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Abstract: The precise quantification of biologic combinations in pharmaceutical formulations necessitates robust and sensitive
analytical techniques that can withstand the complexity of macromolecular structures. A simple, rapid, and reproducible Reverse
Phase High-Performance Liquid Chromatography (RP-HPLC) method was developed and validated for the simultaneous
estimation of Trastuzumab and Hyaluronidase-OYSK. Chromatographic separation was successfully achieved utilizing a Waters
Alliance-¢2695 system equipped with a Luna Phenyl-Hexyl column (250 x 4.6 mm, 5 um). The isocratic mobile phase consisted
of Acetonitrile and 0.1% Trifluoroacetic acid (TFA) in an equal ratio of 50:50 %v/v, pumped at a flow rate of 1.0 mL/min.
Detection was monitored at 228 nm using a photodiode atray detector at ambient temperature. The developed method
demonstrated superior system suitability, with the number of theoretical plates exceeding 2000 and a tailing factor maintained
below 2.0 for both analytes. Linearity was established across significant concentration ranges, and the correlation coefficient was
found to be greater than 0.999. Precision was confirmed with a Relative Standard Deviation (RSD) of peak areas consistently
below 2.0%. The method was extensively validated in accordance with International Council for Harmonisation (ICH) guidelines,
covering parameters such as accuracy, precision, specificity, robustness, and sensitivity. Moreover, forced degradation studies
under various stress conditions acidic, alkaline, thermal, oxidative, and photolytic revealed that the method effectively separates
degradation products from the main analytes. These results indicate that the proposed RP-HPLC method is suitable, economical,
and precise for the routine quality control and stability assessment of Trastuzumab and Hyaluronidase-OYSK in pharmaceutical
dosage forms.
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1. Introduction

Breast cancer remains a significant global health burden, with HER2-positive cases representing a particularly aggressive subset of
the disease [1]. The advent of targeted biological therapies has revolutionized treatment paradigms, with Trastuzumab, a
recombinant DNA-derived humanized monoclonal antibody, serving as a cornerstone in the management of HER2-overexpressing
metastatic breast and gastric cancers [2]. Trastuzumab functions by selectively binding to the extracellular domain of the human
epidermal growth factor receptor 2 (HER2), effectively inhibiting the proliferation of tumor cells that overexpress this protein [3].
While initially administered via intravenous infusion, recent advancements have favored subcutaneous formulations to enhance
patient compliance and reduce healthcate resource utilization [4].

The subcutaneous delivery of large macromolecules like monoclonal antibodies is often limited by the extracellular matrix of the
subcutaneous tissue, primarily composed of hyaluronan, which acts as a barrier to fluid dispersion [5]. To overcome this
physiological hurdle, formulations often incorporate Hyaluronidase-OYSK, a recombinant human endoglycosidase [6]. This enzyme
acts by transiently depolymerizing hyaluronan, thereby increasing the permeability of the connective tissue and facilitating the rapid
dispersion and systemic absorption of co-administered biologics [7]. The combination of Trastuzumab and Hyaluronidase-OYSK
thus represents a critical evolution in oncology therapeutics, necessitating rigorous quality control measures [8]. Ensuring the safety
and efficacy of such complex biopharmaceutical formulations requires high-precision analytical monitoring. Analytical chemistry
provides the foundational tools for the qualitative and quantitative assessment of pharmaceutical substances, ensuring adherence to
strict regulatory standards [9]. Among the vatious analytical methodologies available, High-Performance Liquid Chromatography
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(HPLC) is the most widely adopted technique in the pharmaceutical industry due to its superior resolution, sensitivity, and
reproducibility [10]. However, the simultaneous analysis of proteins and enzymes poses unique challenges compared to small
molecules, primarily due to issues related to conformational stability, adsorption to stationary phases, and the need for specific
mobile phase additives to maintain peak symmetry [11].
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Figure 1. Structure of a. Trastuzumab and Hyaluronidase

Moreover, regulatory bodies such as the International Council for Harmonisation (ICH) mandate the development of stability-
indicating assays [12]. These methods must possess the specificity to differentiate the active pharmaceutical ingredient (API) from
its degradation products formed under various stress conditions, including hydrolysis, oxidation, and photolysis [13]. While existing
literature provides methods for the individual analysis of Trastuzumab or Hyaluronidase [14, 15], there is a marked scarcity of
research detailing a unified, stability-indicating RP-HPLC method for their simultaneous quantification in a single run [16]. The lack
of a concurrent method increases the time and cost associated with routine quality control. Consequently, the present study aims to
bridge this gap by developing and validating a simple, economical, and robust RP-HPLC method for the concurrent analysis of
Trastuzumab and Hyaluronidase-OYSK, complying with the stringent validation protocols outlined in ICH Q2(R1) guidelines [17].

2. Materials and Methods

2.1. Chemicals and Reagents

The reliability of analytical data heavily depends on the purity of reagents used [18]. In this investigation, Acetonitrile of HPLC
grade was employed as the organic modifier, while Trifluoroacetic acid (TFA) served as the ion-pairing agent. Milli-Q water,
generated from an in-house purification system, was utilized for all aqueous preparations to minimize baseline noise and ghost
peaks. Working standards of Trastuzumab and Hyaluronidase-OYSK were procured from reputable sources and stored under
recommended conditions to prevent degradation prior to analysis. Commercial pharmaceutical formulations containing the target
analytes were utilized for assay and recovery studies to demonstrate the method's applicability to marketed products.

2.2. Instrumentation and Chromatographic Conditions

Chromatographic analysis was executed on a Waters Alliance-¢2695 HPLC system, a robust platform featuring a quaternary pump,
an autosampler for precise injection, and a 2998 Photodiode Array (PDA) detector [19]. Data acquisition and signal processing were
managed using Empower 2 software. The separation strategy employed a Luna Phenyl-Hexyl column (250 x 4.6 mm, 5 pm). This
stationary phase was selected for its unique selectivity towards aromatic compounds and proteins, offering alternative interaction
mechanisms (pi-pi interactions) compared to standard C18 columns [20].

Table 1. Optimized Chromatographic Conditions

Parameter Condition

HPLC System Waters Alliance-¢2695 with PDA Detector (2998)
Stationary Phase (Column) | Luna Phenyl-Hexyl (250 x 4.6 mm, 5 um)

Mobile Phase Acetonitrile : 0.1% Trifluoroacetic acid (50:50 v/v)
Flow Rate 1.0 mL/min

Detection Wavelength 228 nm

Column Temperature Ambient (25°C)

Injection Volume 10 uLL

Run Time 6.0 minutes

Elution Mode Isocratic

The mobile phase consisted of a mixtute of Acetonitrile and 0.1% TFA in a 50:50 v/v rato. The inclusion of TFA is ctitical in
protein analysis as it suppresses the ionization of silanol groups on the column and ion-pairs with the basic residues of the proteins,
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thereby improving peak shape and reducing tailing [21]. The mobile phase was filtered through a 0.45 um membrane filter and
degassed via ultrasonication. The flow rate was maintained at 1.0 mL/min, and the column temperature was controlled at ambient
conditions (25°C). Detection was optimized at 228 nm, a wavelength that provides adequate sensitivity for the peptide bonds present
in the analytes.

2.3. Preparation of Solutions

2.3.1. Preparation of Standard Solutions

A primary standard stock solution was prepared by accurately weighing 600 mg of Trastuzumab and 5 mg of Hyaluronidase-OYSK
into a 10 mL clean, dry volumetric flask. The mixture was dissolved in the diluent (Acetonitrile) with the aid of ultrasonication to
ensure complete solubilization and homogeneity. From this primary stock, a secondary dilution was performed by pipetting 0.5 mL
of the solution into a 10 mL volumetric flask and diluting it to the mark with the diluent. Further working standard solutions were
prepared to yield final concentrations of 6000 ppm (ug/mL) for Trastuzumab and 2.5 ppm (ug/mL) for Hyaluronidase-OYSK.

2.3.2. Preparation of Sample Solutions

For the assay of pharmaceutical formulations, an aliquot equivalent to the target dose was transferred into a 10 mL volumetric flask.
The solution was diluted with the diluent, sonicated to ensure extraction and homogeneity, and filtered through a 0.45 um syringe
filter to remove any excipients or particulate matter that could foul the column [22]. Further dilutions were carried out to achieve
the target concentrations within the established linearity range.

3. Results and Discussion

3.1. Method Optimization

The optimization process involved a systematic evaluation of chromatographic parameters to achieve acceptable resolution and
peak symmetry.
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Figure 2. Chromatogram of a. Blank b. Placebo and c. Optimized Chromatogram
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Initial trials utilizing methanol and phosphate buffers resulted in broad peaks and poor resolution, likely due to secondary
interactions between the protein analytes and the stationary phase [23]. The transition to a Phenyl-Hexyl stationary phase, combined
with a mobile phase of Acetonitrile and 0.1% TFA (50:50 v/v), provided sharp, well-defined peaks. The retention times were
observed at approximately 2.127 minutes for Hyaluronidase-OYSK and 4.145 minutes for Trastuzumab. Chromatograms of the
blank and placebo preparations showed no interfering peaks at these retention times, confirming the specificity of the method for
the intended analytes.

3.2. Method Validation

The developed method underwent comprehensive validation in strict adherence to ICH Q2(R1) guidelines, evaluating parameters
such as system suitability, lineatity, precision, accuracy, robustness, and sensitivity [24].

3.2.1. System Suitability

System suitability testing is an integral part of liquid chromatographic methods, used to verify that the resolution and reproducibility
of the chromatographic system are adequate for the analysis to be done [25]. Standard solutions were injected six times, and critical
parameters were monitored. The results indicated that the theoretical plate count for both analytes exceeded 2000, signifying high
column efficiency. The tailing factors were recorded at 0.85 for Hyaluronidase-OYSK and 1.06 for Trastuzumab, well within the
acceptance limit of NMT 2.0, indicating symmetrical peak shapes. The resolution between the two peaks was 9.53, demonstrating
excellent separation efficiency. The Relative Standard Deviation (% RSD) for the peak areas of six replicate injections was less than
2.0%, confirming the precision of the injection and flow systems.

Table 2. System Suitability Parameters

Parameter Hyaluronidase-OYSK | Trastuzumab | Acceptance Criteria
Retention Time (min) | 2.127 4.145 N/A

Theoretical Plates (N) | 12375 17621 NLT 2000

Tailing Factor (T) 0.85 1.06 NMT 2.0

Resolution (Rs) — 9.53 NLT 2.0

% RSD (n=0) 0.25 0.20 NMT 2.0%

NLT: Not Less Than; NMT: Not More Than; RSD: Relative Standard Deviation
3.2.2. Linearity

Linearity assesses the ability of the method (within a given range) to obtain test results that are directly proportional to the
concentration of the analyte in the sample [26]. A series of standard solutions were prepared ranging from 25% to 150% of the
target concentration. For Trastuzumab, the linearity range was 1500 to 9000 pg/mL, and for Hyaluronidase-OYSK, it was 0.63 to
3.75 ng/mlL. The calibration cutves, constructed by plotting peak area against concentration, yielded cotrelation coefficients (R?) of
0.99988 for Hyaluronidase-OYSK and 0.99981 for Trastuzumab. These values indicate a robust linear relationship, justifying the
use of single-point calibration for routine analysis [27]
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Figure 3. Linearity plots of Hyaluronidase-OYSK and Trastuzumab
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Table 3. Linearity and Sensitivity (LOD & LOQ) Results

Parameter Hyaluronidase-OYSK | Trastuzumab
Linearity Range (ug/mL) 0.63 —3.75 1500 — 9000
Regression Equation y = 12902x + 129.89 y = 523.12x + 21904
Cotrelation Coefficient (R?) 0.99988 0.99981

Limit of Detection (LOD) (ug/mL) 0.075 0.600

Limit of Quantification (LOQ) (ug/mL) | 0.250 1.800

3.2.3. Precision and Accuracy

Method precision was evaluated through repeatability studies involving six replicate injections of the standard solution. The % RSD
values for Hyaluronidase-OYSK and Trastuzumab were 0.25% and 0.20%, respectively. These values are significantly lower than
the acceptable limit of 2.0%, reflecting the high degree of agreement among individual test results [28]. Accuracy was determined
using recovery studies at three concentration levels (50%, 100%, and 150%) by the standard addition method. The mean percentage
recovery was found to be 100.3% for Hyaluronidase-OYSK and 99.9% for Trastuzumab. These high recovery values suggest that

the method is accurate and that the excipients present in the formulation do not interfere with the quantification of the active drugs
[29].
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Figure 4. Precision of Chromatogram
Table 4. Accuracy (Recovery) Studies
Drug Name Spike Level (%) | Amount Added (mg) | Amount Found (mg) | % Recovery | Mean %
Recovery
Hyaluronidase- 50% 0.0125 0.0125 100.3 100.3%
OYSK 100% 0.0250 0.0251 100.3
150% 0.0375 0.0376 100.2
Trastuzumab 50% 30.00 29.89 99.6 99.9%
100% 60.00 59.92 99.9
150% 90.00 90.24 100.3

3.2.4. Robustness

Robustness measures the method's capacity to remain unaffected by small, deliberate variations in method parameters, providing
an indication of its reliability during normal usage [30]. The method was challenged with variations in flow rate (£ 0.1 mL/min) and
organic phase composition (£5%). The analysis revealed that despite these perturbations, the system suitability parameters remained
within acceptable limits. The % RSD for peak areas across all robustness conditions remained below 2.0%, confirming that the
method is robust and suitable for routine analysis in different laboratory environments.

3.2.5. Sensitivity

The sensitivity of the method was quantified by determining the Limit of Detection (LOD) and Limit of Quantification (LOQ)
based on the signal-to-noise ratio method. The LOD is the lowest amount of analyte in a sample which can be detected but not
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necessarily quantitated, while LOQ is the lowest amount that can be quantitatively determined with suitable precision and accuracy
[31]. The LOD values were established at 0.60 pg/mL for Trastuzumab and 0.075 pg/mL for Hyaluronidase-OYSK. The LOQ
values were found to be 1.80 pg/mL and 0.25 pg/ml., respectively. These low limits demonstrate the method's high sensitivity,
making it suitable for detecting trace levels of the analytes.
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Figure 5. Chromatogram for LOD and LOQ
3.3. Stability and Degradation Studies

Forced degradation studies are essential for developing stability-indicating methods, providing insight into the degradation pathways
and the stability of the molecule [32]. The drug samples were subjected to severe stress conditions:

e Acid and Alkali Hydrolysis: Exposure to 1IN HCI and 1IN NaOH at 60°C resulted in degradation percentages of
approximately 9-11%. The chromatograms showed that the degradation products eluted at distinct retention times, well-
resolved from the main analyte peaks.

e Oxidative Degradation: Samples treated with 3% hydrogen peroxide showed approximately 10-12% degradation.
Oxidation is a common degradation pathway for proteins, often affecting methionine or cysteine residues [33]. The method
successfully resolved these oxidative variants.

e Thermal and Photolytic Degradation: The samples exhibited relatively high stability under thermal (105°C) and
photolytic stress, with degradation typically remaining below 5%.

Table 5. Results of Forced Degradation Studies

Stress Condition Hyaluronidase-OYSK Trastuzumab Peak Purity Check
(% Degradation) (% Degradation)

Acid Hydrolysis (IN HCI, 60°C) 9.3% 10.6% Pass (Angle < Threshold)
Alkali Hydrolysis (1IN NaOH, 60°C) | 10.3% 11.2% Pass (Angle < Threshold)
Oxidative (3% H20., 60°C) 10.9% 12.4% Pass (Angle < Threshold)
Thermal (105°C) 2.2% 3.5% Pass (Angle < Threshold)
Photolytic (UV Light) 3.5% 4.0% Pass (Angle < Threshold)
Hydrolysis (Watet, 60°C) 1.4% 1.7% Pass (Angle < Threshold)
Reduction (10% NaHSO») 1.2% 2.7% Pass (Angle < Threshold)
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In all stress conditions, the purity angle was found to be less than the purity threshold for both analytes using the PDA detector.
This peak purity analysis confirms that the analyte peaks are spectrally homogeneous and free from co-eluting degradation products
[34].
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Figure 6. Force Degradation Studies of a. Control b. acid degradation c. alkali degradation d. peroxide degradation e.
Thermal degradation f. hydrolysis degradation g. Photolytic degradation and h. Reduction degradation

4. Conclusion

The present study describes the successful development and validation of a simple, rapid, and sensitive RP-HPLC method for the
simultaneous estimation of Trastuzumab and Hyaluronidase-OYSK. By utilizing a Phenyl-Hexyl stationary phase and simple mobile
phase additives, the method overcomes common challenges associated with the chromatography of complex biologics. The
validation data, demonstrating high linearity, precision, accuracy, and robustness, aligns with global regulatory standards. Moreover,
the forced degradation studies unequivocally established the method's stability-indicating nature, as it effectively resolved the active
drug peaks from a variety of stress-induced degradation products. Consequently, this method offers a reliable and economical
solution for the routine quality control and stability testing of Trastuzumab and Hyaluronidase-OYSK combination therapies in the
pharmaceutical industry.
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