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The enzymatic method for the determination of serum creatinine is accepted as one of the standard

method in a clinical laboratory. The enzymatic method for the determination of serum creatinine was op-
timized for use with Merilyzer AutoQuant-400 auto analyzer and its performance characteristics were practically com-
pared with Jaffe's Kinetic. Effects of some interfering substances like Serum bilirubin and plasma glucose on the Jaffe’s
kinetic method and the enzymatic method were compared. We measured creatinine in serum samples with the enzy-
matic method and the Jaffe's kinetic method in samples divided four groups; Group |-Samples without bilirubin and
glucose; Group Il-Sample with high level of plasma glucose ; Group lll-Samples with high level of bilirubin and Group
IV-all the samples. There was an excellent agreement between the two methods in terms of correlation coefficient even
in the samples with high levels of glucose or bilirubin. Enzymatic method is having better sensitivity, less interfering ef-
fects & having better choice in making decision of critical management of the renal failure patient.

Introduction:

The creatinine determination in clinical practice is more than
100 years old, there is still much debate regarding its accuracy.
Also, numerous methods have been described for determin-
ing creatinine in biological fluids. Many of the currently need
procedures are based on the Jaffe’s alkaline picrate procedure,
which is not specific and is subject to interferences '. Com-
monly encountered interfering substances of the Jaffe's based
methods include glucose, acetoacetate, bilirubin and Cefoxitin
(Cephalosporins)®. Glucose slowly reduces picric acid to picra-
mate, while bilirubin, under alkaline condition, is oxidized to
biliverdin, causing a decrease in absorbance at 520 nm. Ace-
toacetate and Cefoxitin, conversely react directly with alkaline
picrate and cause positive interferences. Acetoacetate , in fact
reacts rapidly with picrate than creatinine®. Many investigators
have attempted to improve the procedure by minimizing the
effect of interfering substances present in the sample. Enzy-
matic approached have been used, to increase specificity. The
enzymatic method exhibits several advantages over Jaffe's
based methods namely, improved specificity, smaller sample
volume and hence a rapid sample throughput. Glucose, ace-
toacetate and Cefoxitin do not interfere with the enzymatic
method, although bilirubin causes negative interferences which
depends on both creatinine and bilirubin concentrations.

The aims of this study was to compare analytical performance
and practicability of the enzymatic method and kinetic method
for serum creatinine for routine use and compare the effects of
some common interfering substances like glucose and bilirubin
on the enzymatic method and kinetic Jaffe's method.

Materials and Methods:

The Present study was conducted in the clinical biochemistry
Laboratory. We assessed 512 consecutive serum samples col-
lected for routine clinical case.

Creatinine was analyzed both the Jaffe's kinetic and the enzy-
matic method. The Jaffe's method of serum creatinine deter-
mination in based on the principle that picric acid in an alka-
line reacts with creatinine to form a yellow-red complex with

the alkaline picrate*. Intensity of the colour formed during the
fixed time is directly proportional to the amount of creatinine
present in the sample.

The Enzymatic assay for creatinine involves a series of cou-
pled enzymatic reactions including creatininase enzymatic
conversion of creatinine into the product creatinine which
is converted to sarcosine by creatine amido hydrolase (cre-
atinase), followed by oxidation of sarcosine by sacrosine
oxidase producing hydrogen peroxide.

In the presence of peroxidase the hydrogen peroxide is
quantified at 550 nm by the formation of Coloured dye
All Measurements were performed using Merilyzer Auto-
Quant-400 auto analyzer. We also, estimated serum total
bilirubin by Diazo method and plasma glucose by hexoki-
nase method of the respective samples.

Creatiminais
Creatimime + H:A) —————— % Creatine

Creatimaie
Creatime + Hyd —————————p Barcosins + L'rea

Sarcesime Uaidase

Sarcosine + Hy0+ 0y —————  Glycine + HOHO = HyOy
Peroxidase

e Cmimomeming D

H: 0 + - Aminopenenaeons +TODS

The two levels (normal and pathological) of quality control,
materials used in this study were supplied from BioRad.

The data obtained were divided into three groups. Group |
- comprised 167 samples without interfering substances (sam-
ples with plasma glucose <126 mg/dl and serum total biliru-
bin 1 mg/dl) Group Il comprised 206 samples with bilirubin
(samples with serum total bilirubin< 1.0 mg/dl and plasma
glucose < 126 mg/dl); Group lll comprised 139 samples with
plasma glucose (Plasma glucose >126 mg/dl and serum total
bilirubin <1.0 mg/dl, and Group IV all 512 samples.
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We determined the mean difference between the two
methods and analyzed the agreement between them. The
two methods were also compared by regression analysis.
The Two levels of interval quality control materials were
analyzed for enzymatic and Jaffe's kinetic methods.

We determined the mean difference between the two
methods and analyzed the agreement between them. The
Two levels of internal quality control materials were ana-
lyzed for enzymatic and Jaffe's kinetic methods. Statistical
Package (SPSS, version 11.0) was used for statistical analy-
sis. After analyzing data obtained using two methods, the
significance of differences between the methods was de-
termined. Linear regression model was used to establish
correlation coefficients.

Results:

In this study, estimation of creatinine by enzymatic meth-
od showed statistically significant p-value with the Jaffe's
method, except in the normal group. In the presence of
high glucose level, results from sample analyses showed
no statistical significant difference between enzymatic
and Jaffe's kinetic method. When bilirubin was present in
the serum samples, the differences enzymatic and Kinetic
Jaffe’s method was also statistically insignificant, represent-
ed in Table 1.

G Method i/lesebn Value

roup p-Value
(No of Sample) in mg/dl
Enzymatic (n = 167)[1.17 = 0.95

Group | Jaffe's Kinetic (n = 0.64
167) 1.22 £ 0.99

Group I Enzymatic (n = 216)[1.22 = 0.47 0.0025

@Bilirubin) [337°¢ KInetie = 1437+ 055 ™

Group Ill Enzymatic (n = 129)(1.49 = 1.52 "

(Glucose) :{%f(;)es Kinetic (n = 1.64 + 1.59 '
Enzymatic (n = 512)[1.29 = 0.98

Group IV | Jaffe's Kinetic (n = 141 +1.04 0.058
512) =

p<0.005 (p- values for mean difference between two
methods by student’t’ test)

This table-1 shows estimated parameters Mean, SD and p-
value. In Group | (normal), p-Value is > 0.64. In the sec-
ond group (group Il) (high bilirubin), p-value is considered
to be very statistically significant. (p < 0.0025. In Group
Il and Group |V, p-values were not considered to be not
quite statistically significant.

Also, correlation coefficient for both methods in all form
groups is shown on figure1-4.

The quality control analysis of level -I for precision by en-
zymatic method (n= 20) yielded a mean, SD and CV% de-
picted in table 2 and 3.

Harmonization Studies:
Table 2: Method Comparison Harmonization Studies be-
tween Jaffae's Kinetic and Enzymatic Method (Level 1)

Creatinine

Jaffae's

Level 1 Kinetic Enzymatic |Average |Difference
1.65 1.5 1.575 0.15
1.63 1.58 1.605 0.05
1.65 1.60 1.625 0.05
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1.66 1.53 1.595 0.13
1.62 1.63 1.625 -0.01
1.58 1.5 1.54 0.08
1.62 1.66 1.64 -0.04
1.6 1.63 1.625 -0.03
1.57 1.59 1.58 -0.02
1.6 1.58 1.59 0.02
1.54 1.57 1.555 -0.03
1.57 1.59 1.58 -0.02
1.6 1.52 1.56 0.08
1.55 1.58 1.565 -0.03
1.59 1.60 1.595 -0.01
1.60 1.63 1.615 -0.03
1.63 1.58 1.605 0.05
1.66 1.6 1.63 0.06
1.64 1.54 1.59 0.1

1.63 1.59 1.61 0.04

Level-1 Harmonization studies Between laffae
& Enzymatic Method. y=-0.522x+0.858

R*=0.055
0.2
E . 2: " - # Seriesl
g "
g ° eV 4%,
5 0 15 155 16 165 Lingar
e Average [Seriesl)
Fig: 1

Table 3: Method Comparison Harmonization Studies be-
tween Jaffae's Kinetic and Enzymatic Method (Level 2)

(L:ersglt_'gme' JK?:f:tei: Enzymatic |[Average |Difference
5.87 5.23 5.55 0.64
5.93 5.29 5.61 0.64
6.1 5.3 5.7 0.8
6.03 5.28 5.655 0.75
5.92 5.31 5.615 0.61
5.87 5.2 5.535 0.67
5.81 5.28 5.545 0.53
5.93 5.3 5.615 0.63
5.7 5.29 5.495 0.41
5.66 5.24 5.5 0.32
5.80 5.27 5.535 0.53
5.9 5.26 5.58 0.64
5.98 5.32 5.65 0.66
5.89 5.36 5.625 0.53
5.89 5.31 5.6 0.58
5.89 5.26 5.575 0.63
5.83 5.31 5.57 0.52
5.75 5.29 5.52 0.46
5.72 5.37 5.545 0.35
5.78 5.30 5.54 0.48

Level-2-Harmanization studies bBelween
Jaffae & Enzymatic Method

: y=1.749x-9.188

R*= 0.599
u o8 —
S o6 »opd
g 0.4 & # Scricsl
— - ¥
=] 0.2 Linear (Sertesl)
o -
3.4 55 3.6 3.7 5.8
Average
Fig: 2
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Harmonization studies were undertaken in Creatinine
measurements by using two levels of commercial controls
having different concentrations. Regression analysis shows
that majority of data points of both controls(Level 1 and
Level 2) are homo sadistically distributed along the re-
gression line indicating close agreement between the
two methods having maximum deviations within 0.1 mg/
dlin levell & 0.8 mg/dl in level2 controls represented in
the Tables 2 and 3 & Fig 1 and Fig 2.

Linearity Studies:

It was undertaken by using serial dilutions of Patient’s se-
rum having higher creatinine concentrations & slight tur-
bidity. Measurement were undertaken in same sample by
using both Jaffae's Kinetic & Enzymatic methods reveals
better sensitivity & less interfering effects ,represented in
the table 4 and 5 & Fig 3 and 4.

Table-4
Designated Observed
ﬁﬂlé?&lgg eflee Value-mg/d| Response
mg/d|
17 17
8.5 8.32
4.25 4.30
212 2.20
1.06 1.16
0.53 0.49
0.265 0.30
0.138 0.15

Linearity Studies-laffae Method

] 20 ¥=0.994x +0.028
E ey R*= 0.999
2 15 —a
u =
% 10 - - i
E 5 = o * Seriesl
E o ’ —— Linear [Seriesl)
S o 10 20
Designated Value mg/fsl
Fig: 3
Table-5
Enzyvenatic Method Devignated Observed
Value mg'dl Respomse-mg'dl
154 154
105 189
197 1.1
0,95 0.96
Riree iy i i raymag; Rl ihosd
o L002x« 0,000
B DA
i =
T = o 050
£ -
F
. Savurid
o * B
o 1o 20
Desigaaned Wabkse mifdl
0.246 [%1]
0123 0130
Fig: 4
Discussion:

The enzymatic method was found to have certain advan-
tages over Jaffe's kinetic method, and especially lack of
interference with substances such as glucose and bilirubin.

Volume : 6 | Issue : 8 | August 2016 | ISSN - 2249-555X | IF : 3.919 | IC Value : 74.50

The enzymatic technique yields results directly proportional
to the kinetic Jaffe's reaction. Use of Jaffe's kinetic method
yielded substantially higher values for creatinine, as com-
pared with those obtained using the enzymatic method.
These results indicate that Jaffe’s kinetic methods, based
on an alkaline picrate reaction, over estimate true serum
creatinine concentration, mainly due to non-specific inter-
ference.

A very few compounds may interfere with enzymatic pro-
cedure. Interference for enzymatic assay has been reported
in case of inter venous fluid concentration of plasma sam-
ples from dopamine or dobutamine solutions®. The enzy-
matic creatinine methods appear to be the only assays giv-
ing reliable results when specimens take time to reach the
laboratory and blood centrifugation is delayed for 24 hours
or more. In a recently published study, delays in sample
centrifugation caused false increases in measured creati-
nine by alkaline picrate assay due to the possible interfer-
ence effect of some metabolites built up in vitro, such as
pyruvate or ketones®.A minor disadvantages of the enzy-
matic method is its relatively higher cost.

In our study, the correlation coefficient for the two meth-
ods in Group | ,Group Il, Group Ill and Group IV (all
samples),indicated a very good agreement between Jaffe's
kinetic method and Enzymatic method(Table 2).

The results obtained proved a very good comparability be-
tween the two methods in all the settings specified, with
or without the presence of interfering substances like glu-
cose and bilirubin as well as comprising all the samples.
The creatinine Jaffe's kinetic method has substantially high-
er values compared with the enzymatic method. The re-
sults are in accordance with several studies that compared
an enzymatic method with the Jaffe’s kinetic method. The
results indicate that Jaffe's kinetic method, based on an al-
kaline picrate reaction, over estimate true serum creatinine
concentration due primarily to non-specific protein interfer-
ence’.

In our study there was no statistically significance mean dif-
ference between both methods in all the groups and the
difference was also not clinically significant.

The intra class correlation coefficient between the two
methods indicates a very good agreement between Jaffe's
kinetic method and enzymatic method. So routine clinical
care both the methods can be used. Both the methods
showed significant correlation with or without the presence
of interfering substances (Table 1).

Replacing the Jaffe’s kinetic method into routine labora-
tory practice is accordance with recent recommendation of
the laboratory working Group of the National kidney Dis-
ease Education Programme®. This group suggests that the
estimated glomerular filtration rate has to be reported us-
ing accurate and specific serum creatinine measurements,
based on the concept of tracebility’.

The interfering substances are fewer for the enzymatic
method and since there is good agreement and good
comparability with the Jaffe's kinetic method and enzymat-
ic method for estimation can be preferred especially in the
setting of neonates, diabetic, keto acidosis, jaundice and
hemolytic samples.

The enzymatic method for creatinine evaluated in this
study showed considerable improvement on the specificity

284 = INDIAN JOURNAL OF APPLIED RESEARCH



ORIGINAL RESEARCH PAPER

of the existing Jaffe-based methods, although a problem
still exists with interference from glucose and bilirubin. The
modified enzymatic method was both precise and accu-
rate, used a small sample size and was capable of a rapid
throughput of patient’s sample. Bilirubin interference in
the enzymatic method can be eliminated by the addition
of ferrocyanide to the reaction mixture, which stabilizes
the reaction intermediate. We conclude that the enzymatic
method is suitable as a routine diagnostic laboratory meth-
od for the measurement of serum/plasma creatinine, par-
ticularly for diabetic patients.

Conclusion:
In conclusion, enzymatic of creatinine analysis were com-
parable with respect to performance in the presence and
absence of interfering substances glucose, bilirubin and
imprecision.

Method comparison studies by regression analysis and
linearity studies reveal the following facts: 1) Creatinine
value is having higher trends in comparison to enzymatic
method. 2) Enzymatic method is having better sensitivity,
less interfering effects & having better choice in making
decision of critical management of the renal failure patient.
However, the enzymatic method is more reliable when in-
terfering substances are present in the sample analyzed,
which makes in a method of choice.
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