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Abstract

Objectives

Currently there is no data about a liquid chromatography tandem mass spectrometry 
(LC-MS/MS) assay including ganciclovir and acyclovir using stable-isotopically 
labeled internal standards.

Methods

A LC-MS/MS assay for measurement of ganciclovir and acyclovir using deuterated 
standards: ganciclovir-[2H5] and acyclovir-[2H4] was developed. The selectivity 
and sensitivity, linearity, accuracy and precision, recovery, matrix effect, stability, 
total process efficiency, carry-over and dilution integrity were validated based on 
EMA and FDA guidelines. 

Results

The retention time for ganciclovir was 1.1 min and for acyclovir 1.35 min. Calibration 
curves were linear over a range of 0.1 to 20 mg/L and the cor relation coefficient (R2) 
was 0.99912 for ganciclovir and 0.99945 for acyclovir. The calculated accuracy was 
–2.0% to 3.1% for ganciclovir and –1.0% to 6.4% for acyclovir. Within-day precision 
ranged from 1.8% to 6.6% for ganciclovir and 1.6 % to 6.5% for acyclovir and between-
day precision 0% to 9.6% for ganciclo vir and 0% to 7.9% for acyclovir. 

Conclusions

A rapid and validated LC-MS/MS method was developed for measurement of 
ganciclovir and acyclovir in human serum which can be used in routine patient care 
and clinical research. 
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Introduction

Herpes viruses are a huge burden on the health care system. Herpes simplex 
virus (HSV) is prevalent in over 60% and cytomegalovirus (CMV) in 40-80% of 
the population1,2. All herpes viruses are not cleared after infection. Most infected 
individuals suppress replication by their cell-mediated immunity3. Transplant 
recipients, whose immunity is compromised, are more vulnerable to CMV disease 
(retinitis, encephalitis, hepatitis etc.) which may lead to rejection of the transplanted 
organ and increase mortality4,5.Currently nucleoside analogues ganciclovir 
(intravenous) and the prodrug valganciclovir (oral), which is in vivo is metabolized 
to ganciclovir, are used for standard treatment and prophylaxis of CMV6,7. 
Ganciclovir 5 mg/kg or valganciclovir 900 mg twice daily are the dosing regimens 
suggested by international consensus6. Another nucleoside analogue, acyclovir, is 
used for HSV type 1, 2 and varicella zoster virus (VZV)8. Acyclovir is recommended 
for immunocompetent patients diagnosed with HSV in a dose of 800 mg orally 5 
times daily9. Unfortunately, both of these medications cause severe side effects and 
dosages must be adjusted during kidney failure8,10–12.

The most dangerous side effects that occur during ganciclovir treatment are blood 
disorders (neutropenia, leucopenia) and graft failure13. With extremely high viral 
loads (>100.000 copies/mL), there is a risk of acquiring resistance to ganciclovir14. 
Adequate exposure of ganciclovir is necessary to provide sufficient treatment 
response and avoid acquired resistance. Moreover, it is known that acyclovir may 
cause dose related acute kidney injury8,10. These are all factors that suggest measuring 
serum concentrations of ganciclovir and acyclovir i.e., applying therapeutic drug 
monitoring (TDM) may be beneficial to guide and individualize therapy. The 
appropriate dose is estimated based on through and peak concentrations and area 
under the curve values (AUC).

The target trough concentrations for ganciclovir in our hospital are 1-2 mg/L and 
2-4 mg/L for prophylaxis and therapy, respectively. The target peak concentrations 
are in the range 5-12.5 mg/L. These concentrations base on inhibitory concentration 
of CMV and pharmacokinetic parameters from available studies11,12,15–17. The target 
trough concentration range for acyclovir in our hospital is 0.5-1.5 mg/L and target 
peak concentration range is 5-15 mg/L18.

Different analytical procedures have been developed to measure ganciclovir and 
acyclovir drug concentrations. For example high performance liquid chromatography 
with fluorescence and UV detection19–22 and liquid chromatography with (tandem) 
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mass spectrometry detection23–28 have been used to determine ganciclovir in plasma, 
serum, urine, cell culture media and also intracellularly.

LC-MS/MS has been used before for the assay of ganciclovir and acyclovir, however to 
our knowledge not analysed with the same assay25–28. Several authors used structural 
analogs as internal standards such as acyclovir for the assay of ganciclovir26,27. The 
drawback of a structural analog is that it does not have as similar properties to 
the measured and as a stable isotope-labeled standard. Moreover, acyclovir and 
ganciclovir are both included in antiviral protocol in transplant recipients. Therefore 
using an active drug for internal standard (IS) can interfere the determination of the 
drug under analysis29, especially when both drugs like acyclovir and ganciclovir can 
be used in the same patient population.

One study used deuterated acyclovir, for the determination of acyclovir together 
with valacyclovir25 and in another study fluconazole was used as IS28. Stable isotope-
labeled IS have the advantage of possessing a similar structure to the original 
chemical compound with comparable extraction recoveries and chromatographic 
retention time. Therefore, using this aids to avoids any discrepancies and makes the 
method more stable.

LC-MS/MS was earlier used to analyse valacyclovir together with acyclovir25,28. Shi 
et al (acyclovir, valacyclovir) reported run time of 9 minutes, Yadav et al (acyclovir, 
valacyclovir) 12 minutes and Xu et al (ganciclovir) 5.5 minutes25,27,28. Yadav et al 
and Billat et al used solid phase extraction to determine acyclovir and ganciclovir, 
this method is known to be more time-consuming and costly than direct protein 
precipitation26,28. In another assay, ganciclovir was measured with acyclovir as 
internal standard (IS)24.

To our knowledge, no assay, is published where both acyclovir and ganciclovir are 
measured using LC-MS/MS and stable isotopically labeled IS for rapid throughput, 
has been published. Moreover, development of individual methods for each drug 
is more time consuming. Thus, using a single method with a high throughput for 
multiple drugs is more efficient. Furthermore, we aimed to develop this assay to 
be used in both for patient care and research purposes, provided that the validated 
assay meets the requirements of the TDM and study protocol. This study describes 
a rapid LC-MS/MS assay with deuterated internal standards for both ganciclovir 
and acyclovir.
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Materials and methods

Chemicals and reagents

Ganciclovir, ganciclovir[2H5], acyclovir and acyclovir[2H4] were purchased from 
Alsachim (Illkirch, France) (in Figure 1 chemical structures are presented). Purifi ed 
water was obtained from a Milli-Q water purifying system (Millipore Corporation, 
Billerica, MA, USA). Acetic acid and ammonium acetate were received from Merck, 
NJ, USA and trifl uoroacetic acid and acetonitrile were received from Biosolve, the 
Netherlands. Pooled human serum samples were obtained from local hospital 
according to the standard operating procedures of the medical center.

a b

c d

Preparation of stock solutions, calibration standard and QC samples 

Stock solutions of 500 mg/L for ganciclovir and acyclovir were prepared by 
dissolving the compounds in methanol. Independent stock solutions were used 
to prepare calibration and internal quality control (QC) samples. For calibration 

Figure 1. Chemical structures. 
(a) ganciclovir; (b);ganciclovir[2H5]; (c) acyclovir; (d) acyclovir[2H4]
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samples blank human serum was used which was spiked to get 0.1, 0.5, 1.0, 2.5, 5.0, 
10.0, 15.0, 20.0 mg/L. QC samples were prepared using blank human serum at lower 
limit of quantification (LLOQ) (0.1 mg/L), low (0.3 mg/L), medium (10 mg/L), high 
(16 mg/L) and over-curve (OC, 40 mg/L). Samples were stored at -20°C until use. 
The IS solution was prepared by dilution of 100 mg/L stock solution ganciclovir[2H5] 
and acyclovir[2H4] until concentration 0.05 mg/L was obtained for both IS. 10 μL of 
serum was added to 500 μL of precipitation agents including the IS. As the sample 
was diluted 50 times with the precipitation reagent the final IS concentration in the 
diluted sample was 2.5 mg/L. The final concentration, 2.5 mg/L, which is in the 
middle of the calibration curve. The IS was prepared in 10% trichloroacetic acid and 
that was used as matrix for the QC, calibration, analysis of patient samples and as 
precipitation reagent.

Sample preparation

To 10 µL serum of each sample, a volume of 500 µL of precipitation reagent combined 
with the deuterated IS were added in a vial. The samples were vortexed for 1 min. 
The vials were centrifuged for 5 min at 11,000 rpm. Five microliters of the upper 
layer was injected into the LC-MS/MS.

LC MS/MS system

The analysis was carried out on a triple quadrupole Thermo Fisher Scientific 
TSQ® Quantum Access MAX LC-MS/MS system with a Surveyor® MS pump and 
a Surveyor plus® autosampler. A Thermo Fisher Scientific 50 mm×2.1 mm C18, 
5-µm HyPURITY Aquastar analytical column was used for the chromatographic 
separation, with a column temperature of 20°C. The autosampler temperature was 
set to 10°C. The mobile phase (pH 3.5) contained an aqueous buffer (A) (acetic acid 
35 mL/L, ammonium acetate 5 g/L, and trifluoroacetic acid  2mL/L), water (B) and 
acetonitrile (C). The flow rate was 0.3 ml/min. The gradient is shown in Table 1 and 
run time was 4.5 min. 

The mass spectrometer operated in Selected Reaction Monitoring (SRM) mode and 
positive mode was selected for electrospray ionization. The spray voltage was 3500 
V, capillary temperature 350°C and sheath gas pressure and auxiliary gas pressure 
were 35 and 10 arbitrary units respectively. During the method all the voltages and 
column were on standard settings. Mass ion transitions for ganciclovir were 256.0 m 
/ z  152.1 m / z and for ganciclovir[2H5] 261.1 m / z  152.1 m / z and for acyclovir 
226.0 m / z  152.1 m / z and for acyclovir[2H4] 230.1 m / z  152.1 m / z while using 
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a scan width of 0.5 m / z. Collision energies (CE) were 13 V (volts) for acyclovir, 14 
V for acyclovir[2H4], 13 V for ganciclovir and 16 V for ganciclovir[2H5]. Product ion 
scans are shown on Figure 2.

Method validation

The analytical method was validated based on European Medicines Agency (EMA) 
and US Food and Drug Administration (FDA) guidelines and the parameters that 
were determined for validation were selectivity and sensitivity, linearity, accuracy 
and precision, recovery, matrix effect, stability, total process efficiency, carry-over  
and dilution integrity30,31.

Figure 2. (a) Product ion scan acyclovir 226.0  152.0 m / z CE 13V; (b) Product ion 
scan ganciclovir 256.0  152.0 m / z CE 13V

 
Time (min) % elution 
 A B C 
0.00 5 95 0 
0.20 5 95 0 
1.50 5 85 10 
1.51 5 0 95 
3.00 5 0 95 
3.01 5 95 0 
4.5 5 95 0 

 

Table 1. Gradient elution

A = aqueous buffer (acetic acid 35 mL/L, ammonium acetate 5 g/L and trifluoroacetic acid 2 mL/L),           
B = water, C = acetonitrile
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Linearity was tested with different serum concentrations (0.1, 0.5, 1, 2.5, 5, 10, 15, 
20 mg/L) for ganciclovir and acyclovir (for regression equations see Table 2). The 
validity of the regression analysis was determined with the calculation of residuals. 
The plotted residuals showed a random pattern hence the regression was valid.

For selectivity, 6 unpooled human blank serum samples were examined for 
interference. The responses of blank serum samples were compared to interference 
of the LLOQ samples. Every day for 3 consecutive days a single calibration curve 
was analysed and for accuracy QC samples were analysed in 5-fold. Within-run and 
between-run precision were established using the same method as for accuracy. The 
accepted deviation for precision was a CV<15% and for accuracy a bias of maximally 
15% of the nominal value. The accuracy and precision concentration bias and CV 
were calculated per run and were expected to be greater than 80% of the nominal 
value. After a high concentration (20 mg/L) the carry-over was less than 20% of the 
LLOQ.

The method of Matuszewski et al was used to analyse matrix effects, recovery and 
total process efficiency at three concentrations (LOW, MED, HIGH)32. For the analysis 
of matrix effects the relative recovery was measured. This was done by comparing 
the ratios of peak height of ganciclovir and acyclovir and the corresponding IS of the 
QC samples processed with the average peak height  of the LOW, MED and HIGH 
recovery samples. These were post-extraction blank serum samples that were spiked 
at the concentrations of the QC samples. For dilution integrity OC was diluted ten 
times with blank serum in five-fold. This was done for three consecutive days with 
every analyte concentrations above the HIGH.

For storage stability the LOW and HIGH QC samples of ganciclovir and acyclovir 
were used. The samples were compared to fresh calibration curve for analysis. 
These samples were tested for stability at room temperature (144 hours 20-25°C), at 
refrigerator temperature (144 hours 4°C), in the autosampler (after processing of the 
sample, 120 hours, 10°C) and in four freeze thaw cycles (-20°C). A limit of 15% of loss 
of the initial drug concentration was accepted.

Clinical application of the method

This method has been used for TDM in routine care of patients receiving acyclovir 
and ganciclovir. Blood was collected from patients in a Clot Activator tube. For the 
analysis whole blood was centrifuged at 3000 g for 5 min and minimum amount of 
0.5 mL serum was collected and stored at -20°C. To 10 μL of serum a volume of 500 
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μL precipitation reagents combined with the deuterated IS were added into a vial. 
Samples were vortexed for 1 minute and centrifuged for 5 minutes at 11.000 x rpm. 
Five μL of the upper layer was injected into the LC-MS/MS.

Results

The retention time for ganciclovir was 1.1 min and for acyclovir 1.35 min (Figure 3). 
The chromatograms presented in Figure 3 were analysed and no interfering peaks 
at the retention time of ganciclovir, ganciclovir[2H5], acyclovir, acyclovir[2H4] were 
observed using blank samples.

The calibration curves were linear over a range of 0.1 to 20 mg/L and the correlation 
coefficient (R2) was 0.99912 for ganciclovir and 0.99945 for acyclovir. The calibration 
lines are presented in Table 2. 

The calculated accuracy was –2.0% to 3.1% for ganciclovir and –1.0% to 6.4% for 
acyclovir. Within-day precision ranged from 1.8% to 6.6% for ganciclovir and 1.6 
% to 6.5% for acyclovir and between-day precision 0% to 9.6% for ganciclovir and 
0% to 7.9% for acyclovir (Table 3). The results of matrix effects, recovery and total 
process efficiency are presented in Table 3. 

Results of stability testing of ganciclovir and acyclovir QC samples LOW and HIGH 
are shown in Table 4. Bench top stability (144 hours) biased between 4.8% and 6.7% 
for ganciclovir and 5.6% and 6.2% for acyclovir; in a refrigerator 4°C (144 hours) 
biased between 9.1% and 12.1% for ganciclovir and 7.3% and 7.4% for acyclovir; and 
in the auto-sampler (120 hours) biased between 7.0% and 10.3% for ganciclovir and 
7.0% and 11% for acyclovir. Samples have proven to be stable after 1 year storage in 
-20°C.

Compound Y-intercept (± St.dev) Slope (± St.dev) Corr. 
coefficient 

Ganciclovir 0.00290±0.00668 0.377±0.00338 0.99912 
Acyclovir 0.00335±0.00579 0.413±0.00292 0.99945 

Table 2. Regression equations

St.dev = standard deviation; corr. = correlation; regr. = regression
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Clinical application results

In the period from April 2016 to September 2018 65 acyclovir samples with the 
median of 2 mg/L (IQR 0.9-5.4 mg/L) and 361 ganciclovir samples with the median 
of 2.2 mg/L (IQR 1-3.9 mg/L) were measured.  TDM for acyclovir was used to 
guide therapy in patients with kidney failure, receiving renal replacement therapy 
(RRT), virologic failure or to monitor oral absorption of the drug. The population for 
whom ganciclovir and valganciclovir TDM was used mainly consisted of transplant 
recipients and patients with human immunodeficiency virus. TDM was indicated 

Figure 3. Chromatograms of two analytes at LLOQ of 0.10 mg/L, two internal 
standards with a concentration of 0.05 mg/L along with blank: (a) ganciclovir; 
(b) acyclovir; (c) ganciclovir[2H5]; (d) acyclovir[2H4]; (e) ganciclovir blank; (f) 
acyclovir blank.
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in kidney failure, during RRT, for complicated CMV cases and also to analyse oral 
absorption of valganciclovir. This assay participates in a proficiency program and 
is being routinely controlled33. The testing program in our laboratory is done by the 
same organization as for antifungal and antiviral medications34,35.

 

Criteria QC concentration level 
 LOW HIGH 
Auto-sampler stability (after 120h) (bias %) 
Ganciclovir 7.0 10.3 
Acyclovir 7.0 11 
Bench top stability (after 144h) (bias%) 
Ganciclovir 6.7 4.8 
Acyclovir 6.2 5.6 
Refrigerator (4°C) stability (after 144h) (bias %) 
Ganciclovir 12.2 9.1 
Acyclovir 7.3 7.4 
Freeze-thaw stability (after four freeze thaw cycles) (bias%) 
Ganciclovir 0.3 8.0 
Acyclovir -0.7 10.1 

 

Table 2. Validation results
Criteria QC concentration level 
 LLOQ LOW MED HIGH OC 
Nominal concentration (mg/L) 
Ganciclovir 0.1 0.3 10 16 40 
Acyclovir 0.1 0.3 10 16 40 
Accuracy (bias %) 
Ganciclovir 0.1 2.8 -0.9 3.1 -2.0 
Acyclovir 5.2 5.3 0.9 6.4 -1.0 
Within-day precision (CV%) 
Ganciclovir 6.6 4.9 2.7 2.4 1.8 
Acyclovir 6.5 5.0 2.7 1.9 1.6 
Between-day precision (CV%) 
Ganciclovir 5.4 4.0 0.0 3.9 9.6 
Acyclovir 3.4 0.0 1.1 2.9 7.9 
Matrix effects (bias%) 
Ganciclovir  n/a 8.8 5.5 1.6 n/a 
Acyclovir n/a 5.2 5.1 1.1 n/a 
Recovery (bias%) 
Ganciclovir  n/a 99.8 95.0 97.0 n/a 
Acyclovir n/a 95.0 95.7 97.1 n/a 
Total process efficiency (bias%) 
Ganciclovir n/a 108.6 100.2 98.6 n/a 
Acyclovir  n/a 100.0 100.5 98.2 n/a 

Table 3. Stability results
QC = quality control; n/a = not applicable 

QC = quality control 
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Discussion

We describe a LC-MS/MS method for the determination of ganciclovir and acyclovir 
using deuterated ganciclovir[2H5] and acyclovir[2H4] as IS. We present the first LC-
MS/MS method where these compounds are measured with the same method using 
deuterated IS. 

Sample clean-up is a simple protein precipitation step. Using protein precipitation 
makes the method more efficient compared to solid phase extraction which has been 
used by Yadav et al.28. Furthermore, the rapid retention times of 1.1 min and 1.35 min 
for ganciclovir and acyclovir respectively and a method run time of 4.5 min improve 
time efficiency. The shorter run time and sample clean-up method, compared with 
previous studies, makes this applicable for routine patient care by optimizing and 
promoting high sample throughput25,27,28. Although UPLC can potentially shorten 
the runtime further, this method requires a higher sample load to benefit from the 
additional costs made for the method.

The calibration curve was linear within a range of 0.1 to 20 mg/L which the 
acyclovir and ganciclovir predicted trough and peak concentrations in serum16–18. 
The upper limit is higher compared to Yadav et al. mainly because we also measure 
peak concentrations which can be higher than 10 mg/L16,18,36. These are determined 
in addition to trough concentrations and applied in pharmacokinetic modelling to 
determine the correct dose for the specific patient. During the method all the voltages 
and column remained at standard settings which makes it simple to change between 
different assays in the laboratory.

There were no interfering peaks from endogenous substances using six pooled serum 
samples. As mentioned before using the deuterated IS is a benefit as ganciclovir and 
acyclovir can be used in the same patient group. Thus in an assay where acyclovir 
is used as an IS while determining ganciclovir concentration the results might not 
be valid. Our method is part of a proficiency testing program33. This ensures the 
safety and quality of this LC-MS/MS assay as it is an important part of QC. An 
inter laboratory proficiency testing program is important for both clinical care and 
research. An adequate comparison between laboratories is necessary in both clinical 
care and research to have acceptable results. 

Prevention of side effects and achieving better treatment outcomes are among other 
reasons for performing TDM for ganciclovir and acyclovir. There is currently a gap 
of knowledge whether routine TDM is indicated for either acyclovir or ganciclovir 
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and the discussion is ongoing16. 

The short run time and small serum volume (10 μL) makes our LC-MS/MS assay 
a straightforward method, which is easy to apply in routine therapeutic drug 
monitoring and prospective pharmacokinetic studies. 

Conclusion 

A rapid and validated LC-MS/MS method was developed for the measurement of 
ganciclovir and acyclovir in human serum. Ganciclovir[2H5] and acyclovir[2H4] were 
used as internal standards. The method is suitable for use in routine patient care and 
in clinical research. 



120

References

1. Korr G, Thamm M, Czogiel I, Poethko-Mueller C, Bremer V, Jansen K. Decreasing seroprevalence of 
herpes simplex virus type 1 and type 2 in Germany leaves many people susceptible to genital infection: 
time to raise awareness and enhance control. BMC Infect Dis 2017;17(1):471.
2. Gianella S, Massanella M, Wertheim JO, Smith DM. The Sordid Affair Between Human Herpesvirus 
and HIV. J Infect Dis 2015;212(6):845–52. 
3. Kotton CN. CMV: Prevention, Diagnosis and Therapy. Am J Transplant 2013;13 Suppl 3:24–40; quiz 40. 
4. Freeman RBJ. The “indirect” effects of cytomegalovirus infection. Am J Transplant 2009;9(11):2453–8. 
5. Boeckh M, Ljungman P. How we treat cytomegalovirus in hematopoietic cell transplant recipients. 
Blood 2009;113(23):5711–9. 
6. Kotton CN, Kumar D, Caliendo AM, et al. The Third International Consensus Guidelines on the 
Management of Cytomegalovirus in Solid Organ Transplantation. Transplantation 2018;
7. Biron KK. Antiviral drugs for cytomegalovirus diseases. Antiviral Res 2006;71(2):154–63.
8. Whitley RJ, Gnann JW. Acyclovir: A Decade Later. N Engl J Med 1992;327(11):782–9.
9. Dworkin RH, Johnson RW, Breuer J, et al. Recommendations for the management of herpes zoster. Clin 
Infect Dis 2007;44 Suppl 1:S1-26.
10. Pierson-Marchandise M, Gras V, Moragny J, et al. The drugs that mostly frequently induce acute kidney 
injury: a case - noncase study of a pharmacovigilance database. Br J Clin Pharmacol 2017;83(6):1341–9.
11. Horvatits T, Kitzberger R, Drolz A, et al. Pharmacokinetics of Ganciclovir during Continuous 
Venovenous Hemodiafiltration in Critically Ill Patients. Antimicrob Agents Chemother 2014;58(1):94–101. 
12. Czock D, Scholle C, Rasche FM, Schaarschmidt D, Keller F. Pharmacokinetics of valganciclovir and 
ganciclovir in renal impairment. Clin Pharmacol Ther 2002;72(2):142–50. 
13. Paya C, Humar A, Dominguez E, et al. Efficacy and safety of valganciclovir vs. oral ganciclovir for 
prevention of cytomegalovirus disease in solid organ transplant recipients. Am J Transplant 2004;4(4):611–
20. 
14. Lurain NS, Chou S. Antiviral drug resistance of human cytomegalovirus. Clin Microbiol Rev 
2010;23(4):689–712. 
15. Mylonakis E, Kallas WM, Fishman JA. Combination Antiviral Therapy for Ganciclovir-Resistant 
Cytomegalovirus Infection in Solid-Organ Transplant Recipients. Clin Infect Dis 2002;34(10):1337–41.
16. Perrottet N, Decosterd LA, Meylan P, Pascual M, Biollaz J, Buclin T. Valganciclovir in adult solid organ 
transplant recipients: pharmacokinetic and pharmacodynamic characteristics and clinical interpretation 
of plasma concentration measurements. Clin Pharmacokinet 2009;48(6):399–418. 
17. Wiltshire H, Hirankarn S, Farrell C, et al. Pharmacokinetic Profile of Ganciclovir After its Oral 
Administration and From its Prodrug, Valganciclovir, in Solid Organ Transplant Recipients. Clin 
Pharmacokinet 2005;44(5):495–507.
18. Moffat, Anhony C; Osselton, M David; Widdop, Brian; Watts J, editor. Clarke’s Analysis of Drugs and 
Poisons Fourth edi. London, UK: Pharmaceutical Press; 2011.
19. Dao Y, Jiao Z, Zhong M. Simultaneous determination of aciclovir, ganciclovir, and penciclovir in 
human plasma by high-performance liquid chromatography with fluorescence detection. J Chromatogr B 
Analyt Technol Biomed Life Sci 2008;867(2):270–6. 
20. Padullés A, Colom H, Armendariz Y, et al. Determination of ganciclovir in human plasma by ultra 
performance liquid chromatography–UV detection. Clin Biochem 2012;45(4):309–14.
21. Darwish IA, Khedr AS, Askal HF, Mahmoud RM. Simple fluorimetric method for determination of 
certain antiviral drugs via their oxidation with cerium (IV). Farmaco 2005;60(6–7):555–62. 
22. Merodio M, Campanero MA, Mirshahi T, Mirshahi M, Irache JM. Development of a sensitive method 
for the determination of ganciclovir by reversed-phase high-performance liquid chromatography. J 
Chromatogr A 2000;870(1–2):159–67. 
23. Rigo-Bonnin R, Padullés A, Corral-Comesaña S, et al. Measurement of ganciclovir concentration in 
human plasma by ultra-performance liquid chromatography–tandem mass spectrometry. Clin Chim Acta 
2014;427:58–64.
24. Xu K, Lanuti M, Lambright ES, Force SD, Albelda SM, Blair IA. A rapid and sensitive method for the 
quantification of ganciclovir in plasma using liquid chromatography/selected reaction monitoring/mass 



Chapter 5a: Ganciclovir LC-MS/MS Bioassay

121

55aa

spectrometry. Biomed Chromatogr 2000;14(2):93–8. 
25. Shi J, Hu Y, Smith DE, Zhu H-J. A sensitive liquid chromatography-tandem mass spectrometry 
method for the quantification of valacyclovir and its metabolite acyclovir in mouse and human plasma. J 
Chromatogr B, Anal Technol Biomed life  Sci 2018;1092:447–52. 
26. Billat P-A, Sauvage F-L, Picard N, et al. Liquid chromatography tandem mass spectrometry 
quantitation of intracellular concentrations of ganciclovir and its phosphorylated forms. Anal Bioanal 
Chem 2015;407(12):3449–56. 
27. Xu H-R, Li X-N, Chen W-L, Liu G-Y, Chu N-N, Yu C. A sensitive assay for simultaneous determination 
of plasma concentrations of valganciclovir and its active metabolite ganciclovir by LC/MS/MS. J 
Chromatogr B Analyt Technol Biomed Life Sci 2007;848(2):329–34. 
28. Yadav M, Upadhyay V, Singhal P, Goswami S, Shrivastav PS. Stability evaluation and sensitive 
determination of antiviral drug, valacyclovir  and its metabolite acyclovir in human plasma by a rapid 
liquid chromatography-tandem mass spectrometry method. J Chromatogr B, Anal Technol Biomed life  
Sci 2009;877(8–9):680–8. 
29. Alffenaar JWC, Greijdanus B. Linezolid is not suitable as internal standard. J Pharm Biomed Anal 
2010;51(3):795.
30. Food and Drug Administration US Department of Health. Bioanalytical Method Validation Guidance 
for Industry, 2018. 2018. Available from: https://www.fda.gov/downloads/drugs/guidances/
ucm070107.Pdf
31. European Medicines Agency Committee for Medicinal Products for Human Use, Guideline on 
bioanalytical validation (EMEA/CHMP/EWP/192217/2009) 2011. Available from: www.ema.europa.
eu/docs/en_GB/document...guideline/2011/08/WC500109686.pdf
32. Matuszewski BK, Constanzer ML, Chavez-Eng CM. Strategies for the Assessment of Matrix Effect in 
Quantitative Bioanalytical Methods Based on HPLC−MS/MS. Anal Chem 2003;75(13):3019–30. 
33. Quality Assessment in Therapeutic Drug Monitoring and Clinical Toxicology. Available from: http://
kkgt.nl/?lang=en
34. Lempers VJC, Alffenaar JWC, Touw DJ, et al. Five year results of an international proficiency 
testing programme for measurement of antifungal drug concentrations. J Antimicrob Chemother 
2014;69(11):2988–94. 
35. Burger D, Teulen M, Eerland J, Harteveld A, Aarnoutse R, Touw D. The International Interlaboratory 
Quality Control Program for Measurement of Antiretroviral Drugs in Plasma: a global proficiency testing 
program. Ther Drug Monit 2011;33(2):239–43. 
36. Wiltshire H, Paya C V, Pescovitz MD, et al. Pharmacodynamics of oral ganciclovir and valganciclovir 
in solid organ transplant recipients. Transplantation 2005;79(11):1477–83. 


	Chapter 5a



