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Abstract 

Two procedures were compared for the determination of citrate in plasma protein solution (PPS). Ion chromatog- 
raphy with gradient elution was preferred to an enzymatic spectrophotometric method for citrate concentrations in 
the range 0.4-11 mg 1 ~. Better comparisons of results by both methods were obtained for citrate concentrations at 
the g 1 t level, as dilution of the PPS reduced interferences in the enzymatic procedure. 
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I. Introduction 

Plasma protein solution (PPS) is used in blood 
transfusions and as a nutrient source for individ- 
uals who cannot take solid foods. It is primarily 
an albumin product, which has been prepared 
from human blood, but has had the red blood 
cells and clotting factors removed. As a conse- 
quence of the treatment process, PPS can contain 
citrate and aluminium. Hence, there is interest in 
evaluating the concentrations of  both species in 
commercial products, particularly as citrate is 
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known to enhance the absorption of  aluminium 
and other metal ions in the body [1-4]. 

Many of  the published methods on citrate con- 
cern the analysis of  fruit juices [5,6], beverages 
[7,8] or food [5,8 10], but a few have investigated 
serum [11 13] or urine [11,12,14]. The most com- 
monly used techniques for the determination of 
citrate are chromatography [5,7,14 18] and spec- 
t rophotometry [9,11,12], but methods involving 
membrane electrodes [19,20] have also been re- 
ported. Singh et al. [14] used isocratic elution with 
35 mM sodium carbonate and conductometric de- 
tection for the determination of citrate and isoc- 
itrate. The response was linear up to 200/~M for 
citrate and 250/ tM for isocitrate, and the signal 
precision was 9.6% at 25 / tM citrate. When 
10/~M citrate was added to urine containing 
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about 2 mM isocitrate, the recovery was 96.8%. 
Other chromatographic methods [5,7,15 18] used 
UV visible spectrophotometry at a range of 
wavelengths to detect relevant species. The spec- 
trophotometric methods [9, 11,12] are all based on 
an enzymatic procedure first reported by M611er- 
ing and Gruber  [21]. When the method was 
adapted by Plantfi et al. [9] for flow injection 
analysis, a throughput of  20 samples per hour was 
achieved. 

The enzymatic method has been described [22] 
as being non-specific, involving long and trouble- 
some procedures which reduced the sensitivity of  
the determination. The main disadvantage of the 
enzymatic method is that the citrate lyase has low 
stability, decreasing in activity by 6% over a 
10 min period [9]. Inorganic salts have also been 
reported to interfere with the enzymatic method, 
and to overcome this problem more enzyme was 
added to the solution to be analysed [22]. There is 
also a dispute as to whether serum solutions 
should be deproteinized prior to analysis, with 
some workers stating that proteins do not inter- 
fere with the determination [12] and others sug- 
gesting that serum citrate values were higher after 
filtration; in contrast, urine citrate values were not 
affected. 

In this work, the enzymatic spectrophotometric 
method and a procedure based on ion chromatog- 
raphy, with gradient elution and conductometric 
detection, were compared for the determination of 
citrate in plasma protein solutions. 

2. Experimental 

2.1. Preparation of samples 

Protein-free solutions were used for analysis by 
ion chromatography,  whereas the spectrophoto- 
metric method used the solutions unfiltered. 

Protein-free solutions were prepared using a 
Centriprep-10 concentrator (Amicon, UK) which 
contained a membrane filter with a molecular 
weight cut-off of  10 000. 

The filter was prepared by adding 15 ml of 
0.9% (m/V) sodium chloride solution (Baxter 
Health Care, UK)  to the container before spin- 

ning for 15 rain at 2100 rpm at 25°C. The reten- 
tare and filtrate were removed and 5 ml of  plasma 
protein solution were placed in the sample con- 
tainer and centrifuged twice for 15 min at 2100 
rpm at 25°C. The filtrate was collected and placed 
in a container after each spin, for determination 
of citrate. The filter was washed with 3 ml of  0.9% 
(m/V) sodium chloride solution and centrifuged 
for 15 min under the above conditions to ensure 
that no sample was trapped in the membrane. The 
wash filtrate and any retentate were analysed for 
citrate, but none was ever detected. 

2,2. UV visible spectrophotometry 

A Philips PU8900 UV visible spectrophotome- 
ter was used at 340 nm with a fixed bandpass of 2 
nm. The samples were analysed in disposable 
plastic cuvettes. 

The method kit was obtained from Boehringer 
Mannheim (catalogue number  139 076). Three 
solutions were provided in the kit, which is nor- 
mally used to determine citrate in food. Solution 1 
contained 1.4 g of  lyophilizate, which consisted of 
glycylglycine buffer (pH 7), malate dehydrogenase 
(136 U), lactate dehydrogenase (280 U), 6 mg of 
nicot inamide-adenine dinucleotide (NADH)  and 
stabilizers. Solution 2 contained 50 mg of 
lyophilizate citrate lyase (12 U) and solution 3 
contained a standard citrate solution (0.4 g 1 ~). 
In the above, U is a unit of enzyme, which is 
defined as the amount  which will catalyse the 
transformation of 1 micromole of  substrate per 
minute, or, where more than one bond of each 
molecule is attached, 1 microequivalent of  the 
group concerned per minute, under defined condi- 
tions [23]. 

The spectrophotometric method for the deter- 
mination of  citrate involves the following reac- 
tions: 

citrate lyase 

citrate ~ oxaloacetate + acetate (1) 
M D H  

oxaloacetate + N A D H  + H + - - ~  L-malate 

+ N A D  + (2) 
[ ,DH 

pyruvate + N A D H  + H + , L-lactate 

+ N A D  + (3) 
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where N A D H  and N A D  + are nicotinamide 
adenine dinucleotide in the reduced and oxidized 
forms, respectively, M D H  is malate dehydroge- 
nase and L D H  is lactate dehydrogenase. Pyruvate 
is a decarboxylation product of  oxaloacetate. The 
concentration of citrate is calculated from the 
amount  of  N A D H  which is oxidized to N A D  +, 
which can be determined by spectrophotometry 
U31. 

The procedure involved the following steps. A 1 
ml aliquot o f  solution 1 was pipetted into a plastic 
cuvette fol lowed by 1.8 ml o f  distilled water and 
0.2 ml o f  unfiltered plasma protein solution. The 
solution was mixed, left to stand for 5 rain and 
then the absorbance (A~) at 3 4 0 n m  was mea- 
sured. The blank solution contained 1 ml o f  solu- 
tion 1 and 2 ml distilled water. After A r had been 
measured, 0.02 ml o f  solution 2 was added to the 
cuvette and the absorbance (A2) was recorded 
alter 5 rain. the difference in absorbance (Aj - A 2 )  

was calculated for the blank solution and the 
samples, and the results were converted to citrate 
concentrations using the equation 

(A l - -  A 2 ) t ' r m  
c - (4) 

ab v~ 

where c =  citric acid concentration (g 1 l), Vr = 
final volume in the cuvette (cm3), m = molecular 
mass o f  citrate (g mol ~), a = the absorption co- 

Table 2 

Table 1 
Gradient elution programme for the determination of citrate 
in uhrafiltered plasma protein solutions by ion chromatogra-  
phy 

Time (s) '' Eluent 1, Eluent 2, Valve ~' 
75 mM NaOH distilled water 
(%) (%) 

0 4 96 Closed 
0.3 4 96 Open 
8.3 50 50 Open 

13.3 50 50 Open 
14.3 4 96 Open 

~' The composition of  the eluent changed linearly between the 
times stated. 
b Valve is kept shut to allow the eluents to stabilize. After the 
programme has been running for 0.3 s, the valve is automati-  
cally opened and the sample is injected. 

efficient of N A D H  at 340 nm (l mol - t  cm ~), 
b - - l i gh t  path (cm) and Vs=sample  volume 
(cm3). In this study, the values of  Vr and V~ were 
3.02 and 0.2 cm ~, respectively, m was 192.1 g 
mol ~ , a w a s 6 3 0 0 1 m o l  ~ cm ~ a n d b w a s  1 cm. 

2.3. Ion chromatography 

A Dionex 4000i chromatograph was used with 
a conductivity detector, a gradient pump and an 
eluent degas module.  The instrument was 

Comparison of citrate concentration (mg I ~) in plasma protein solutions 

Sources Ion 
chromatography ~' 

UV visible spectrophotometry 

Operator 1 Operator 2 

4.5% Albumin solution, l m m u n o  Ltd. 
SNBTS b (batch 3304 82200) 
5% Albumin solution, Armour  Pharmaceuticals 
SNBTS b (batch 3306-82370) 
4.5% Albumin solution, Elstree Laboratories 
Freeze-dried plasma protein (5 ml of  water required 

for reconstitution) which had been partially filtered 
during production, SNBTS b 

Freeze-dried plasma protein (2 ml of  water required 
for reconstitution) which had not been filtered 
during production, SNBTS b 

0 . 4 + 0 . 2  3.8 1.00 
3 .1±0 .2  15.4 6.9 

11 .0±0.2  9.6 7.7 
1 .3+0 .2  9.6 1.5 
0 .7±0 .1  11.5 1.3 

3.85 __+ 0.04 ~ 3.9 ~ 3.7 ~ 

1.12 + 0.01" 0.9 ~ 0.9 ~ 

~The ± values are errors derived from the calibration error. 
b Scottish National Blood Transfusion Service (SNBTS), Edinburgh. 
:Concentrat ion in g 1 t. 
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equipped with an AS5 column and AG5 guard 
column. An anion micromembrane suppressor 
(AMMS) was used to reduce the background 
conductivity of  the eluent and improve the de- 
tection limit of  citrate. 

Two eluents were used. Eluent l was 3 g 1 
(75 mM) sodium hydroxide solution and eluent 
2 was distilled water. The flow rate of the elu- 
ents was 2 ml min ~. The gradient elution pro- 
gramme optimized for the determination of 
citrate in the filtrate of  the plasma protein solu- 
tions is given in Table 1. Between the times 
stated in the table, the gradient changed linearly 
to the next eluent composition. A detector range 
of 30 /zS was used for the analysis of  50 ill of  
ultrafiltered plasma protein solutions. Fig. 1 
shows examples of  the chromatograms recorded 
for 15 mg 1 1 citrate standard and a plasma 
protein solution. Using the programme given in 
Table 1, the citrate peak was produced after 
about 13.5 min. Each analysis took about 30 
min, as time was required to re-equilibrate the 
system with the initial eluent composition. 

The AMMS was regenerated continuously 
with 1.96 g 1 ~ sulphuric acid solution flowing 
under a pressure of 12 psi. 

Table 3 
Recovery of citrate added to plasma protein solutions as 
determined by ion chromatography 

Sample Before citrate After citrate Recovery" 
addition addition (%) 
(mg I i) (mg l  t) 

Citrate solution 
SNBTS 3.1 +0.2 
4.5% Human 
albumin solution. 0.4 + 0.2 
lmmuno Ltd. 

12.2 _+ 0.2 
15.8_+0.2 104.1 

11.7 _+ 0.2 92.6 

~' Recoveries were calculated by the equation 

[after] [before] 
recovery (%) x 100 

[citrate standard] 

where [ ] represents concentration. 

were reconstituted with distilled water according 
to the manufacturer 's  instructions. The plasma 
protein solutions also contained sulphate, phos- 
phate, citrate, sodium and chloride. 

3. Results 

3.1. Spectrophotometry 

2.4. Citrate calibration solutions 

A 1000 mg 1-~ citrate stock standard solution 
was prepared by dissolving 1.531 g of trisodium 
citrate dihydrate (Aristar grade, Merck, UK)  in 
1 1 of  distilled water. A working standard solu- 
tion of  100 mg 1 ~ citrate was prepared by dilu- 
tion of the stock standard solution with distilled 
water. The calibration solutions were prepared 
to contain 0, 3, 5, 10 and 15 mg 1 1 citrate. 

2.5. Plasma protein solutions 

The plasma protein solutions were obtained 
from a variety of  manufacturers,  as shown in 
Table 2. The solutions contained either 4.5, 5 or 
20% albumin. Two of the samples had been 
freeze-dried by the supplier (Scottish National 
Blood Transfusion Service) to lengthen the shelf- 
life of  the samples. The freeze-dried samples 

The manufacturers of  the enzymatic kit rec- 
ommend that samples containing >0.4 g 1 1 cit- 
rate should be diluted before analysis, but that 
the concentration should be at least 20 mg 1 J. 
As the plasma protein solution under study in 
this work had a range of  citrate concentrations, 
it was expected that some samples would be 
analysed undiluted and others after 10-fold dilu- 
tion with distilled water. Initial studies with var- 
ious plasma protein solutions indicated that 
there was very little change in absorbance after 
the prescribed time of 10 min, irrespective of  
whether the samples were diluted or not. The 
results in Fig. 2 show the change in absorbance 
over a period of  50 min for the 0.4 g 1-1 citrate 
standard supplied with the kit, and for two 
plasma protein solutions, one of  which was 
analysed undiluted and the other after 10-fold 
dilution. The citrate standard shows the expected 
change in absorbance after 10 min, as does the 
diluted human albumin solution from the Scot- 
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Fig. 1. Ion chromatograms  of (a) 15 mg I ' citrate standard 
and (b) filtrate of  a plasma protein solution, obtained with 
gradient elution using sodium hydroxide water eluent. 
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Fig. 2. Change in absorbance of N A D H  at 340 nm with time 
for the determination of  citrate using an enzyme-based reac- 
tion. (O)  Reference citrate standard solution (0.4 g I t); (@) 
stable plasma protein solution, Scottish National Blood Trans- 
fusion Sevice (SNBTS), Edinburgh; ( 1 )  human albumin solu- 
tion, SNBTS (diluted 10-fold). 

tish National Blood Transfusion Service (citrate 
concentration about  1.12+0.01 g 1 ~). In con- 
trast, there is only a slight change in the ab- 
sorbance over the period of the experiment for the 
second plasma protein solution, undiluted 20% 
human albumin solution from Elstree Blood 
Products (citrate concentration about  1.2 mg 1 ~). 

Further tests indicated that the change in ab- 
sorbance with time differed for various samples 
and was not repeatable, especially for undiluted 
plasma protein solutions with a lower citrate con- 
centration, which were analysed undiluted. 

A set of  samples was sent to two analysis who 
used the enzymatic kit at Glasgow Royal Infir- 
mary and the Scottish National Blood Transfu- 
sion Service, Edinburgh. The results obtained are 
given in Table 2. Poor agreement was achieved for 
the samples with lower concentrations of  citrate 
(mg 1 l level). However, better agreement was 
achieved for the samples containing about 3.9 and 
0.9 g 1 ' citrate. 

3.2. Ion chromatograph), 

When the gradient elution programme given in 
Table 1 was used, the citrate peak was detected on 
a reasonably stable baseline when the eluent com- 
position was 50:50 sodium hydroxide water. A 
chloride peak was observed in all chromatograms 
(e.g. Fig. 1), although the source is likely to have 
been different for the calibration solutions and the 
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samples. For  the plasma protein solutions,  the 
chloride con tamina t ion  was probably  caused by 
residual levels of sodium chloride remaining  on 
the filter after condi t ioning.  As the cal ibrat ion 
solut ions were not  ultra-filtered, the chloride peak 
was more likely to have been caused by impurit ies 
in the citric acid or the containers  used for prepa- 
ra t ion of solutions. Irrespective of the source of 
chloride, no interference was caused on the mea- 
surement  of  the citrate peak, which was also well 
resolved from the phosphate  peak in the chro- 
ma tograms  of  the plasma protein  samples. 

Citrate at a level of about  12 mg 1 - I was added 
to two solut ions of ultrafiltered plasma protein 
and  the recovery levels where calculated. The 
results in Table  3 indicate that  Close to a quant i ta -  
tive signal recovery was achieved. When the sam- 
ples analysed by the spectrophotometr ic  method 
were also analysed by ion chromatography,  the 
results in Table  2 were obtained.  At the higher 
concent ra t ion  level, the results between the tech- 
niques are comparable ,  but  agreement  is poor  for 
most  of  the samples con ta in ing  mg 1 ~ concentra-  
t ions of  citrate. The spectrophotometr ic  results 
obta ined  by opera tor  2 are more similar to those 
by ion chromatography ,  a l though the agreement  is 
far from satisfactory. 

The wi th in- run  precision, based on _+ one stan- 
dard deviat ion,  was found to be 1% at 11.8 mg 1 
citrate and  9% at 2.1 mg 1 ~ citrate. When  two 
plasma protein  solut ions were analysed on three 
separate days, the citrate concent ra t ions  obta ined  
were 2.1, 3.0, 2 . 2 m g l  ~ and 0.3, 0.4, 0 . 3 m g l  ~, 
indicat ing acceptable be tween-run repeatability. 
The detection limit of  citrate in aqueous  solut ion 
was calculated (based on 3a)  to be 40 tLg 1 ~. The 
detection limit for PPS, taking the sample prepara-  
t ion procedure into account ,  was 0.2 mg 1-~. The 
conduct ivi ty  response curve was l inear to at least 
15 mg 1 -~ (the m a x i m u m  considered here), al- 
though different /~S ranges were required on the 
ion chromatograph.  

4. Conclusion 

The study has shown that  the U V - v i s i b l e  spec- 
t rophotometr ic  method  is no t  suitable for the 

de terminat ion  of citrate in PPS at concentra t ions  
typical of  many  samples i.e. 0 .4-11 mg 1 ~. In 
contrast ,  the ion chromatographic  method seems 
to give satisfactory results and is preferred. Al- 
though it was necessary in this work to ultrafilter 
the PPS prior to analysis by ion chromatography.  
Dionex now offer co lumns which are claimed to be 
able to cope with solut ions conta in ing  up to 90% 
protein. 

References 

[1] B.B. van der Voet, in Aluminium in Biology and 
Medicine, Ciba Foundation Symposium 169, Wiley, 
Chichester, 1992, p. 109. 

[2] P. Slanina, W. Frech, L. Ekstr6m, L. L66f, S. Slorach and 
A. Cedergren, Clin. Chem., 32 (1986) 539 541. 

[3] D.P.H. Froment, B.A. Molitoris, B. Buddington, N. 
Miller and A.C. Alfrey, Kidney Int., 36 (1989) 978 984. 

[4] B.G. Van der Voet, M.F. Van Ginkel and F.A. De Wolff, 
Toxicol. Appl. Pharmacol., 99 (1989) 90 97. 

[5] J.C. Li and J. Shi, Fenxi Huaxue, 21 (1993) 878 881. 
[6] S. Tisza and I. MoinarPerl, J. High Resolut. Chromatogr., 

17 (1994) 165 168. 
[7] J.R., Guan, C.R. Deng, J.S. Wang and S. Wang, Sepu, 11 

(1993) 282-285. 
[8] J. Karovicova, M. Drdak, J. Polonsky and A. Rajniakova, 

J. Chromatogr. A, 665 (1994) 55 58. 
[9] M. Plant~i, F. L~izaro, R. Puchades and A. Maquieira, 

Analyst, 118 (1993) 1193 1197. 
[10] J. Karovicova, J. Polonsky, M. Drdak, P. Simko and V. 

Vollek, J. Chromatogr., 638 (1993) 241 246. 
[11] V.S. Warty, R.P. Busch and M. Virji, Clin. Chem., 30 

(1984) 1231 1233. 
[12] W.W. Borland, J.C. Fergusson and F.J. Dryburgh, Ann. 

Clin. Biochem., 26 (1989) 286 288. 
[13] G. Rumenapf and P.O. Schwille, Clin. Sci., 73 (1987) 

117 121. 
[14] R.P. Singh, S.A. Smesko and G.H. Nancollas, J. Chro- 

matogr., 495 (1989) 239 244. 
[15] Labor Praxis, 17 (1993) 37 39. 
[16] M.O. Nisperos-Carriedo, B.S. Buslig and P.E. Shaw, J. 

Agric. Food Chem., 40 (1992) 1127 1130. 
[17] A. Chalgeri and H.S.I. Tan, J. Pharm. Biomed. Anal., 11 

(1993) 353 359. 
[18] M.A. Romero Roriguez, M.A. Vazquez Oderiz, J. Lopez 

Hernandez and J. Simal Lozano, J. Chromatogr. Sci., 30 
(1992) 433-437. 

[19] R.L. DeMeulenaere, P. Onsrud and M.A. Arnold, Elec- 
troanalysis, 5 (1993) 833-838. 

[20] S. Hikima, K. Hassebe and M. Taga, Electroanalysis, 4 
(1992) 801 803. 

[21] H. M611ering, and W. Gruber, Anal. Biochem., 17 (1966) 
369 376. 



A.J. Holden et al. / J. Pharm. Biomed. Anal. 14 (1996) 713 719 719 

[22] H.U. Bergmeyer, Methods in Enzymatic Analysis, Vol. 3, [23] M. Dixon and E. Webb, Enzymes, Longmans, London, 

Verlag Chemie, Weinheim, 2nd edn., 1974. 2nd edn., 1962, p. 16. 


