USP Emerging Standards: Methods for the Analysis of Clindamycin Phosphate
Injection

Introduction:

To jump-start the consideration of the potential standards development process and have earlier
stakeholder engagement, USP is piloting a new approach for developing and sharing information with our
stakeholders. Through a collaboration between USP’s Small Molecules Department and the Global
Analytical Development Laboratory, methods will be developed and validated for drug substances and drug
products for which no monographs are currently available. The Emerging standards are intended to
improve USP’s official standards elaboration process by increasing transparency and allowing for broader
stakeholder participation by publishing on the USP website prior to formal notice and comment through
publication in the Pharmacopeial Forum.

Clindamycin Phosphate Injection has been evaluated and shown to be a suitable candidate for
development under this new program. The methods, in this document, are being published to help analyze
Clindamycin Phosphate Injection as a part of USP’s mission to improve global health through public
standards that help ensure the safety, quality, and benefit of medicines and foods.

Certain commercial equipment, instruments or materials may.be identified in this document to specify
adequately the experimental procedure. Such identification does not imply approval, endorsement, or
certification by USP of a particular brand or product, nor does it'imply that the equipment, instrument, or
material is necessarily the best available for the purpose or that any other brand or product was judged to
be unsatisfactory or inadequate.

This document is not a USP compendial standard and is intended to serve as a resource for information
purposes only. It does not reflect USP.ar \USP’s Expert Body opinions of future revisions to the official text
of the USP-NF. Parties relying on the'information in this document bear independent responsibility for
awareness of, and compliance with, any.applicable federal, state, or local laws and requirements.

Available Resources:

Pharmaceutical Analytical Impurities (PAIs):

e Clindamycin 3-Phesphate (COLD SHIPMENT REQUIRED) (10 mg) (Methyl 7-chloro-6,7,8-trideoxy-6-
[(2S,4R)-1-methyl-4-propylpyrrolidine-2-carboxamido]-1-thio-L-threo-alpha-D-galacto-
octopyranoside 3-phosphate)

Note: Not all associated PAls listed may be relevant to this Emerging Standard

USP Reference Standards:

e Clindamycin Phosphate (250 mg)
e Lincomycin Hydrochloride (200 mg)

e Clindamycin Hydrochloride (200 mg)



https://store.usp.org/pregabalin/category/USP-2904
https://store.usp.org/product/1A00321
https://store.usp.org/product/1A00321
https://store.usp.org/product/1A00321
https://store.usp.org/searchresults?&&&N=362019477&Nrpp=30&Ntt=pregabalin%2A&Rdm=575&suppressResults=false&searchType=guided&type=search
https://store.usp.org/product/1138008
https://store.usp.org/product/1367005
https://store.usp.org/product/1136002

Background:

Clindamycin Phosphate (Methyl 7-chloro-6,7,8-trideoxy-6-(1-methyl-trans-4-propyl-L-2-  Pyrrolidine
carboxamido)-1-thio-L-threo-a-D-galacto-octopyranoside 2-(dihydrogen phosphate)) classified as a
lincosamide antibiotics. It exhibits primarily bacteriostatic action against gram-positive aerobes and a broad
spectrum of anaerobic bacteria. The action of clindamycin is predominantly bacteriostatic although high
concentrations may be slowly bactericidal against sensitive strains. Although clindamycin phosphate is
inactive in vitro, rapid in vivo hydrolysis converts this compound to active antibacterial form of clindamycin®.

No pharmacopeia currently provides a monograph for Clindamycin Phosphate Injection. Upon evaluating the
USP Clindamycin Phosphate drug substance monograph, the Clindamycin Phosphate Gel PF procedure?, and
the Clindamycin Phosphate EP monograph 3 for the suitability of Clindamycin Phosphate injection, it was
observed that one of the major peroxide degradation products was getting merged with Benzyl alcohol, an
excipient present in the Clindamycin Phosphate injection in all the referenced procedures.

Ultimately, an Ol procedure has been developed for Clindamycin Phosphate Injection. This finalized method
utilizes an Eclipse XDB C8 (250 X 4.6) mm, 5 um, packing (L7), at a column temperature of 40°C and a flow
rate of 1.0 mL/min. The procedure employs gradient flow, with peaks detected at 205 nm, and has a total
runtime of 75 min.

While this Ol procedure can be adopted for the assay,-it-'does require the full 75 min to complete.
Consequently, attempts were made to develop a separate isocratic procedure with a shorter runtime.
Unfortunately, these trials were unsuccessful due to'the presence of adjacent peaks. Specifically, an
unknown peak with a relative retention time (RRT) of (1.03 elutes immediately after the Clindamycin
phosphate (main component), and Clindamycin.3-Phosphate with an RRT of 0.96 elutes just before the main
component.

Considering the above findings, it has been.determined that a gradient program is necessary for assay
procedure. As a result, the gradient program described in the assay/Ol procedure of the USP Clindamycin
Phosphate Drug Substance (DS) monograph has been adopted. This particular gradient program with 46 min
of runtime allows for effective separation of the main component as well as the adjacent peaks.

This document outlines methadologies and includes corresponding data obtained from chromatographic
systems, aiming totachieve _peak retention time correspondence and photodiode array (PDA) spectral
conformity. These measures facilitate the identification of Clindamycin Phosphate in the presence of
different impurities and excipients. Furthermore, the document encompasses High-Performance Liquid
Chromatography (HPLC) techniques and validation data, which are well-suited for precise determination of
the strength and purity of Clindamycin Phosphate in Clindamycin Phosphate injection.

Clindamycin Phosphate and related impurities are shown in Figures 1 and 2.

Figure 1. Clindamycin Phosphate



HsC

HaC

H;C




Figure 2d. 7-Epiclindamycin phosphate (wrong structure/phosphate missing)
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EXPERIMENTAL
Materials:

Clindamycin Phosphate and its associated impurities, such as Clindamycin Hydrochloride and Lincomycin
Hydrochloride, can be found in the USP catalogue®. Additionally, Clindamycin 3-phosphate, available as a
bulk material, is sourced from the USP. Lincomycin 2-phosphate, Clindamycin B Phosphate, and 7-Epi
clindamycin phosphate are obtained from Hemarsh Technologies®.



The evaluation of identification, including ultraviolet (UV) spectral match and retention time match, as well
as the assay and impurity analyses described in this document, were performed using a commercial
Clindamycin injection sample.

IDENTIFICATION

The determination of clindamycin phosphate in Clindamycin Phosphate Injection was carried out through
the utilization of HPLC-UV with a photodiode array (PDA) detector. Additionally, the chromatographic HPLC
retention time was compared for the identification of Clindamycin Phosphate.

A. HPLC-UV with PDA Detector:

The HPLC assay procedure, incorporating a PDA detector, served as the chromatographic identification
method. For specific details on the method conditions and solution preparations, please refer to the Assay
section. The validation parameters and results are presented in Table 1, while Figures 3 and 4 display the UV
spectra of the clindamycin phosphate standard and sample for comparison.

Table 1. Summary of the Validation Experiment, Samples, and Results for HPLC-UV with PDA Detector

Parameter Samples and Results
Procedure

The UV spectrum of the Clindamycin

Collect PDA datafrom Phosphate peak from the Sample solution
Spectral Agreement 190-400 nm for the matched the spectrum of clindamycin
Standard solution and phosphate in the Standard solution and
Sample solution exhibited maxima at the same wavelengths as

the Standard solution

Abbreviation: PDA, Photodiode array; UV, ultraviolet
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Figure 3. UV spectrum of clindamycin phosphate from the Standard solution
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Figure 4. UV spectrum of clindamycin phosphate from the Sample solution

B. Retention Time Match:

An orthogonal test utilized for the identification of Clindamycin Phosphate involves the use of
chromatographic retention time. The HPLC assay. procedure was employed for this identification test. For
specific information regarding the method conditions and solution preparations, please refer to the Assay
section.

The validation parameter and corresponding results are summarized in Table 2, Additionally, Figures 5 and
6 depict the example chromatograms forithe Standard solution and Sample solution, respectively.

Table 2. Summary of the Validation Experiment, Samples, and the Results for Retention Time Match

Parameter Samples Results
Retention Time Match Standard solution and | The relative standard deviation (%RSD) of
Sample solution the Clindamycin Phosphate peak

retention time for all injections (n=19) of
the Standard solution and Sample
solution was <1.0.




Auto-Scaled Chromatogram

0.40 ‘5
(=]
(]
030 2
4 m
i
j=H
: w
Z 0.20] £
: S
010+ £
1 m
2
- O
UUU""|""|""|""|'A"ﬂ"'|'"'|""|""|'"|
000 500 10.00 16.00 20.00 2500 3000 35.00 40.00 4500
Minutes
Peak Results
RT | Purityl Purity4 Area Height . Result
Name (min) | Angle | Threshoid | givsec)| @) % Area | USP Tailing | Int Type d
1 | Clindamycin Phosphate | 2081 | 0255 1252 |4276728 413983 [ 10000 1.51 BB 2143
Figure 5. Chromatogram of Standard solution using HPLC assay procedure
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Figure 6. Chromatogram of Sample solution using HPLC assay procedure

Note: Please note that the peak observed at approximately 12.7 min corresponds to Benzyl alcohol, which

is an excipient present in Clindamycin phosphate injection.



ASSAY

A gradient reversed-phase HPLC method was developed to analyze the assay in Clindamycin Phosphate
Injection. This procedure was validated according to the guidelines outlined in USP General Chapter <1225>,
Validation of Compendial Procedures®. It was determined to be specific, linear, accurate, precise, robust, and
without any interference for the evaluated samples.

Chemicals:

Ortho-phosphoric acid 88% (EMPARTA grade), Ammonia solution 28-30% (EMPARTA grade), Methanol
(HPLC grade), and Acetonitrile (HPLC grade) were procured from Merck. Acetonitrile (LC-MS grade) was
obtained from J.T. Baker. Ultrapure water used for HPLC analysis was acquired from a Sartorius water
purification system.

Instruments and method:

The analysis of Clindamycin Phosphate Injection was performed using Waters Alliance e 2695 and Agilent
infinity 1260 series with PDA detector, and the results were processed by Empower (Waters software). The
Zorbax Eclipse XDB €8, 80A, (250 x 4.6) mm, 5 um, from Agilent was used for analysis. The analysis was
performed at 40°C of column temperature, with a flow rate of 1.2imL/min‘and 20 pL as the injection volume.
Autosampler temperature was kept at 10°C. The PDA detector’'was set at 190-400 nm wavelength and the
detection of clindamycin phosphate was at 205 nm. All the(solutions are protected from light and prepared
in low actinic glassware. Analyzed with a gradient programras listed in Table 3.

Table 3. Gradient Program

Time (min) Solution C(%) Solution D (%)
0 95 5
40 5 95
41 95 5
46 95 5

Solutions:

Solution-A: Add 14 mL of phosphoric acid into 4000 mL of water. Add 10 mL of ammonia solution and adjust
the pH to 5.5 with ammonia solution

Solution-B: Mix Acetonitrile: Methanol (900:100, v/v)
Solution-C: Solution B: Solution A (80:920, v/v)
Solution-D: Solution B: Solution A (480:520, v/v)
Diluent: Solution B: Solution A (20:80, v/v)



Preparation of System suitability solution: 0.5 mg/mL of USP Clindamycin Phosphate RS and 0.0025 mg/mL
of Clindamycin 3-phosphate in Diluent

Preparation of Standard solution: 0.5 mg/mL of Clindamycin from USP Clindamycin Phosphate RS in Diluent.

Preparation of Sample solution: 0.5 mg/mL of Clindamycin from Clindamycin Phosphate injection was
prepared as follows.

Sample stock solution (5 mg/mL of Clindamycin): Transfer accurately 167 pL of Clindamycin Phosphate
injection solution (equivalent to 25.0 mg of Clindamycin) into 5-mL volumetric flask, dilute with Diluent to
volume and mix well.

Sample solution (0.5 mg/mL of Clindamycin): Transfer accurately 1.0 mL of Sample stock solution into 10-

mL of volumetric flask, dilute with Diluent to volume and mix well.

Analytical parameters and validation:

The chromatographic conditions underwent robustness checks and validation to assess specificity, linearity,
precision, and accuracy as described in USP general chapter <1225>%-The system suitability requirements
are summarized in Table 4. The validation parameters, solutions, and results for Clindamycin Phosphate
Injection are summarized in Table 5. The example chromatograms for the assay system suitability solution,

Standard and Sample solution are shown in Figures'7, 5 and'6, respectively.

Table 4. Summary of System Suitability Parametersand Results for the Assay of Clindamycin Phosphate
Injection

Parameter Solution Results
USP Resolution (HH)
System suitability 53
Between Clindamycin 3-Phosphate and solution R
Clindamycin Phosphate (See Figure 7)
Retention Time (min)
19.72
Clindamycin 3-Phosphate System suitability
solution 2091
Clindamycin Phosphate
(See Figure 7)
Relative Retention Time (s)
Clindamycin 3-Phosphate System suitability 0.94
Clindamycin Phosphate solution 1.00
(See Figure 7)




USP Tailing

Standard solution

Tailing was NMT 2.0

System Precision (for 5 replicate injections)

Standard solution

%RSD was NMT 0.5

Abbreviation: RSD, relative standard deviation; NMT, not more than

Table 5. Summary of Validation Parameters and Results for the Assay of Clindamycin Phosphate

Injection

Parameter

Solutions

Results

Specificity
(Chromatographic
Separation)

Peak Purity Analysis
(Spectral Homogeneity)

Blank (Diluent), System suitability
solution, Standard solution, and
Sample solution

Any impurity peak from the
Standard solution and Sample
solution of drug product was
separated from the Clindamycin
Phosphate peak by a resolution
22.0

The PDA data from 190-400 nm
showed homogeneity of UV
spectrum for the Clindamycin
Phosphate peak, indicating the lack
of coelution.

three levels of the Standard

solution, at 10%, 20%, and 30% of the
nominal sample concentration in
triplicate.

110% (0.55mg/mL), n=3

120% (0.60mg/mL), n=3

130% (0.65mg/mL), n=3

Linearity Linearity solutions from(50% to 150% | The correlation coefficient (r) was
of the nominal sample.concentration | not less than 0.999
(0.25, 0.375, 0.50,0:625, and 0.75
mg/mL of Clindamycin Phosphate) The bias of the linearity curve due
to the intercept not being zero was
less than + 2.0%
Accuracy Prepare Sample solutions spiked with | The average recovery at each level

was within 100 + 3.0%

Repeatability

Repeatability solutions:
6 Sample solutions

The %RSD of the assay results was
NMT 2.0 (n=6)

Intermediate Precision

Intermediate precision was done by a
different analyst, on a different day
by using a different make of

The %RSD of the assay results was
NMT 2.0 (n=6)
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instrument and different serial The %RSD was NMT 3.0 for the
number of the column. combined data of the first and
second analysts (n =12)
Solution Stability Standard solution and Sample Standard solution and Sample
solution solution were stable for40 h ata
sample cooler temperature of 10°C.
Sample Assay Test Sample solution 100.1 % for the source of the drug
product tested.

Zoomed Chromatogram
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Figure 7. Chromatogram of System suitability solution using HPLC assay procedure

ORGANIC IMPURITIES

The HPLC method used to analyze organic impurities in Clindamycin Phosphate Injection is the same as the
procedure described in'the Assay section except gradient program and flow rate. This method can
effectively measure degradation products in the Clindamycin Phosphate Injection. By following the validation
criteria outlined in <1225>5, the procedure was found to be specific, accurate, precise, robust, linear, and
free from interference when applied to the tested samples. The validation study verified that this method is
suitable for evaluating organic impurities in the Clindamycin Phosphate injection.

Instruments and method for Ol:

The analysis of Clindamycin Phosphate Injection was performed using Waters Alliance e 2695 and Agilent
infinity 1260 series with PDA detector, and the results were processed by Empower (Waters software). The
Zorbax Eclipse XDB C8, 80A, (250 x 4.6) mm, 5 um, from Agilent was used for analysis. The analysis was
performed at column temperature of 40°C, with a flow rate of 1.0 mL/min and 20 pL as the injection volume.
Autosampler temperature was kept at 10°C. The PDA detector was set at 190-400 nm wavelength and the
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detection of chromatogram was at 205 nm. All the solutions are protected from light and prepared in low
actinic glassware. Analyzed with a gradient program as listed in Table 6.

Table 6. Gradient Program

Time (min) Solution C (%) Solution D (%)
0 90 10
10 90 10
35 58 42
55 25 75
60 25 75
63 90 10
75 90 10

Solutions for Ol:
Prepare Solutions for Mobile phase, Diluent as per the assay procedure.

Note:

a) Clindamycin phosphate serves as the prodrug for Clindamycin, and the drug product's label indicates
that "Each mL contains Clindamycin “Phosphate USP equivalent to 150 mg of Clindamycin." The
concentrations of the standard solution and sample solution are specified in terms of Clindamycin.

b) To address the presence‘“of approximately 2.2% Clindamycin 3-phosphate and 2.3% Clindamycin
phosphate in the 7-Epiclindamycin phosphate impurity, separate linearity and accuracy studies are
scheduled for 7-Epiclindamycin phosphate. This approach aims to prevent or eliminate any potential
interference in theareas corresponding to Clindamycin 3-phosphate and Clindamycin phosphate.

¢) The validation process will encompass a range of 0.05% to 5.0% for all impurities, excluding Clindamycin.
However, for Clindamycin, the validation range will extend from 0.05% to 10%, with respect to 5 mg/mL
Clindamycin from Clindamycin phosphate injection.

Preparation of Impurity mixture stock solution 1:

Impurity mixture stock solution 1 consisting of 1.0 mg/mL each of Lincomycin Phosphate, Lincomycin,
Clindamycin B 2-Phosphate, Clindamycin 3-phosphate was prepared by dissolving the appropriate amounts
of each impurity in Diluent with the aid of sonication.

Preparation of 7-Epiclindamycin phosphate stock solution 1:

7-Epiclindamycin phosphate stock solution 1 consisting of 1.0 mg/mL of 7-Epiclindamycin phosphate was
prepared by dissolving an appropriate amount of 7-Epiclindamycin phosphate in Diluent with the aid of
sonication.
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Preparation of Clindamycin stock solution 1:

Clindamycin stock solution 1 consisting of 2.0 mg/mL of Clindamycin was prepared by dissolving an
appropriate amount of Clindamycin Hydrochloride in Diluent with the aid of sonication.

Preparation of USP Clindamycin phosphate RS stock solution 1:

USP Clindamycin phosphate RS stock solution 1 (1.0 mg/mL of Clindamycin from USP Clindamycin phosphate
RS) was prepared by dissolving an appropriate amount of USP Clindamycin Phosphate RS in Diluent.

Preparation of Impurity mixture stock solution 2:

Impurity mixture stock solution 2, containing 0.05 mg/mL of all impurities except 7-Epiclindamycin
phosphate, was prepared from the Impurity mixture stock solution 1 and Clindamycin stock solution 1 by
further diluting with the Diluent.

Preparation of 7-Epiclindamycin phosphate stock solution 2:

7-Epiclindamycin phosphate stock solution 2, containing 0.05 mg/mL of 7-Epiclindamycin phosphate, was
prepared from the 7-Epiclindamycin phosphate stock solution 1 by further diluting with the Diluent.

Preparation of USP Clindamycin phosphate RS stock solution 2:

USP Clindamycin phosphate RS stock solution 2, containing 0.05,mg/mL-of-Clindamycin, was prepared from
the USP Clindamycin phosphate RS Standard stock solution 1:by further diluting with the Diluent.

Preparation of System suitability solution:

A solution consisting of 5.0 mg/mL of USP Clindamycin Phosphate RS and 0.05 mg/mL (or) 1% of all impurities
was prepared by combining appropriate amount-of USP Clindamycin Phosphate RS with appropriate volume
of each Clindamycin stock solution 1, Impurity mixture stock solution 1 and 7-Epiclindamycin phosphate stock
solution 1 in Diluent.

Preparation of Sensitivity solution:

A solution consisting of 2.5 pug/mL (0:05% of the sample concentration) each of Lincomycin 2-phosphate,
Lincomycin, Clindamycin B phasphate, 7-Epiclindamycin phosphate, Clindamycin 3-phosphate, Clindamycin
phosphate and Clindamycin.was prepared by combining appropriate volume of Impurity mixture stock
solution 2, 7-Epiclindamycin-phosphate stock solution 2 and USP Clindamycin phosphate RS stock solution 2
in Diluent.

Preparation of Standard solution 1:

A solution consisting of 5 ug/mL of Lincomycin 2-phosphate, Lincomycin, Clindamycin B phosphate,
Clindamycin 3-phosphate, Clindamycin phosphate and Clindamycin was prepared by combining appropriate
volume of Impurity mixture stock solution 2 and USP Clindamycin phosphate RS stock solution 2 in Diluent.

Preparation of Standard solution 2:

A solution consisting of 5 pug/mL of 7-Epiclindamycin phosphate was prepared from 7-Epiclindamycin
phosphate stock solution 2 in Diluent.

Preparation of Sample solution:
Nominally 5 mg/mL of clindamycin from Clindamycin Phosphate injection preparation is as follows.

Transfer accurately 67 pL of Clindamycin Phosphate injection solution into 2 mL of volumetric flask, add 1933
pL of Diluent, and shake well to mix.
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Label claim: Each mL contains Clindamycin Phosphate USP equivalent to 150 mg of Clindamycin.

Analytical parameters and validation:

The robustness of the optimized chromatographic conditions obtained from the Ol was examined and
validated through the assessment of specificity, linearity, accuracy, repeatability, intermediate precision, and
sample analysis, following the guidelines outlined in USP General Chapter <1225>°. Linearity was determined
for Clindamycin Phosphate and its associated impurities, while accuracy and repeatability were established
for Clindamycin Phosphate related impurities.

The limit of quantitation (LOQ) was established at 0.05% for all the components (APl and impurities) of
sample nominal concentration. The system suitability requirements are summarized in Table 7. The
validation parameters and testing results for Clindamycin Phosphate Injection are summarized in Table 8.
The example chromatograms of Blank (Diluent), System suitability solution, Sensitivity solution (0.05%),
System precision for sensitivity solution(0.05%, n=6), Standard solution 1 (0.1%), Standard solution 2 (0.1%),
sample solution spiked with known impurities at 0.10% and Sample solution are presented in Figures 8-16,
respectively.

Table 7. Summary of System Suitability Parameters and Results for OrganicImpurities Test of
Clindamycin Phosphate Injection

Parameter Solution Results

USP Resolution (HH)

(Minimum resolution between any two

components)

Lincomycin 2-phosphate NA
Lincomycin 12.88
Clindamycin B phosphate System suftability 29.62
7-Epiclindamycin phosphate solutien 16.47
Clindamycin 3-phosphate 5.99
Clindamycin phosphate 4.40
26.47

Clindamycin

(See Figure 9)
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Retention Time (min)

Lincomycin 2-phosphate 8.54
. . 14.99
Lincomycin
. . 28.40
Clindamycin B phosphate System suitability
7-Epiclindamycin phosphate solution 3368
Clindamycin 3-phosphate 3535
37.32
Clindamycin phosphate
Clindamycin 48.61
(See Figure 9)
Relative Retention Time(s)
Lincomycin 2-phosphate 0.23
Lincomycin 0.40
Clindamycin B phosphate N 0.76
System.suitability
7-Epiclindamycin phosphate solution 0.90
Clindamycin 3-phosphate 0.95
Clindamycin phosphate 1.00
Clindamycin 1.30
(See Figure 9)
System Precision
(%RSD of 6 replicate injections)
Lincomycin 2-phosphate 5.61
Lincomycin Sensitivity solution >.01
Clindamycin B phosphate 3.08
7-Epiclindamycin phosphate 3.18
Clindamycin 3-phosphate 4.40
Clindamycin phosphate 1.73
Clindamycin 1.60

(See Figure 11)
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USP Signal-to-Noise Ratio

Lincomycin 2-phosphate
Lincomycin
Clindamycin B phosphate
7-Epiclindamycin phosphate
Clindamycin 3-phosphate

Clindamycin phosphate

Clindamycin

Sensitivity solution

37
50
54
32
54
52
67

(See Figure 10)

Table 8. Summary of Validation Parameters and Results for Clindamycin Phosphate Injection-Organic

impurities procedure

Lincomycin 2-phosphate
Lincomycin

Clindamycin B phosphate
7-Epiclindamycin phosphate
Clindamycin 3-phosphate
Clindamycin phosphate
Clindamycin

From LOQ (0.05%) to 5.0% of
the nominal concentration of
clindamycin

and related impurities except
Clindamycin in Diluent.

For Clindamycin, Linearity from
LOQ (0.05%) to 10.0% of the
nominal concentration of
clindamycin

Parameter Solutions Results
Specificity No interference between
peaks of interest. Any
Blank (Diluent), System impurity peak 20.05% total
suitability solution, Sensitivity | area was separated from
solution, Sample solutionand | the main peak by a
spiked sample solution at resolution of 22.0, and
0.10% from adjacent specified
impurity peaks by a
resolution of 21.5.
Linearity Linearity solutions

The correlation coefficient
of the linear curves for
Clindamycin phosphate and
the impurities were not less
than 0.99

Relative Response Factor (RRF)
Values

Linearity solutions

For results, refer to Table 9.
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Accuracy

Lincomycin 2-phosphate
Lincomycin

Clindamycin B phosphate
7-Epiclindamycin phosphate
Clindamycin 3-phosphate
Clindamycin

Accuracy solutions: impurities
except Clindamycin spiked in
Sample solution at 3 levels:

0.10%: n=6
2.5% :n=3
5.0% : n=3

Accuracy solutions for
Clindamycin:

0.10%: n=6

5.0% : n=3

10.0% : n=3

The average recovery for
each specified impurity
except Clindamycin at each
level were observed to be
within:

0.10% : 100 + 20.0%

2.5% :100 +£10.0%

5.0% : 100 + 5.0%

The average recovery for
Clindamycin at each level
were observed to be
within:

0.10% : 100 + 20.0%
5.0% : 100 £10.0%
10:0%: 100 £ 5.0%

Repeatability

Lincomycin 2-phosphate
Lincomycin

Clindamycin B phosphate
7-Epiclindamycin phosphate
Clindamycin 3-phosphate
Clindamycin

Repeatability solutions:
6 spiked Sample'solutions at
the 0.10% level

The average recovery at
0.10% was within 100 £
20.0%.

The %RSD of the recovery
was < 10.0% (n=6).

See Figure 14 and 15 for
example chromatograms.

Intermediate Precision

Lincomycin 2-phosphate
Lincomycin

Clindamycin B phosphate
7-Epiclindamycin phosphate
Clindamycin 3-phosphate
Clindamycin

Repeatability solutions:
6.spiked Sample solutions at
the 0.10% level prepared and
evaluated by a different
analyst on a different day,
using a different instrument
and different column serial
number

The average recovery at
0.10% was within 100 £
20.0%

RSD of the 6 results at
0.10% was < 10.0%

RSD of the 12 results (for
the 2 analysts) at 0.10%
was < 15.0%

Sample Analysis

Sample solution

See Figure 16.

Solution Stability

Lincomycin 2-phosphate
Lincomycin

Clindamycin B phosphate
7-Epiclindamycin phosphate
Clindamycin 3-phosphate
Clindamycin phosphate

Standard solution (0.10% ) and
spiked Sample solution at
0.10% level. Freshly prepared
samples analyzed (t=0). The
samples were then stored at
10°C and analyzed
periodically for up to 48 h.

Observed changes in the
peak area from both
solutions for each
specified impurity and
Clindamycin phosphate
were within £ 10% of the
initial time point values.
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Clindamycin

0.10% standard solution
was found to be stable at
10° C for a period of 48 h
and 0.10% Spiked sample
solution was found to be
stable at 10° C for a period
of 48 h.

Robustness

Robustness solution 1

(0.5 mg/mL of Clindamycin
Phosphate and 0.05 mg/mL all
impurities)

Robustness solution 2: (5
mg/mL of Clindamycin
Phosphate, 0.005 mg/mL all
impurities and peroxide
extraction sample solution)

Multifactorial robustness
study conducted - by~ using
Design of Experiment (DOE)
software was performed with
change.iin’ flow -rate (+ 0.1
mL/min), column temperature
(x3°), mobile Phase pH (£0.1)
,» ‘minor-~component in the
gradient step hold (+2 %) and
change in initial step of the
gradient time. DOE studies
were conducted using
robustness solution 1,
robustness solution 2.

System suitability criteria
for resolution, tailing
factor, and relative
retention time met across
all evaluated conditions.

18




Table 9. Relative Response Factor

S. No Component name RRF
1 Lincomycin 2-phosphate 0.96
2 Lincomycin 143
3 Clindamycin B Phosphate 0.76
4 Clindamycin 3-Phosphate 0.76
5 Clindamycin Phosphate 1.00
6 Clindamycin 1.00
7 7-Epiclindamycin phosphate 0.73

RRF values of the impurities were calculated by dividing the slope of the linearity curve for
each impurity by the slope of the linearity curve for main component.

0.010

0005-;
2 0.000] J/_/f

-0.005+ e

4)0102 A A

000 = 1000 2000 ( 30100 4000  S000 6000 = 70.00
Minutes

Figure8. Chromatogram of Diluent (blank).
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System Suitability Results
AT Area Height . Usp Result
Name min) | (u\rsec) | (v |7oAr=a |RTRatio| b o oiution (HH) | Id
1 | Lincemycin 2-phosphate &.04 | 552350 31545 125 0.23 3805
2 | Lincomycin 14959 745500 N3e 168 0.40 12.88 3805
3 | ClindamycinB Phosphate 2840 656601 36910 148 0.76 2882 3805
4 | TEpidindamycin'phesphate | 33.68 | 373561 28805 0.24 0.90 16.47 3805
% | Clindamycin 3ghosphate 5.595 | 387440 3e072 0as 0.95 .99 3805
& | Clindamycin Phosphate 3732 | 40846101 | 2150344 | 9228 1.00 4.40 3805
7 | Clindamycin 4281 700111 54459 1.58 1.30 26.47 3805

Figure 9. Chromatogram of System suitability solution
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Zoomed Chromatogram
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1 |Lincomycin 2-phosphate | 855 | 24029 | 14.43 | 1485 | 37 0000073 | 106 3837
2 | Lincomygin 15.02| 31451 | 1838 | 1583 | &0 | omDode2 | 10es 3337
3 | Clindamycin B Phosphate | 28.39 | 18956 | 11.38 | 1630 {54 | 0000058 | 1065 3837
4 | 7Epicindamycin phosphate | 33.66 | 18175 | 10.91 | 1406 | 32, oooo0ss | 1065 3837
5 | Clindamycin 3-phosphate | 35.56 | 20694 | 12.43 {797.|~54 | oooooes | 1065 3837
& | Clindamycin Phosphate 3756| 26213 | 1574 | 2273} =2 | oooooss | 10es 3337
7 | Clindamycin a855| 27016 (4622 |@120 | &7 | ooooosz | 1065 3837

Figure 10. Chromatogram at sensitivity level (0.05%)
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Sensitivity Solution | 3 3aar 24029 31451 180858
2 Sensitivity Solution | 3 | 2| 3838 21751 33983 18970
3 Sensitivity Solution | 3 | 3| 3338 23082 32144 18777
4 Sensitivity Solution | 3 | 4 3340 22892 34055 18834
5 Sensitivity Solution | 3 | 5| 33841 21647 381 20302
[i] Sensitivity Solution | 3 | & | 3342 24790 32728 18914
Mean 23183 33414 18280
Std. Dew 1300 1673 533
t RSD 5.61 50 3.08

Area Summarized by Name

7-Epiclindamyzin phosghate | Clindamycin 3-phosphate | Clindamycin Phosphate | Clindamyein

(pV"sec] (uVsec) (U sec) [pV"sec)
18175 20604 26213 27018
2 18130 @257 26324 25043
3 17167 18573 26106 26588
4 18581 20607 26713 27135
5 18780 18678 25620 26724
B 18541 215mM 26806 26002
M=zan 18231 20248 28312 26718
Std. Dev 579 B 454 423
= RSD 3.18 4.40 1.73 1.60

Figure 11. Overlaid chromatograms of Sensitivity solution(0.05%)- system precision
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Zoomed Chromatogram
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1 | Lincemycin 2phosphate | 8.71 50995 | 2997 | 1545 4171
2 | Lincomycin 15.09 | 83235 3320 | 252 4171
3 | Clindamycin B Phosphate | 28.64 | 39775 | 3421 | 1205 | (4171
4 | Clindamycin 3-phosphate | 35.14 | 40350 | 3549 | 1222 |_4171
5 | Clindamycin Phosphate 37.80 | 58435 4895 | AT70 4171
& | Clindamycin 48365 | 57313 4437 A\ 4T .36 4171

Figure 12. Chromatogram at standard solution 1 (0.1%)
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Zoomed Chromatogram
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Figure 13. Chromatogram at standard solution 2 (0.1%)
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1 | Lincomycin 2-phosphate | 8.52 | 224942 | 12950 0.087 20000 | 0.057243 | 0434355 85.57 3213
2 | Lincomycin 14.97 | 86691 | 3106 0.087 20000 | 0.093914 | 00863585 87.31 3213
3 | Clindamycin B Phosphate | 28.34 | 240488 | 21213 0.067 20000 | 0.092357 | 0578834 81.16 3213
4 | Clindamycin 3-phosphate | 35.48 | 38704 | 3509 0.067 20000 | 0.092514 | 0080725 87.26 3213
& | Clindamycin 4852 | 97985 | 7654 0.067 20000 | 0.088737 | 0155027 95.23 3213
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Figure 14. Sample solution spiked with all impurities except 7-Epiclindamycin phosphate at 0.1% level
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Figure 15. Sample solution spiked with 7-Epiclindamycin phosphate at 0.1% level
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Auto-Scaled Chromatogram
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Name Time Aea( Vo sced| RT Ratio | Percent_0IDP | USP Resoluion tH) | FE3Ut
o (HVeec) Id
(min}
1 [ Unknown_1 574 a30a 0.0z 0.153 o.m 13582
2 | Lincomycin Phosphate 264 167535 0.37 0.231 0.35 2.49 13532
3 |Unknown_2 gl 14557 0.03 0.270 003 3.79 13582
4 [ Unknown_3 W53 12175 0.03 0.281 ooz 1.31 13582
3 | Unknown_4 26.15 7362 0.0z 0.699 o.m 4270 13582
6 [ Unknown_5 2781 7693 0.02 0.743 o.m 567 13582
7 | Clindamycin B Phosphate 2872 213870 0.47 0.783 047 3.07 13582
2 | Unknown_& 3040 15706 0.03 0.812 003 434 13582
S | Unknown_7 3134 G401 0.0 0.838 o.m 2.45 13582
10 | Unknowen_2 3235 11339 0.03 0.865 ooz 3.12 13582
11 | 7-Epidindamwsin Phosphate 33711 71145 0.16 0.901 01a 4.00 13582
12 | Unknovwen_9 3502 o247 0.12 0.936 010 410 13582
13 | Clindamycin Phosphate a7 42 44507255 | 98.52 1.000 522 13582
14 | Unknown_110 39.00 30753 0.0v7 1.042 0o0s 2593 13582
15 | Clindamycin 4545 453516 0.10 1.322 oos 25.85 13582

Figure 16. Chromatogram of Sample solution
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Auto-Scaled Chromatogram
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Mame T|r|_'|r=: (iFsec) W) % Area | RT Ratio | USP Resolution (HH ) d
(min}
1 [ Unknown-2 5.25 10844 1028 n.02 014 14510
2 | Unknown-3 645 49215 5276 0.05 017 475 14510
3 | Lincomycin-2-Phosphate 8.50 21883 1211 0.04 0.23 570 14510
4 | Perozde Blank_1 9.51 33265 2485 0.08 0.28 2.41 14510
5 | Lincomyin 1512 107384 5762 0.19 0.41 1324 14510
& | Unknown-5 17.88 21165 1417 0.04 0.48 6.30 14510
7 | Unknown-10 20.58 5042841 | 367987 | 10.78 057 772 14510
& [Unknown-11 2418 13291 1015 n.02 0.85 2.41 14510
9 (Unknown-12 2568 19656285 | 1107241 | 3554 0.55 367 14510
10 | Clindamycin-B-2-Phosphate 2814 169985 12293 0.31 0.78 5.96 14510
11 | Unknown-16 3237 43271 277 n.0e 0.22 10.86 14510
12 | Unknown-17 34 .56 18644 1393 0.03 0.54 573 14510
13 | Clindamycin Phosphate 3595 28057303 | 1548433 | 52.50 568 14510
14 | Unknown-18 38.19 21372 1372 0.04 1.03 287 14510
15 | Clindamycin 4228 285618 5572 0.18 1.3 24 57 14510

Figure 17. Chromatogram of 3%H202 degradation Sample solution-30 min at bench top
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Forced Degradation Study

Forced degradation study performed on Clindamycin Phosphate drug substance, major degradants were
found in the stressed samples subjected to humidity degradation and peroxide degradation. During peroxide
degradation, it was observed that two primary degradation products were generated after exposing the
sample to 3% H202 solution for 30 minutes at room temperature (with relative retention times of
approximately 0.568 and 0.695) (See Figure 17). Under humidity degradation conditions, Clindamycin
Phosphate underwent degradation and transformed into Clindamycin.

The chromatographic method successfully separated all known and unknown impurity peaks from each

other, and no coelution was observed with the main peak, ensuring adequate separation of the impurities.
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