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Abstract

In this study, a rapid reversed-phase liquid chromatography method for the determination of azithromycin and its related
substances was developed and validated on a novel polyfunctional silyl reagent [hexanhexamethyloctadecyltetrasiloxane
(HMODTS—C18)] bonded core—shell RP C-18 column (100X 4.6 mm, 2.6 um) as per ICH guidelines. A binary gradient elu-
tion programme with a mixture of solvent A (phosphate buffer, pH 8.9) and solvent B (ACN: MeOH, 3:1) as mobile phase,
at a flow rate of 1.5 mL min~! and detection at 210 nm was finally optimized for the study. The validation results showed
that the method to be specific, selective, highly sensible (0.004 mg mL™"), precise (% RSD < 10), linear and accurate in a
concentration range of 0.004-0.032 mg mL~!. Simple SPE method was performed for extraction and checked for repeat-
ability. The result showed that the method is precise (%RSD <2). The validated chromatographic method was applied to the
solid-phase extracted samples of azithromycin and its four major related substances. Also, docking study was carried out
using AutoDock Tools to find out the binding affinities, number of hydrogen bonds and residues involved in hydrogen bonds
for azithromycin and its four major related impurities with the human plasma proteins. The results confirmed the applicabil-
ity of the proposed method on the extracted human plasma samples. Finally, the study demonstrates that the impurities of
azithromycin have strong binding affinities with the plasma proteins compared to that of azithromycin and half life of these
impurities may be higher than azithromycin which can cause major health risk on repeated doses of azithromycin.

Keywords Azithromycin: validation - Azithromycin-related impurities - Novel polyfunctional silyl reagent core—shell
columns - Solid-phase extraction - Ultrafast liquid chromatography

Introduction Therapeutic Governance Authority (TGA) and Canadian

Drug and Health Agency (CDHA) accentuate the purity of

Various guidelines and stringent specifications imposed by
regulative authorities, such as the International Conference
on Harmonization (ICH), the United States Food and Drug
administration (FDA), European Medical agency (EMA),
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the drug substances and identification of the related sub-
stances in active pharmaceutical ingredients (API) and fin-
ished products. These related substances can be inorganic,
organic and volatile solvents. A small amount of these may
manipulate the efficacy and potency of the drug substances
and also could cause some toxicological problems.
Azithromycin (AZM), a 15-atom lactone macrolide ring
compound is a commonly prescribed antibiotic, highly
active against Chlamydia and moderately active against M
avium complex and T gondii. Pharmacokinetic properties of
AZM reveal its low serum concentrations of approximately
400 mg mL -1 on a daily dose of 500 mg for adults. Penetra-
tion of AZM into most tissues and phagocytic cells (except
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the cerebrospinal fluid) are rapid followed by a slow release
from the tissues. Due to its longer half life, AZM is pre-
scribed as a single dose of 500 mg/day for three consecutive
days. Cytochrome P450 enzymes are not activated by AZM,
so it does not cause any drug interactions as that of other
macrolides [1].

There are many reports on the estimation of azithromy-
cin and its related substances in bulk pharmaceuticals and
finished dosage forms [2]. Also, some reported its analysis
in blood plasma but none paid an attention to the impurities
that binds to the blood plasma and the half life’s of those
impurities. Investigations after short-term administration
(3 days) showed accumulation of AZM in white blood cells
[3, 4]. United States Pharmacopoeia monograph for azithro-
mycin reports 13 known impurities. Although, specific lim-
its of individual impurities have been specified in various
pharmacopoeias, still these impurities could be genotoxic
to the human cells and their binding affinity studies need to
be carried out.

Currently, core—shell columns bridged the gap between
pressure and time by supplementing chromatography with
selective short run time methods. The size distribution of a
core—shell particle is narrower than a conventional porous
particle; therefore, the space between the particle is reduced
which increases the efficiency by decreasing eddy diffusion,
longitudinal diffusion and diffusion path [5]. Our proposed
study was optimized on a core—shell particle column which
is bonded with a novel polyfunctional silyl reagent called
hexamethyloctadecyltetrasiloxane (HMODTS-C18) which
adds more stability to the column for the analysis of certain
basic drugs. Highlighting its bonding chemistries, the col-
umn is also finally end-capped with trimethylchlorosilane
and base deactivated to mask the residual silanol groups.
Its HMODTS-C18 group is a short chain which acts as a
shield to cover up the residual silanol groups (if any) after
base deactivation and end-capping, resulting in increasing
the stability and life of the column. The column’s reduced
particle size has advantages of resolving the acidic and basic
compounds, in an UFLC under reduced pressure, low sol-
vent consumption, shorter run time of analysis, shorter equi-
libration time, stability in operating temperature in excess of
80 °C for hours which increases its column life and finally
good resolution [6].

United States Pharmacopoeia, British Pharmacopoeia,
European Pharmacopoeia and Indian Pharmacopoeia allow
a change in the column length by +70%, flow rate by +50%,
reduction in the particle size of the column by 50% and col-
umn diameter with +25%, without changing the solvent sys-
tem of the method [7—11]. The proposed method for organic
impurities in azithromycin stated in United States Pharmaco-
poeia was carried out on a SunShell RP-C18 (100 X 4.6 mm,
2.6 ) column. The gradient method was transferred to this
short core—shell column by calculating the runtime using
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the gradient method transfer software [12]. High stability
(temperature resistant up to 80 °C) and pH range (1.5-10)
and low bleeding made the column suitable for the proposed
study [13, 14].

Hence, this study aims to develop a rapid, specific, accu-
rate and precise HPLC method using core—shell column for
the determination of AZM and its major related substances
(Fig. 1) in bulk, dosage forms and human plasma, with ref-
erence to maximum allowable changes as per United States
Pharmacopoeia, British Pharmacopoeia, European Pharma-
copoeia and Indian Pharmacopoeia on a related substance
method of azithromycin mentioned in USP monograph [15].
To the best of authors’ knowledge, such a method has never
been reported earlier. It can be predicted that the proposed
method could be validated and applied on quality control
laboratories for routine analysis. The docking of the mol-
ecules gives a sheer picture and comparison of the bind-
ing affinities of AZM and its major impurities with human
plasma proteins.

Materials and Methods
Materials

Azithromycin reference standard, azaerythromycin A
(IMP-A), azithromycin N-oxide, desosaminylazithromycin,
3'-N-demethylazithromycin impurity reference standards
were purchased from United States Pharmacopeial con-
vention. Methanol, acetonitrile, ortho-phosphoric acid of
HPLC grade were purchased from Merck; anhydrous diba-
sic sodium phosphate and monobasic ammonium phosphate
of chromatographic grade were purchased from Merck;
sodium hydroxide of AR grade was purchased from Merck
and ammonium hydroxide of AR grade was purchased from
Rankem. Azithromycin tablet formulation was purchased
from the market.

Instrumentation

The chromatograph consisted of a Shimadzu LC-2010Cy
system model equipped with binary pump LC-20AD,
autosampler, degasser, column oven, and UV detector. The
analysis, collection of data and integration of data’s were
carried out using LC solution software. Solid-phase extrac-
tion assembly of Varian USA was used and 1-ml Sep-Pac
C,g cartridges (1.0 mL Waters, Milky Way, USA) were used
for carrying out solid-phase extraction.

Chromatographic Conditions

The chromatographic separation was performed on a
ChromaNik Technologies Inc., Japan, SunShell RP-C18
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Desoaminylazithromycin

Azaerythromycin A

Fig. 1 Chemical structures of azithromycin and its four major impurities

column (core—shell column), 100 mm X 4.6 mm, 2.6 pm, (phosphate buffer, pH 8.9) and solution B (ACN: MeOH,
purchased from Prochrome India, Mumbai. The separation 3:1), as shown in Table 1, with a flow rate of 1.5 mL min~",

was achieved with a binary gradient program for solution A injection volume of 20 pL, column oven temperature
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Table 1 Gradient programme

Time Flow Solution A Solution B
0.00 1.5 50 50
6.67 1.5 45 55
8.00 1.5 40 60
21.33 1.5 25 75
21.60 1.5 50 50
30.00 1.5 50 50

maintained at 60 °C, sample oven temperature maintained
at 4 °C and detection wavelength of 210 nm.

Preparation of Solutions
Preparation of Solution A

Anhydrous dibasic sodium phosphate was weighed and
transferred to prepare a solution of 1.8 mg mL™" in water.
The pH of the solution was adjusted to 8.9 with 1 N sodium
hydroxide or 10% ortho-phosphoric acid. The solution was
filtered using 0.45-u membrane filter and degassed.

Preparation of Solution B

A mixture of acetonitrile and methanol was prepared in the
ratio of 3:1.

Preparation of Solution C

Monobasic ammonium phosphate was weighed and trans-
ferred to prepare a solution of 1.73 mg mL™" in water. The
pH of the solution was adjusted to 10.0 +0.05 with ammo-
nium hydroxide. The solution was filtered using 0.45-u
membrane filter and degassed.

Preparation of Solution D

A mixture of methanol, acetonitrile and solution C was pre-
pared in the ratio of 7:6:7.

Preparation of Solution E

A mixture of methanol and solution C was prepared in the
ratio of 1:1.

Preparation of Standard Stock Solution

Azithromycin standard solution was prepared by dissolv-
ing azithromycin in solution D using about 75% of the final
volume. Sonicated to dissolve and diluted to volume with
solution D. Mixed properly to obtain a solution having a
known concentration of 0.4 mg mL~! of azithromycin.
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Preparation of Standard Solution

0.02 mg mL~" of azithromycin was prepared from the stand-
ard stock solution in solution D.

Preparation of System Suitability or Resolution Stock
Solution

0.2 mg mL~! of azaerythromycin A (IMP-A) was prepared
in acetonitrile. It was sonicated to dissolve.

Preparation of System Suitability or Resolution Solution

A mixed solution of 0.02 mg mL~! of azaerythromycin A
(IMP-A) was prepared from the system suit stock solution
and 0.02 mg mL~! of azithromycin from the standard stock
solution in solution D.

Preparation of System Sensitivity Solution

0.004 mg mL~! of azithromycin was prepared from standard
solution in solution D.

Preparation of Blank Solution
Solution D is used as the blank solution.
Preparation of Placebo Stock Solution

The density of azithromycin suspension placebo was cal-
culated. Accurately weighed suspension placebo equivalent
to formulation sample containing 1335 mg of azithromycin
(excluding active substance) was transferred into a 100-mL
volumetric flask. 75 mL of acetonitrile was added, shaken
and sonicated for not less than 15 min. The mixtures were
shaken by mechanical means for not less than 15 min. The
mixtures were allowed to equilibrate to room temperature
and the volume was made up to the mark with acetonitrile
and mixed. The mixtures were filtered through GF/C filter

paper.
Preparation of Placebo Solution

An aliquot of the placebo stock solutions was centrifuged at
700 RCF for 10-15 min and 3.0 mL of the supernatant was
transferred into a 10-mL volumetric flask and diluted with
solution E to volume and mixed. The mixture was filtered
through GF/C filter paper.

Preparation of Sample Stock Solution

The density of azithromycin suspension was calculated. Accu-
rately weighed suspension equivalent to formulation sample
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containing 1335 mg of azithromycin were transferred into a
100-mL volumetric flask. 75 mL of acetonitrile was added,
shook and sonicated for not less than 15 min. The mixtures
were shaken by mechanical means for not less than 15 min.
The mixtures were allowed to equilibrate to room temperature
and the volume was made up to the mark with acetonitrile and
mixed. The mixtures were filtered through GF/C filter paper.

Preparation of Sample Solution

An aliquot of the sample stock solutions was centrifuged at
700 RCF for 1015 min and 3.0 mL of the supernatant was
transferred into a 10-mL volumetric flask, and diluted with
solution E to volume and mixed. The mixture was filtered
through GF/C filter paper.

Extraction of the Drugs from Plasma by Solid-Phase
Extraction (SPE)

To determine azithromycin and its related impurity concen-
tration in human body, SPE was carried out. Sample solution
was prepared by taking 1.0 mL (0.02 mg mL~") of the stand-
ard impurities (azithromycin 3'-N-oxide, desosaminylazithro-
mycin, 3'-N-demethylazithromycin, azaerythromycin A) and
standard azithromycin (2.0 mg mL™"), mixed with 5.0 mL
fresh frozen human plasma. The sample solution was kept
in an incubator at 37 °C for 24 h. For extraction, 15.0 mL
of acetone was mixed with sample and kept for 30 min. The
sample solution was centrifuged at 10,000 rpm (11,180g) for
10.0 min to separate the supernatant. The supernatant was
evaporated to dryness under vacuum. The residue was re-
dissolved in 10.0 mL phosphate buffer (25 mM, pH 8.9). Sep-
Pac C ;4 cartridges (1.0 mL Waters, Milky Way, USA) were
pre-conditioned with 2.0 mL methanol and 5.0 mL Millipore
water, separately. The buffer containing the drugs were passed
through the cartridge at a flow rate of 0.1 mL min~!, followed
by washing of the cartridge with 2.0 mL Millipore water at
the same flow rate. The cartridge was dried by passing hot air
followed by elution of the drugs using 10.0 mL methanol at a
flow rate of 0.1 mL min~". The eluted methanol solution of the
drugs was concentrated under vacuum to 0.5 mL, separately.
The sample was further used for HPLC analysis.

Results and Discussion
Optimization of Chromatographic Conditions

For the successful separation of AZM and its related impu-
rities, different types of column and mobile phase have
been tried. But best results were obtained in core—shell
RP-C18 column (100 X 4.6 mm, 2.6 um) using binary gra-
dient elution with mixture of solvent A (phosphate buffer,

pH 8.9) and solvent B (ACN:MeOH, 3:1) as mobile phase
at a flow rate of 1.5 mL min~! and detection at 210 nm.

Method Validation

Method validation was performed in accordance with
ICH (2005) guidelines [16—19]. The results were evalu-
ated using standard statistical packages for Windows and
Graph Pad Prism 4.0 (Graph Pad Software Inc., USA).

System Sensitivity Solution

System sensitivity solution was injected and the peak
response was recorded. The acceptance criteria as per
United States Pharmacopoeia are the signal-to-noise
ratio for the azithromycin peak should not be less than
10. The limit of quantification (LOQ) of this method was
determined as a signal-to-noise ratio of 10 for LOQ. The
signal-to-noise ratio for LOQ concentration of 4 pg/mL
was found to be 12.22 for azithromycin.

System Suitability Test or Resolution Test

System suitability solution was injected and the resolu-
tion of azaerythromycin A (IMP-A) and azithromycin was
evaluated (Fig. 2). The acceptance criteria as per United
States Pharmacopoeia are not less than 2.5. The resolution
between azaerythromycin A (IMP-A) and azithromycin
was determined to be 17.388.

Specificity

A study was conducted for the interference of diluent and
placebo with azithromycin and its related impurities. Sam-
ples were prepared by taking the placebo equivalent to
about the weight in portion of test preparation as per the
test method. Azithromycin spiked in the placebo of sus-
pension was prepared and injected into the HPLC system
(Figs. 3, 4). The results are summarized in Table 2. No
peaks are eluted at the retention time of azithromycin and
its related impurities.

Linearity

The calibration curve for AZM was plotted with differ-
ent concentrations from the LOQ level, that is, 4-32 ug/
mL. The detector response was linear. The linearity was
assessed by calculating the slope, y-intercepts and coeffi-
cient of determination (%) using a least squares regression
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Fig.2 Chromatogram of system

suitability solution ul‘gi)l)l)-
10000 2
Azithromycin
1
5000 IMP-A
T r
T I U U L] 1
0 S 10 15 20 25
min.
Fig.3 Chromatogram of blank
solution v
15000
10000 e
3
A
E
5000 &
b
o_
1 1 1 1 1 1
0 5 10 15 20 25 30
min.
Fig.4 Chromatogram of API v
spiked in placebo solution u3 00004
Azithromycin
20000
10000
01— VV
1 1 1 1 1 1
0 5 10 15 20 25 30
min.

equation. The detailed descriptions of regression curves
are depicted in Table 3, which shows good linearity (coef-
ficient of determination 7>=0.997) for azithromycin in the
examined concentration range. The acceptance criteria
for the correlation coefficient () are NLT 0.995 and the
regression coefficient (7%) is NLT 0.99. Y-intercept, slope
of regression line should be reported. %Y-intercept at 100%
target concentration should be NMT +5.0%0.28% and the
selected wavelength for all the three markers was 254 nm.
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Precision

Precision of the test method was determined by injecting
test preparation and tested through the complete analytical
procedure from sample preparation to final result. Repeat-
ability assessed using a minimum of six determinations and
calculated % relative standard deviation of impurities was
calculated. The acceptance criteria for precision are % RSD
for all the reported impurities of azithromycin of all the six
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Table 2 Specificity results

S. no. Sample name Interference
1 Blank NO
2 Placebo NO
3 ID azithromycin 3'-N-oxide NO
4 ID desosaminylazithromycin NO
5 ID 3'-N-demethylazithromycin NO
6 ID azaerythromycin A (IMP-A) NO
7 Azithromycin NO

Table 3 Linearity results

Concentration (ug/mL)

Peak area (average)

4
12
20
24
32

Correlation coefficient (r)

Regression coefficient )

Slope
Y-intercept

(Y-intercept/area at 100% conc”) x 100

3190
10221
16696
19524
27529
0.999
0.997

854.22089

—285.66438

-1.71

replicate sample injections are < 10. The test results meet the
acceptance criteria. The % RSD of all the reported impuri-
ties is shown in Table 4.

Accuracy

The accuracy of the related substances test procedure was
determined by spiking of azithromycin on placebo of sus-
pension and injecting triplicate samples of LOQ, 50%,
100% and 150% in triplicate at the target concentration of
0.02 mg mL~! of azithromycin. The % recovery was cal-
culated. The acceptance criterion is the mean recovery of
the impurities at each level should be between 85.0% and
115.0% and the test results meet the acceptance criterion.
The details of the % recovery results are shown in Table 5.

Robustness

When the chromatographic conditions were deliberately varied
(flow), the system suitability parameter meets the acceptance
criteria and there is no change in the relative retention time for
the impurities of azithromycin.

Calculation of Related Compounds

The percentage of each related compound in the portion of
suspension is given by the formula:

_ Area of Individual Impurity X Conc. of std. X Potency(pg/mg) x 0.001 (mg/pg) X 100

Mean Area of standard solution X Conc. of sample solution X RRF

s

Total % Impurities = Total percentage of Known impurity + Total percentage of Unknown Impurity.

Table 4 Precision results

Samples Unknown 1 Known 1 Known 2 Known 3 Known 4 Unknown 2 Known 5 Known 6
% Impurity % Impurity % Impurity % Impurity % Impurity % Impurity % Impurity % Impurity

Sample 1 0.1178 0.3545 0.3533 0.4562 0.3196 0.0997 0.2199 0.4008
Sample 2 0.1079 0.3623 0.3312 0.4653 0.3145 0.0959 0.2091 0.3889
Sample 3 0.1090 0.3481 0.3107 0.4468 0.3059 0.0989 0.2146 0.3746
Sample 4 0.1167 0.3440 0.3425 0.4569 0.2993 0.1075 0.2149 0.3606
Sample 5 0.1146 0.3699 0.3227 0.4422 0.2868 0.0983 0.2028 0.3924
Sample 6 0.1094 0.3778 0.3562 0.4844 0.3358 0.1009 0.2247 0.3720
Mean 0.11 0.19 0.34 0.46 0.31 0.10 0.21 0.38

SD 0.00 0.01 0.02 0.02 0.02 0.00 0.01 0.01
%RSD 3.83 3.62 5.30 3.28 5.49 393 3.61 3.92

Known 1: 3'-(N,N-didemethyl)azithromycin (aminoazithromycin)

Known 2: desosaminylazithromycin

Known 3: 3’-N-demethylazithromycin

Known-4: azaerythromycin A (IMP-A)

Known-5: 2-desethyl-2-azithromycin

Known-6: azithromycin B
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Ta!ale 5 Ac.curacy results for S. no. % Level Amount added ~ Amount recovered % Recovery Mean % recovery
azithromycin (ug/mL) (ug/mL)

1 20%—1 0.0040 0.0039 96.77 98.20

2 20%—2 0.0036 0.0036 99.40

3 20%—3 0.0040 0.0039 98.43

4 50%—1 0.010 0.0098 98.46 98.18

5 50%—2 0.010 0.0097 97.28

6 50%—3 0.0092 0.0091 98.81

7 100%—1 0.018 0.017 98.65 97.65

8 100%—2 0.018 0.018 98.00

9 100%—3 0.019 0.018 96.30

10 150%—1 0.026 0.025 97.33 97.18

11 150%—2 0.028 0.027 96.99

12 150%—3 0.026 0.025 97.22

The relative response factor (RRF) values are listed in
Table 6, according to the United States Pharmacopoeia 34-
NF 29 monograph of azithromycin and azithromycin tab-
lets. The known, unknown and the total impurities should
meet the limits listed in Table 6. The peaks obtained in
sample solution that correspond to peaks in blank and pla-
cebo solutions should be disregarded and the peaks having
a response of less than 0.1% are to be disregarded. Peaks
eluting before azithromycin 3'-N-oxide and after azithro-
mycin B should be disregarded as per USP azithromycin
specification.

Core-Shell Versus Fully Porous Particle

There are many reports which provide the comparison data
between a core—shell column and fully porous columns.
Core-shell particle supersedes fully porous particle in
respect of column efficiency, selectivity as well as repro-
ducibility with advantages of fast analysis, sharp peak shape
and increased resolution. The advantage lies in the particle
size, giving a backpressure equivalent to fully porous par-
ticle of higher micron. To elaborate a 2.6-u particle size
in core—shell provides a back pressure equivalent to a 5-p

Table 6 Determination

. .. S.no. Compound name
of related impurities of

RRT (approx.) RRF Limits (%)

azithromycin with accepted % 1 Azithromycin 3'-N-oxide 0.29 045 1.0

lslgtléss ?ﬁ;ﬁﬁ?ﬁpﬁ’eigzz{mted 2 3'-(N,N-Didemethyl)-3'-N-formylazithromycin 0.37 1.9 10

NF-29 monograph) 3 3'-(N,N-Didemethyl)azithromycin (aminoazithromycin) 0.43 0.52 05
4 Azithromycin-related compound F 0.51 4.8 1.0
5 Desosaminylazithromycin 0.54 1.1 05
6 3'-N-Demethylazithromycin 0.61 1.0 0.7
7 Azithromycin C (3"-O-demethylazithromycin) 0.73 1.0 -
8 3'-De(dimethylamino)-3'-oxoazithromycin 0.76 1.6 1.0
9 Azaerythromycin A (IMP-A) 0.83 1.0 -
10 Azithromycin 1.0 - -
11 2-Desethyl-2-propylazithromycin 1.23 1.0 -
12 3'-N-Demethyl-3'-N-[(4-methylphenyl)sulfonyl] azithromycin 1.26 1.0 -
13 3-Deoxyazithromycin (azithromycin B) 1.31 1.0 -
14 Any other unspecified impurity - 1.0 02
15 Total impurities - - 5.0

S. nos.—7, 9, 11, 12 and 13: these compounds are synthetic process impurities of azithromycin. They are
controlled in the drug substance and are listed here for information only. The total impurity specification

does not include these impurities
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fully porous particle. To elaborate it more specifically, the
morphology of core—shell particle needs to be understood
on a molecular level. It is the morphology of the core—shell
particle that improves the efficacy of a column. This is in
accordance with the van Deemter equation:

h=§+A+Cv,
v

where £ is the reduced plate height, v the reduced velocity,
and A, B, and C numerical coefficients related to the param-
eters of the column.

The A term (eddy dispersion term) of the van Deemter
equation provides a major clue to the performance of
core—shell column. This parameter is completely depend-
ent on the particle size which increases the packing effi-
ciency of the core—shell column than of fully porous particle.
Fully porous media has smoother surface compared to solid
core—media due to which shear stress which can be applied
is more during packing of the column. Therefore, this mini-
mizes the chance of channeling and band broadening [20].

The B term of the van Deemter equation states the dif-
fusion model or longitudinal diffusion occurring within the
column. The major factor for using solid core materials is the
reduction of the dead volume of the column. A fully porous
material packed into a column occupies about one-third of
the column volume whereas a solid core—particle occupies
about 20-30% more volume than a fully porous material
[21]. This causes decrease in column volume of a packed
core—shell column which results in less longitudinal diffu-
sion occurring within the column.

According to van Deemter equation, the final term is
the C term or resistance to mass transfer. The mass trans-
fer effect is due to the different flow velocities within the
mobile phase and not just within the stagnant regions of the
pore structure. So, it depends on the molecular weight of the
molecule. The porous layer has little effect on the overall h
value for small molecules whereas for larger molecules there
is increased effect. Although there is difference in the C term

for small molecule and large molecule, the overall dispersion
is very minimal.

In our current study, for the organic impurities of azithro-
mycin molecule on core—shell column, it can be inferred that
due to the advantage of the core—shell particle discussed
for the A, B and C terms of the van Deemter equation, the
efficiency was better than the data published on fully porous
particle by various authors. Also the resolution was much
more than the limit published on the USP monograph.

Applicability of the Method to SPE Samples

Solid-phase extraction (SPE) method was used to sepa-
rate the drug mixture and any other new molecules from
plasma. To determine the efficiency of the reported SPE
method, the percentage recovery of azithromycin and some
of its major related impurities was calculated. The per-
centage recovery of azithromycin and its major related
impurities was determined by running the blank experi-
ment (Figs. 5, 6). The calculated percentage recovery of
azithromycin and its major related impurities from plasma
is given in Table 7. A perusal of this table indicates that
the value of the percentage recovery of azithromycin was
35.63% and its related impurities were 20.31%, 32.18%,
30.92% and 28.36% for azithromycin 3'-N-oxide, des-
osaminylazithromycin, 3'-N-demethylazithromycin and
azaerythromycin A, respectively. The remaining amount
of the drug binds to plasma protein. The optimization
of SPE was achieved by varying different experimental
conditions such as pH of phosphate buffer, the flow rates
of plasma samples and eluting solvents. Various eluting
solvents such as methanol, acetonitrile and combinations
of methanol:acetonitrile (50:50, 40:60, 30:70) were also
used. As a result of exhaustive experimentation, the best
eluting solvent found to be was methanol:acetonitrile in
the ratio of 30:70. The maximum percentage recovery of
azithromycin and its related impurities was achieved using
phosphate buffer (25.0 mM, pH 7.0), at 0.1 mL min~' flow
rate. The values of % RSD for six repeated numbers of

Fig.5 Chromatogram of API

spiked in plasma u3‘:)000—
20000
Azithromycin
10000
o L /\\
1 1 1 1 1 1
o 5 10 15 20 25 30
min.

@ Springer



1498

D. R. Sahoo, S. Sahoo

injections of standard solution and % recovery of six sam-
ples show the method to be specific, precise and accurate.
The results are shown in Table 8.

Docking of Azithromycin and Its Major Related
Impurities

Molecular docking is a good tool for predicting the inter-
actions of drugs with various macromolecules at supra-
molecular level. The docking study was performed for
azithromycin and its major related impurities (azithromy-
cin 3'-N-oxide, desosaminylazithromycin, 3’-N-demethyl-
azithromycin and azaerythromycin A) with human serum
albumin protein (PDB ID: 2BXG) [22] using AutoDock
4.2, AutoDock Vina and further visualized by PyMol soft-
ware [23]. The binding affinities of the compounds was
found in the order of azithromycin 3'-N-oxide > azaeryth-
romycin A > 3'-N-demethylazithromycin > azithromy-

cin > desosaminylazithromycin and the hydrogen bonds
involved are 3, 7, 3, 2, 4 for azithromycin 3'-N-oxide,
desosaminylazithromycin, 3'-N-demethylazithromycin,
azaerythromycin A and azithromycin, respectively. The
docking parameters are shown in Table 9. The docked
models of azithromycin 3'-N-oxide, desosaminylazithro-
mycin, 3'-N-demethylazithromycin, azaerythromycin A
and azithromycin are shown (Figs. 7, 8).

Conclusion

This proposed study uses a short length core—shell col-
umn for the routine analysis of azithromycin and its
major related impurities in bulk, finished dosage forms
and human plasma. The method was rapid and selective
as all the impurities resolute well within 30 min. Valida-
tion of the method was performed as per ICH guidelines.

Fig.6 Chromatogram of =
: . .. . - 2
azithromycin and its impurities = £ £
. aVv = o < S
in human plasma sample 4 £ £ E
15000 = e g s
= 2 E5 & E
g E EE ® =
= - O - o]
10000 2 g 2 B =
£ a =5 < -
< ™ < ~r
o — <
I e <2 <
5000+ = ® o
0—
T T T T T 1
0 5 10 15 20 25 30
min.
Tablg 7 Perce'ntage recovery Drug % Recovery by SPE from human  Estimated % binding of
of amh_romyc_lr.l and its major plasma drug with human plasma
related impurities from human
plasma Azithromycin 3'-N-oxide 20.31 79.69
Desosaminylazithromycin 32.18 67.82
3'-N-Demethylazithromycin 30.92 69.08
Azaerythromycin A 28.36 71.64
Azithromycin 35.63 64.37
Table8 % RSD data of SPE Parameters Azithromycin  Azithromycin Desosami- 3'-N-Demethyl- Azaeryth-
Method 3'-N-oxide nylazithromy-  azithromycin romycin A
cin (IMP-A)
Specificity (n=26)
% RSD 1.0 1.33 1.12 1.27 0.87
Precision
% Recovery RSD  1.11 1.20 1.41 1.18 0.92
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Table 9 Plasma protein binding
affinities of azithromycin and its
major related impurities

Drug

Binding affinity No. of hydro- Residues involved in hydrogen bonding
(kcal/mol) gen bonds

Azithromycin

Azithromycin 3'-N-oxide

Desosaminylazithromycin

3'-N-Demethylazithromycin

Azaerythromycin A (IMP-A)

-74 2 (A) 220/UNKO:0::GLU 451/0E1
(B) 221/UNKO0:0::LEU 112/0
-8.0 3 (A) 264/UNKO0:0::GLU 425/0E2

(B) 354/UNKO0:0::LEU 115/0
(C) 061/UNKO:O::ASP 108/0

-6.7 4 (A) 221/UNKO:0:: VAL 293/0
(B) 216/UNKO0:0::LYS 195/CE
(C) 216/UNKO0:0::ARG 218/NH,
(D) 223/UNKO:0::CYS 448/N

-7.6 3 (A) 216/UNKO:0O::ASP 451/0D2
(B) 218/UNKO0:0::LYS 195/NZ
(C) 332/UNKO0:0::218/NH,

-79 7 (A) 218/UNKO0:0::GLU 425/0E1
(B) 341/UNK0:0::GLU 425/0E1
(C) 335/UNKO:0::ASP 187/0D1
(D) 259/UNKO0:0::ASN 109/0D1
(E) 259/UNKO0:0::ASN 109/ND2
(F) 217/UNKO:0::ASP 108/0
(G) 217/UNKO0:0::ASN 109/ND2

Azaerythromycin A

Fig. 7 3D docked models of azithromycin major related impurities

Applicability of the method was confirmed on a marketed
formulation of azithromycin and on human plasma by
solid-phase extraction. The results defined themselves to
be within the acceptance criteria. Also percentage plasma
protein binding of azithromycin and its major impurities

Azithromycin 3’N Oxide

were calculated. It can be concluded that the work pre-
sented a clear picture for the binding affinities of azithro-
mycin and its major impurities. The risk of repeated dose
of azithromycin may increase the level of the impurities
in human body and could be genotoxic. Also the method
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Azithromycin

Fig.8 3D docked models of azithromycin

can be applicable for the analysis of related substances
of azithromycin and can be used for routine analysis in
human plasma samples, bulk and individual dosage forms.
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