A I International Journal of Applied Pharmaceutics

/® ACADENIC SCIENCES

Knowledge to innovation

ISSN- 0975-7058 Vol 17, Issue 5,2025

Original Article

IDENTIFICATION AND CHARACTERIZATION OF NEW IMPURITIES IN DEXAMETHASONE
OPHTHALMIC SUSPENSION

BHUPINDER KUMAR1", RAJUMUDHULKAR?*, SREEDHAR GUNDEKARI3=, DAMA VENUGOPALA RAO#*,
LAKSHMIPRIYA ANAMALAGUNDAMS
145Dr. Reddy’s Laboratories Ltd, IPDO, Hyderabad-500090, India. 23Department of Chemistry, Koneru Lakshmaiah Education Foundation,

Bowrampet, Hyderabad-500043, Telangana, India
*Corresponding author: Raju Mudhulkar; *Email: m.raju@klh.edu.in

Received: 10 Feb 2025, Revised and Accepted: 05 Jun 2025

ABSTRACT

Objective: This study was intended to identify two unknown impurities (Imp-A and Imp-B) observed at trace level in the six-month stability
samples of dexamethasone ophthalmic suspension subjected to accelerated conditions (40 °C/75% relative humidity) using chromatographic and
spectroscopic techniques.

Methods: During a six-month stability study of dexamethasone ophthalmic suspension, two unknown impurities were detected at level of exceeding the
specification (0.20%) in chromatographic analysis. Impurities were isolated, enriched by preparative HPLC and characterized by using sophisticated
spectroscopic techniques, including nuclear magnetic resonance (NMR), high-resolution mass spectrometry (HR-MS) and infrared (IR). Efficient and
selective separation of these impurities was achieved using ultra-high performance liquid chromatography (UHPLC) on a Waters Acquity Bio H-Class
System with XBridge C18 column (150 mm x 4.6 mm, particle size 3.5 um) column at 40 °C. The mobile phase consisted of 0.02M ammonium formate
and acetonitrile with detection at 240 nm using a photodiode array (PDA) detector. The results demonstrated that this mass-compatible UPLC method is
suitable for the identifying and quantifying Imp-A and Imp-B in the dexamethasone ophthalmic suspension samples.

Results: Two impurities were formed in dexamethasone ophthalmic suspension samples under accelerated stability conditions, which were
identified by spectroscopic techniques like LC-HRMS, NMR (1D and 2D) and IR. Major structural modifications of Imp-A and Imp-B with respect to
dexamethasone were found on carbon C17. Mono-isotopic mass of 379.1921 [M+H]*and empirical formula of C21H28FOs for Imp-A, and mono-
isotopic mass of 407.1838 [M+H]*and empirical formula of C2:H28FOs for Imp-B observed during LC-HRMS study found in line with theoretical
mono-isotopic mass and empirical formula for both impurities. The chemical shifts and splitting patterns observed in the 1D and 2D NMR spectra
indicated the presence of a steroidal ring system in both impurities, consistent with the core structure of dexamethasone, suggesting that Imp-A and
Imp-B are structurally related to the parent compound. The 2D 'H-13C HSQC spectra of Imp-A and Imp-B revealed correlations between hydrogen
and carbon atoms, supporting their structural relationship with dexamethasone. Additionally, 'H-13C HMBC spectra confirmed the presence of a
conjugated steroidal ring system in both impurities. Based on the combined LC-HRMS and NMR data, the structures of Imp-A and Imp-B were
characterized and found to be related to dexamethasone.

Conclusion: The LC-HRMS method developed for the identification of unknown impurities of dexamethasone was found to be highly sensitive and selective.
This method is capable of detecting trace level of impurities in dexamethasone and can used for the identifying unknown impurities of dexamethasone drug
product. Combination of different spectroscopic techniques provides a pivotal tool for elucidating the structure impurities at trace level.

Keywords: Dexamethasone ophthalmic suspension, High-resolution mass spectrometry, Impurity isolation, Nuclear magnetic resonance, Ultra-
performance liquid chromatography method
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INTRODUCTION (0.3%) and dexamethasone (0.1%), is FDA-approved for treating
steroid-responsive inflammatory ocular conditions where the risk of
bacterial infection exists. This combination product is often used
empirically for inflamed red eyes, except in cases of suspected viral
infection, and is the most frequently prescribed steroid/antibiotic

ophthalmic formulation [9-12].

The identification, structure elucidation, and quantification of
pharmaceutical impurities and degradation products are critical
analytical activities throughout the research, development, and
production stages of drug formulations [1, 2]. Impurity profiling,
encompassing both synthesis-related impurities and degradation

products, is essential for confirming the stability of a formulation [3].
This is typically achieved through preliminary stability studies and
forced degradation or stress testing of the bulk drug material. The
identification, qualification, and quantification of impurities are
indispensable for ensuring the safety, efficacy, and overall quality of
pharmaceutical substances and their dosage forms [1-3].

Dexamethasone, a potent synthetic corticosteroid with well-
established anti-inflammatory and immunosuppressive properties, is
extensively used in treating inflammation, allergic conditions, and
adrenal cortex insufficiency [4]. It has also been shown to reduce
neointimal hyperplasia in arteries, making it a valuable agent in drug-
eluting stents for preventing restenosis [5-8]. A prominent example is
the Dexamet™ stent (Abbott Vascular Devices Ltd.), which utilizes a
phosphorylcholine (PC) polymer and dexamethasone coating to
enhance therapeutic efficacy. TobraDex® (Alcon Laboratories Inc.,
Fort Worth, TX), a widely prescribed combination of Tobramycin

Given that dexamethasone treatment often requires long-term
administration, ensuring the product's quality throughout its shelf
life is of paramount importance for delivering safe and effective
therapy. According to ICH Q3B (R2), for structurally unknown or
unidentified impurities, there is an identification threshold based on
total daily intake [13]. For most pharmaceutical products, this
threshold is 0.1%. If impurity levels exceed this threshold during
stability studies, structural identification of the impurity is
mandatory to assess its impact on safety.

Hyphenated liquid chromatography methods, particularly those
coupled with mass spectrometry (LC-MS), are widely employed for
separating and identifying impurities in both drug substances and
formulations [14-24]. High-resolution mass spectrometry,
particularly with a quadrupole time-of-flight (Q-TOF) detector, is
becoming increasingly popular due to its ability to provide highly
accurate mass data, facilitating precise structural elucidation and
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reaction mechanism prediction. Electrospray ionization in positive
mode is favoured in impurity analysis due to its ability to detect
thermally labile, non-volatile, and polar compounds, making it
suitable for a broad range of pharmaceutical impurities [18].

A comprehensive literature review reveals that while several
dexamethasone impurities and degradation pathways have been
discussed and reported [14, 18, 19, 25]. Two novel impurities
(Impurity-A and Impurity-B) were Identified in the present study
under long-term and accelerated stability conditions (40 °C/75%
relative humidity) using high-performance liquid chromatography.
These findings highlight the importance of further investigation into
the stability and safety profiles of dexamethasone formulations. Such
studies could provide insights into potential shelf-life extensions,
offering both therapeutic and commercial benefits.

MATERIALS AND METHODS
Chemicals and reagents

The Tobramycin (0.3%) and Dexamethasone (0.1%) ophthalmic
suspension utilized in this study was sourced from Dr. Reddy’s
Laboratories Limited, India. Acetonitrile and methanol, both
UPLC/MS grade, were obtained from Biosolve, while ammonium
formate and acetic acid (Extra pure grade) were procured from
Finar. Potassium bromide (KBr) was acquired from Sigma-Aldrich,
and deuterated dimethylsulfoxide (DMSO-d6) was procured from
Eurisotop. All analytical solutions were prepared using in-house
Milli-Q water (Merck Milli-Q Integral 10 system).

Chromatographic conditions

A UPLC method was developed for the analysis of the unknown
impurities of Tobramycin and Dexamethasone ophthalmic suspension.
Chromatographic analysis was performed on Waters ACQUITY UPLC
H-Class Bio System (Waters, Milford, MA, USA). Data acquisition and
processing were performed using Waters Unifi software (Version
1.9.4.053). Chromatographic separation was achieved on XBridge C18
column (150 mm x 4.6 mm and 3.5 pm particle size). Two such
columns were connected in series using a Merck Chromolith column
coupler to replicate the related substances method by HPLC. The
mobile phase A consisted of 20 mmol ammonium formate aqueous
solution (pH 3.00+0.05 with dilute acetic acid). Mobile phase B
consists of a mixture of 300 ml of 20 mmol ammonium formate buffer
(pH 6.00+0.05 with dilute acetic acid), 200 ml of methanol and 500 ml
acetonitrile. A stock solution of suspension (4 ml/10 ml v/v) was
prepared by dissolving an appropriate amount in diluent
dexamethasone composed of 0.02 M ammonium formate (pH 3.0) and
methanol in 4:6 (v/v) ratio. The solution was degassed and filtered,
through 0.22 mm filters under vacuum prior to introduction into the
system. The linear gradient programme was optimized by the
percentage of mobile phases as follows: Ttime/mobile phase-A: B (%):
T0/55:45, T5/55:45, T15/45:55, T40/45:55, T60/20:80, T75/20:80,
T80/0:100, 790/0:100, T91/55:45, T100/55:45. The flow rate was set
at 0.6 ml minl. Injection volume was 50 pl** and the column
temperature was maintained at 40 °C. The analytes were detected in
photo diode array detector at 240 nm with the sample temperature
maintained at 5+1 °C.

High-resolution mass spectrometer conditions

The aforementioned UPLC system was coupled with a VION IMS Q-
ToF mass spectrometer and used for HRMS analyses. Electrospray
ionization (ESI) was performed in positive ionization mode. The
capillary voltage was set to 3.0 V, and the source temperature was
maintained at 140 °C. The desolvation temperature and gas flow
were maintained at 400 °C and 800 l/h, respectively. Mass
spectrometric data were acquired over m/z range of 50-2000.

Preparative HPLC conditions

Preparative chromatography was conducted using a Waters
preparative HPLC equipped with MassLynx software, 2545
quaternary pump module, 2489 dual UV detector, and 2767 sample
manager with auto-fraction collector. The separation of impurity
products was performed using Waters C18 column (5 um, 250 x 19
mm) at a flow rate of 2 ml/min. The mobile phase consisted of a
mixture of ammonium formate (pH 6.0, adjusted with dilute acetic
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acid) and methanol. An optimized gradient elution program was
employed to collect various fractions, which were then concentrated
using liquid-liquid extraction. The purified fractions were
lyophilized using a Lyofreeze lyophilizer and used for NMR analyses.

Nuclear magnetic resonance spectroscopy

The structures of the impurities were elucidated by NMR
spectroscopy. 'H, 13C, and DEPT NMR spectra of dexamethasone and
its impurities were recorded in DMSO-d6 using a Bruker Avance 600
MHz NMR instrument equipped with cryogenic probe. The probe
temperature was regulated at 25 °C The 'H NMR spectra referenced
to the singlet of tetramethylsilane (TMS) at 0 ppm, while 13C NMR
spectra were referenced to the septet of DMSO-d6 at 39.5 ppm.

Infrared spectroscopy

Infrared spectra were recorded using a Perkin Elmer (model-
Spectrum Two) equipped with Lab Solutions software to identify the
functional groups present in the compounds. Potassium bromide
was used as a medium to form sample pellets.

Sample preparation

A diluent consisting of 0.02 M ammonium formate (pH 3.0 adjusted
with dilute acetic acid) and methanol (4:6 v/v) was used for sample
preparation. 4 ml of tobramycin and dexamethasone ophthalmic
suspension sample was dissolved in 6 ml of diluent and subjected to
UPLC-HRMS analysis. A blank solution was injected prior to sample
injection to ensure that no interference occurred during data
processing.

RESULTS AND DISCUSSION
Method development and optimization

Multiple batches of dexamethasone ophthalmic suspension were
analyzed using the LC-HRMS method. In brief, gradient elution was
employed to achieve the separation of processed and degradation
impurities [15]. Optimal resolution was obtained using an ACQUITY
UPLC with XBridge C18 column (150 mm x 4.6 mm and particle size
3.5 pm) during method development. A series of experiments were
conducted with gradient elution using mobile phases A and B, varying
the column temperature between 20 and 50 °C. Successful separation
of dexamethasone and its impurities was achieved with the column
temperature was set to 40 °C. The optimized gradient program was as
follows: Ttime/mobile phase-A: B (%): T0/55:45, T5/55:45, T15/45:55,
T40/45:55, T60/20:80, T75/20:80, T80/0:100, T90/0:100,
T91/55:45, T100/55:45. Under these conditions, the impurities A and
B were observed at levels 0.39% and 0.22%, respectively. The
structures of dexamethasone and its impurities are presented in fig. 1.
The UPLC retention behaviour of the impurities is shown in fig. 2, with
retention times of 27.00 min for Dexamethasone, 29.79 and 32.66 min
for Imp-A and Imp-B, respectively. Dexamethasone ophthalmic
suspension (0.1% w/v) is approved for topical administration at a
frequency of 4 to 6 times per day [9-12]. According to FDA and ICH
guidelines, topical drug products with concentrations exceeding 0.1%
and less than 1% must have impurities identified if present at levels
greater than 0.10% [13].

Structure elucidation of impurities

The structural identification of impurities was carried out using the
UPLC coupled with HRMS method. The protonated mono-isotopic
mass of the impurities were determined by analyzing the samples in
ESI positive ion mode. The mass and NMR and IR spectroscopic data
of pure dexamethasone is provided for comparative purposes.
Impurities were isolated by preparative HPLC and characterized
using LC-HRMS, NMR and IR [14, 16].

Structural elucidation of Imp-A

The MS/MS fragmentation spectrum of Imp-A is shown in fig. 3. The
HR-MS spectrum in positive ion mode revealed an intense molecular
ion peak at m/z = 379.1921 [M+H]*, corresponds to the theoretical
value (m/z= 379.1843 [M+H]*), confirming the empirical formula of
the Imp-A as Cz2:Hz27FOs with a mass error of 1.6 ppm (table 1). The
fragmentation patterns indicated the loss of an HF molecule,
producing a fragment at m/z 359.1870, followed by the loss of a
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water molecules, resulting in fragments at m/z 341.1768, 323.1693.
These data suggest the presence of a fluorine atom at C9 and
position of hydroxyl (-OH) groups at C11 and C17 (fig. 3). A

Absorbance (Au)

Dexamethasone

Imp-A
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subsequent loss of formic acid, yielding m/z 295.1740 suggests the
presence of both-COOH and-OH groups at C17. However, the -COOH

group was absent at C17 of dexamethasone [18].

Imp-B

Fig. 1: Structures of dexamethasone, Imp-A and Imp-B
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Fig. 3: Representative HRMS/MS chromatogram of Imp-A and Imp-B
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Table 1: Accurate mass, elemental composition and error (ppm) for Imp-A and Imp-B

Name Theoretical Theoretical elemental Theoretical mass Observed mass Observed elemental Error
mass (Da) composition [M+H]* [M+H]* composition (ppm)

Imp-A 378.1843 C21H27FOs 379.1915 379.1921 C21H28FOs 1.6

Imp-B 406.1792 C22H27FO6 407.1864 407.1838 C22H28FOs -6.4

The IR spectrum of the Imp-A displayed a stretching band at
3534.77 cm'l, corresponds to the presence of OH group. Strong

stretching bands observed at 2946.23 cm?! and 1596.21 cm!
corresponds to SP3 C-H, and C=C conjugation within the ring

stretching bands at 1689.06 cm! and 1655.52 cm-lare consistent structure, respectively. For comparative studies, overlay
with carbonyl (C=0) groups, possibly originating from both the spectrum of Imp-A and Imp-B with dexamethasone is illustrated
ring structure and the acid group, respectively. Additional strong in fig. 4.
PYITAAT
— M
- — _— \”‘,‘ f“- M W ‘U V Iﬁ W )
[~ —_\ Dexamethasone Wl 11\ H 'Ji' ,‘ML ] |L‘ s
/ wﬂ: s .f'\HJ\ ‘
/' “ "zsvsavcml U l]ll ‘
l‘ [2990.56 cun? 2017.46 cm™ \ ]
\f T / | 1'\1603 39 em?
vV 2939.11 em™? 1704.09 cm™
S 1617.87 cm?
3472.71 cm’!
C-H 1662.18 cm™
- O-H .
g C=0 & C=C M A
b B Iy
g |
= ™~ ,« ¥
=] -
.E J Imp-A
@ | /' [
E /‘ 2977.36 cm! f 2866.40 cm™
= 3534.77 cm’! 294623 cm!
Y ! L Y d
O-H C-H
- ]mp-B .‘. ; l_{"' ¥l ‘I
1 1 i
" I|.| | h
Il § v
318112 em? 'i 1740.69 cm ([ | | *~~1505.98 cm!
-1 -
.?496..90 cm ‘ 2937.47 cm! 1707.79 cm ™ 1662.02 cm!
Y . Y d \ /
!
O-H C-H C=0 & C=C
4000 3500 3000 2500 2000 1500 1000 500

‘Wavenumber (cml)

Fig. 4: Overlay of the IR spectrum of dexamethasone, Imp-A and Imp-B

The NMR (!H, 13C and DEPT-135) spectroscopic results of the Imp-A
(fig. 5 and table 2) provided necessary information about its
molecular structure. The 'H NMR spectrum of Imp-A (fig. 5a)
revealed a relatively complex pattern, with three signals of equal
intensity in the downfield region (8 6-7.3 ppm). A doublet at § 7.291
ppm was assigned to the proton at C1, while a doublet at § 6.212
ppm was attributed to the proton at C2 and a singlet at § 5.997 ppm
was assigned to the proton at C4. Additionally, large singlets at §
1.489 ppm and 6 0.998 ppm were assigned to methyl groups at C19
and C18, respectively and while a doublet at 6 0.850 was assigned to
methyl group at C20. The positions and splitting patterns observed
in the spectrum suggests the presence of steroid ring, a common
structural feature in dexamethasone [14, 26].

The 13C NMR spectrum (fig. 5b) of the Imp-A displays 21 distinct
carbon resonances. The most downfield peaks at § 185.29 ppm and
174.79 ppm, corresponds to the carbonyl carbon at C3 and
carboxylic acid at C21, respectively. Out of 21 observed peaks, seven
peaks disappeared in DEPT-135 technique. The positive signals
observed in DEPT-135 spectra at chemical shift of (6) 152.91 ppm,
128.96 ppm, 124.13 ppm, 70.89 ppm, 42.44 ppm, 35.18 ppm, 33.73
ppm, 22.90 ppm, 16.90 ppm and 15.39 ppm remain unchanged (fig.
5c). The key features in the DEPT-135 data include inverted signals
at & 35.54 ppm, 32.16 ppm 30.30 ppm and 27.26 ppm, which
originate from CH: groups. The disappearance of the signals

at185.29 ppm, 174.79 ppm, 167.15 ppm, 101.38 ppm, 85.49 ppm,
48.02 ppm and 47.27 ppm peaks indicate quaternary carbons.
Signals at § 152.91 ppm, 128.96 ppm, 124.13 ppm, 70.89 ppm, 42.44
ppm, 35.18 ppm, 33.73 ppm originate from CH groups, while the
remaining signals at § 16.90 ppm, 22.90 ppm, and 15.39 ppm arise
from CHs. Four doublet signals at 101.38 ppm (¥Jcr=174.3), 48.02
ppm (%Jcr=22.78), 70.89 ppm (¥)Jcr =37.24) and 8§ 33.73 ppm (¥Jcr =
19.2) indicate the presence of fluorine atom at C9.

2D 1H-13C HSQC (Heteronuclear Single Quantum Coherence)
spectrum of Imp-A (fig. 6a and 6b) revealed the correlations from
H1, H2, H4, H6, H7, H8, H11, H12, H14, H15, H16, H18, H19 and
H20 with their respective carbon atoms (C1, C2, C4, C6, C7, C8,
C11, C12, C14, C15, C16, C18, C19 and C20) confirming the
presence of dexamethasone structure in the impurity.
Furthermore, 1H-13C HMBC NMR spectrum for Imp-A (fig. 7a and
7b) revealed that the H1 proton is coupled to C3, C5 and C19,
supporting the presence of a conjugated steroidal ring system.
Additionally, the HMBC spectrum showed OH11’ correlating with
C9 and OH17’ correlating with C13, confirming the presence of
hydroxyl groups on C11 and C17. Other notable correlations
observed in Imp-A include H6 to C4, H7 to C5 and C9, H19 to C9,
H1 to C9 and C18, H20 to C15 and C17. The combined NMR, MS
and IR data provide conclusive evidence for the structural
assignments of Imp-A, as illustrated in fig. 1.
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Structural elucidation of Imp-B

The MS/MS fragmentation spectrum of Imp-B is presented in the fig.
3. The HRMS/MS spectrum in the positive ion mode revealed a
prominent molecular ion peak at m/z = 407.1838 [M+H]*, which
corresponds to the theoretical m/z value of 407.1792 [M+H]*,
confirming the empirical formula of Imp-B as C22H27F0s with error-
6.4 ppm (table 1). The fragmentation pattern shows the loss of HF
molecule, yielding a fragment at m/z 387.1793, followed by the loss
of formic acid to produce m/z 341.1815 and subsequent loss of a
water molecule, forming the fragments at m/z 323.1670. These

observations suggest the presence of a fluorine atom at C9, formyl at
C17 (-OCHO) and a hydroxyl group at C11 (fig. 3). The other
possibility of forming fragment m/z 341.1815 by losing formic acid
from m/z 387.1793 apparently shows the presence of carboxyl (-
COOH) group on C17 along with formyl (-HCHO) group, while
dexamethasone contains hydroxyl (-OH) and hydroxymethyl
carbonyl (-COCH,0H) groups at C17 [18].

The IR spectrum of the Imp-B showed a stretching band at 3496.90
cml, indicative of an OH group. Strong bands at 1740.69 cm?,
1707.79 cm?, and 1662.02 cmare consistent of carbonyl (C=0)
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groups, likely originating from aldehyde, cyclic, and carboxylic acid
functional groups, respectively. Additionally, strong stretching band
at 2937.47 cm! and 1595.98 cm! corresponds to SP3 C-H and C=C
conjugation within the ring [14]. For comparative studies, overlay
spectrum of Imp-A and Imp-B with dexamethasone is illustrated in
fig. 4.

The NMR (H, 13C and DEPT-135) spectroscopic results of the Imp-B
(fig. 8 and table 2) provided necessary information about its
molecular structure. The H NMR spectrum of the Imp-B (fig. 8a)

Lol
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provides preliminary chemical shift assignments. Three signals of
equal intensity appear in the downfield region (8 6-7.3 ppm). A
doublet at § 7.279 ppm is assigned to the proton at C1, while a
doublet at § 6.223 ppm attributed to the proton at C2, and a singlet
at § 6.011 ppm corresponds to the proton at C4. Large singlets at §
1.490 ppm and § 0.996 ppm are assigned to methyl groups at C19
and C18, respectively, while a doublet at § 0.844 ppm is assigned to
methyl group at C20. These positions and splitting patterns suggest
the presence of a steroid ring, a common structural motif in
dexamethasone [14, 26].
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The 13C NMR (fig. 8b) of the Imp-B shows 22 distinct carbon
resonances. The most downfield peaks at § 185.27, 169.76 ppm, and
160.87 ppm corresponds to the carbonyl carbons at C3, C21
(carboxylic acid) and C22 (carbonyl), respectively. Out of 22 peaks,
seven peaks disappeared in DEPT-135 spectrum, while peaks at &§
160.87, 152.67, 129.04, 124.20, 70.57, 42.88, 35.46, 35.38, 35.42,
33.66, 32.96, 30.18, 22.90, 27.18, 16.83, and 16.37 ppm remain
unchanged (fig. 8c). Key features of the DEPT-135 data include
inverted signals at § 35.46 ppm, 32.96 ppm, 30.18 ppm, and 27.18

ppm corresponding to CHz group, and the disappearance of the
signals at § 185.27 ppm, 169.76 ppm peaks indicate the presence of
carbonyl carbons. Additionally, the absence of the signals at § 166.86
ppm, 101.13 ppm, 92.09 ppm, 47.88 ppm, and 47.65 ppm suggest
quaternary carbons. The remaining signals originate from CH
groups, while peaks at § 35.46, 32.96, and 30.18 ppm are assigned to
CH; groups. Four doublet signals at 101.13 ppm with 4j=174.3,
47.88 ppm with 2/¢r=22.8, 70.57 ppm with 2J¢r =37.3and8 33.66 ppm
with 2Jcr = 10.5 confirm the presence of the fluorine atom at C9.
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The !H-13C HSQC spectrum of Imp-B (fig. 9a and 9b) revealed
correlationsbetweenH1, H2, H4, H6, H7, H8, H11, H12, H14, H15, H16,
H18, H19 and H20 with their respective carbon atoms C1, C2, C4, C6,C7,
C8,C11, C12, C14, C15, C16, C18, C19 and C20, confirming the presence
of dexamethasone structure in the impurity. Furthermore, the 1H-13C
HMBC NMR spectrum for Imp-B (fig. 10a and 10b) revealed that the H1
proton is coupled to C3, C5, and C19, while H2 is coupled to C4, C10,
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supporting the presence of steroidal ring. HMBC correlations between
OH11’ and C9 confirm the presence of hydroxyl group on C11. Additional
HMBC correlations observed in Imp-B include H6 to C4, H7 to C5 and C9,
H12 to C9 and C18, H20 to C15 and H17. These findings further support
the proposed structure of Imp-B. The combined NMR, MS and IR data
provide conclusive evidence for the structural assignments of Imp-B, as
illustrated in fig. 1.
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Fig. 8: (a) 'H NMR, (b) 13C NMR, and (c) DEPT-135 spectra of Imp-B recorded in DMSO-d6 at room temperature
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Force degradation studies of analytes

Forced degradation studies were conducted to evaluate the stability
of dexamethasone sample under thermal (50 °C) and oxidation
(10% H202) conditions. For oxidative degradation, 1 ml of 10%
hydrogen peroxide (H,0,) was added to 1 ml of the dexamethasone
sample solution and incubated at 60 °C for 30 min. Thermal
degradation was examined by exposing the dexamethasone sample
solution to 60 °C for twelve hours. After exposing sample solution to
thermal and oxidation conditions, 50 pl** of sample solution was
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injected into the LC-HRMS system for chromatographic purity and
mass analysis. Under these stress conditions, impurity levels at 240
nm were found to be 0.45% (RRT 1.1) and ~0.56% (RRT 1.2),
whereas no impurities were detected in the initial dexamethasone
sample. HRMS analysis confirmed these impurities as Imp-A and
Imp-B. These results demonstrate that thermal and oxidative
conditions induce the formation of these impurities in the
dexamethasone sample. All the experiments were performed in
triplicate. We have presented the proposed pathway for impurity
formation under accelerated conditions (fig. 11).

Table 2: 1H, 13C NMR and DEPT-135 signal assignments for dexamethasone, Imp-A, Imp-B

Position Dexamethasone API Imp-A Imp-B DEP-
'H (8, ppm) 3C(8,ppm) _ 'H (8, ppm) 3C(8,ppm) M (8, ppm) BC(8,ppm) 135

1 7.287 (d,]J=10.0) 152.78 7.291 (d,J=10) 15291 7.279 (d,J=10.2) 152.67 -CH

2 6.218 (dd, /=1.8, 10.0) 128.98 6.212 (dd, J=1.7,10.0)  128.96 6.223 (dd, J=1.7, 10.2) 129.04 -CH

3 - 185.26 - 185.29 - 185.27 -C

4 6.004 (s) 124.11 5.997 (s) 124.13 6.011 (s) 124.20 -CH

5 - 167.04 - 167.15 - 166.86 -C

6 2.334 (m), 2.614 (m) 30.26 2.330 (m), 2.612 m) 30.30 2.326 (m), 2.634 (m) 30.18 -CHz2

7 1.344 (m), 1.764 (m) 2725 1339 (m), 1.764 (m)  27.26 1.362 (m), 1.780 (m) 27.18 CHz

8 2300 (m) 33.62 (d), 2.294 (m) 3373 (d, 2.339 (m) 33.66 CH
2Jcr =19.4 2Jcr =19.2) (d,3Jcr =10.5)

9 - 101.21 (d), - 101.38 (d, - 101.13 -C
Yer=175.3 er=174.3) (d,Ycr=174.3)

10 ; 47.93 (d), ; 48.02 (d, ; 47.88 <
2Jer =23.0 2Jcr =22.78) (d, ¥Jcr=22.8)

11 4136 (m) 70.69 (d), 4124 (m) 70.89 (d, 4.16 (m) 70.57 CH
2 = 36,83 2ep =37.24) (d,2/c=37.3)

11(0H) 5280 (m) : 5.242 (m) : 5389 (m) - -

12 1.419 (m), 2.112 (m) 35.80 1525 (m), 1.996 (m)  35.54 1.686 (m), 1.997 (m) 35.46 CHz

13 - 4743 - 47.27 - 47.65 -C

14 2.112 (m) 43.25 2.001 42.44 1.996 (m) 42.88 -CH

15 1.064 (m), 1.619 (m) 31.99 1.053 (m), 1.616 (m)  32.16 1.062 (m), 1.616 (m) 32.96 CHz

16 2.942 (m) 34.87 2.826 (m) 35.18 3.158 (m) 35.38 -CH

17 - 90.13 - 85.49 - 92.09 -C

17 (OH) 4951 - 4.630 - - - -

18 0.861 (s) 16.64 0.998 (s) 16.90 0.996 (s) 16.83 -CHs

19 1.481 (s) 22.89 (d, 1.489 (s) 2290 (d,J=5.4) 1490 (s) 22.90 (d, -CHs
J=5.5) J=5.5)

20 0.779 (d, J=7.2) 15.28 0.850 (d, J=7.2) 1539 0.844 (d, J=7.0) 1637 -CHs

21 - 211.13 - - - - -C

21 - - 12.387 174.79 12.790 169.76 -C

22 - - - - 8.217 (s) 160.87 -CHO

22 4.082 (dd, j=5.9,19.2 66.25 - - - - -

4462 (dd, j=5.9, 19.2)
22(OH)  4.680 (t,J=5.9) - -

*s=singlet, d=doublet, t=triplet, dd=doublet of doublet, m=multiplet; Coupling constant ] in Hz; DEPT=distortionless enhancement by polarization transfer.

CONCLUSION

In conclusion, two previously unidentified impurities, designated as
Imp-A and Imp-B, were detected and isolated during the stability
studies of dexamethasone ophthalmic suspension. These impurities
were characterized using UPLC-HRMS. Based on the acquired m/z
data, fragmentation patterns, and insights into the formulation
process, it is believed that the impurities originated from degradation.
The molecular structures of Imp-A and Imp-B were further elucidated
through *H NMR, *3C NMR, IR and mass spectrometry.
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