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Abstract

HIV is a virus that affects millions of people every year. If left untreated, it can progress into AIDS, which causes
those infected to be further immunocompromised and susceptible to various ailments and cancer. AIDS is the
cause of death for hundreds of thousands of people every year. There have, however, been advancements in
treatment options for HIV. These treatments include HAART combined with synthetic peptides such as

enfuvirtide.

To address the need for a rapid, modern analytical method capable of separating the current standard of HIV
treatment, we developed a linear and reproducible HPLC-UV/MS method that facilitates separations in under 6
minutes. Further, we demonstrated the benefits of using MaxPeak HPS, when compared to traditional stainless-

steel systems, for synthetic peptide analysis.

Benefits

MaxPeak HPS is shown to be more reproducible compared to traditional stainless-steel systems
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Max Peak HPS offers increases in area and height signals for enfuvirtide, leading to lower limits of

quantitation

- A single method has been developed to quantify both HAARTs and Enfuvirtide with a run time nearly four

times faster than previous methods

Introduction

Human immunodeficiency virus (HIV) affects tens of millions of individuals, young and old, worldwide." If left
untreated, HIV can progress into acquired immunodeficiency syndrome (AIDS), a disease that destroys the
immune system of those infected, leaving them vulnerable to a wide variety of other diseases and cancer.>3
While there is no cure for HIV or AIDS, HIV treatment has come a long way. Currently, HIV patients have access
to a variety of highly active antiretroviral therapy (HAART) drugs, which typically combine different antiretroviral
drugs to get the best therapeutic effect for each individual patient.*® If the patient is unresponsive to HAART,
sometimes another drug is prescribed to improve outcomes. Enfuvirtide is one of the candidates that can be

used in combination with HAART drugs.® Enfuvirtide is not a small molecule like the antivirals, but rather a

synthetic peptide.’

Since enfuvirtide is always used in combination, the quantitation and separation of enfuvirtide in a solution
containing HAART drugs in the current standard of care is important. In this application note, we describe a
linear and reproducible method that covers the current panel of HAART including enfuvirtide using HPLC-
UV/MS. The concept of a multidrug analysis method is not novel, however, of the current methods available for
separating and quantitating HAARTSs, none to our knowledge have been updated to include enfuvirtide.®? In
addition, other methods have been shown to take nearly 20 minutes to fully separate a panel of HAARTS,
whereas here we were able to complete the separation in under 6 minutes. Further, Waters™ HPS has been

shown to mitigate some undesirable metal and peptide interactions that can potentially lead to lower responses

in chromatography.'”

Experimental

Stock Standard Preparation
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Enfuvirtide acetate was purchased from Sigma Aldrich (Saint Louis, MO). Dolutegravir and bictegravir were
purchased from Selleck Chem (Houston, TX). Tenofovir, lamivudine, emtricitabine, and abacavir sulfate were
purchased from Cayman Chemical (Ann Harbor, Ml). Stock concentrations varied based on solubility and amount
of material purchased (Table 1). Any salt factors were taken into consideration during preparation. Sometimes

sonication was used to help coax standards into solution.

Stock standard ‘ Concentration ‘ Diluent

Tenofovir (TEN) 1.25 mg/mL DMSO

Abacavir (ABA) 2.5 mg/mL DI Water

Emtricitabine (EMT) |5 mg/mL DMSO

Lamivudine (LAM) 5 mg/mL DMSO

Enfuvirtide (ENF) 1.25 mg/mL DI Water/DMSO (50/50)
Bictegravir (BIC) 5 mg/mL DMSO

Dolutegravir (DOL) 5 mg/mL DMSO

Table 1. List of stock chemicals, their respective three letter abbreviations,
concentrations, and which diluents were used.

DI Water is Deionized water. DMSO is Dimethyl-Sulfoxide.

Stocks were stored at 2 °C-8 °C. Given the physical properties of DMSO, stocks solidified in cold storage.
Thawed stocks were allowed to equilibrate to ambient room temperature prior to standard preparation.
System Suitability Standard Preparation:

Stocks were diluted using 5% acetonitrile (ACN) in DI Water. Stocks were combined and prepared so that all

analytes were at a 100 ug/mL concentration (HIV Drug Mix Standard).

Further, a separate standard containing only enfuvirtide was made to examine the method performance
exclusively on the synthetic peptide. This standard was created by diluting the enfuvirtide standard to a 100
pg/mL concentration using 5% ACN in DI water (Enfuvirtide Suitability Standard).

Linearity and Limit Standards Preparation:

A combined HIV Drug Mix Standard (excluding enfuvirtide) was prepared at a 250 pg/mL using the 5% ACN
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diluent. The standard underwent subsequent dilutions using 5% ACN in DI water to make various calibration

points for each for the HIV antiretroviral drugs in the mixture.

A separate and exclusive calibration curve was made for enfuvirtide. The enfuvirtide calibration standards were
created by first making an enfuvirtide standard at a 1000 pg/mL concentration using 5% ACN in DI Water. The
standard underwent subsequent dilutions using 5% ACN in DI water to make various calibration points for

enfuvirtide.

This standard was also used to make the limit of quantitation (LOQ) standards used to compare MaxPeak HPS

and traditional stainless-steel system systems.

Method Conditions:

Due to the differences in UV absorbances of peptides and antiretroviral pharmaceuticals, two wavelengths were
used for analysis.®" Wavelength 214 nm was used for all quantitative purposes for enfuvirtide, while 260 nm was

used for quantitative data for the antiretroviral pharmaceuticals.
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LC Conditions

System set-up

Premier MaxPeak HPS

Traditional Stainless-Steel

220.0 amu to 1250.0 amu
Cone voltage: 15 V

Capillary voltage: 0.8 kV

LC system: Arc™ Premier LC System ACQUITY Arc™LC System
XBridge™ Premier Peptide BEH C,q XBridge™ Peptide BEH C,; XP, 3004,
Column(s): 300A, 2.5 um, 4.6 mm x 100 mm 2.5um, 4.6 mm x 100 mm
(P/N :186009896) (P/N :186009075)
Waters™ Arc™ Premier 2998
Photodiode Array Detector, 260 nm
and 214nm
AQUITY QDa Mass Detec.tor, Wisters™ 9998
Detection: ESI Positive Mode, scanning from

Photodiode Array Detector, 214 nm

Column temp.: 25°C
Sample temp.: 25°C
Injection volume: 5uL
Flow rate: 1.0 mL/min

Mobile phase A:

10 mM Ammonium formate, pH 3 (adjusted with formic acid)

Mobile Phase B:

Acetonitrile

Instrument control:

Waters™ Empower 3.7.0

Data processing:

Waters™ Empower 3.7.0
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Gradient Table

(TrLTni ‘ (mFL';’r"’]"in) ‘ %A ‘ %B ‘ Curve
Initial 1 98 2 Initial
3.4 1 70 30 6
QN5 1 52 48 6
3.6 1 52 48 6
5.5 1 48 b2 6
5.6 1 20 80 6
8.6 1 20 80 6
8.7 1 98 6
13.5 1 98 6

Results and Discussion

Method of Separation Results:

This method was reproducible over the course of 6 injections in the retention and separation of the HIV Drug Mix
Standard. At the 260 nm wavelength, the %RSD for area and retention time for the antiretrovirals in the HIV Drug
Mix Standard was <1% (Tables 2 and 3). At the 214 nm wavelength, the %RSD for area and retention for
enfuvirtide in the HIV Drug Mix Standard was <1% (Tables 4 and 5).

The average resolution between Bictegravir (BIC) and Dolutegravir (DOL) was 1.3, however, since BIC and DOL
are often not used together in HIV therapy, this should not influence the accurate analysis of combination
therapies.%'? Figures 1a and 1b show overlay chromatograms of the 6 injections at both 260 nm and 214 nm,
providing a clear picture of the method'’s performance. At 214 nm the enfuvirtide peak had a larger response.
Baseline shift was due to the combination of a step gradient and the increase in mobile phase-related
background noise, which is commonly seen at lower wavelengths. Further, these chromatograms demonstrate

the importance of using the correct wavelength for analysis.

Improvements in the Analysis of Synthetic Peptide Enfuvirtide and HAART Drugs Utilizing MaxPeak™ High
Performance Surfaces (HPS)



|Tenofovir Lamivudine | Emtricitabine | Abacavir |Dolutegravir Bictegravir

Mean 11350699.99 | 872933.47 | 67100474 13631871 1997067.67 1659564.5
Std. dev. | 714.48 158,77 542,63 695.55 | 3250.12 2333.34
% RSD 10.01 0.02 0.08 0.05 018 0.14

Table 2. The area results for the antiretroviral drugs in the HIV Drugs

Standard over the course of 6 injections at wavelength 260 nm.

Retention time | Tenofovir Lamivudine |Emtricitabine | Abacavir Dolutegravir Bictegravir
Mean 1.71 2.03 2.42 3.01 5.24 5.32
Std. dev. 0.00 0.00 0.00 0.00 0.00 0.00
% RSD 0.13 0.11 0.10 0.05 0.04 0.04

Table 3. The retention time results for the HIV Drugs Standard over the

course of 6 injections at wavelength 260 nm.

Enfuvirtide
Mean 385534.7

Std. dev. 5322.58
% RSD 1.38

Table 4. The area results for enfuvirtide in the HIV Drugs Standard over

the course of 6 injections at wavelength 214 nm.
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Retention time Enfuvirtide

Mean 4,99
Std. dev. 0.00
% RSD 0.02

Table 5. The retention time results for enfuvirtide in the HIV Drugs

Standard over the course of 6 injections at wavelength 214 nm.
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Figure 1a. An overlay chromatogram of the 6 injections of the HIV Drugs Standard at wavelength 260 nm. See
Table 1 for listed abbreviations.
Figure 1b. An overlay chromatogram of the 6 injections of the HIV Drugs Standard at wavelength 214 nm. See

Table 1 for listed abbreviations.

Mass Analysis of Enfuviritde:

While enfuvirtide can be detected with a UV detector, mass analysis was performed to aid in the identification of
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enfuvirtide. Enfuvirtide has a molecular mass of 4492 g/mol.” While the nominal mass is above the detection limit
of the ACQUITY QDa Mass Detector, enfuvirtide has a prominent ion at 1124 m/z, meaning the synthetic peptide
can be detected when it has a charge of 4 in relation to its mass to charge ratio (m/z)."*' Below is a stacked
chromatogram depicting the UV and total ion chromatogram (TIC) of the HIV Drugs Standard, as well as the

selected extracted ion chromatogram (XIC) for enfuvirtide (Figures 2a through 2c).
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Figure 2a. A UV chromatogram at 214 nm depicting the separation of the HIV Drugs
Standard, at a 10 ug/mL concentration.

Figure 2b. A TIC chromatogram of the HIV Drugs Standard in the positive ion scan
mode, at a 10 ug/mL concentration.

Figure 2c. An XIC chromatogram at the m/z for enfuvirtide demonstrating the ability to
detect the peptide using the bench top ACQUITY QDa Mass Detector, at a 10 ug/mL

concentration.

Linearity Results:

Each of the analytes in the HIV Drug Mix Standard was investigated for their linearity. The linearity of enfuvirtide
was examined separately given the substantial differences in response between the synthetic peptide and small

molecule antiretroviral drugs. Linearity results for each analyte were calculated using a linear fit through the
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calibration features in Empower 3. All the linear regression coefficients were >0.999. The quantitative capability

of this method is clear, suggesting its use in quality control testing (Figures 3a and 3b).
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Figure 3a. The calibration curve for the antiretroviral drugs in the HIV Drugs Standard

spanning from the concentrations of 1.0 ug/mL to 250 ug/mL. Quantitation at 260 nm.
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Figure 3b. The calibration curve for enfuvirtide spanning from the concentrations of 7.5

ug/mL to 1000 ug/mL. Quantitation at 214 nm.

Comparison of Premier to Stainless Steel Results:
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This method was used on both a stainless-steel system and a MaxPeak Premier System to highlight the
improvements MaxPeak HPS Technology has on synthetic peptide analysis. 10 injections of the enfuvirtide
suitability standard were injected onto each of the instrument types. MaxPeak HPS offers more reproducible data
sets, as well as a 23% increase in area and 10% increase in height. Below, results for both systems are compared

(Table 6, and figures 4a through 4b).

Enfuvirtide ’ %RSD (n=10)
677418.26 0.30
Average area
5016538196 4,87
_ 298178.02 0.31
Average height
272415.4 4.53

Table 6. The area and height results for enfuvirtide in the Enfuvirtide
Suitability Standard over the course of 10 injections at wavelength 214 nm.

The MaxPeak HPS (black), with the traditional stainless-steel (blue).
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Figure 4a. A representative chromatogram for enfuvirtide in the Enfuvirtide Suitability Standard for the Premier
MaxPeak HPS System (Black).
Figure 4b. A representative chromatogram for enfuvirtide in the Enfuvirtide Suitability Standard for the traditional

stainless-steel system (Blue).

Limit of Quantitation Results:

Given the increases in height and area, the MaxPeak HPS System offers increases in sensitivity. To measure this,
we looked at the LOQ for each system. According to the International Council for Harmonization of Technical
Requirements for Pharmaceuticals for Human Use (ICH), LOQ can be measured using signal-to-noise ratios.”
The LOQ standard for the Premier MaxPeak HPS System was 3.5 ug/mL. This standard was injected 10 times on
each system. The averages signal-to-noise ratio for the Premier MaxPeak HPS system was 14.2, which is above
the suggested ratio of 10 for LOQ. For the traditional stainless-steel system, the average signal-to-noise ratio was
2.4, which is below the suggested ratio for limit of detection (LOD). The increases in area and height signals that

MaxPeak HPS offers contributed to lower LOQs. (Figures 5a and 5b).
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Figure 5a. A representative chromatogram of the LOQ for the enfuvirtide at a concentration of 3.5 ug/mL for the
Premier MaxPeak HPS system (Black). The average signal-to-noise ratio was 14.2, over the course of ten10
injections.

Figure 5b. A representative chromatogram for enfuvirtide at 3.5 ug/mL injected on the traditional stainless-steel

system (Blue). The average signal-to-noise ratio was 2.4, over the course of 10 injections.

Conclusion

In this application note, we describe the development of a linear and reproducible method for the analysis of

HAARTs and enfuvirtide. Analytes were separated and detected in less than 6 minutes through UV and benchtop

MS detection using the ACQUITY QDa Mass Detector. When compared to a traditional stainless-steel system,
the MaxPeak HPS solution provided improvements in chromatographic peak area, height, and overall sensitivity

for the analysis of enfuvirtide.
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