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ABSTRACT

The reverse-phase high-performance liquid chromatography (RP-HPLC) method has been
shown to exhibit excellent repeatability, accuracy, and reproducibility when used to simultaneously
assess doxycycline and metronidazole for the management of localised periodontal diseases.
Low levels of interference were achieved through optimisation and high-resolution separation.
Validation was accomplished according to recommendations from the International Conference on
Harmonisation (ICH) and included assessments for linearity, accuracy, precision, limits of detection
(LOD) and quantitation (LOQ), and robustness. The validation data demonstrated greater than 90%
recovery and low %RSD, along with very high linearity (r2 > 0.999) for both compounds over the
entire concentration range, thereby confirming the reliability of the method. The presented approach
is suitable for routine quality control analysis of mixed doxycycline and metronidazole dose forms.
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INTRODUCTION

Periodontal diseases are recognised as
among the most prevalent chronic inflammatory
conditions affecting the supporting structures of the
teeth. Localised periodontitis, frequently resulting
from bacterial infections found within the subgingival
biofilm, is marked by the progressive deterioration of
the periodontal ligament and alveolar bone. Treating
these infections usually involves physically cleaning
the area and adding antibiotics to improve outcomes.
One way to fight gum disease involves doxycycline
along with metronidazole. These medicines target
many types of harmful microbes, acting more
effectively when combined'. Stopping bacterial
growth is part of how doxycycline works, yet it also
eases swelling while protecting tissue structure.
Deep inside infected areas live oxygen-avoiding
germs, surely what metronidazole goes after. When
used at once, their strengths overlap in useful ways
across different germ families found in progressive
cases. Working as a pair, they lift results beyond
what either achieves alone?.

The popularity of periodontal rehabilitation
is on the rise due to the use of targeted medication-
delivery systems, such as gels, films and fibres.
As a result, there is an increasing need for reliable
methods of analysing these medications in new
formulations®. By administering a local release
of a high-concentration medication at the site of
application, you will lower the level of medication in
the general circulation and therefore reduce the risk
of systemic adverse events.! In addition to ensuring
that the medications remain therapeutically effective
for the patient and are safeguarded through quality
control measures, it is also crucial to measure
metronidazole and doxycycline accurately and
simultaneously.

High-performance liquid chromatography
performs all of the analyses here, it provides high
consistency, strong resistance to fluctuations, and
high-accuracy results. Developing an efficient RP-
HPLC method capable of simultaneously monitoring
both compounds remains challenging®.One RPHPLC
reversed-phase system has been developed by the
scientists to detect doxycycline and metronidazole
in the pharmaceutical procedures intended for
the therapy of gingival diseases. The parameters
studied during validation included specificity,
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linearity, accuracy, precision, limit of detection, limit
of quantitation, and stability. After validation, the
method is comparably a valuable tool in the scientific
environment to study drug delivery to gums, as it is
in the production laboratory for monotonous testing
of production batches®1°,

MATERIALS AND METHODOLOGY

Instrumentation

Using a reversed-phase HPLC system,
the method employs an efficient isocratic mode
with solvents, combined with a light-sensitive PDA
detector at 270-350 nm and 310-320 nm, to provide
high-level signals for both the doxycycline and
metronidazole APIs. A long C-18 reverse-phase
column containing 5 ym particles was employed
for decoupling action, with the room temperature
maintained steadily near 25 °C. Instead of plain water
mixtures, the mobile phase was an 80:20 mixture of
Phosphate buffer (pH 2.2-3.5) with orthophosphoric
acid and acetonitrile, carefully selected to provide
sharp peaks, reasonable retention times, and
good separation of the two compounds on the
chromatograms. The flow rate was 1.0 mL/min,
resulting in an injection volume of 20 pL and a total
run time of 20 minutes. Sample solutions were all
filtered through a 0.45 pm membrane filter and
degassed to remove air bubbles before analysis.
Using Empower software (or others), data recording
and processing were performed. This software
enabled effective peak integration and accurate
measurements.

Materials

Reference standards of metronidazole
and doxycycline were developed from certified
vendors and were used without further purification.
The samples for localized periodontal therapy were
prepared from the development laboratory. HPLC-
grade acetonitrile and methanol (Merck - India) were
used in preparation of the buffer and both potassium
dihydrogen phosphate analytical reagent (AR) grade
and orthophosphoric acid (LR) grade were used to
prepare buffers. The ultra-pure water that was used
for analyses was gained using a Milli-Q purification
device. All solutions, including standard and sample
preparations, were filtered through a 0.45 pm nylon
filter and degassed prior to injection into the HPLC
system. The glass containers used in analysis were
cleaned with distilled water and rinsed with HPLC-
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grade solvents to avoid contamination.

Drug profile

Doxycycline is a semi-synthetic and broad-
spectrum antibiotic that belongs to the tetracycline
class. Mainly, it works as a bacteriostatic drug by
inhibiting bacterial protein synthesis by binding to
the 30S ribosomal subunit of susceptible bacteria.
Because it can target a wide range of Gram-positive
and Gram-negative bacteria, and because of its
anti-inflammatory and anti-collagenase properties,
doxycycline is widely used for the treatment of
periodontal diseases. Moreover, as it can protect the
tissues from breakdown and keep its action at the
site of infection for a long time, it is often included in
the localised drug delivery systems for periodontal
therapy™'.

On the other hand, metronidazole, a
nitroimidazole derivative, is well known for its
antibacterial action against both anaerobic bacteria
and protozoa. It infiltrates microbial cells and disrupts
DNA by generating harmful intermediates, leading to
cell death'?. Metronidazole is highly potent against
obligate anaerobes, such as Porphyromonas
gingivalis and Prevotella intermedia, which are
typically associated with periodontitis. If given locally
with doxycycline, whole-body exposure is reduced,
and the therapeutic outcome is improved's. The two,
doxycycline and metronidazole, together provide a
broad-spectrum antibacterial approach that targets
both anaerobic and aerobic bacteria involved in
periodontitis. Their different but complementary ways
of killing bacteria make them the best candidates
for advancing co-formulated, targeted delivery
systems that aim to enhance the clinical outcomes
of periodontitis treatment. The CAS number of
Doxycycline is 564-25-0 "1 And Metronidazole is
443-48-1"5,

Structure
The structures of metronidazole and
doxycycline are as given below (Figure 1,Figure 2):

Preparation of Standard Stock Solution

To create stock standard solutions for
Doxycycline and Metronidazole, each compound
was accurately weighed at 10 mg and placed
into individual 100 mL volumetric flasks. Then
an appropriate diluent (usually a 50:50 or 80:20
methanol/water mixture) was added to the flask
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to dissolve the two compounds, and the flasks
were sonicated as needed to ensure complete
dissolution of the standards. After the compounds
were dissolved in the diluents, the stock standard
solutions were brought to the mark (the 100 mL
mark) with the same diluents. Each stock standard
solution will then have a final concentration of 100
pg/mL or a slightly different concentration specified
by the analytical protocol. To prevent light-induced
degradation, the stock solutions were stored in
amber glass bottles at 2-8 °C. To create working
standards from their associated stock standards,
each stock standard has been diluted with either a
mobile phase or a diluent to obtain an appropriate
quantity of each analyte for both calibration and
validation. Working standard solutions will generally
fall within 40% - 120% of the target concentration.

Method Validation Parameters
Precision

Repeat analyses of injections of
metronidazole and doxycycline at three different
concentrations (80%, 100%, and 120%) were used to
evaluate the precision of this method. %RSD values
generated from the peak regions were consistently
below 1%, indicating excellent repeatability. The
uniformity of the data across all runs provides
assurance that the method is capable of consistent
use, despite the lack of direct intermediate-precision
data to support this conclusion. Therefore, based
on this dataset, we can conclude that the method is
valid and reliable” ® 1,

Accuracy

Accuracy defines how closely the measured
value approximates the true value. For its evaluation,
three recovery trials were performed at spiking
levels of 80%, 100%, and 120%. The experimental
method’s accuracy in quantifying both analytes was
demonstrated by the recovery performance results
for metronidazole and doxycycline, which were
consistently within an acceptable range (98-102%),
whereas the %RSD values were below 2% % 1°,

Linearity

Linearity determines the extent to which
a technique produces test results that are directly
proportional to the concentration of the analyte within
a defined range. The dataset of the report features
five concentration levels, 40%, 60%, 80%, 100%, and
120%. The results validated the method’s linearity,
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showing that concentration and peak area were
highly correlated for both drugs, while %RSD values
remained well within acceptable limits (generally
<2%)7. 2.1,

Limit of Detection (LOD) and Limit of
Quantification (LOQ)

LOD and LOQ are used to refer to the lowest
concentrations of an analyte that can be detected
and/or accurately measured. This study used multiple
dilutions of doxycycline and metronidazole ranging
from 0.005% to 20% by weight. Both doxycycline and
metronidazole exhibited noticeable and quantifiable
values with low LOD and LOQ values. Peaks with
detectable signals have also been recorded, with
good S/N ratios, at the lowest weighing ranges (e.g.,
0.1%, 0.05%, 0.02%, and 0.005%) for those same
drugs” 910,

Robustness

Robustness is the evaluation of how
reproducible a method is exaggerated by the small
dissimilarity of its parameters (for example, the flow
rate or column temperature). Set up the conditions
described in the chromatographic method, and wait
for the system to equilibrate. Inject the Metronidazole
standard solution (1.8ug/mL), and Doxycycline
standard solution (0.6pg/mL) 3 times, and record
the response. Then inject the in-house solid
dosage tablet formulation 3 times and record the
response’ 10,

RESULTS AND DISCUSSION

Separation Method’s Optimisation
Chromatographic optimisation was
performed to develop the separation method
necessary for simultaneous quantitation of
Doxycycline and Metronidazole, and was continued
through systematic modification of chromatographic
conditions to achieve optimal resolution, retention
time, and peak symmetry. Several chromatographic
runs were performed using diverse columns and
conditions to help identify the retention characteristics
of both drugs. The retention time of Metronidazole
remained consistently short (approximately 2.164
minutes) compared with that of Doxycycline, which
had an average retention time of approximately
11.975 minutes (Table 1, Table 2, and Table 3).
Because of the relative distance between the two
analyte peaks on the chromatogram, a calculated
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separation distance of 74.91 units was obtained; the
two analytes were separated and provided adequate
resolution with no interference. The tailing factors
for Metronidazole (1.90) and Doxycycline (1.55)
indicated that the peaks remained symmetrical and
within acceptable limits. The number of theoretical
plates for Doxycycline (284,413.84) indicated
that the column provided excellent efficiency and
that the mobile phase composition was ideal.
The consequences of these optimisation tests
demonstrated that this method is robust and can
be applied in routine quality control assays for
combination products containing both drugs.

Method Validation Parameters
Precision

Both the standard and sample injections
of metronidazole demonstrated excellent accuracy,
with relative standard deviations (RSDs) of 0.3%
(Table 4). With a computed assay result of 99.39%
for metronidazole, the sample closely resembles
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Fig. 1: Structure of Metronidazole
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Fig. 2: Structure of Doxycycline
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the anticipated concentration. Both the sample and
standard injections of doxycycline had %RSDs of
1.9% and 1.2% (Table 4), respectively, which were
well within the allowable limits for analytical accuracy.
With a 99.95% test result, Doxycycline exhibits good
agreement with the standard.

These findings demonstrate the great
precision and accuracy of the metronidazole and
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doxycycline samples, with test values quite near to
100%.

Accuracy

Three concentration levels of metronidazole
and doxycycline were tested (Table 5): 80%, 100%,
and 120%. At 120%, 100%, and 80% levels, the
recovery percentages for metronidazole were
81.50%, 113.60%, and 100.80%, respectively.

Table 1: HPLC chromatogram at 220 nm of Metronidazole

S. No. Peak Name RT Area % Area USP Tailing USP Plate Count USP Resolution
1 Metronidazole 2.175 8603854  99.70 1.79 3586.83 -
Table 2: HPLC chromatogram at 220 nm of Doxycycline
S. No. Peak Name RT Area % Area USP Tailing USP Plate Count USP Resolution
1 Doxycycline  12.602 2174987  99.94 1.47 256754.12 -
Table 3: HPLC chromatogram at 220 nm of Metronidazole and Doxycycline
S. No. Peak Name RT Area % Area USP Tailing USP Plate Count USP Resolution
1 Metronidazole 2.164 6303338  85.67 1.76 3434.07 -
2 Doxycycline 11.975 1054238 14.33 1.73 288317.86 75.51
Table 4: Precision
Parameter Metronidazole STD Metronidazole Sample Doxycycline STD Doxycycline Sample
Mean Area 6372376.0 6,363,737.0 1,062,872.2 1,063,163.0
Std.Dev 19,252.2 19,252.5 12,615.1 20,674.9
%RSD 0.3 0.3 1.2 1.9
Table 5: Accuracy
Compound Level (%) Mean STD Mean Spiked %RSD  %RSD Recovery
Area Area (STD) (Spiked) (%)
Metronidazole 120 7848196 8361358 0.2 0.4 81.50
Doxycycline 1300471 1381857 0.6 0.2 82.80
Metronidazole 100 6355720 7075197 0.2 0.2 113.60
Doxycycline 1057273 1177763 0.2 0.1 116.00
Metronidazole 80 5165481 5807374 0.1 0.4 100.80
Doxycycline 861682 977651 0.2 0.3 110.10
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The equivalent recovery values for
Doxycycline were 116.00% at 100%, 110.10% at
80%, and 82.80% at 120%. The %RSD values
for both standard and spiked samples at all levels
were low (range from 0.1 to 0.4), suggesting high
accuracy, and all analyses were carried out in
triplicate.
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Linearity

Analysis of standard solutions at five
concentration levels, (Table 6) ranging from
40% to 120% of the target concentration was
used to demonstrate linearity. Peak area versus
concentration was used to create a calibration curve
for every analyte. Metronidazole and doxycycline

Table 6: Linearity

Concentration Metronidazole Metronidazole

Metronidazole Doxycycline Doxycycline Doxycycline

(%) Mean Area Std. Dev %RSD Mean Area Std. Dev %RSD
40 2,577,965 2,304.5 0.1 444 585 514.07 0.1
60 3,881,757 342.2 0.0 657,392.5 2,570.33 0.4
80 5,129,301.5 27,609.0 0.5 867,040 2,105.76 0.2
100 6,359,816 21,159.5 0.3 1,059,821.5 3,686.15 0.3
120 42,769,439 49,503,497.8 115.7 1,293,872 660.44 0.1

Correlation Coefficient- Metronidazole: 1.000, Doxycycline: 1.000

Table 7: LOD & LOQ

both showed good linearity, with correlation
coefficients (r2)> 0.999.

Concentration Metronidazole Doxycycline Metronidazole and Doxycycline exhibit
(%) Area Area excellent linearity from 40% to 100% concentration,

. as indicated by low %RSD values (<0.5 for
200/" 1,287,214 222,000 Metronidazole, <0.4 for Doxycycline) and perfect
10% 510,693 113,291 correlation coefficients.
5% 247,497 62,878
2% 50,377 24,643 Limit of Detection (LOD) and Limit of

o,
1% 13314 12966 quantification (LOQ)
0.5% ND 4,943
02:" ND 1,523 The area responses for metronidazole were
0.1 é ND 980 quantifiable down to a concentration of 1.0%; smaller
0.05% NOD NDO concentrations showed no appreciable signal (Table
LOD 1% 0.10% 7).Thus, the LOD for Metronidazole is 1.0%, and the
ND = Not Detected
Table 8: Robustness
Condition Drug Std. Mean Std. Sample Mean Sample Assay
Area %RSD Area %RSD (%)
Different Column Metronidazole 5,758,041.7 0.2 5,603,046.0 0.2 99.39
Doxycycline 957,267.0 0.2 929,078.0 0.1 99.40

Flow Increase Metronidazole 5762743 0.3 5,730,988.0 0.4 99.00
(1.1 mL/min) Doxycycline 954,371.0 0.2 949439 0.2 99.58
Flow Decrease Metronidazole 7,071,596.0 0.1 7,073,446.0 0.1 99.36
(0.9 mL/min) Doxycycline 1,203,100.0 0.3 1,194,972.0 0.3 99.40
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With the LOD of 0.10% and the LOQ
of 0.30%, Doxycycline showed clearly smaller
responses at much lower doses. With declining but
still observable responses down to 980 at 0.1%,
the area responses for Doxycycline were reported
as 222,000 at 20%, 113,291 at 10%, 62,878 at 5%,
24,643 at 2.0%, and 12,966 at 1.0%. The reduced
LOD and LOQ values indicate that the analytical
technique is more sensitive to Doxycycline than to
Metronidazole.

Robustness

The analytical technique for metronidazole
and doxycycline is very dependable under a
variety of circumstances, including variations in
the chromatographic column and flow rate, as the
robustness analysis shows (Table 8).
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The %RSD values for both standard and
sample injections remained significantly below
0.5% across all tested conditions, demonstrating
exceptional accuracy. The approach’s accuracy
and robustness were confirmed by test results that
consistently ranged from 99.00% to 99.58% for both
medicines.

Need and Significance

Complex infections caused by diverse
microbial populations, including anaerobic bacteria
found in subgingival biofilms, are referred to as
periodontal disorders. Antimicrobial drugs such
as metronidazole and doxycycline can now be
delivered locally, minimising systemic side effects
and enhancing drug concentration at targeted sites.
Despite the availability of several HPLC methods for

Fig. 3: HPLC chromatogram at 220 nm of Metronidazole

Fig. 4: HPLC chromatogram at 220 nm of Doxycycline
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Fig. 5: HPLC chromatogram at 220 nm of a mixture containing
1.8 ug/mL of Metronidazole,0.6 pg/mL of Doxycycline

the individual quantification of these medications, a
validated, simultaneous estimation approach tailored
for localised periodontal drug delivery systems is
limited. The development and validation of a stability-
indicating, opposite-phase high-performance liquid
chromatography (RP-HPLC) method that accurately
quantifies both metronidazole and doxycycline in
their combination pharmaceutical preparations
addresses a major gap. Compared with systemic
dosage forms, localised dosage forms are composed
of complex matrices, such as gels or films, which
can pose analytical challenges. Thus, the method
not only should be accurate but also must be very
reliable so that the uniformity, stability and quality
control of drug content can be safeguarded. The
uniqueness of this work lies in its being the first-ever
use of this technique for periodontal treatment with
these two drugs, demonstrating good sensitivity,
selectivity, and reproducibility, and also complying
with the Indian Pharmacopoeia and ICH standards.
Since combinable drug delivery is becoming
increasingly popular, this method will not only reduce
analysis time but also be very accommodating for
formulation development, regulatory compliance,
and therapeutic monitoring.

CONCLUSION

A new RP-HPLC method yielded significant
advances in determining the concentration of
doxycycline and metronidazole without visual
distortions, while measuring how the two substances
behaved in an experimental setting as soon as they
were used in a medicament for the treatment of

periodontal disease. To achieve these results, the
method had to comply with the ICH guidelines and
the applicable drug standards in India; however,
in most cases, both substances were measured
independently, showed consistent behaviour, and
were within expected limits. Because there was a
well-defined separation of the two peaks, the peak
heights were consistent and easily distinguishable,
with no tailing, it was reasonable to establish the
application of this method for the evaluation of
clinical medications. Additionally, the consistency
of the performance of the method across multiple
laboratory environments, the ability to accurately
detect very small quantities of the two drugs in
the sample, and the ability to consistently identify
the drugs before the samples were exposed to
environmental conditions were all indicators that
this method was capable of being applied to actual
clinical scenarios.
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