectrometry. Drug Test Anal.
2020;12:1183-95. https://doi.org/10.1002/dta.2812.

Binhashim NH, Alvi SN, Hammami MM. LC-MS/MS Method for Determina-
tion of Colistin in Human plasma: Validation and Stability studies. Int J

Anal Mass Spectrom Chromatogr. 2021;09:1-11. https://doi.org/10.4236/
ijamsc.2021.91001.

Barco S, Castagnola E, Mesini A, Tripodi G, Cangemi G. Potential pitfalls in
LC-MS/MS quantification of colistin for therapeutic drug monitoring of
patients treated with colistimethate. J Pharm Biomed Anal. 2019;170:193-5.
https://doi.org/10.1016/}jpba.2019.03.023.

Yuan H, YuS, Chai G, Liu J, editors. Q. (Tony) Zhou, An LC-MS/MS method

for simultaneous analysis of the cystic fibrosis therapeutic drugs colistin,
ivacaftor and ciprofloxacin, J. Pharm. Anal. 11 (2021) 732-738. https://doi.
0rg/10.1016/},jpha.2021.02.004


https://doi.org/10.1007/s12038-021-00209-8
https://doi.org/10.1016/B978-1-4831-9711-1.50022-3
https://doi.org/10.1016/B978-1-4831-9711-1.50022-3
https://doi.org/10.1016/j.ijantimicag.2016.09.010
https://doi.org/10.1016/j.ijantimicag.2016.09.010
http://www.jpps.juw.edu.pk/index.php/jpps/article/view/176
http://www.jpps.juw.edu.pk/index.php/jpps/article/view/176
https://doi.org/10.1691/ph.2015.5073
https://doi.org/10.1691/ph.2015.5073
https://doi.org/10.1081/AL-100104152
https://doi.org/10.1016/S0003-2670(01)01008-X
https://doi.org/10.1016/S0003-2670(01)01008-X
https://doi.org/10.1155/2015/624316
https://doi.org/10.1155/2015/624316
https://doi.org/10.1002/bio.4050
https://doi.org/10.1002/bio.4245
https://doi.org/10.1007/s10895-021-02862-6
https://doi.org/10.1007/s10895-015-1555-8
https://doi.org/10.1016/0731-7085(89)80007-X
https://doi.org/10.21608/bfsa.2013.63200
https://doi.org/10.1128/JCM.39.1.183-190.2001
https://doi.org/10.1016/j.ijantimicag.2004.10.001
https://doi.org/10.1016/j.diagmicrobio.2018.05.009
https://doi.org/10.1016/j.diagmicrobio.2018.05.009
https://doi.org/10.1039/c7ay02585h
https://doi.org/10.1039/c7ay02585h
https://doi.org/10.1002/bmc.4167
https://doi.org/10.1186/s40780-018-0119-x
https://doi.org/10.1007/s10337-021-04091-2
https://doi.org/10.1016/j.chroma.2021.462714
https://doi.org/10.1016/j.chroma.2021.462714
https://doi.org/10.7324/JAPS.2020.104016
https://doi.org/10.1097/FTD.0000000000000754
https://doi.org/10.1097/FTD.0000000000000754
https://doi.org/10.1016/j.jpba.2017.03.018
https://doi.org/10.1016/j.jchromb.2017.09.031
https://doi.org/10.1016/j.jchromb.2017.09.031
https://doi.org/10.4155/bio-2020-0051
https://doi.org/10.1016/j.jchromb.2022.123131
https://doi.org/10.1016/j.jchromb.2022.123131
https://doi.org/10.1002/dta.2812
https://doi.org/10.4236/ijamsc.2021.91001
https://doi.org/10.4236/ijamsc.2021.91001
https://doi.org/10.1016/j.jpba.2019.03.023
https://doi.org/10.1016/j.jpha.2021.02.004
https://doi.org/10.1016/j.jpha.2021.02.004

Abdelmajed et al. BMC Chemistry

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

(2024) 18:158

Matar KM, Al-Refai B. Quantification of Colistin in plasma by Liquid Chroma-
tography-Tandem Mass Spectrometry: application to a pharmacokinetic
study. Sci Rep. 2020. https://doi.org/10.1038/541598-020-65041-w.

Srisom P, Liawruangrath B, Liawruangrath S, Slater JM, Wangkarn S. Simul-
taneous determination of neomycin sulfate and polymyxin B sulfate by
capillary electrophoresis with indirect UV detection. J Pharm Biomed Anal.
2007:43:1013-8. https://doi.org/10.1016/}pba.2006.09.041.

Gallego JML, Arroyo JP. Determination of hydrocortisone, polymyxin B and
Zn-bacitracin in pharmaceutical preparations by micellar electrokinetic chro-
matography. Anal Bioanal Chem. 2003;375:617-22. https://doi.org/10.1007/
500216-003-1761-0.

Ahmed H, Elbarbry F, Clark B. Mixed Micellar Electrokinetic Chromatographic
Analysis of Colistin, Polypeptide Antibiotic, using Laser-Induced fluores-
cence detection. Am J Anal Chem. 2012,03:233-41. https://doi.org/10.4236/
ajac.2012.33031.

Kang JW, Vankeirsbilck T, Van Schepdael A, Orwa J, Roets E, Hoogmartens

J. Analysis of colistin sulfate by capillary zone electrophoresis with
cyclodextrins as additive. Electrophoresis. 2000;3199-204. https://doi.
0rg/10.1002/1522-2683(20000901)21:15<3199:AID-ELPS3199>3.0.CO;2-8.
Franke JD, Braverman AL, Cunningham AM, Eberhard EE, Perry GA. Erythrosin
B: a versatile colorimetric and fluorescent vital dye for bacteria. Biotech-
niques. 2020;68:7-13.

Li J, Milne RW, Nation RL, Turnidge JD, Coulthard K, Valentine J. Simple
method for assaying colistin methanesulfonate in plasma and urine using
high-performance liquid chromatography. Antimicrob Agents Chemother.
2002;46:3304-7. https://doi.org/10.1128/AAC46.10.3304-3307.2002.
Harmonization S. Uniformity of Dosage Units, Definitions. 3 (2020) 4-6.
https://doi.org/10.32388/ntq57q

El-Kommos ME, El-Gizawy SM, Atia NN, Hosny NM. Spectrophotometric
determination of some non-sedating antihistamines using erythrosine B.
ISRN Anal Chem. 2013;2013:1-9. https://doi.org/10.1155/2013/209518.
Wang J, Liu Z, Liu J, Liu S, Shen W. Study on the interaction between fluo-
roquinolones and erythrosine by absorption, fluorescence and resonance
rayleigh scattering spectra and their application, 69 (2008) 956-63. https://
doi.org/10.1016/j.52a.2007.05.057

Isoe J, A EK. A New Spectrophotometric Method for determination of
urinary protein using erythrosin B, 35 (2006) 922-3. https://doi.org/10.1246/
c1.2006.922

Derayea SM, Hamad AA, Ali R, Refat H, Ali H. Investigating erythrosine B

as a fluorimetric probe for the determination of benzimidazole drugs via
facile complexation reaction. Microchem J. 2019;149:104024. https://doi.
0rg/10.1016/j.microc.2019.104024.

48.

49.

50.

5T

52.

53.

54.

55.

56.

57.

Page 11 of 11

Abdel-lateef MA, Derayea SM. Investigating the interaction of terbinafine
with xanthenes dye for its feasible determination applying the resonance
Rayleigh scattering technique, (2020).

Abu-hassan AA, Derayea SM, Ali R, Abu-hassan AA. Two facile approaches
based on association complex with erythrosine-B for nano-level analysis of
duloxetine. application to content uniformity; 2021.

Tolba MM, Salim MM, Part SA. Molecular and Biomolecular Spectroscopy
insights for applying erythrosine B as a green fluorescence probe for estima-
tion of anticancer tamoxifen and its analog ; clomiphene in nanogram con-
centration. Spectrochim Acta Part Mol Biomol Spectrosc. 2021;263:120156.
https://doi.org/10.1016/j.5aa.2021.120156.

Gorbach SL, Guidelines I. Infect Dis Clin Pract. 1996;5:521-7. https://doi.
0rg/10.1097/00019048-199612000-00002.

Ptotka-Wasylka J. A new tool for the evaluation of the analytical procedure:
Green Analytical Procedure Index. Talanta. 2018;181:204-9. https://doi.
0rg/10.1016/j.talanta.2018.01.013.

Pena-Pereira F, Wojnowski W, Tobiszewski M. Analytical GREEnness metric
approach and software. Anal Chem. 2020,92:10076-82.

Fayaz TKS, Chanduluru HK, Obaydo RH, Sanphui P. Propylene carbonate as an
ecofriendly solvent: Stability studies of Ripretinib in RPHPLC and sustainable
evaluation using advanced tools. Sustain Chem Pharm. 2024;37:101355.
https://doi.org/10.1016/j.5cp.2023.101355.

Kannaiah KP, Chanduluru HK;, Lotfy HM, Obaydo RH, El Hamd MA, Alshehri
S, Mahdi WA, Nessim CK. Integrative AQbD, up-to-date greenness, and
whiteness tools for evaluation of a sustainable RP-HPLC method used for
simultaneous separation of triple antihypertensive combination therapy as
a model. Sustain Chem Pharm. 2023;36:101288. https://doi.org/10.1016/].
5cp.2023.101288.

Kannaiah KP, Chanduluru HK. Exploring sustainable analytical techniques
using G score and future innovations in green analytical chemistry. J Clean
Prod. 2023:428:139297. https://doi.org/10.1016/}jclepro.2023.139297.
Kannaiah KP, Sugumaran A, Chanduluru HK, Rathinam S. Environmental
impact of greenness assessment tools in liquid chromatography — a review.
Microchem J. 2021;170. https://doi.org/10.1016/j.microc.2021.106685.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1038/s41598-020-65041-w
https://doi.org/10.1016/j.jpba.2006.09.041
https://doi.org/10.1007/s00216-003-1761-0
https://doi.org/10.1007/s00216-003-1761-0
https://doi.org/10.4236/ajac.2012.33031
https://doi.org/10.4236/ajac.2012.33031
https://doi.org/10.1002/1522-2683(20000901)21:15<3199::AID-ELPS3199>3.0.CO;2-8
https://doi.org/10.1002/1522-2683(20000901)21:15<3199::AID-ELPS3199>3.0.CO;2-8
https://doi.org/10.1128/AAC.46.10.3304-3307.2002
https://doi.org/10.32388/ntq57q
https://doi.org/10.1155/2013/209518
https://doi.org/10.1016/j.saa.2007.05.057
https://doi.org/10.1016/j.saa.2007.05.057
https://doi.org/10.1246/cl.2006.922
https://doi.org/10.1246/cl.2006.922
https://doi.org/10.1016/j.microc.2019.104024
https://doi.org/10.1016/j.microc.2019.104024
https://doi.org/10.1016/j.saa.2021.120156
https://doi.org/10.1097/00019048-199612000-00002
https://doi.org/10.1097/00019048-199612000-00002
https://doi.org/10.1016/j.talanta.2018.01.013
https://doi.org/10.1016/j.talanta.2018.01.013
https://doi.org/10.1016/j.scp.2023.101355
https://doi.org/10.1016/j.scp.2023.101288
https://doi.org/10.1016/j.scp.2023.101288
https://doi.org/10.1016/j.jclepro.2023.139297
https://doi.org/10.1016/j.microc.2021.106685

	﻿Full green assay of parenteral dosage forms of polymyxins utilizing xanthene dye: application to content uniformity testing
	﻿Abstract
	﻿Introduction
	﻿Experimental
	﻿Devices
	﻿Pure powder and marketed formulations
	﻿Chemicals and reagents
	﻿Drug stock solution
	﻿Standard analytical procedure
	﻿Quantification of CS and poly B in their Market products
	﻿Preparation of vial form of the studied drugs
	﻿Preparation of Colistin Sulfate﻿®﻿ tablets
	﻿Procedure for Content Uniformity Testing


	﻿Results and discussion
	﻿Optimization
	﻿Buffer solution
	﻿Erythrosine B volume optimization
	﻿Reaction time and temperature optimization
	﻿Experimental solvent adjustment
	﻿Stoichiometric mole fraction method


	﻿Validation study
	﻿Range of Linearity
	﻿LOD & LOQ
	﻿Accuracy
	﻿Precision
	﻿Robustness

	﻿Applications of the developed approach
	﻿Assay of PMS in parenteral and oral dosage forms
	﻿Test of Content Homogeneity

	﻿Greenness assessment
	﻿Conclusion
	﻿References


