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Accurate quantification of 
creatinine in serum by coupling 
a measurement standard to 
extractive electrospray ionization 
mass spectrometry
Keke Huang1, Ming Li2, Hongmei Li2, Mengwan Li2, You Jiang2 & Xiang Fang2

Ambient ionization (AI) techniques have been widely used in chemistry, medicine, material science, 
environmental science, forensic science. AI takes advantage of direct desorption/ionization of chemicals 
in raw samples under ambient environmental conditions with minimal or no sample preparation. 
However, its quantitative accuracy is restricted by matrix effects during the ionization process.  
To improve the quantitative accuracy of AI, a matrix reference material, which is a particular form 
of measurement standard, was coupled to an AI technique in this study. Consequently the analyte 
concentration in a complex matrix can be easily quantified with high accuracy. As a demonstration, 
this novel method was applied for the accurate quantification of creatinine in serum by using extractive 
electrospray ionization (EESI) mass spectrometry. Over the concentration range investigated 
(0.166 ~ 1.617 μg/mL), a calibration curve was obtained with a satisfactory linearity (R2 = 0.994), and 
acceptable relative standard deviations (RSD) of 4.6 ~ 8.0% (n = 6). Finally, the creatinine concentration 
value of a serum sample was determined to be 36.18 ± 1.08 μg/mL, which is in excellent agreement 
with the certified value of 35.16 ± 0.39 μg/mL.

Renal failure (known as kidney failure) has received significant attention since even moderate reduction in kid-
ney function is associated with high rate of mortality1. Early diagnosis of kidney disease, followed by appropriate 
medical treatments, can prevent or postpone kidney failure. Creatinine, a byproduct of muscle metabolism, is 
removed from the blood chiefly by the kidneys. The serum creatinine level is the most widely used and commonly 
accepted measure of renal function in clinical medicine2,3. Many techniques including electrochemical sensor4, 
Raman spectroscopy5, spectrophotometry6,7, capillary electrophoresis8,9, high performance liquid chromatogra-
phy10, are available for the determination of creatinine in serum. Alternatively, hyphenated mass spectrometric 
methods including gas chromatography-mass spectrometry (GC/MS)11,12, liquid chromatography-mass spec-
trometry (LC/MS)12–15 have been developed for the accurate quantification of creatinine in serum. Among these 
techniques, liquid chromatography-isotope dilution mass spectrometry (LC-IDMS) was recommended as the 
reference technique by National Kidney Disease Education Program16. However, traditional MS method suffers 
from the need of tedious, time- and cost-consuming sample pretreatment steps (derivatization, extraction, chro-
matographic separation, etc.) before complex raw samples are analysed. Recently introduced ambient ionization 
techniques, including desorption electrospray ionization (DESI)17–19, direct analysis in real time (DART)20, des-
orption atmospheric pressure chemical ionization (DAPCI)21, dielectric barrier discharge ionization (DBDI)22, 
low temperature plasma probe (LTP)23, easy ambient sonic-spray ionization (EASI)24, and extractive electrospray 
ionization (EESI)25–30, allow direct desorption/ionization of chemicals in raw samples under ambient conditions. 
Ambient MS methods require no or minimal sample preparation and tolerate chemical contamination of an ion 
source. It is notable that DESI was adopted for the determination of urine creatinine level19. Nonetheless, current 
obstacle on the quantitative analysis of ambient mass spectrometry is the matrix effect31, especially in the case 
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that samples have high complex matrix and high quantitative accuracy is required32. For example, the signal of 
protonated analytes will dramatically decrease in the case: i) the proton affinities (PA) of the species in matrix 
are larger than PA of the analyte, ii) alkali-metals (e.g. Na+, K+) in the matrix cause the formation of alkali-metal 
adducts of analyte. Therefore, a standard addition method or/and isotope dilution MS were coupled to ambient 
ionization technique to improve the analytical accuracy33,34. In this case, samples were prepared by spiking a series 
of stock solutions before being analyzed. For each sample analysis, at least five spiked samples had to be prepared, 
and consequently at least five MS analysis had to be performed33,34. It is still tedious, time- and cost-consuming to 
prepare and to analyse the spiked samples, especially for the high throughput analysis.

In this study, a simple, rapid ambient MS method was developed for accurate analysis of creatinine in serum 
by coupling a measurement standard to EESI.

Results
EESI-MS spectra of creatinine. To optimize the parameters of the instrument, a creatinine standard solu-
tion (0.1 μ g/mL) was introduced into EESI source and a typical mass spectrum of creatinine was recorded (see 
Figure S1). The signal at m/z 114 corresponds to protonated creatinine molecules. The product ion spectrum of 
the mass selected ions of m/z 114 (inset of Figure S1) generated ionic fragments of m/z 86 by the neutral loss of 
CO35. A serum sample (GBW 09170) diluted 50 times with water was directly analysed by EESI-MS, and the cor-
responding mass spectrum was recorded (see Fig. 1). The signal at m/z 114 corresponds to protonated creatinine 
molecules, which was confirmed by tandem mass spectrum (inset of Fig. 1). The signals at m/z 61, 83, 136 corre-
spond to protonated urea, sodiated urea, and sodiated creatinine, respectively. Actually, sodium ion adducts are 
very common in MS36, and sodiated creatinine was also observed in ambient ionization mass spectrometry such 
as DESI19, EESI30, and contactless atmospheric pressure ionization37.

Demonstration of the matrix effect. A series of creatinine standard solutions prepared with pure water 
were used to establish a calibration curve (see Figure S2). Afterwards, 50 fold dilution of GBW09171 was analysed 
by using EESI-MS. The creatinine level in the original serum sample was determined to be 13.96 ±  0.42 μ g/mL, 
which is significantly lower than the certified value of 35.16 ±  0.39 μ g/mL15. This is because matrix effect still 
exists during the ionization process even the serum sample was diluted 50 times with water. In addition, distri-
bution of ion current between protonated creatinine (m/z 114) and sodiated creatinine (m/z 136) can also be a 
source of error.

Establishment of a calibration curve with a matrix reference material. For reliable, accurate deter-
mination of creatinine level in serum sample, a matrix reference material, which is a particular form of measure-
ment standard, was coupled to EESI technique. GBW09170 was chosen for constructing a calibration curve as it 
has a lower creatinine level. Five standard solutions, prepared with the matrix reference material, were analysed 
by using EESI-MS in MS2 mode. The intensity of quantitative ions of m/z 86, derived from the parent ions of m/z 
114, was plotted as a function of creatinine concentration (see Fig. 2). Over the concentration range investigated 
(0.166 ~ 1.617 μ g/mL), a calibration curve was obtained with a satisfactory linearity (R2 =  0.994), and acceptable 
relative standard deviations (RSD) of 4.6 ~ 8.0% (n =  6). The regression equation of the calibration curve was 
given as y =  95.5x +  2.93. The limit of quantification (S/N =  10) was calculated to be 0.03 μ g/mL (i.e. 1.5 μ g/mL  
in original serum sample). So the method reported here can be adopted for analysing the serum samples with cre-
atinine level ranging 1.5 ~ 80.85 μ g/mL, which is a suitable range for clinical application38. To assess the inter-day 
variation of the response, five calibration curves were established in five consecutive days with the same series of 
standard solutions (see Figure S3). The relative standard deviation of five slopes was calculated to be 0.49%, how-
ever it is suggested that a calibration curve should be re-established each time the EESI source is re-assembled. 
Here, the standard solutions were prepared with a matrix reference material, which has similar chemical charac-
teristics to the samples being tested15. Therefore, this calibration curve can be used to accurately interpolate the 
creatinine level in serum samples.

Figure 1. A typical EESI mass spectrum of a serum sample with 50 times dilution (inset shows an MS2 
spectrum of m/z 114). 
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Quantification of creatinine in serum samples. A serum sample (GBW 09171) diluted 50 times with 
water was directly analysed by using EESI. The signal intensity in MS2 mode was recorded and the creatinine 
level in the original sample was calculated to be 36.18 ±  1.08 μ g/mL. This value is in excellent agreement with 
the certified value of 35.16 ±  0.39 μ g/mL, which was confirmed by an international comparison15. To assess 
the inter-assays variation, the same sample was analysed after one week, and the result was calculated to be 
35.83 ±  1.01 μ g/mL. The relative deviation between the results obtained from two different days is less than 0.5%. 
To further confirm the accuracy of this novel method, four serum samples were quantified via the proposed 
method and a reference method (i.e. LC-IDMS) developed previously in our lab15. The relative deviations of the 
results from these two methods were calculated to be 0.99–3.26%, as listed in Table 1.

Discussion
Matrix effects are a current obstacle on the quantitative analysis of ambient mass spectrometry because of ion 
suppression, and distribution of ion current between protonated and sodiated molecules. To resolve this problem, 
a matrix reference material, which is considered as a “micro-ruler” to check the accuracy of tests and analytical 
procedures, was coupled to EESI technique. As a demonstration, this method was applied for the accurate quanti-
fication of creatinine in serum. The results show that the accurate analyte concentration in a complex matrix can 
be easily obtained with only one analysis for each sample by coupling a measurement standard to EESI.

Methods
Instrumentation and Working Conditions. All the experiments were performed using a Thermo 
Finnigan LTQ mass spectrometer (San Jose, CA, USA) equipped with a homemade EESI source, which is 
described elsewhere24–29. A schematic of EESI source is shown in Fig. 3. A methanol/water/formic acid (v/v/v, 
50:50:0.1) solution was injected into channel 1 using a syringe pump with a rate of 5 μ L/min and nebulized with a 
sheath gas (N2). A high voltage of 4 kV was applied to channel 1 to generate the primary ions. Samples or standard 
solutions were injected into channel 2 using another syringe pump with a rate of 5 μ L/min and also nebulized 
with a sheath gas (N2). The neutral analytes were ionized when intersecting with the primary ions. The angle (α ) 
formed between the channel 1 and the channel 2 was 60°. The angle (β ) formed between the channel 1 and the MS 
inlet was 150°. The distance (a) between the emitters of these two channels was 2 mm. The distance (b) between 
the EESI source and the MS inlet was 2.5 cm. The temperature of the ion entrance capillary was maintained at 
390 °C during the experiment. For tandem mass spectrometry, the precursor ions of interest were isolated with 
a window width of 1.5 mass/charge units (full-width) and helium was used as a collisional gas. MS2 experiments 
were performed with an activation time of 40 ms and collision energy of 24% (arbitrary unit). All the mass spectra 
were recorded using Xcalibur® software. The mean of the mass spectra accumulated for 1.5 min was recorded as 
one measurement result. An average of 6 measurements for one sample was used as the final result.

Statement. All experimental protocols were approved by the ethics committee of National Institute of 
Metrology, China and adhered to the tenets of the Declaration of Helsinki. Additionally, the benefits and risks of 

Figure 2. Calibration curve for determination of creatinine in serum with a transition ion pair m/z 114-86 
as quantitative ions (Error bars designate the standard deviation, n = 6). 

Sample number
conc. by LC-IDMS 

(μg/mL)
conc. by EESI-MS 

(μg/mL)
Relative 

deviation (%)

1 7.67 7.42 3.26

2 9.03 8.85 2.00

3 22.52 23.19 2.98

4 33.34 32.01 0.99

Table 1. Comparison of creatinine level in serum by using LC-IDMS and EESI-MS.
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this study were clearly presented to the volunteers, and thereafter the written consent was obtained if they agreed 
to join the study.

Samples Preparation. Methanol (HPLC grade), and formic acid were purchased from Chinese Chemical 
Reagent Co., Ltd. (Shanghai, China). Ultrapure water (18.2 MΩ ·cm−1) was prepared with Milli-Q Direct water 
purification system (Millipore, USA). Pure creatinine (SRM914a) with a purity of 99.7% was purchased from 
national institute of standards and technology (NIST), USA. Serum matrix reference materials GBW 09170 and 
GBW 09171 with certified creatinine values of 8.30 ±  0.10 μ g/mL and 35.16 ±  0.39 μ g/mL, were developed in our 
lab (i.e. national institute of metrology, China). Four serum samples, collected from volunteers including two 
healthy persons and two patients with kidney disease, were provided by the academy of military medical sciences 
(Beijing, China). All the chemicals were used directly without any further treatment.

References
1.  United States Renal Data System, 2014 Annual Data Report: Epidemiology of kidney disease in the United States. National Institutes 

of Health, National Institute of Diabetes and Digestive and Kidney Diseases (Bethesda, MD 2014).
2. Narayanan, S. & Appleton, H. D. Creatinine: a review. Clin. Chem. 26, 1119–1126 (1980).
3. Perrone, R. D., Madias, N. E. & Levey, A. S. Serum creatinine as an index of renal function: new insights into old concepts. Clin. 

Chem. 38, 1933–1953 (1992).
4. Hassan, S. S. M., Elnemma, E. M. & Mohamed, A. H. K. Novel biomedical sensors for flow injection potentiometric determination 

of creatinine in human serum. Electroanal. 17, 2246–2253 (2005).
5. Stosch, R., Henrion, A., Schiel, D. & Guttler, B. Surface enhanced Raman scattering based approach for quantitative determination 

of creatinine in human serum. Anal. Chem. 77, 7386–7392 (2005).
6. Chromy, V., Rozkosna, K. & Sedlak, P. Determination of serum creatinine by Jaffe method and how to calibrate to eliminate matrix 

interference problems. Clin. Chem. Lab. Med. 46, 1127–1133 (2008).
7. Guterres, M. V., Volpe, P. O. L. & Ferreira, M. M. C. Multiway calibration for creatinine determination in human serum using the 

Jaffe reaction. Appl. Spectrosc. 58, 54–60 (2004).
8. Zinellu, A., Carru, C., Usai, M. F., Sotgia, S. & Deiana, L. Determination of creatinine in human serum by short-end injection 

capillary zone electrophoresis. Electrophoresis 25, 1096–1101 (2004).
9. Paroni, R. et al. Creatinine determination in serum by capillary electrophoresis. Electrophoresis 25, 463–468 (2004).

10. Krcmova, L. et al. Determination of neopterin, kynurenine, tryptophan and creatinine in human serum by high throuput HPLC. 
Talanta 85, 1466–1471 (2011).

11. Fernández-Fernández, M. et al. Development of an isotope dilution GC-MS procedure for the routine determination of creatinine 
in complex serum samples. Clin. Chim. Acta 431, 96–102 (2014).

12. Fernández-Fernández, M. et al. Simultaneous determination of creatinine and creatine in human serum by double-spike isotope 
dilution liquid chromatography-tandem mass spectrometry (LC-MS/MS) and gas chromatography-mass spectrometry (GC-MS). 
Anal. Chem. 87, 3755–3763 (2015).

13. Rasoul, A. K. et al. Determination of serum creatinine by liquid chromatography isotope dilution tandem mass spectrometry (LC-
IDMS/MS): a candidate reference method. Clin. Biochem. 41, 1273–1273 (2008).

14. Stokes, P. & O’Connor, G. Development of a liquid chromatography-mass spectrometry method for the high-accuracy determination 
of creatinine in serum. J. Chromatogr. B 794, 125–136 (2003).

15. Dai, X. et al. Certified reference materials (GBW09170 and 09171) of creatinine in human serum. J. Chromatogr. B 879, 429–435 
(2011).

16. Randviir, E. P. & Banks, C. E. Analytical methods for quantifying creatinine within biological media. Sensor. Actuat. B-Chem. 183, 
239–252 (2013).

17. Takáts, Z., Wiseman, J. M., Gologan, B. & Cooks, R. G. Mass spectrometry sampling under ambient conditions with desorption 
electrospray ionization. Science 306, 471–473 (2004).

18. Takáts, Z., Wiseman, J. M. & Cooks, R. G. Ambient mass spectrometry using desorption electrospray ionization (DESI): 
instrumentation, mechanisms and applications in forensics, chemistry, and biology. J. Mass Spectrom. 40, 1261–1275 (2005).

19. Devenport, N. A. et al. Direct determination of urinary creatinine by reactive-thermal desorption-extractive electrospray-ion 
mobility-tandem mass spectrometry. Anal. Chem. 86, 357–361 (2014).

20. Cody, R. B., Laramée, J. A. & Durst, H. D. Versatile new ion source for the analysis of materials in open air under ambient conditions. 
Anal. Chem. 77, 2297–2302 (2005).

21. Li, M. et al. Document authentication at molecular level using desorption atmospheric pressure chemical ionization mass 
spectrometry imaging. J. Mass Spectrom. 48, 1042–1049 (2013).

Figure 3. Schematic of the EESI source coupling with a measurement standard. 



www.nature.com/scientificreports/

5Scientific RepoRts | 6:19283 | DOI: 10.1038/srep19283

22. Na, N., Zhao, M., Zhang, S., Yang, C. & Zhang, X. Development of a dielectric barrier discharge ion source for ambient mass 
spectrometry. J. Am. Soc. Mass Spectrom. 18, 1859–1862 (2007).

23. Harper, J. D., Charipar, N. A., Mulligan, C. C., Cooks, R. G. & Ouyang, Z. Low temperature plasma probe for ambient desorption 
ionization. Anal. Chem. 80, 9097–9104 (2008).

24. Haddad, R., Milagre, H. M. S., Catharino, R. R. & Eberlin, M. N. Easy ambient sonic-spray ionization mass spectrometry combined 
with thin-layer chromatography. Anal. Chem. 80, 2744–2750 (2008).

25. Chen, H. et al. Sensitive detection of native proteins using extractive electrospray ionization mass spectrometry. Angew. Chem. Int. 
Ed. 49, 3053–3056 (2010).

26. Chen, H. & Zenobi, R. Neutral desorption sampling of biological surfaces for rapid chemical characterization by extractive 
electrospray ionization mass spectrometry. Nat. Protoc. 3, 1467–1476 (2008).

27. Li, M. et al. Extractive electrospray ionization mass spectrometry towards in situ analysis without sample pretreatment. Anal. Chem. 
81, 7724–7731 (2009).

28. Pan, S. et al. Quantitative detection of nitric oxide in exhaled human breath by extractive electrospray ionization mass spectrometry. 
Sci. Rep. 5, 8725 (2015).

29. Li, M. et al. Facilitated diffusion of acetonitrile revealed by quantitative breath analysis using extractive electrospray ionization mass 
spectrometry. Sci. Rep. 3, 1205 (2013).

30. Liang, D., Fang, X., Li, M., Chingin, K. & Li, H. Direct determination of creatinine in urine and analysis of pure aniline by extractive 
electrospray ionization mass spectrometry. Anal. Lett. 48, 2002–2010 (2015).

31. Shelley, J. T. & Hieftje, G. M. Ionization matrix effects in plasma-based ambient mass spectrometry sources. J. Anal. At. Spectrom. 25, 
345–350 (2010).

32. Albert, A., Shelley, J. T. & Engelhard, C. Plasma-based ambient desorption/ionization mass spectrometry: state-of-the-art in 
qualitative and quantitative analysis. Anal. Bioanal. Chem. 406, 6111–6127 (2014).

33. Li, X. et al. Direct quantification of creatinine in human urine by using isotope dilution extractive electrospray ionization tandem 
mass spectrometry. Anal. Chim. Acta 748, 53–57 (2012).

34. Cai, J., Li, M., Xiong, X., Fang, X. & Xu, R. Detection of histamine in beer by nano extractive electrospray ionization mass 
spectrometry. J. Mass Spectrom. 49, 9–12 (2014).

35. Hušková, R., Chrastina, P., Adam, T. & Schneiderka, P. Determination of creatinine in urine by tandem mass spectrometry. Clin. 
Chim. Acta 350, 99–106 (2004).

36. Perry, R. H. et al. Capturing fleeting intermediates in a catalytic C-H amination reaction cycle. Proc. Natl. Acad. Sci. 109, 
18295–18299 (2012).

37. Hsieh, C., Meher, A. K. & Chen, Y. Automatic sampling and analysis of organics and biomolecules by capillary action-supported 
contactless atmospheric pressure ionization mass spectrometry. PloS ONE 8, e66292 (2013).

38. Thongprayoon, C. et al. Optimum methodology for estimating baseline serum creatinine for the acute kidney injury classification. 
Nephrology 20, 881–886 (2015).

Acknowledgements
This work was jointly supported by National Natural Science Foundation of China (No. 21275134) and Ministry 
of Science and Technology of China (No. 2014DFA31810 and 2011YQ06008403)

Author Contributions
M.L. conceived the experiments, K.H. and H.L. conducted the experiments, Y.J. and X.F. analysed the results, 
M.L., K.H. and M.W.L. wrote the manuscript. All authors reviewed the manuscript.

Additional Information
Supplementary information accompanies this paper at http://www.nature.com/srep
Competing financial interests: The authors declare no competing financial interests.
How to cite this article: Huang, K. et al. Accurate quantification of creatinine in serum by coupling a 
measurement standard to extractive electrospray ionization mass spectrometry. Sci. Rep. 6, 19283; doi: 10.1038/
srep19283 (2016).

This work is licensed under a Creative Commons Attribution 4.0 International License. The images 
or other third party material in this article are included in the article’s Creative Commons license, 

unless indicated otherwise in the credit line; if the material is not included under the Creative Commons license, 
users will need to obtain permission from the license holder to reproduce the material. To view a copy of this 
license, visit http://creativecommons.org/licenses/by/4.0/

http://www.nature.com/srep
http://creativecommons.org/licenses/by/4.0/

	Accurate quantification of creatinine in serum by coupling a measurement standard to extractive electrospray ionization mas ...
	Results
	EESI-MS spectra of creatinine. 
	Demonstration of the matrix effect. 
	Establishment of a calibration curve with a matrix reference material. 
	Quantification of creatinine in serum samples. 

	Discussion
	Methods
	Instrumentation and Working Conditions. 
	Statement. 
	Samples Preparation. 

	Acknowledgements
	Author Contributions
	Figure 1.  A typical EESI mass spectrum of a serum sample with 50 times dilution (inset shows an MS2 spectrum of m/z 114).
	Figure 2.  Calibration curve for determination of creatinine in serum with a transition ion pair m/z 114-86 as quantitative ions (Error bars designate the standard deviation, n = 6).
	Figure 3.  Schematic of the EESI source coupling with a measurement standard.
	Table 1.  Comparison of creatinine level in serum by using LC-IDMS and EESI-MS.



 
    
       
          application/pdf
          
             
                Accurate quantification of creatinine in serum by coupling a measurement standard to extractive electrospray ionization mass spectrometry
            
         
          
             
                srep ,  (2015). doi:10.1038/srep19283
            
         
          
             
                Keke Huang
                Ming Li
                Hongmei Li
                Mengwan Li
                You Jiang
                Xiang Fang
            
         
          doi:10.1038/srep19283
          
             
                Nature Publishing Group
            
         
          
             
                © 2015 Nature Publishing Group
            
         
      
       
          
      
       
          © 2015 Macmillan Publishers Limited
          10.1038/srep19283
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep19283
            
         
      
       
          
          
          
             
                doi:10.1038/srep19283
            
         
          
             
                srep ,  (2015). doi:10.1038/srep19283
            
         
          
          
      
       
       
          True
      
   




