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Abstract: Dalbavancin is a novel semisynthetic glycopeptide antibiotic that comprises multiple
homologs and isomers of similar polarities. However, pharmacokinetic studies have only analyzed
the primary components of dalbavancin, namely B0 and B1. In this study, an ultra-high-performance
liquid chromatography-tandem mass spectrometry (UHPLC-MS/MS) method was developed to
simultaneously determinate and investigate the five homologous components of dalbavancin, namely,
A0, A1, B0, B1, and B2, in rat plasma. In this method, methanol was used to precipitate plasma, and a
triple-bonded alkyl chromatographic column was used for molecule separation, using 0.1% formic
acid-acetonitrile as the mobile phase for gradient elution. Targeted homologs were analyzed by
a triple quadrupole mass spectrometer using positive electrospray ionization in multiple reaction
monitoring mode. The linearity range was 50–2500 ng/mL with a high correlation coefficient
(r2 > 0.998). This method was successfully applied in the pharmacokinetic analysis of dalbavancin
hydrochloride to investigate dalbavancin components in rats.
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1. Introduction

Methicillin-resistant Staphylococcus aureus (MRSA) is the primary pathogen associated with
hospital- and community-acquired infections [1], which are mitigated using glycopeptide antibiotics [2].
First-generation glycopeptide antibiotics, developed in the 1950s, are directly derived from metabolites
of microorganisms. These antibiotics have a strong efficacy against drug-resistant infections caused
by gram-positive bacteria, especially MRSA. However, the extensive use of these antibiotics has
led to a gradual reduction in the sensitivity of MRSA to these drugs, resulting in the emergence of
drug-resistant strains [3].

Dalbavancin (formerly known as MDL-63397, A-A1, and BI-397 [4]), a novel semisynthetic
glycopeptide antibiotic developed by Durata Therapeutics, was first approved for clinical use in the
United States in 2014, primarily to treat acute bacterial skin infections caused by gram-positive bacteria in
adults [5]. Its spectrum includes MRSA, methicillin-sensitive Staphylococcus aureus, coagulase-negative
staphylococci, and streptococci. Dalbavancin has demonstrated antibacterial activity equivalent
or stronger to that of vancomycin and teicoplanin [6]. Dalbavancin is derived from the natural
glycopeptide antibiotic, A40926, through amidation of the terminal carboxy group and is composed
of five components, A0, A1, B0, B1, and B2, sharing the same parent nucleus (Figure 1) [7] with B0

being the highest proportion (> 75%) [8] and the primary active substance. Thus, pharmacokinetic
studies have primarily focused on B0 (or B0 and B1). The activity of dalbavancin is primarily based
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on the unique pharmacokinetic properties of this component, which has a long half-life and can be
administered weekly [9–11].
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Figure 1. Structural representation of the components of dalbavancin and D8-labeled internal standard
(IS): (a) A0, (b) A1, (c) B0, (d) B1, € B2, (f) D8-labeled IS.

The pharmacokinetics of B0/B1 have been thoroughly studied, while that of the remaining
components have not. Phase II and III clinical trials have reported various adverse events (AE) of
dalbavancin including nausea (5.5%), headache (4.7%), and diarrhea (4.4%) [12]. It remains unclear
whether these Aes are associated with some or all components of dalbavancin; hence, it is important
to study their pharmacokinetics. Among the common detection methods used for multi-component
antibiotic samples of biological origin, ELISA [13,14], drug-derived radioactivity [15,16], LC [17,18],
LC-MS [19,20], and CE [21,22] have proven effectiveness. However, the composition of dalbavancin is
more complex; besides being homologs, A0 is an isomer of A1, while B0 is an isomer of B1. The only
difference between B0 and B2 is a methyl group at the amino side chain terminal; however, the polarities
of the components are very similar. This makes detection and quantification of these components
using simple mass spectrometry and liquid chromatography challenging.

Table 1 lists various analytical methods used for the detection and quantification of dalbavancin in
biological samples. Among all reported methods, most lower limit of quantification (LLOQ) values of
dalbavancin plasma samples were ≥ 0.5 µg/mL. Although there is one report on UHPLC-MS/MS with
lower LLOQ, it is only suitable for the determination of B0/B1 with a narrow linear region. In addition,
A0, A1, and B2 are present at very low concentrations. The concentrations of several dalbavancin
components in plasma samples are < 0.1 µg/mL at the terminal stage of elimination. These analytical
methods are not adequate for pharmacokinetic studies of various dalbavancin components. Therefore,
it is necessary to develop a highly sensitive and selective method to simultaneously quantify the
components of dalbavancin to accurately study and understand the pharmacokinetic characteristics of
each component.
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Table 1. Comparison of the analytical methods used for the quantification of dalbavancin in plasma
samples, both reported in literature and proposed in this study.

Methods Analytes 1 Matrix LOQs (µg/mL) Reference

HPLC-MS/MS B0/B1 Rat plasma 0.5–50 [23]
HPLC-MS/MS B0/B1 Human plasma 1.0–128 [24]
HPLC-MS/MS B0/B1 Human plasma 0.5–50/1.0–128 [25]
HPLC-MS/MS B0/B1 Human plasma 0.5–400 [26]
HPLC-MS/MS B0/B1 Human Plasma 0.5–500 [27–30]

HPLC-MS B0/B1 Human Plasma 0.7–500 [31]
LC-MS/MS B0/B1 Human Plasma 0.5–500 [32]

UHPLC-MS/MS B0/B1 Rat serum 0.002–0.02 [33]
UHPLC-MS/MS A0, A1, B0, B1, B2 Rat plasma 0.05–2.5 Present study

1 Components of dalbavancin, B0/B1 refers to component B0 or possibly a mixture of B0 and B1.

In this study, a UHPLC-MS/MS method was established to determine the concentration of various
components of dalbavancin in rat plasma, thus laying the foundation for subsequent studies in humans.
To the best of our knowledge, this is the first study of its kind using this method to determine the
concentration of various dalbavancin components.

2. Results and Discussion

2.1. Optimization of the UHPLC-MS/MS

The optimization results of compounds were obtained using scanning mass spectrometry in the
positive ion (ESI+) and negative ion (ESI−) modes. Owing to the multiple acidic and basic ionizable
groups of these molecules, they could easily form species with two positive charges (H+) during
ionization. The precursor ion of each component was determined and optimized using cone voltage
and collision energy, respectively. By examining the D8-labeled internal standard (IS) of all dalbavancin
components and component B0, we determined that the signal intensity could be further improved
by promoting the formation of [M+2H]2+ adducts. Therefore, [M+2H]2+ adducts were selected as
precursor ions and the positive ion (ESI+) mode was adopted for detection. To determine the best
product ions for the selected reaction monitoring (SRM) transition of these adducts, one optimization
quantitative product ion was selected from three different candidate fragments for each precursor and
the MS detection conditions were preliminarily obtained. To obtain stable and highly sensitive IS,
more stable deuterated D8-labeled IS was selected. Next, optimal mass-spectrometry conditions for
each component and D8-labeled IS were further optimized, including the cone voltage and collision
energy, as well as the precursor and product ions. Lastly, various parameters were obtained and
applied to the final MS method (Table 2).

Table 2. MS conditions and the retention time of UHPLC of dalbavancin and D8-labeled IS.

Analytes
MS Conditions

Retention
Time (min)Precursor Ion

(m/z) 1
Product Ion

(m/z) 2
Cone Voltage

(V)
Collision

Energy (eV)

A0 902.19 84.15 54 52 3.20
A1 902.25 84.16 54 52 3.42
B0 909.21 83.91 64 50 4.69
B1 909.29 84.15 64 50 5.03
B2 916.25 84.17 15 58 4.92
IS 913.13 158.21 64 48 4.69

1 [M+2H]2+, 2 [M+H]+.
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However, several components in dalbavancin are homologs, while others are isomers. During mass
spectrometry, there are several components with the same mass-to-charge ratio (m/z) of precursor
and product ions, which cannot be accurately separated using a single mass spectrometry analysis.
Therefore, LC separation has become the primary method. Various UHPLC columns with different
particle sizes, pore diameters, and column lengths have been investigated. Based on optimized
experiments, an ACQUITY UHPLC BEH C18 (2.1 mm × 100 mm, 1.7 µm) triple-bonded alkyl column
was selected. Peak patterns of compounds could be obtained using this chromatographic column,
and eventually, other chromatographic columns were eliminated. Simultaneously, several elution
methods were selected (including methanol, with acetonitrile as the organic modifier, and formic acid
water, with ammonium formate water at different concentrations as additives). It was found that the
separation effect of the analytes could be significantly improved by using acetonitrile as the organic
phase and adding 0.1% (v/v) formic acid as an additive. In particular, the effective separation of these
compounds was observed using an organic phase comprising 30–33% acetonitrile (the elution time
was 1–6 min). The retention times of dalbavancin A0, A1, B0, B1, and B2 were 3.20, 3.42, 4.69, 5.03,
and 4.92 min, respectively (Table 2). Finally, 0.1% formic acid water (A) and acetonitrile (B) were
selected as the mobile phases for gradient elution.

2.2. Optimization of Sample Preparation

Studies have reported various methods for biological sample extraction, such as protein
precipitation [34], enzymatic hydrolysis [35], and extraction [36]. Considering the low in vivo
concentrations of some target substances (including A0, and A1) and the need for relatively low LLOQ,
a good extraction method should eliminate interferences caused by impurities, so that the extraction
recovery rate of each component can be within the acceptable range. Other studies have reported the
use of acetonitrile precipitation extraction as a sample pretreatment method [23,37]. While the recovery
rates of B0 and B2 were both between 70% and 100%, the recovery rates of other components were not
high. Therefore, methanol precipitation and methanol plus acid precipitation were investigated based
on drug properties. Subsequently, methanol precipitation was selected and a good extraction recovery
rate was achieved.

2.3. Method Validation

All dalbavancin components showed good linearity in the range of 50 to 2500 ng/mL.
The verification contents of all dalbavancin components were acceptable, and the intra- and inter-batch
precision and accuracy at low, medium, and high concentrations were within the acceptable ranges [38].

2.3.1. Specificity, Linearity, Limit of Detection (LOD), and LLOQ

Qualified specificity indicates that the analysis method can distinguish target compounds from
other interfering substances. The chromatogram obtained (Figure 2) showed that no interference signal
was detected within the retention time ± 2.5% of all target components during the analysis process of
blank biological samples. In addition, all components were well separated, indicating that the method
had good specificity.
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Figure 2. Selected ion chromatograms for LC-MS/MS determination of dalbavancin components in
rat plasma: (a) blank biological sample, (b) upper limit of quantification: 2000 ng/mL, (c) the plasma
sample 3 h following the administration spike with IS.

The linearity of the predetermined range (50, 100, 250, 500, 1250, 2000, and 2500 ng/mL) was
evaluated by measuring the correlation coefficient r2 using the fitted standard curve. The correlation
coefficient of each component was above 0.998, suggesting good linearity.

Table 3 summarizes the LOD and LLOQ of each component using this detection method. The LOD
values of these components ranged from 5 ng/mL to 10 ng/mL, thus meeting the drug concentration
determination limits of dalbavancin in vivo.

Table 3. The linear range, limit of detection (LOD), lower limit of quantification (LLOQ), and regression
equation of the developed UHPLC-MS/MS method.

Analytes Linear Range
(ng/mL)

LODs
(ng/mL)

LLOQs
(ng/mL) Regression Equation R2

A0 50–2500 10 50 y = 0.0033x + 0.0110 0.9997
A1 50–2500 5 50 y = 0.0031x + 0.0183 0.9999
B0 50–2500 5 50 y = 0.0038x + 0.0246 0.9998
B1 50–2500 10 50 y = 0.0038x + 0.0168 0.9999
B2 50–2500 10 50 y = 0.0037x − 0.0228 0.9990

2.3.2. Recovery, Matrix Effect, Intra-Day Precision, and Inter-Day Precision

According to the guidelines of Commission Regulation (EU) 2006/401 [39], the recovery rates
(71.2–90.2%) and matrix effect (ME) values (97.5–101.7%) of all dalbavancin components were within
acceptable ranges. The results of intra-day precision and inter-day precision are summarized in Table 4.
All values were < 10%.
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Table 4. Intra-batch precision and accuracy of five homologs of dalbavancin in rat plasma (n = 6).

Compound Concentration
(ng/mL)

Precision (RSD, %) Accuracy (RE, %)

Inter-Assay Intra-Assay Inter-Assay Intra-Assay

A0

50 2.38–5.96 5.49 98.8–107.6 103.8
150 2.04–4.42 4.97 96.8−105.9 102.1
500 1.86–2.74 2.62 98.9−102.1 100.9

2000 1.48–5.99 4.13 102.6–105.1 103.9

A1

50 5.78–7.72 6.36 96.5–106.8 100.9
150 1.42–2.53 6.10 92.4–105.9 99.8
500 0.97–2.88 4.77 92.2–101.4 98.1

2000 1.27–4.74 4.86 95.1–103.3 99.8

B0

50 5.41–7.51 6.51 97.4–106.1 102.8
150 0.98–4.00 4.08 99.0–107.3 103.2
500 1.45–4.98 3.08 102.4–102.8 102.6

2000 0.72–3.57 3.12 103.3–108.0 104.9

B1

50 3.04–7.32 5.91 98.5–107.5 103.5
150 3.54–5.49 6.78 97.8–109.9 104.4
500 1.43–9.84 6.60 105.0–109.1 106.7

2000 1.79−5.87 3.68 104.4–106.9 105.3

B2

50 5.47–6.66 6.15 98.1–105.0 102.2
150 1.34–3.60 4.40 98.8–108.0 103.1
500 1.53–3.72 2.90 99.3–102.8 100.8

2000 0.47–5.52 3.37 100.5–103.6 101.8

2.3.3. Stability, Dilution Reliability, and Residue Verification

The stock solution of dalbavancin components and those of deuterated dalbavancin post freezing
(−16 ◦C to −24 ◦C) for 7 days had a change rate of −4.39% to 3.76%, indicating good stability. Storage of
whole blood samples at room temperature (20 ◦C to 24 ◦C) for 12 h, plasma samples on ice for 4 h,
plasma samples after treatment in an automatic sampler for 10 h, plasma samples after treatment at
room temperature for 4 h, three freeze-thaw cycles, and storage at −16 ◦C to −24 ◦C for 28 days all
showed good stability. The results showed that all dalbavancin components were stable under the
above conditions.

The accuracy and precision of B0, B1, A1, and B2 during the plasma sample determination process
under the corresponding dilution factors were within the ± 15% range, indicating that plasma samples
with dalbavancin B0, B1, A1, and B2 were stable under 50× dilution, and dalbavancin B0 plasma
samples were stable under 1000× dilution. The residue was determined by measuring the blank plasma
sample after detecting the upper limit of the standard curve, and the residual response measured in the
blank sample was not more than 20% of the LLOQ, indicating that the residue met the requirements.

2.4. Application to Pharmacokinetic Study in Rats

A total of 20 animal plasma samples were analyzed using the verified UHPLC-MS/MS detection
method to evaluate 28-day multiple-dose pharmacokinetics of dalbavancin hydrochloride injected
daily in rats. Simultaneously, incurred sample reanalysis showed that the difference between the test
results and the original values was less than 20%, and the QC samples had passed the pre-established
standard (at least two-thirds of the samples should have a concentration difference within ±20%).
The results confirmed that the developed method could detect dalbavancin components in rat plasma.

The average drug concentration-time curves of dalbavancin components in rats following the
administration of 40 mg/kg dalbavancin hydrochloride injection on days 1 and 28 are shown in Figure 3.
The final calculation results are shown in Table 5. Results from the pharmacokinetics study showed
that the plasma AUC(0–∞) of component B0 was the highest after the first day of drug administration,
which was approximately 5.8 times higher than the other components combined. After 28 days of
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continuous drug administration, the plasma AUC(0–∞) values of dalbavancin components in vivo
increased 2–6 times compared with those on the first day, suggesting that dalbavancin can accumulate.
The AUC(0–t) on day 28 (D28) was higher than that on day 1 (D1), further indicating that the drug
had potentially accumulated; the concentration after the first day of treatment was equal to or lower
than that of C0 on D28 (Figure 3). Furthermore, the elimination process slowed down, consequently
prolonging the elimination half-life (T1/2). The effective T1/2 of dalbavancin components, except for
component B0, in vivo increased with the duration of drug administration (p < 0.05). These results
suggested that accumulation of dalbavancin might be due to enzyme inhibition or saturable elimination.
As the duration of drug administration increased, the T1/2 of components A0, A1, and B2 exceeded
that of B0 and B1. During treatment, the accumulation risk caused by the increase in T1/2 of these
components should be considered and their associated toxic effects further investigated.

Molecules 2020, 25, x FOR PEER REVIEW 8 of 14 

 

dalbavancin can accumulate. The AUC(0–t) on day 28 (D28) was higher than that on day 1 (D1), further 
indicating that the drug had potentially accumulated; the concentration after the first day of 
treatment was equal to or lower than that of C0 on D28 (Figure 3). Furthermore, the elimination 
process slowed down, consequently prolonging the elimination half-life (T1/2). The effective T1/2 of 
dalbavancin components, except for component B0, in vivo increased with the duration of drug 
administration (p < 0.05). These results suggested that accumulation of dalbavancin might be due to 
enzyme inhibition or saturable elimination. As the duration of drug administration increased, the 
T1/2 of components A0, A1, and B2 exceeded that of B0 and B1. During treatment, the accumulation risk 
caused by the increase in T1/2 of these components should be considered and their associated toxic 
effects further investigated. 

  

  

 

Figure 3. Semi-logarithmic plot of the dalbavancin components mean plasma concentration-time 
curves following IV administration of 40 mg/kg dalbavancin hydrochloride in rats: (a) A0, (b) A1, (c) 
B0, (d) B1, (e) B2. 

Table 5. Pharmacokinetic parameters of various dalbavancin components in plasma following IV 
administration of 40 mg/kg dalbavancin hydrochloride in rats (mean ± SD, n = 10). 

Figure 3. Semi-logarithmic plot of the dalbavancin components mean plasma concentration-time
curves following IV administration of 40 mg/kg dalbavancin hydrochloride in rats: (a) A0, (b) A1, (c) B0,
(d) B1, (e) B2.



Molecules 2020, 25, 4100 9 of 14

Table 5. Pharmacokinetic parameters of various dalbavancin components in plasma following IV
administration of 40 mg/kg dalbavancin hydrochloride in rats (mean ± SD, n = 10).

Stage Parameters
Components

A0 A1 B0 B1 B2

D1

AUC(0–t) (µg/mL·h) 10.5 ± 2.6 155.4 ± 79.9 5776.5 ± 2593.2 688.2 ± 272.2 163.7 ± 79.5
AUC(0–∞) (µg/mL·h) 11.8 ± 2.6 173.1 ± 65.6 6566.7 ± 1820.3 756.2 ± 191.4 187.2 ± 61.2

T1/2 (h) 6.5 ± 0.6 27.5 ± 11.4 74.6 ± 45.9 29.1 ± 1.1 87.3 ± 68.9
Cmax (µg/mL) 1.8 ± 0.2 14.8 ± 6.1 437.3 ± 160.3 42.9 ± 18.9 23.4 ± 10.4
MRT(0–t) (h) 5.6 ± 0.3 17.0 ± 3.8 23.0 ± 0.9 32.3 ± 1.5 16.2 ± 2.4

Vz (L/kg) 32.9 ± 5.7 9.4 ± 3.3 0.7 ± 0.5 2.3 ± 0.4 28.0 ± 23.0

D28

AUC(0–t) (µg/mL·h) 34.0 ± 4.5 *** 524.7 ± 32.8 *** 15,781.3 ± 1980.4 *** 3593.7 ± 6,02.1 *** 482.4 ± 35.2 ***
AUC(0–∞) (µg/mL·h) 49.5 ± 8.6 *** 631.0 ± 41.8 *** 18,543.8 ± 2839.6 *** 4333.9 ± 848.9 *** 646.0 ± 53.3 ***

T1/2 (h) 1,67.1 ± 32.0 *** 109.5 ± 10.6 *** 88.8 ± 34.5 87.0 ± 27.5 *** 152.8 ± 43.0 *
C0 (µg/mL) 0.1 ± 0.0 6.3 ± 0.7 132.6 ± 15.7 37.1 ± 4.1 3.9 ± 0.5

Cmax (µg/mL) 1.2 ± 0.2 *** 21.1 ± 1.6 *** 571.5 ± 67.4 * 84.3 ± 7.4 *** 28.0 ± 2.6
MRT(0–t) (h) 60.7 ± 2.7 *** 53.0 ± 5.2 *** 62.0 ± 3.7 *** 68.6 ± 8.2 *** 55.7 ± 4.7 ***

Vz (L/kg) 196.0 ± 27.3 *** 10.1 ± 1.3 0.3 ± 0.1 * 1.2 ± 0.4 *** 13.5 ± 3.4

* p < 0.05, *** p < 0.001, when compared to day 1. Abbreviations: AUC(0–t), the area under the plasma drug
concentration-time curve during the time period from 0 to 216 h, the final time point sampled; AUC(0–∞), the area
under the plasma drug concentration-time curve during the time period from 0 to infinity; T1/2, the time taken for half
the initial drug concentration to be eliminated; Cmax, the maximum drug concentration; MRT(0–t), mean residence
time; Vz, apparent volume of distribution; CLz, Plasma clearance; C0, the average value of the plasma concentrations
before administration. D1, D28, Days 1, 28 following administration.

3. Materials and Methods

3.1. Reagents and Materials

LC/MS grade methanol and acetonitrile were purchased from Merck KGaA (Darmstadt, Germany).
Formic acid was purchased from Sigma-Aldrich Corp. (St. Louis, MO, USA), and Milli-Q water
(18.2 MΩ cm) was prepared using a Purelab OptionS7 ultra-pure water system (ELGA LabWater,
High Wycombe, UK). The components A0, A1, B0, B1, and B2 of dalbavancin, the reference substances,
and the D8-labeled IS (Figure 1) were supplied by CTTQ Pharmaceutical group Co., Ltd. (Jiangsu,
China), and the purities were 98.2, 97.0, 97.1, 98.3, 97.3, and 99.61%, respectively. Dalbavancin
hydrochloride for injection (LOT: 701713F) was supplied by Durata Therapeutics, Inc. (Morristown,
NJ, USA).

3.2. Standard Solutions

Dalbavancin (A0, A1, B0, B1, and B2) reference substances were prepared by dissolution
in methanol:water (50:50, v/v) and diluted to 1 mg/mL stock solutions. The stock solutions of
dalbavancin components and the deuterated dalbavancin stock solution were stored at −16 ◦C to
−24 ◦C. The solutions were further diluted with methanol:water (50:50, v/v) to obtain the desired
dalbavancin (A0, A1, B0, B1, and B2) standard curve working solutions.

3.3. Animal Experiments

All animal experiments were approved by the Animal Experiment Committee of the Center for
Drug Safety Evaluation and Research of Zhejiang University. Sprague Dawley (SD) rats used in this
study were purchased from Zhejiang Vital River Laboratory Animal Technologies Co., Ltd. (Zhejiang,
China). The use of experimental animals followed the 3R (Reduction, Replacement, Refinement)
principles. The animal experiment sites had passed the full accreditation of the Association for
Assessment and Accreditation of Laboratory Animal Care International.

3.4. Sample Preparation

Blood samples were collected and centrifuged (5417R centrifuge, Eppendorf AG, Hamburg,
Germany) at 835× g for 10 min to separate the upper plasma. Then, 50 µL of plasma was mixed
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with 200 µL of methanol (containing dalbavancin B0-D8 isotope internal standard solutions at a
concentration of 100 ng/mL), after which the solution was swirled with a multi-tube vortex mixer
(Allsheng, Hangzhou, China) for 10 min and centrifuged at 12,000× g for 10 min. To obtain a cleaner
supernatant, it was further centrifuged at 12,000× g for 5 min before sample injection.

3.5. Liquid Chromatography-Tandem Mass Spectrometry

The UHPLC system consisted of an ACQUITY UPLC I-Class (Waters Corp., Milford, MA,
USA) and separation was achieved on an ACQUITY UPLC BEH C18 (2.1 mm × 100 mm, 1.7 µm,
Waters Corp.). The mobile phase contained 0.1% formic acid (phase A) and acetonitrile (phase B),
while the gradient elution procedure was as follows; 0.00–1.00 min: 20%B→30%B, 1.00–6.00 min:
30%B→33%B, 6.01–7.00 min: 95%B, 7.00–7.01 min: 95%B→20%B, 7.01–8.00 min: 20%B. The flow rate
was 0.300 mL/min, and the sample injection volume was 5.0 µL. The autosampler was maintained at
6 ◦C.

The mass spectrometry system used was Xevo TQ triple quadrupole MS/MS (Waters Corp.),
equipped with ESI source. After injecting 500 ng/mL of dalbavancin component combined solution and
dalbavancin isotope internal standard solution into the mass spectrometer, the optimized parameters
of the instrument were obtained as follows: capillary voltage, 3.00 kV; ion source temperature, 150 ◦C;
desolvation gas temperature, 350 ◦C; collision gas flow rate, 0.15 mL/min; desolvation gas flow rate,
650 L/h. SRM was used for monitoring the positive ion mode and the total analysis run time was 8 min.
Data was processed using UNIFI v1.9.3 software (Waters Corp.).

3.6. Method Validation

Method validation was conducted primarily by reference to Commission Decision 2002/657/EC [40]
and Commission Regulation (EU) 2006/401 [39]. The following items were investigated: specificity,
linearity, precision and accuracy, reproducibility, LOQ, LOD, recovery rate, and ME.

3.6.1. Specificity, Linearity, LOD, and LOQ

Specificity was investigated for the potential interferences by comparing three chromatograms of
blank plasma of six SD rats, blank plasma-spiked five homologs and IS, and the plasma samples of
dalbavancin 24 h following administration.

To evaluate linearity, blank SD rat plasma and dalbavancin were mixed, followed by the addition
of standard solutions to prepare a series of simulated plasma working curves at the concentration
range of 50–2500 ng/mL. Results were subjected to regression analysis, using the weighted (1/×) least
square method, with the concentration of analyte as the abscissa and the peak area ratio of the analyte
to the internal standard as the ordinate.

LOD was considered to be the lowest concentration of analyte detectable in the sample with a
signal-to-noise (S/N) ratio > 3. LLOQ was considered to be the lowest concentration of analyte in a
sample with a signal-to-noise (S/N) ratio > 10.

3.6.2. Recovery and ME

To determine the recovery rate, blank SD rat plasma samples were mixed with different
concentrations of QC solutions of dalbavancin components. Low-, medium- and high-concentration
QC samples were prepared, with three samples for each concentration. The recovery rate was obtained
by dividing the extracted sample response by the blank plasma spiked extract sample response values
of the corresponding concentration.

For ME, blank plasma was taken from six SD rats and mixed with dalbavancin QC solutions at
different concentrations, with six samples for each concentration. The ME was obtained by calculating
the ratio between spiked mobile phase solutions and unextracted samples.
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3.6.3. Intra- and Inter-Day Precision and Accuracy

Blank SD rat plasma samples were mixed with dalbavancin component QC solutions (at different
concentrations) in a centrifuge tube to prepare dalbavancin component plasma QC samples, with five
samples for each concentration. Three batches were continuously detected to investigate the intra-batch
and inter-batch precision. The intra-batch and inter-batch precisions must be < 15%, with an accuracy
ranging between 85% and 115%.

3.6.4. Stability, Dilution Reliability and Residue Verification

Stability was investigated primarily through storage of stock solutions of dalbavancin components
and deuterated dalbavancin in −16 ◦C to −24 ◦C for 7 days, storage of whole blood samples at room
temperature for 12 h, storage of plasma samples in ice for 4 h, storage of plasma samples following
treatment in an automatic sampler for 10 h, storage of plasma samples following treatment at room
temperature for 4 h, three freeze-thaw cycles, and storage at −16 ◦C to −24 ◦C for 28 days.

During the detection of some plasma samples, the concentrations of B0, B1, A1, and B2 samples
were beyond the standard curve range. The samples were diluted and retested. Based on the
concentration ranges of the experiment, the dilution factors of B0 were set at 50 and 1000, while those
of B1, A1, and B2 were all set at 50. The accuracy and precision were required to be within the range
of ±15%.

For residue verification, residues were determined by examining the upper limit of standard
curves and blank plasma samples. The responses measured in blank samples must be < 20% of the
lower limit of quantification, with accuracy and precision within ±15%.

3.7. Pharmacokinetic Study

A total of 20 SD rats (weighing approximately 200 g each) were selected and divided into two
equal groups, with each group containing 5 male and 5 female rats. Pharmacokinetic experiments were
conducted for single-dose and multiple-dose administration of dalbavancin hydrochloride. The route
of administration was IV, with an administration volume of 5 mL/kg and a dosage was 40 mg/kg.
Blood sampling time points of the single-dose administration group were before administration (0 h)
and 5 min, 3 h, 8 h, 24 h, 72 h, 144 h, and 216 h post administration. Blood was collected on day 28
for the multiple-dose administration group, and the time points of blood collection were the same as
those of single-dose administration. The blood samples collected were immediately separated using
centrifugation at 12,000× g for 10 min, and then, the plasma were transferred and stored at −16 ◦C to
−24 ◦C until analysis.

3.8. Data Analysis

Microsoft Office Excel 2007 and IBM SPSS Statistics 19.0 were used for data processing and
statistical calculation using two-tailed Student’s t-test. Data Analysis System 3.1 software (DAS,
Shanghai, China) was used to analyze and calculate AUC(0–∞), T1/2, Cmax and other parameters using
the non-compartmental model.

4. Conclusions

In this study, a UHPLC-MS/MS method, with good selectivity, high degree of separation, and high
speed, was established for simultaneous determination of the concentration of five components (A0,
A1, B0, B1, and B2) of dalbavancin in rat plasma. The biological analysis method was qualified based
on linearity, precision, and stability validation. The LOQ showed good linearity in the range of 50 to
2500 ng/mL. The novelty of this method lies in its ability to rapidly separate several homologs and
isomers. In addition, it is an efficient and sensitive method for the simultaneous analysis of trace
active ingredients in biological samples. This method was also applied to the pharmacokinetic study
of dalbavancin hydrochloride injected in rats for 28 days of continuous administration. The results
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of the study may help clarify the pharmacokinetics of individual components of dalbavancin in the
body. Through further pharmacodynamical and toxicological studies, the concentration at which
dalbavancin is safe and effective can be elucidated and the source of AEs associated with dalbavancin
can be determined.
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