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Summary: The enzymatic method of creatinine determination, based on the transformation of creatinine to creatine
by creatinine amido-hydrolase (EC 3.5.2.10) and subsequent evaluation of the creatine, has been automated as a
kinetic initial rate procedure. This was achieved by using a preincubation period under conditions that reduce the
interference by accessory reactions to a very low and constant value, followed by a relatively high concentration of
creatinine amido-hydrolase as a starter.

Kinetische enzymatische Bestimmung von Kreatinin mit einem schnellen halbmechanisierten Verfahren

Zusammenfassung: Kreatinin wird mit Kreatinin-Amidohydrolase (EC 3.5.2.10) in Kreatin iibergefiihrt und dieses in
einem mechanisierten Verfahren durch Messung der Anfangsgeschwindigkeit eines gekoppelten Optischen Tests be-
stimmt. Dieses Verfahren wird erméglicht durch Vorinkubation unter Bedingungen, die die Interferenz durch Neben

reaktionen niedrig und konstant halten, sowie eine relativ hohe Konzentration an Kreatinin-Amidohydrolase als

Startreagenz.

Introduction

Even small variations in the normal upper range of
plasma creatinine concentration may be of outmost
clinical importance for monitoring renal function,
especially in certain situations at risk, e.g., in renal trans-
planted patients (1).

The Jaffé reaction as routinely performed is not specific
enough to ensure adequate accuracy, owing to the un-
predictable presence of interfering “pseudocreatinines”.

Specific enzymatic determinations (2—5) should over-
come this difficulty. The method based on transforma-
tion of creatinine to creatine by the action of creatinine
amido-hydrolase (2) (EC 3.5.2.10) and the subsequent
enzymatic evaluation of the latter, has recently become

available. In its present form it is however rather impracti-

cal for routine purposes. In fact it requires a rather large
volume of serum and a long incubation time; furthermore
(without creatinine amido-hydrolase) must be measured
immediately one after the other, because of accessory
reactions that proceed in parallel in both of them, even
after the incubation period. Automation of the end-
point reaction is therefore impossible under the condi-
tions proposed.

To overcome these difficulties Moss et al. (3) have worked

out a kinetic method, which however still requires
10 min for each determination and the use of rather
large amounts of the costly creatinine amido-hydrolase.

In the present research we have studied the conditions
for a rapid kinetic determination which utilizes reduced
volumes of serum and reagents, and is suitable for semi-
automated procedures.

Materials and Methods

Reagents

The Test-Combination Creatinine Enzymatic kit (from Boehrin-
ger Mannheirn) was used. Standard solutions in deionized water
were prepared with reagent grade creatinine (C. Erba, Milano
Italy) at concentrations ranging from 88 to 884 umol/l.

Preparation of the solutions

Redgent 1: The reagent is prepared by adding to 50 ml of buffer
(glycine 100 mmol/l, potassium phosphate 75 mmol/l, pH 8.0)
1.0 ml of the coenzyme/substrate solution (NADH 12 mmol/l,
ATP 66 mmol/l, phosphoenolpyruvate 22 mmol/l) and 1.0 ml
of the solution containing accessory enzymes (creatine kinase

> 500 kU/1; pyruvate kinase > 200 kU/1, lactate dehydrogenase
> 500 kU/1; magnesium chloride 100 mmol/1).

Reagent 2: The creatinine amido-hydrolase solution of the kit,
diluted fifteen-fold with the buffer up to a concentration of
33 kU/l, is used as starter.

Procedure

A Reaction Rate Analyzer LKB 8600 (Brémma-Sweden) was
used, positioned as follows: background 0.7; decrease; delay;
range 0.05; time 1 min; A 340 nm).'The procedure is shown in
table 1.

During the first 20 s the reaction is disturbed by the formation
of small bubbles, but thereafter a quasi straight line response is
obtained. The calculation is therefore based on the AA between
30 and 60:s after addition of the starter. The results are cal-
culated from a standard curve.
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Tab. 1. Procedure of the proposed method on LKB 8600.

Pipette into the cuvette: Sample or Sample Rea-

standard  blank gent
blank

Reagent 1 (ul) 600 600 600

Sample*

or standard (ul) 100 - 100 -

Water (ul) - - 100

Incubate 15 min at 37 °C

Reagent 2

(starter) (ul) 75 - 75

Water (ul) - 75 -

* For urine dilute 1 to 25 with water.

Other methods

The proposed enzymatic pmcedure was compared with three
methods based on the Jaffé alkaline picrate reaction namely:

1) a direct kinetic method on a centrifugal analyzer (6) (Centrifi-
Chem, Union Carbide),

2) a standard contmuous-ﬂow method with deproteinization by
dialysis, performed on SMACT (Techmcon Instrument Corp.,
Tarrytown, N.Y.) and

3) the Slot’s method (7) which involves sulfotungstate deprotein-
ization and evaluation of the creatinine concentration from the
difference of absorbances measured at alkaline and acid pH.

A comparison was also made with the original end point enzyma-
tic procedure of the Boehringer kit.

Results

Serum blanks

The interference of non specific NADH consuming reac-
tions is apparently the most difficult point in the
methods proposed up to now because they induce a
decrease of absorbance in the serum blanks in the absence
of creatinine amido-hydrolase. In the methods proposed
here, the decrease of absorbance registered after the pre-
incubation period in 100 random serum blanks, adding
water instead of the starter amido-hydrolase, was very
small and constant and comparable to that of the reagent
blank without serum (tab. 2). Therefore it has been
assumed that the value found could be considered as a
constant to be subtracted from the AA/min of each
sample. The inaccuracy thus introduced can be cal-

Tab. 2. Decrease in absorbance at 340 nm.

Sample AA/min X 103
(meaq * $D) »

Serum blank 2.45 + 0.65

(100 random serum samples)

Reagent blank 150+

et 0+£0.12

?reat;nme standard (265 umol/l) 30.70 £ 0.72

n

culated from SD of serum blanks and apparently does
not produce a serious bias (+ 1 SD = + 5.3 umol/l).

Precision

Within-day and day-to-day precision were determined
by 30 and 20 determinations respectively on two serum
pools (tab. 3). For the day-to-day precision the samples
were stored in 0.5 ml aliquots at - 20 °C and thawed
when required.

Tab. 3. Precision of the method.

Within day Day to day
nﬁ (ﬁooled seia) 30 » 20
X (umol/) 97 548 98 560
SD (umol/l) 2.9 8.2 4.9 10.5
CV‘ (%) B 3.0 1_5 44 19
Linearity

The response is directly proportional to the creatinine
concentration up to 884 umol/l (fig. 1).
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Fig. 1. Standard curve for the proposed kinetic énZyinatic
méthod.

Recovery

The average recovéry of known amounts of standard
creatininé solutions added to a serum pool was 98.98 %
(tab. 4).

Tab. 4. Recovery test.

Creatlmne found*

Creatinine added

Recovery
(umol/1) (umol/1) (%)

0 1326 -

88 2278 101.3
265 389.0 193.3
442 583.4 106.6
619 744.3 94.6

X=98.98

* mean of triplicate assays

-
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Comparison with other methods

Parallel determinations of creatinine were performed by
the methods indicated above and the present method on
87 serum samples with creatinine concentrations
ranging from 17 to 1091 umol/l. Superimposable results
were obtained when the endpoint enzymatic method,
performed according to the Boehringer kit, was com-
pared with the proposed kinetic enzymatic procedure
(fig. 2 and tab. 5).
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Fig. 2. Comparison of the proposed kinetic enzymatic method
with that of the original Boehringer-Mannheim kit.
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Fig. 3. Comparison of the proposed kinetic enzymatic method
with the two pHs colorimetric method, according to
Slot.
y =542 pmol/l +1.035 x;r =0.9980; n = 87.

As analysis of the data obtained by the same method
and the picrate methods, by the Student’s t-test for
paired values, showed significant differences (tab. 5).
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Fig. 4. Comparison of the proposed kinetic enzymatic method
with the colorimetric automated continuous flow proce-
dure on SMAC.

y =8.11 umol/1 +1.199 x;r =9962;n = 87.
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Fig. 5. Comparison of the proposed kinetic enzymatic method
with the colorimetric direct kinetic method performed
on CentrifiChem. Determination on serum.

y =29.57 umol/l +1.120 x;r = 0.9967;n = 87.

Tab. 5. Mean values obtained by various methods on 87 serum samples.

Enzymatic Enzymatic Slot’s Direct colorimetric SMAC
. kinetic method end point method (two pHs) method kinetic method procedure
X (umol/1) 256.2 258.4 270.9 316.5 318.0
A - -22 -14.7 -60.3 -6138
t - -1.410 -6.464 -13.230 - 8.645
P - n.s. < 0.001 < 0.001 < 0.001
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The calculation of the regression line gave a very good
correlation coefficient with all the three methods
(figs. 3, 4, 5), but the slope was significantly different
from 1 and, for the direct kinetic picrate method, the
intercept point was significantly different from zero.

A comparison has also been made using the latter method
on 41 urine samples. In this case, not only the correla-
tion coefficient was good but the intercept also was at
zero (fig. 6).
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Fig. 6. Comparison of the proposed kinetic enzymatic method
with the colorimetric direct kinetic method performed
on CentrifiChem. Determination on urine.

y =0.035 umol/l1 + 1.136 x;r = 0.9892;n =41.

Tab. 6. Effect of various substances added to serum on the
determination of creatinine with the proposed method.

Substances added Creatinine
found
(umol/l)*
None 171.5
Citrate (mmol/1) 3.4 172.4
13.6 160.9
EDTA (mmol/1) 3.2 163.5
16.2 17.7
Heparin &U/Mm 100 174.1
500 168.0
Oxalate (mmol/1) 1.5 57.5
37.3 0
Ascorbic acid (mmol/1) 5.7 150.3
. 28.4 88.4
1135 0
Glucose (mmol/1) 5.55 172.4
166.5 169.7
25.6 169.7
Bilirubin (zmol/1) 71.8 170.6
102.6 194.5
Haemoglobin, /b 1 185.6
(from red cell lysates) 3 231.6
5

265.2

* mean of triplicate assay

Interferences

The effect of several substances on creatinine determina-
tion by the present method was tested; the results are
reported on table 6.

Among anticoagulants, at concentrations likely to be
found in plasma samples, heparin does not interfere and
citrate shows only a slight inhibition; inf contrast, EDTA
and especially oxalate inhibit very strongly.

Ascorbic acid also inhibits the enzymati¢ reaction but

‘only at rather high concentrations.

Glucose, even at very high concentrations, does not
interfere. Bilirubin shows a positive interférencé and an
important positive interference has also been found by
addition of red cell lysates.

Referénce values

Reference values were established with the proposed
method on 200 healthy adult subjects, 100 males and
100 females.

In agreement with the data reported by Szdsz for the
enzymatic end: point procedure (4) the mean values ate
71 £ 16 (SD) umol/1 (8.1 * 1.8 mg/1) for males and

62 £ 13 (SD) umiol/1 (7.0 % 1.5 mg/l) for females, within
a range of 40—~93 and 3588 umol/l respectively.

Discussion and Conclusion

The kinetic method described, in comparison with the
endpoint procedure of theé commercial kit, offers the
advantages of a simple and rapid semi-automation and
of the use of small volumes of serum and reagents:

1) The accessory reactions aré practically completely
exhausted during the incubation period of 15 min at
37 °C, prior to the addition of creatinine amido-hydro-
lase. This eliminates the need for measuring the blank
absorbance.

2) Owing to the reduced volumes of serum and of rea-
gent 1, the creatinine amido-hydrolase in the final mix-
ture is about two times as concentrated as in the end-
point method and furthermore the reaction is per-
formed at 37 °C instead of 25 °C. The reaction rate is
therefore enhanced and consequently the sensitivity is
high.

In comparison with the kineti¢c procedure of Moss et al.
(3), the concentration of lactate dehydrogenase is higher,
and the incubation is longer and performed at higher
temperature. These conditions, as mentioned above,
reduce the intérference of secondary reactions to a very
low and constant value, and eliminate therefore the néed
for the blank for each individual sample, thus making
automation possible.

The higher serum concentration in the final mixture and
the higher reaction temperatuie double the AA value per
min per umol/l of creatinine in the present procedure.

1. Clin.-Chem. Clin. Biochem. J ol. 20, 1982 / No. 4
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When compared with the picrate methods, the enzymatic
methods undoubtedly show higher specificity. This is
especially appearent in comparison with the direct
kinetic method performed in the CentrifiChem. With

the two pHs method of Slot the differences are much
lower. The differences almost disappear even with the
direct kinetic picrate when the determination is per-
formed on urine samples, due to the necessary dilution.

Some anticoagulants inhibit rather strongly the enzymatic
reaction; it is therefore advisable to use serum or plasma
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