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? M S Clark 
kpartment of C l i n i c a l  Chemistry 

Wolfson  Research Labaratories 
Queen El izabe th  Medical Centre 

B i m i q h a m  B15 2TH U K 

L J Kricka and A P a t e l  
Department of C l i n i c a l  Chemistry 

University of Birmingham 
Binninghan B1S 2TH UK 

High performance liquid chranatography has been used to  
analyse various cannercia1 urea, creatinine, bilirubin and uric 
acid standards. 
purity of standards fran different manufacturers and also the 
instabil i ty of urea, bilirubin and uric acid standards follming 
storage. 

Th i s  technique has denonstrated variation in the 

IMECDUCTICtJ 

Accurate analytical-results are essential in the cl inical  

laboratory. Inaccllracy in an analytical result m y  be due to a 
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nLpnber of factors such as the specificity of the analytical 

procedure, its susceptibility t o  interference, and the material 

used as a calibration standard. The stated value of a calibration 

standard must be as accurate as possible since error or un- 

certainty in this value w i l l  be reflected in the results of 

patients specimens (1, 2)  . 
Calibration standards in clinical chemistry can be of two 

types: - 
(a) 

tration is determined solely by dissolving a weighed m u n t  of 

standard material in an appropriate solvent and making it up t o  a 

stated. volume or weight, and 

(b) 

determined by repeated chenical analysis. 

type is the sennn based standard (1). 

fran which a l l  dialysable solutes have been removed and knm amounts 

of constituents then added. 

disadvantages to  both types of standard (3, 4 )  bth r e l y  on the 

addition of analytes to  a matrix  whether aqueous or serum and 

therefore the quality of both is dependent on the quality of the 

added constituents. 

quality of these standards, are their purity and s tabi l i ty .  

m y  be assessed by a range of chemical or physical techniques 

either singly or in  canbination. 

t o  assess the purity of standard reference materials (SFN include 

neutron activation analysis ,  polarography, a t d c  absorption 

an aqueous or primary standard solution in w h i c h  the concen- 

a secordary standard solution in which the concentration.is 

An example of the l a t t e r  

These are based on serum 

Thus whilst there are advantages and 

The t w  important factors determining the 

PuriF~ 

For example physical mthcds u s d  
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MATERIALS AS CALIBRATION STANDARDS 1033 

spectroscopy , paper and thin-layer chrcmatcg-raphy different ia l  

scanning calorimetry, phase solubili ty analysis and enissicn 

spectrmtric analysis. 

identify a d  measure imprrities, e.g., those present in  the 

buffer, 2-mnincr2-methyl-l-propanol which is used i n  alkaline 

phospha-se assays ( 5 ) .  FiMlly ,  Clark and Kricka (6) have 

demonstrated the use of reversed phase high performance liquid 

chraratcq-aphy (HPLC) for monitoring the prr i ty  of substances used 

t o  prepare calibration standards. 

Gas  chranatcg-raphy has also been used t o  

In most CaSeSr stabi l i ty  of a standard is assessed by 

chenical analysis after storage in a controlled m v j r o m t .  

enzyme activity may be measured in  a standard stored fo r  a pr icd  

of t ime  (hours-years) a t  a specified tanperature. A c c e l e r a t e 3  

s tabi l i ty  studies (e .g. ,  exposure t o  higher tanperatures) may be 

useful in investigating the long t e r m  s t ab i l i t y  of a standard ( 7 ) .  

Howsver, chanical analysis in s tabi l i ty  studies may not provide 

information on the relative inportm ce and analytical effect  of 

breakdm prcducts. 

Thus 

The object of this  study was t o  investigate the purity and 

s t a b i l i t y  of materials c m n l y  used as standards for urea, uric 

acid, creatinine and bilirubin determinations by means of high 

p e r f o m c e  liquid ckuanatqraphy. 

MATERIALS 

Standards 

Samples of analytical grade urea, uric acid, creatinine and 

bilirubin were obtained fran various manufacturers (Table 1) and 
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1034 

TABLF:l 

Standard 

Urea 

U r i c  acid 

Creatmine 

Bilirubin 

CLARK, KRICKA. AND PATEL 

Details of Stardards Used 

Manufacturer Product 
N* 

1 66612 

2 u-1250 

3 45204 

4 - 
6671 

U-2625 

893ocO 

2390 

C-6257 

37049 

3M2CO 

2011 

44009 

219240 

Lot N ~ n b e r  

503687 

57C-26 

6371390 

9 1 2  

6 0 2 8 5  

67C.ccO1 

9 13 

61274 

602143 

45C-3436 

6560110 

58804 

602527 

2524990 

14097 

Key 

1. Calbicchem Ltd.,  79-81 south St., Bishops Stortford, CM23 2?C 

2. Siqxm Undon Chanical Co. Ltd., Fancy Road., Pmle, BH17, England 
3. B.D.H. Chemicals Ltd., Pwle, BH12 4NN, England. 
4.  National Bureau of Standards, Standard REference Material. 
5. Hopkin and WilliaanS, W o r d ,  RMl LHA, -land 

Englard. 
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MATERIALS AS CALIBRATION STANDARDS 1035 

samples of Standard Reference Materials (SRM) of urea and uric 

acid viere obtained fran the Office of Standard Reference Materials, 

National Bureau of Standards, Washington Dc., 20234, U.S.A. 

Standard solutions for HPLC analysis 

Urea (la ml/l in distilled water) ; creatinine (10 m1/1 in 

0.1 moYl acetic acid) ; uric acid (10 ml/l) containing l i t h i u m  

c a r b ~ t e  8 ml/l, formaldehyde (2 ml/l) and glacial acetic acid 

(1.5 ml/l); a second uric acid standard (500 j.unol/l) was made up 

in 8 ml/l aqueous l i t h i u m  carbonate; bilirubin (25 vl/l in HPLC 

grade methanol) . 
\ 

ma 
HPIC Analysis 

This was carried out using a Pye Unicam LC3 with a variable wave- 

length detector and d e r  the follawing conditions: Column 25 an 

x 5 mn I .D .  H y p e r s i l  ODs ( 5 p )  (Shandon Southern Ltd . ,  Runcorn, 

Cheshire); ambient t a p r a t m e ,  mobile phase (degassed) of 0.01 ml/ 

1 W2P04 : methanol ( 3  : 1 v/v) (HPLC grade, Rathburn Chanicals, 

Walkerburn, Scotlard) ; flaw rate 1 ml/min; wavelength of 210 m, 

292 and 453 m, sample size 10 pl. 

colm using either valve (Pye Unicam) or septum injection (Shandon 

Southern). 

H y p r s i l  OD5 ( 5 ~ )  colmrms. Analysis of samples on two c o l m s  

and using two different mcdes of injection w a s  undertaken in order 

to eliminate any artefacts due to possible " m r y "  effects by the 

injector or column. Bacteriologically contaminated standards, as 

Judged belaw under Bacteriological Studies, were filtered through a 

+ 

Samples were introduced onto the 

Al l  analyses were performed in  duplicate and on two 
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1036 CLARK, KRICKA, AND PATEL 

0.45 pn f i l t e r  Millipore F i l t e r  Corp., Mass. USA) t o  remve 

bacteria. 

Stabil i ty Studies 

HPU: amlysis  was used t o  assess the effect  of storage of the 

various standard solutions under the follawing conditions: (a) 48 h 

a t  37OC; and 6 weeks a t  (b) 4OC in diffuse l ight  (c) Ennbient 

temperature in the dark (d) ambient tanperatwe i n  daylight. 

Conditions, b, c and d were chosen t o  simulate a typical range of 

laboratory storage conditions. 

Bacteriological Studies 

No bacteriostatic agents were added t o  any of the standard 

solutions studied and solutions were therefore tested for bacterial  

contamination by plating cut on yeas t  extract agar and incubaticn 

under the conditions used for storage of that  particular solution. 

Fbrther identification tests were carried out as appropriate. 

RESULTS 

HPK analyses of solutions of the various standards demon- 

strated the presence of multiple mponents. 

multiple canponents on analysis can be an H P E  artefact posslbly 

due to  impure solvents, poor injection, high dead volume 

couplings, p r l y  packed calm or residual si lanol groups on 

the colm packing. 

factors were tested i n  turn M i c a t e d  that the multiple ccmponents 

were genuine and not due t o  instrumental or chrmtcgraphic 

factors. 

The finding of 

Analmcal runs in which each of the above 
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MATERIALS AS CALIBRATION STANDARDS 1037 

urea 

HPLC analysis denonstrated a variation in the nunker of W 

absorbing canponents in standard solutions prepared fran urea 

obtained fran different manufacturers (Figures lad) . Standard 

solutions were found to  be stable and, for each manufacturer, 

differences in  the nunber of peaks m e  shown between the 

freshly prepared solutions and those that had been stored, 

particularly those stored a t  either 37OC for 48 hours or a t  SoC 

in diffuse light for 6 weeks (Figures le-h). 

Bacteriological screening revealed gross bacterial contamination 

of a l l  the urea solutions except those stored a t  SOC. six types 

of bacteria were isolated, 5 were gram negative rods and one gram 

negative coccibacilli. .None of the bacteria could be shown to 

u t i l i s e  urea as a sole carbcm source. 

Creatinine 

One W absorbing peaks was obtained for each freshly prepared 

creatinine standard frm each mufacturer.  

(6 weeks) of the creatinine standard i n  the dark and light a t  

r m  tanperature resulted in splitting of the rain creatinine 

peak. 

(Figure 2 ) .  

creatinine solutions either fresh or stored. 

Uric Acid 

Fresh solutions of uric acid fran various manufacturers and that 

fran NBS ( d e  up i n  Li2C03) showed a single peak on HPLC analysis 

(Figure 3a),  w i t h  no variation between manufacturers either a t  

- 

Long t e r m  storage 

Storage a t  37OC for 48 hours did not r e su l t  i n  any changes 

N o  bacterial contaminants were detected in  any of the 
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CLARK, KRICKA, AND PATEL 

C d 

Fiqure 1 HPIC C h r a n a t o g r m  of Fresh and Aged Urea Standards 

Key: Fresh standard solutions (a) NBS SRM (b) B.D.H. (c) Sigma 
(d) Cal$icchan. 
a t  (e) 4 C in diffuse daylight for 6 weekso(f) r m  temperature 
in daylight and (g) in the dark and (h) 37 C for 48 h. Detector 
wavelength 210 m. 

Storage of the Calibicchen standard solution 

210 m or 292 m (the latter: a wavelength a t  which uric acid shws  

nmximm absorption). F'resh solutions of uric acid fran various 

manufacturers (made up in Li,W,~/CH,CCOHl showed three main 

peaks and the relative propwtions of these varied fran manufacturer 

to manufacturer, particularly a t  292 m (Figures 3c-f) . 
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MATERIALS AS CALIBRATION S W A R D S  1039. 

b 

Figure 2 HPLC C h r m t o g r a m s  of Fresh and Aged Creat inine Standards 

Key: (a) Fresh standard solut ion (b) after storage for 6 weeks a t  
rosm tenperature i n  t h e  dark. Manufacturer: Hopkin and 
Williams. Detector wavelength 210 n. 

S t a b i l i t y  s tud ies  of uric acid solut ions made up in Li2C03 

showed an increase in t h e  number of W absorbing cons t i tuents  (210 nm) 

and a decrease i n  peak height on storage (Figure 3b). 

not  t h e  case a t  292 nm when only one peak was  detected. 

This was  

Solutions made up i n  Li2CGJ~O/CH3C03H f o r  each manufacturer 

showed a loss i n  one peak a t  210 nm (ard a similar loss a t  292 m) 
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1040 CLARK, KRICKA, AND PATEL 

2 

0 

Ad- 

i 
1 

i:\ f 

Figure 3 HPLC C h r m t c g r a m s  of Uric Acrd Standards 

Key: (a) Fresh stardard (Calbiochem) (&eoup i n  l i thium carbonate 
solution) (b) Effect of storage a t  37 C for 48 h on (a) Fresh 
standards of uric acid made up in acetic acid/fomldehy<e/' 
lithium carbnate solution frm the following mufac tu re r s :  
(c) Calbiochen (d) Hopkin arid W i l l i a m s  (e) S i g m  and ( f )  h72.S. 
Detector wavelength 210 m, ( a ) ,  (b); 292 nm, ( c ) - ( f ) .  

af ter  storage of the solutions a t  r m  temperature in  l ight  d 

dark for 6 weeks (Figure 4 ) .  

thenselves showed no significant peaks. 

was detected in any of the uric acid standards. 

Analysis of the preserratives 

N o  bacterial contamination 
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MATERIALS AS CALIBRATION STANDARDS 1041 

J J 
i 

a b 

Figure 4 HPIL: Chrmtcqrams of Aged U r i c  Acid Standard Solutions 

Key: (a)  Effect of storage standar2 solution for 6 weeks a t  rcan 
tenperature in  the l i gh t  and (b) i n  the dark. Detector wave- 
length 210 m. Manufacturer: Calbiochem. 

B i 1 i m . b ~  

A t  a detector wavelength of 210 nm two peaks w e r e  obtarnec! on HPU: 

analysis of b i l u u b u  standards with l i t t l e  var ia t ion between 

manufacturers (e.g. Figure 5a). On storage,  under a l l  the  

conditions investigated, a l l  the manufacturers bilirubln standards 

sh- an ucrease i n  the nmber of W absorblng peaks (Figure 

Sb, c). 
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I 
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0 

m b 

Figure 5 HPU Chraratcgram of E’resh and Aged B i l i r u b i n  S t a n d a r d s  

K e y :  (a) F e s h  standard solution and after storage for 6 weeks (b) 
a t  4 C in diffuse daylight (c) rcan tanperatme in the l ight.  

No bacterial contaminants were detected in any of the bilirubin 

solutions either fresh or stored. 

DISCUSSION 

Wst  of the interest in the quality of s t a n h d s  has 

understandably centered on those substances which are unstable or 

diff icul t  t o  obtain in a pure state, e.g. enzymes and other 

proteins. The quality of the mre readily available standards 

c m n l y  anployed in the clinical laboratory seems not t o  have 

been questioned. 

S t u d i e s  presented here have sham that  standards, especially 

urea, uric acid and bilirubin currently employed as calibration 
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MATERIALS As CALIBRATION STANDAXDS 1043 

standards, contain mare than one W absorbing constituent and the 

praportion of these varies between manufacturers. 

Urea showed t m  or three major W absorbing canponents and 

the pattern and relative intensities of the mnponents varied 

between manufacturers. 

Industrially urea may be prepared either by the thermal degradation 

of m n i m  carbonate farmed fran liquid c a r h n  dioxide and liquid 

armrmia or  by the partial hydrolysis of cyanamide in acidic 

solution (8) . Reaction intermediates fran these processes, iscrners 

(ammiun isocyanate) or thermal degradation products (biuret) may 

persist in urea preparations arid give rise t o  the additional W 

absorbing catpnents found on HPLC analysis of urea standards. 

The identity of these c a p m a t s  is unknanln. 

Interpretation of the chrcmatograms of aged urea solutions is 

canplicated ,by the presence of bacteria. H-ver, the similarity 

between the results of the accelerated s tabi l i ty  study and the 

longer term study indicate that there are no arterfacts attr ibut-  

able to  the presence of bacterial metahlites in the specimens. 

Creatinine standards shmed only one peak on HPLC analysis 

arid l i t t le  variation fran mufac tu re r  t o  manufacturer. Long term 

storage of the creatinine resulted in the appearance of a double 

peak on HPE analysis  and this may ref lect  the presence of creatinine 

in  the solution which was not found in  the accelerated stability 

study. 
. Similar ly ,  bilirubin shmed nmerous peaks on H?LC analysis 

am3 variation between manufacturers was found. C a m m r c i a l  bilirubins 

are usually prepared fran gallstones or b i l e  and are thus liable t o  
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1044 CLARK, KRICKA. AND PATEL 

contamination fran other tetrapyrroles. 

extremely light sensitive and is readily converted to various photo- 

products. 

fresh and aged standards reflects th is  conversion and also the 

Occurrence of various isaneric fonns of bilirubin (9, 10, 11). 

Bilirubin is knm to be 

The multiplicity of W absorbing peaks obtained both in 

In the literature there are several opirrtons regarding the 

stability of uric acid solutions (12, 13) different authors 

recormending the inclusion of various preservatives and differing 

storage conditions. 

proved canplex. 

peak was found and &ten prepared in Li2C03/HcHo/CH3CCGH three 

peaks were f a d  both at 292 nm and 210 m. 

the two extra peaks were due to the added preservatives for 

several reasons: (i) At the concentrations used, none of the 

preservatives gave significant peaks at 210 nm and no response at 

all at 292 nm. (ii) The retention times of the -11 peaks due to 

the preservatives do not correspond to any of these multiple .p&s. 

(iii) The multiple peaks were also found using the wavelength 292 m. 

It wuld therefore seen that the multiple peaks are various forms of 

uric acid which have arisen as a result of the presence of the 

preservatives acetic acid and formaldehyde but which are not the 

preservatives themselves. O t h e r  authors have noted the appearance 

of a second W absorbing peak when uric acid standards are made up 

in formaldehyde solution (14) . 

HPLC analysis of uric acid standards has 

When prepared in lithium carbnate alone only one 

It is unlikely that 

. 

Stability studies of uric acid solutions made up in Li2C03 

s h a d  a dramatic increase in the n m k r  of peaks and reduction in 
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MATERIALS AS CALIBRATION STANDARDS 1045 

peak height (a t  210 m) on storage. Hcwever, although a decrease 

Fn peak height on storage was derronstrated a t  292 rnn no new peaks 

were fourd. 

which absorbs maximally a t  292 m, to W absorbing caqonents. 

This would seem to indicate the breakdm of uric acid, 

Solutions of uric acid made up in the presence of a l l  *&ee 

preswatives, L i 2 C 0 3 / H c H o / c H 3 ~  showed a loss of one peak on 

storage. This peak could not be identified as one of the preserv- 

atives, but this loss may represent a re-equilibration of the uric 

acid forms w i t h  the preservatives. 

This study has dmmstrated the use of HPLC analysis to 

monitor the stability of s-. This is part icular ly  important 

as few published methods reccmTwd conditions of storage of 

stardards. 

purity an3 stability of calibration standards of urea, bilirubin and 

uric acid fran various manufacturers exists, as demnstrated by 

HPLC. Whilst it has not  been possible to identify the W absorbing 

impxities and hence determine their relative concentrations i n  a l l  

cases the NBs SRM gave the fewest peaks on HPLC analysis. 

significance of these implrities to the routine m e t h a  for the 

estimation of urea,  uric acid, creatinine and bilirubin is under 

investigation, and it is expected that their relevance m y  depend 

on the analytical method used. 

This study has also sham that great variation in the 

The 

CCNCLUSION 

HPLC analysis offers a sensitive and convenient technique for 

monitoring the qual i ty  of substances used to  prepare calibration 
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1046 CLARK, KRICKA, AND PATEL 

standards and would appear suited to  the routine assessment of 

standards enplcyd in chemical analyses. - 
We wuld l ike to thank Mr V Trend for advice and technical 

assistance with the bacteriological studies, and Mr P.W Broughton 

for his help and encouragement in the preparation of t h i s  m u s c r i p t .  
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