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Abstract

DV1 is a potent and selective D-peptide antagonist of CXCR4 and being developed as a novel 

drug candidate molecule. For preclinical pharmacokinetic study of DV1, we established an 

efficient and reliable liquid chromatography coupled to tandem mass spectrometric (LC–MS/MS) 

method for the assay of DV1 in rat plasma. Plasma samples were acidified by formic acid and 

then their protein content precipitated by acetonitrile. Sample separation was processed with a 

C18 column (4.6 mm × 100 mm, 5 μm) and washed by a water-acetonitrile gradient mobile phase 

containing 0.1% (v/v) formic acid at a flow rate of 0.4 mL/min. The mass spectrometer was 

operated in the multiple reaction monitoring mode and positive electrospray ionization. The assay 

had a good linearity over the range of 10–10000 ng/mL (r>0.998) for DV1. The adsorption of 

the peptide was diminished by organic additives during the quantitative procedure. The intra- 

and inter-day precision was 1.9–9.8 % and the accuracy was 91.2–110.0%. No significant 

variation was observed under the optimized conditions. The recovery was above 52 % with 

low matrix effects. The method was successfully applied to a pharmacokinetic study of DV1 

after subcutaneous injection at dose of 10 mg/kg in rats. The half-life and AUCinf of DV1 were 

calculated as 8.7 h and 35553 ng/mL·h, respectively. It is the first report on the quantitative 

analysis and pharmacokinetic characterization of a D-peptide targeted CXCR4, which should be 

useful for further preclinical studies and development of this and other peptide therapeutics.
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1. Introduction

CXCR4 is a transmembrane protein belonging to the superfamily of G-protein-coupled 

receptors (GPCRs), which is expressed on multiple cells. Activation of CXCR4 by 

its only known chemokine ligand, stromal-cell derived factor-1 (SDF-1α), governs 

important physiological processes, such as chemotaxis, organogenesis, as well as 
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retention of hematopoietic stem cells (HSCs) in the bone marrow [1,2]. Deregulation of 

CXCR4/SDF-1α signaling is associated with numerous pathological conditions, including 

various types of cancers, chronic inflammatory diseases, cardiovascular diseases, and 

immunodeficiencies [2]. Thus, CXCR4 is a promising drug target. Effective antagonists 

of this receptor may be useful therapeutic agents [3]. To date, AMD3100 is the only CXCR4 

antagonist approved by the Food and Drug Administration (FDA) for clinical application in 

mobilizing stem cells [4]. Our laboratory has a long standing interest in developing novel 

and effective CXCR4 antagonists. One of our focused natural chemokines as templates for 

CXCR4 inhibitor design is the viral macrophage inflammatory protein II (vMIP- II) encoded 

by human herpes virus 8 which is a natural antagonistic chemokine ligand of CXCR4 [5]. 

Our effort led to the discovery of DV1, a synthetic peptide composed entirely of D-amino 

acids derived from the first 21 residues of the N-terminus of vMIP-II [6,7]. The amino acid 

sequence of DV1 is LGASWHRPDKCCLGYQKRPLP-NH2. Compared with the L-peptide 

with the same sequence (V1), DV1 displayed more than 10 times higher binding affinity 

of CXCR4. Importantly, DV1 was more stable than V1 in serum [8]. Previous studies also 

demonstrated that DV1 showed significant antiviral activity by blocking the entry of HIV-1 

via CXCR4 co-receptor in the CXCR4-dependent HIV-1 strains [8,9]. In addition, DV1 was 

shown to be an effective mobilizer of hematopoietic progenitor cells from the bone marrow 

to the blood in C3H/HeJ mice (unpublished results). Thus, DV1 is a promising candidate 

molecule for further drug development.

The development of a bioanalytical method and characterization of the pharmacokinetic 

properties are necessary for a drug candidate before its preclinical pharmacological 

study. To date, there has been no report on the quantification methodology of DV1 or 

investigation of its pharmacokinetics. Recently, liquid chromatography coupled to tandem 

mass spectrometric (LC–MS/MS) has become an important analytical method for the 

quantification of peptides in biological samples. However, stability, adsorption and potential 

interference from endogenous molecules in complex biological matrices still present 

challenges in peptide quantitation [10,11,12]. In the present study, an efficient and reliable 

LC–MS/MS method was developed for the assay of DV1 in rat plasma. Using the validated 

method, we characterized the pharmacokinetic property of DV1 in rats.

2. Materials and methods

2.1 Reagents and standards

DV1 was provided by GL Biochem Ltd. (Shanghai, China), and the purity was confirmed 

to be >98% by HPLC–UV analysis. Leuprolide (purity >98%) was purchased from Tokyo 

Chemical Industry Co. (Tokyo, Japan). HPLC-grade acetonitrile (ACN), acetone (ACT) and 

formic acid (FA) were all obtained from Fisher Scientific (Waltham, MA, USA). Ultra-pure 

water was generated by a Milli-Q water purification system (Billerica, MA, USA).

2.2 LC-MS/MS system and analytical conditions

The HPLC system consisted of a Shimadzu HPLC system (LC-30AD, Shimadzu, Kyoto, 

Japan) and an autosampler (SIL-30AC). Chromatographic separation was carried out on a 

Waters XBridge BEH C18 column (4.6 × 100 mm, 5 μm) maintained at 35 °C. The gradient 
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mobile phase composed of 0.1% FA in water (v/v) as solvent A and 0.1% FA in ACN (v/v) 

as solvent B, with a gradient elution as follows: 0 – 1.5 min, 13 – 35 %; 1.5 – 5 min, 35 −13 

%; 5 – 6 min, 13% of solvent A at a flow rate of 0.4 mL/min. The autosampler temperature 

was kept at 8 °C, and 10 μL of a prepared sample was injected by the autosampler.

Mass spectrometric detection was operated on an AB Sciex API 4500 triple quadrupole 

mass spectrometer equipped with electrospray ionization (ESI) source (AB Sciex, 

Framingham, MA, USA). Positive electrospray ionization mode was utilized to detect both 

DV1 and leuprolide (used as internal standard, IS). AnalystTM1.6 software was used to 

acquire and analyze the data. Optimized instrument parameters for DV1 and IS were as 

follows: capillary voltage, 4000 V; turbo heater temperature, 300 °C; curtain gas, 10 psi; 

ion source gas 1, 20 psi; ion source gas 2, 10 psi. The precursor ions of DV1 and IS were 

obtained using de-clustering potentials of 60 V and 105 V, respectively. Product ions of DV1 

and IS were formed at collision energies of 28.9 eV and 34 eV. The quadrupoles were set 

at unit resolution. The full-scan Q1 mass spectra of DV1 and IS showed a prominent ion 

[M +4 H]4+, m/z 606.7 for DV1 and m/z 605.4 for IS [M +2 H]2+, respectively. The most 

abundant fragmentation ion of the protonated precursors in the full-scan MS/MS spectrum 

of DV1 was at m/z 771.1, and for IS was at m/z 248.9. Quantization was performed by 

multiple reactions monitoring (MRM) of the transitions m/z 606.7–771.1 for DV1 and m/z 

605.4–248.9 for IS, respectively.

2.3 Preparation of calibration curves and quality control (QC) samples

To prepare DV1 stock solution, approximately 10.0 mg of DV1 was dissolved in an 

appropriate volume of stock solution solvent (ACT: H2O: FA, 20/79.9/0.1, v/v/v) to achieve 

the stock solution at concentration of 1.0 mg/mL. To obtain a series of sub-stock solutions, it 

was further diluted by the same solvent. The stock solution of IS was prepared by dissolving 

of leuprolide in water to obtain a final concentration of 1000 ng/mL. Stock solutions of 

DV1 and IS were stored at −20 °C for up to 30 days. To avoid potential degradation or 

adsorption problems of peptides, all the sub-stock solutions were prepared freshly and used 

immediately. For preparation calibration standards in plasma samples, sub-stock solutions 

(10 μL) were added into blank rat plasma (90 μL) to make the final DV1 concentrations 

of 10, 50, 200, 500, 1000, 5000 and 10000 ng/mL, respectively. The QC samples (10, 25, 

500–5000 and 8000 ng/mL) of DV1 were independently prepared in the same way of the 

calibration standards.

2.4 Sample preparation

After plasma samples were thawed at room temperature, aliquot (100 μL) of plasma was 

dispensed into a polypropylene tube and 10 μL of IS (1000 ng/mL), 20 μL of FA were 

added. And then, a volume of 300 μL of ACN was added and mixed for 2 min followed 

by centrifugation for 10 min (12000 rpm, 4 °C). The supernatant was transferred to a 

clean polypropylene tube and evaporated to dryness under a gentle nitrogen flow at 40 

°C. The sample was then reconstituted in 100 μL reconstitution solution (ACT: H2O: FA, 

20/79.9/0.1, v/v/v), and mixed for 5 min. After centrifuged for 10 min (12000 rpm, 4 °C), 

the supernatant solution was transferred into a plastic (polypropylene) autosampler vial and 

aliquot of supernatant solution (10 μL) was injected for analysis.
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2.5 Adsorption test

Adsorption of peptides to solid surfaces is a well known phenomenon [11,13]. In order 

to assess whether there is any adsorption of DV1 in aqueous solution, we tested the 

adsorption with series of DV1 solutions transferred in glass vials as described by Wang et al. 

[14]. Briefly, different concentrations of DV1 aqueous solutions (0.2 mL) were transferred 

from one glass vial to another corresponding vial and repeated the process for 1 to 5 

times. The adsorption of DV1 was evaluated by comparing the peak areas before and 

after being transferred. After that, an additional experiment was conducted to investigate 

the effect of different types of vial materials on the binding capacity of DV1 (100 ng/

mL). The adsorption of DV1 was assayed by transferred for five times in glass or plastic 

(polypropylene) vial. To solve the adsorption problem, different organic modifiers (ACN, 

Acetone and FA) were tested in the experiment.

2.6 Method validation

Method validation was performed according to the guidelines for bioanalytical methods of 

the FDA [15].

2.6.1 Specificity—The specificity of the method was evaluated by comparing 

chromatograms of blank plasma samples from five different rats, blank plasma samples 

spiked with DV1 (100 ng/mL) and IS, and plasma samples collected at 4 h after 

subcutaneous 10 mg/kg DV1 in rats to ensure no endogenous interferences at the peak 

region of the analyte and IS.

2.6.2 Linearity and lower limit of quantification (LLOQ)—Calibration curves were 

prepared by assaying rat plasma samples containing DV1 and IS at seven concentration 

levels ranging from 10 to 10000 ng/mL. The calibration curves (y =ax + b), were 

constructed by plotting the peak area ratio (y) of DV1 to IS versus nominal concentrations 

(x) with the weighted (1/x2) least square linear regression. The LLOQ of the method was 

determined as the lowest concentration on the calibration curves (S/N> 10) that could be 

calculated with an acceptable accuracy and precision within ±20%.

2.6.3 Accuracy and precision—Intra- and inter-day accuracy and precision of the 

method were evaluated using five replicates of QC samples at the concentrations of 25, 

500, 5000 and 8000 ng/mL on one day and three consecutive days. The acceptance 

criteria recommended for accuracy and precision were 85–115% and ≤15% of the nominal 

concentrations, respectively.

2.6.4 Recovery and matrix effect—The recovery and absolute matrix effect were 

evaluated at 3 different levels for DV1 (25, 500, and 5000 ng/mL, n = 5) and 100 ng/mL of 

IS (n = 5). The recovery was estimated by comparing the peak areas before extraction with 

those of the analytes added to post-extracted blank plasma at corresponding concentration 

level. The matrix effects were measured by comparing peak areas of the same analytes in 

processed blank plasma extract with those of pure standards at equivalent concentrations.
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2.6.5 Stability—The stability of DV1 in rat plasma was assessed by analysis of three 

replicates of QC samples (25, 500, and 5000 ng/mL) under the following conditions: storage 

at room temperature for 12 h prior to extraction, post-preparative samples leaving in the 

autosampler at 8 °C for 4 h, three freeze-thaw cycles (−80 to 25 °C), and storage at −80 °C 

for 30 days.

2.6.6 Dilution integrity—Analyte stock solution was spiked in blank plasma to get 

concentration equivalent to 1.6 times of the highest calibration standard and diluted with 

blank plasma to get 1/2 concentrations of the spiked sample. The diluted QC samples 

(DQCs, n=5) were then analyzed along with the calibration standards. The accuracy and 

precision of DQCs should be within ± 15% of nominal values and ≤15%, respectively.

2.7 Application to a preclinical pharmacokinetic study

Male Sprague Dawley (SD) rats (n = 5, weight 200–220 g), provided by Charles River 

Laboratories (Beijing, China), were used in the pharmacokinetics studies. The experimental 

protocol was approved by the Institutional Animal Care and Use Committee of Tsinghua 

University (Beijing, China). Rats were subcutaneously administered of DV1 (dissolved in 

physiological saline) at a single dose of 10 mg/kg. Blood samples were collected into 

heparin-coated polypropylene centrifuge tubes at 0, 5, 10, 15, 30 min and 1, 2, 4, 6, 8, 12, 

24, 36 and 48 h after the dose. The plasma sample was obtained from blood collection by 

centrifugation at 3,500 × g for 10 min at 4 °C, and then frozen at −80 °C until analysis. The 

samples and QCs were analyzed by the LC-MS/MS described above. The pharmacokinetic 

parameters of DV1 were determined by using WinNonlin v. 5.2 (Pharsight, Cary, NC).

3. Results and discussion

3.1 Optimization of LC-MS/MS conditions

DV1, a 21 D-amino acid residue peptide amidated at the C-terminus, was analyzed in the 

positive ion mode by an API 4500 triple quadrupole mass spectrometer. Fig. 1A illustrates 

the precursor ion full scan spectrum of DV1 in the positive ion mode. The predominant 

molecular ions are at m/z 1212.9, 809.1, 606.7 and 485.8 corresponding to [M +2H]2+, [M 

+ 3H]3+, [M + 4H]4+ and [M + 5H]5+ of DV1, respectively. Leuprolide, a commercially 

available peptide, was used as the IS of this assay. Fig. 1B depicts a typical full scan 

spectrum of the IS with the major protonated molecular ion at m/z 1209.4 and 605.4, 

corresponding to [M +H] + and [M +2H]2+ of leuprolide. The most abundant ion at m/z 

606.7 and 605.4 was chosen as a precursor ion of DV1 and IS, respectively. The full-scan 

product ion mass spectrum of DV1 is shown in Fig. 2A. The most abundant product ion 

observed in the MS2 spectrum at m/z 771.1 corresponded to the ion y20
+3 of DV1 and was 

used for quantification. As shown in Fig. 2B, the most abundant product ion of the IS was 

at m/z 248.9, which was consistent with previous report of leuprolide [16]. Therefore, MRM 

was performed using the transitions at m/z 606.7–771.1 for DV1 and m/z 605.4–248.9 for 

IS.

Several chromatographic parameters were optimized to achieve suitable chromatographic 

behavior. Mobile phases containing ACN-water resulted in a sharper peak than methanol-
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water. Trifluoroacetic acid (TFA) in the mobile phase is usually used to improve sharpness 

of the peptide chromatographic peak. In the study, we found that the addition of TFA 

suppressed the sensitivity of the method, and FA enhanced the intensity of peaks and 

improved peak shape. Finally, gradient elution with water-acetonitrile consisting of 0.1% 

(v/v) FA gave satisfactory peak shapes for DV1 and IS with retention times of 4.10 and 

4.74 min, respectively. There was not obvious peak of DV1 observed in an extracted blank 

sample after the injection of an extracted sample of the highest calibration standard. The run 

time was 6 min with no carryover.

3.2 Adsorption test

Different from small molecular compounds, adsorption of peptides is a well known 

phenomenon [10]. Thus, it is necessary to evaluate adsorption when developing quantitative 

procedures of peptides. In the present study, we investigated the adsorption of DV1 in water 

by transferring it for different times in glass vials. From Fig. 3A, it can be concluded 

that the relative recovery of DV1 significantly reduced with the increase of transfer steps. 

Furthermore, we also observed more loss of peptide at low concentration (100 ng/mL) 

than that at high concentration (10000 ng/mL), possibly due to the saturability of binding 

capacity of the wetted solid surface area. Next, we investigated the adsorption of DV1 

(100 ng/mL) being transferred for five times in glass or plastic vial. As shown in Fig. 3B, 

the result suggested that the adhesion problem was more sever in glass vials than that in 

plastic vials, consistent with previous report of other peptides [17]. Thus, the number of 

transfer steps of peptide solution needs to be restricted and plastic vials should be used 

during the assay. In order to minimize the adsorption, we found that the loss during transfers 

was reduced by the addition of ACN, TAC or FA as an organic modifier. When DV1 was 

resolved in 20% ACT (containing 0.1% FA), the adsorption of DV1 in the solution was 

significantly minimized after being transferred 5 steps in plastic vial but not in glass vial. 

Therefore, 20% ACT (containing 0.1% FA) was used as reconstitution solution and plastic 

vials were used in the process of the study.

3.3 Sample preparation

Protein precipitation is a convenient and simple sample clean-up method and commonly 

used as a plasma sample preparation for peptide analytes [11,18,19]. Initially, plasma 

samples were deproteinized by mixing it with three-fold volumes of ACN, but the 

recovery of DV1 was less than 20%. The effects of adding different volumes of organic 

acids (FA, acetic acid and propionic acid) on the recovery of DV1 were evaluated. The 

results showed that FA significantly enhanced the recovery of the methods. During the 

sample preparation, the reconstitution solution was also optimized to achieve satisfactory 

chromatographic behavior. We found that when the percentage of ACN in a reconstitution 

solution was more than 30% (ACN: H2O, v/v), two peaks of DV1 were observed in 

the chromatography. Surprisingly, this phenomenon could not be completely avoided by 

changing the composition of the mobile phase. This was probably due to the percentage of 

ACN in the reconstitution solution being too high relative to that in mobile phase at the 

point of DV1 eluted from the column. We also observed that the adsorption was more sever 

when the proportion of ACN was reduced in the reconstitution solution. In the optimized 
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conditions, 20% ACT (containing 0.1% FA) as the reconstitution solution gave a sharper 

peak and low adsorption of the analytes.

3.4 Method validation

3.4.1 Specificity—Under the optimized conditions, no significant interference from rat 

plasma was observed at the elution times of DV1 or IS as shown in Fig. 4. DV1and IS were 

totally separated by the conditions described above.

3.4.2 Linearity and LLOQ—To evaluate linearity of DV1, seven calibration standards 

(10, 50, 200, 500, 1000, 5000 and 10000 ng/mL) and weighted linear regression analysis 

were used. The calibration curve showed good linearity (r > 0.998) over the concentration 

range of 10–10000 ng/mL. Under these conditions, LLOQ was 10 ng/mL (S/N > 10) with an 

acceptable level of accuracy and precision (data shown in Table 1).

3.4.3 Accuracy and precision—Intra- and inter-day accuracy and precision values of 

this method are given in Table 1. The intra- and inter-day accuracies were in the ranges of 

91.2–109.0% and 99.6–110.0%, respectively, with corresponding precisions in the ranges 

of 1.9– 9.0% and 1.2– 9.8%, respectively. The results were in the ranges of the guidelines 

specified by the FDA for bioanalytical methods.

3.4.4 Recovery and matrix effect—The data of recovery and matrix effect of the 

method are shown in Table 2. The recovery of DV1 was in the range of 52.0–66.9 % and 

matrix effect was within the range of 85.2–90.7 % at the three QC concentration levels, and 

the recovery of IS was (70.3 ± 5.8) % with a matrix effect of (87.6 ± 4.8) %. The results 

indicated reasonable recoveries with no obvious suppression or enhancement of ionization 

for DV1 or IS.

3.4.5 Stability—Results of stability studies of DV1 in rat plasma samples under various 

conditions are presented in Table 3. It can be seen that DV1 maintained reasonable stability 

in autosampler at 8 °C for 4 h, at room temperature (25 °C) for 12 h, at −80 °C for 30 days, 

and after three freeze–thaw cycles. No significant degradation of DV1 was observed under 

all the evaluated conditions.

3.4.6 Dilution integrity—Accuracy of the DQCs was found to be 101.6% of the 

nominal concentration, and the precision was below 7.9%. The results were acceptable.

3.5 Application to the pharmacokinetic study

The analytical method developed as described above was applied to the quantification 

of DV1 concentration in rat plasma for pharmacokinetic study. The mean plasma 

concentration-time profiles of DV1 after subcutaneous dose of 10 mg/kg in rats are shown 

in Fig. 5 and the pharmacokinetic parameters are summarized in the table inserted. The 

Tmax and Cmax were 0.83 ± 0.29 h and 8592 ± 1056 ng/mL, indicated that the absorption 

of DV1 was rapid. The high apparent distribution volume (Vz/F) suggested that DV1 was 

widely distributed in tissues. The long half time (t1/2) and the slow reduction after 12 h were 

observed, possibly due to the release from the tissue compartment.
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4. Conclusions

We developed a convenient HPLC-MS/MS method for the quantification of DV1, a novel 

D-peptide antagonist of CXCR4 in rat plasma. Good linearity of the method was achieved 

over the calibration range of 10–10000 ng/mL (r>0.998). The adsorption of the peptide was 

diminished by organic additives during the quantitative procedure. The validation showed 

that the method was specific and sensitive, with a LLOQ of 10 ng/mL. The intra- and 

inter-day accuracy and precision were within the acceptable limit. No significant variation 

was observed under the evaluted conditions. The recovery was above 52 % with low matrix 

effects. The simplicity of the sample preparation made this method suitable for application 

to the pharmacokinetic study of DV1. The half-life and AUCinf values of DV1 were as 8.7 

h and 35553 ng/mL·h after a single dose (10 mg/kg) subcutaneous administration in rats. In 

conclusion, a convenient LC-MS/MS method for the quantification of DV1 was established 

and applied to evaluate the pharmacokinetic characterization of DV1 in rats. This method 

and the data obtained in this study may be useful for further preclinical development of 

DV1.

Acknowledgement

This work was supported by the grants from the Tsinghua-Peking Joint Center for Life Sciences (to Z. H.), the 
National Institutes of Health (GM057761, to Z.H and J.A.), and the California Institute for Regenerative Medicine 
(RS1-00225-1, to Z.H.).

References

[1]. Choi WT, Duggineni S, Xu Y, Huang Z, An J, Drug discovery research targeting the CXC 
chemokine receptor 4 (CXCR4), J. Med. Chem 55 (2012) 977–994. [PubMed: 22085380] 

[2]. Cojoc M, Peitzsch C, Trautmann F, Polishchuk L, Telegeev GD, Dubrovska A, Emerging targets in 
cancer management: role of the CXCL12/CXCR4 axis, Onco. Targets. Ther 6 (2013) 1347–1361. 
[PubMed: 24124379] 

[3]. Debnath B, Xu S, Grande F, Garofalo A, Neamati N, Small molecule inhibitors of CXCR4, 
Theranostics. 3 (2013) 47–75. [PubMed: 23382786] 

[4]. Chao J, Liu H, Su S, Wang L, Huang W, Fan C, Structural DNA nanotechnology for intelligent 
drug delivery, Small. 10 (2014) 4626–4635. [PubMed: 24955859] 

[5]. Kledal TN, Rosenkilde MM, Coulin F, Simmons G, Johnsen AH, Alouani S, Power CA, Luttichau 
HR, Gerstoft J, Clapham PR, Clark-Lewis I, Wells TN, Schwartz TW, A broad-spectrum 
chemokine antagonist encoded by Kaposi’s sarcoma-associated herpesvirus, Science. 277 (1997) 
1656–1659. [PubMed: 9287217] 

[6]. Mori M, Liu D, Kumar S, Huang Z, NMR structures of anti-HIV D-peptides derived from the 
N-terminus of viral chemokine vMIP-II, Biochem. Biophys. Res. Commun 335 (2005) 651–658. 
[PubMed: 16115468] 

[7]. Luo Z, Fan X, Zhou N, Hiraoka M, Luo J, Kaji H, Huang Z, Structure-function study and anti-HIV 
activity of synthetic peptide analogues derived from viral chemokine vMIP-II, Biochemistry. 39 
(2000) 13545–13550. [PubMed: 11063591] 

[8]. Zhou N, Luo Z, Luo J, Fan X, Cayabyab M, Hiraoka M, Liu D, Han X, Pesavento J, Dong CZ, 
Wang Y, An J, Kaji H, Sodroski JG, Huang Z, Exploring the stereochemistry of CXCR4-peptide 
recognition and inhibiting HIV-1 entry with D-peptides derived from chemokines, J. Biol. Chem 
277 (2002) 17476–17485. [PubMed: 11880384] 

[9]. Yang Y, Zhang Q, Gao M, Yang X, Huang Z, An J, A novel CXCR4-selective high-affinity 
fluorescent probe and its application in competitive binding assays, Biochemistry. 53 (2014) 
4881–4883. [PubMed: 25058910] 

Zhu et al. Page 8

J Pharm Biomed Anal. Author manuscript; available in PMC 2023 June 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



[10]. Maes K, Smolders I, Michotte Y, Van Eeckhaut A, Strategies to reduce aspecific adsorption 
of peptides and proteins in liquid chromatography-mass spectrometry based bioanalyses: an 
overview, J. Chromatogr. A 1358 (2014) 1–13. [PubMed: 25022477] 

[11]. John H, Walden M, Schafer S, Genz S, Forssmann WG, Analytical procedures for quantification 
of peptides in pharmaceutical research by liquid chromatography-mass spectrometry, Anal. 
Bioanal. Chem 378 (2004) 883–897. [PubMed: 14647953] 

[12]. Lasaosa M, Patel P, Givler S, De Leon DD, Seeholzer SH, A liquid chromatography-mass 
spectrometry assay for quantification of Exendin[9–39] in human plasma, J. Chromatogr. B. 
Analyt. Technol. Biomed. Life. Sci 947–948 (2014) 186–191.

[13]. Pezeshki A, Vergote V, Van Dorpe S, Baert B, Burvenich C, Popkov A, De Spiegeleer B, 
Adsorption of peptides at the sample drying step: influence of solvent evaporation technique, vial 
material and solution additive, J. Pharm. Biomed. Anal 49 (2009) 607–612. [PubMed: 19150589] 

[14]. Wang H, Sun Y, Guo W, Fang C, Fawcett JP, Li W, Gao Y, Yang Y, Gu J, Determination 
of a deuterohemin-peptide conjugate in rat plasma by liquid chromatography-tandem mass 
spectrometry and application to a preclinical pharmacokinetic study, J. Pharm. Biomed. Anal 
98 (2014) 401–406. [PubMed: 25005890] 

[15]. Guidance for industry: bioanalytical method validation, US Food andDrug Administration, 
September 2013, www.fda.gov/downloads/drugs/guidancecompliancereguLatoryinformation/
guidances/ucm368107.pdf (accessed 6 May 2014).

[16]. Han J, Zhang S, Liu W, Leng G, Sun K, Li Y, Di X, An analytical strategy to characterize 
the pharmacokinetics and pharmacodynamics of triptorelin in rats based on simultaneous LC-
MS/MS analysis of triptorelin and endogenous testosterone in rat plasma, Anal. Bioanal. Chem 
406 (2014) 2457–2465. [PubMed: 24510211] 

[17]. Maes K, Van Liefferinge J, Viaene J, Van Schoors J, Van Wanseele Y, Bechade G, Chambers EE, 
Morren H, Michotte Y, Vander Heyden Y, Claereboudt J, Smolders I, Van Eeckhaut A, Improved 
sensitivity of the nano ultra-high performance liquid chromatography-tandem mass spectrometric 
analysis of low-concentrated neuropeptides by reducing aspecific adsorption and optimizing the 
injection solvent, J. Chromatogr. A 1360 (2014) 217–228. [PubMed: 25145562] 

[18]. Zang M, Liu X, Chen L, Xiao Q, Yuan L, Yang J, Determination of BmKCT-13, a chlorotoxin-
like peptide, in rat plasma by LC-MS/MS: application to a preclinical pharmacokinetic study, J. 
Chromatogr. B. Analyt. Technol. Biomed. Life. Sci 947–948 (2014) 125–131.

[19]. Chang D, Kolis SJ, Linderholm KH, Julian TF, Nachi R, Dzerk AM, Lin PP, Lee JW, Bansal 
SK, Bioanalytical method development and validation for a large peptide HIV fusion inhibitor 
(Enfuvirtide, T-20) and its metabolite in human plasma using LC-MS/MS, J. Pharm. Biomed. 
Anal 38 (2005) 487–496. [PubMed: 15925250] 

Zhu et al. Page 9

J Pharm Biomed Anal. Author manuscript; available in PMC 2023 June 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.fda.gov/downloads/drugs/guidancecompliancereguLatoryinformation/guidances/ucm368107.pdf
http://www.fda.gov/downloads/drugs/guidancecompliancereguLatoryinformation/guidances/ucm368107.pdf


Highlights

• A LC–MS/MS method was set up to assay DV1, a CXCR4 peptide 

antagonist, in rat plasma.

• Good recovery, minimal matrix effect was achieved by protein precipitation.

• Adsorption of peptide DV1 was tested at different conditions.

• The method was successfully applied to a pharmacokinetic study of DV1 in 

rats.
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Fig. 1. 
MS spectrum of DV1 (A) and leuprolide (B, IS), acquired with an API 4500 mass 

spectrometer in positive ion mode.
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Fig. 2. 
Full-scan product ion mass spectra of [M + 4H]4+ ion for DV1 (A) and [M + 2H]2+ ion for 

leuprolide (B, IS).
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Fig. 3. 
Adsorption test of DV1. (A) DV1 (100, 1000 and 10000 ng/mL) aqueous solutions were 

transferred from one glass to another corresponding vial and repeated the process for 

different times. The adsorption of DV1 was assayed by comparing the peak areas before and 

after being transferred. The results were expressed as relative recovery. (B) The adsorption 

of DV1 (100 ng/mL) in different solvents were evaluated after five transfer steps in glass or 

plastic vial. Each point represents the mean ± SD (n=3). ACT: acetone.
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Fig. 4. 
Typical MRM chromatograms of (A) blank rat plasma, (B) blank plasma spiked with DV1 

(100 ng/mL) and IS (100 ng/mL) and (C) a plasma sample collected at 4 h after a single 

dose subcutaneous injection of 10 mg/kg DV1 in rat.
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Fig. 5. 
Mean (±SD) plasma concentration–time profile of DV1 after a single dose (10 mg/kg) 

subcutaneous administration in rats (n=5). Pharmacokinetic parameters are shown in the 

table inserted. Each point represents the mean ± SD.
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Table 1

Intra- and inter-run precision and accuracy for the quantification of DV1 in rat plasma by LC-MS/MS (n = 5)

Nominal concentration (ng/mL) Test concentration (mean ± SD, ng/mL) Accuracy (%) Precision (RSD %)

Intra-day

10 (LLOQ) 10.4 ± 0.8 103.8 7.6

25 25.7 ± 1.2 102.7 4.8

500 456 ± 8.8 91.2 1.9

5000 5448 ± 191 109 3.5

8000 8522 ± 722 106.5 9.0

Inter-day

10 (LLOQ) 10.3 ± 0.1 103.0 1.2

25 26.9 ± 2.6 107.5 9.8

500 498 ± 21 99.6 4.3

5000 5278±322 105.6 6.1

8000 8800 ± 393 110 4.9
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Table 2

Extraction recovery and matrix effect of DV1 and IS in rat plasma (n = 5)

Concentration (ng/mL) Recovery (mean±SD, %) RSD (%) Matrix effect (mean±SD, %) RSD (%)

DV1 25 66.9 ± 7.2 10.8 90.7 ± 10.9 12.0

500 59.5 ± 4.1 6.9 86.3 ± 8.1 9.4

5000 52.0 ± 6.6 12.8 85.2 ± 11.7 13.7

IS 100 70.3 ± 5.8 8.3 87.6 ± 4.8 5.4
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Table 3

Stability of DV1 in rat plasma under various storage conditions (n = 3)

Storage conditions Nominal concentration 
(ng/mL)

Test concentration (mean±SD, 
ng/mL) Accuracy (%) Precision (RSD, %)

4 h at autosampler

25 21.7 ± 1.1 86.9 5.0

500 486 ± 4.6 97.3 0.9

5000 4990 ± 174 99.8 3.5

12 h at room temperature

25 24.4 ± 2.7 97.6 10.9

500 507±17 101.5 3.4

5000 5707±100 114.1 1.8

30 days storage at −80 °C

25 24.8 ± 3.2 99.1 12.8

500 563±21 112.5 3.8

5000 5567±448 111.3 8.0

3 freeze-thaw cycles

25 22.9±2.3 91.5 9.9

500 477±19 95.3 3.9

5000 5530±433 110.6 7.8
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