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ABSTRACT

A rapid cum inexpensive and accurate method of urea estimation in plasma, serum
and urine samples were developed based on the principle of urea hydrolysis employing
Urease enzyme was developed. The assay seemed to be pertinent due to disadvantages in
other kinetic methods. The study design was made to check the linearity, the shelf life and
validation. The linearity of calibration curve was straight upto 400 mg/dl for serum. The
urine assay determined the detection limit upto 10 mg in the lower level and 400 mg/dl in
the upper level. The interference of drugs at therapeutic concentration was found to be
below 10%. The anticoagulants Fluoride, EDTA, Sodium citrate revealed no interference. The
analytical recovery appeared to be satisfactory for all the blood samples. Malnutrition,
low protein diet, hyper hydration and use ofanabolic steroid drugs are contributing factors
in keeping the urea level low in the blood. The short assay time and cost affective procedure
of the preset urea assay also prevented the metallic interferences which is not uncommon
in previous procedures. The present study also stands in stark contrast to previous ones in
elucidating the non interferences of large number of drugs and metabolites which may be
expected to prevail in vivo during testing in view of practices like self medication and
addictions.
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INTRODUCTION

ln human, clinical implications of urea
in blood and urine are weil documented. The term
uremia is a clinical syndrome referring to elevated
blood urea in association with metabolic and
endocrine abnormalities that result from
biochemical derangement in end-stage chronic
renal disease (Compton 1995)

Urea the nitrogenous metabolite is
currently assayed as a strong index to renal
function. lts measurement is a common procedurq
and different methods are available for its
estimation. Berthelot in 1859 described the
production of a blue colour by addition of sodium
hypochlorite and phenol to ammonium solution.
Several studies and modification have been made
afterwards. Kjeldahl digestions are less
satisfactory for the estimation of urea, after
treatment with urease to produce ammonia. The
latter application has also been criticized for poor
reproducibility. Scheurer and Smith (1961)
workingwith kjeldahl digests modified the method
by using chlorine water as the source of

hypochlorite ion, improving the sensitivity and
obviating the need for heating.

The measurement of urea nitrogen has

traditionally been performed by either
condensation with diacetyl monoxime or by
conversion of urea by urease to ammonia. Fearon
(1939) first proposed the diacetyl monoxime
method. However this method has major
disadvantages in that it employs a hot,
concentrated sulfuricphosphoric acid solution
which dangerous to personnel, corrosive to the
instruments, and also presents a disposal
problem. The above colorimetric method has such
limitations ai poor specificity and color
instability.

Early methods for measuring urea used
O-Phthaladehyde and diactyl monoxime these
have been widely replaced by enzymatic methods.
Thg-use of Urease in urea determination was
introduced by Marsh (1957) who measured the
librated ammonia bytitration with acid. Ammonia
produced by the urease action has also been
measured by Nesslerization technique and by the
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berthelot reaction. Wolf and Osterberg

(1909) published a communication in which they
opined that the Benedict Gephart method is
inaccurate for the estimation of urea in urine, as

Uric acid and Creatinine could also yield ammonia
when subjected to this process. Moreover the
Benedict-Gephart process decomposes more uric
acid and Creatinine than does the Folin method
and therefore not suitable for accuracy of result
may be doubtful their assumption were also
substantiated by Levene and Meyer and Gill (1909)
Allison and Grindley (1909).

Kits for urea estimation by Kinetic method
based on glutamate dehydrogenase/NADH enzymes
are advantageous for rapid estimation, but cost
wise it is prohibitive. The use of glutamate
dehydrogenase is also not suitable for urine
samples due to lack of linearity and the presence
of large amount of endogenous ammonia in urine
might affect the results. Disadvantages of the
kinetic methods include the complex reaction
arising from mixed pseudo-zero and pseudo-first
order reaction and the fact that all reaction
condition (e.g. Time, temperature and reagent
composition) must be reproducible (Sampson et
ol. t9791.

The present work was carried out with
the objective of developing a rapid and
inexpensive yet accurate method of plasma/serum
and urine urea estimation based on Urease
enzymes for both blood and urine samples.

MATERIATAND METHODS

This method utilizes the principle of urea
hydrolysis. Urea is hydrolysed in the presence of
Urease to carbondioxide and ammonium ions. ln
alkaline medium, ammonia.' reactsr' with
hypochlorite and salicylate to form
dicarboxyindophenol, a coloured compound. The
reaction is catalyzed by sodium nitroprusside. The
intensity of the colour produced is proportional
to the concentration of urea and OD can be
measured at 570 nm. The urea assay was
performed with modifi cation.

Study Design:

First to check ihe linearity, know
concentration of urea solution were measured in
semi - autoanalyser in absorbance mode taking
40 mg,/dL urea solution as standard. Absorbance

VS concentrations of glucose solution were plotted
on graph paper to find out the range of linearity.
The absorbance's of multistandards were
measured after 5 mins, 30 mins, t hr; 2 hrs and 3
hrs. The OD value of the multistandards taken at
every hour's absorbance was plotted on the graph
to find out the colour stability of the reaction. The
rate of reaction was checked by taking the
absorbance from zero minutes ie (soon after
adding the substrate) upto 30 mins at the interval
of l minute. The values were plotted on the graph
by taking minutes in the X axis and OD values in
the Y axis.

The shelf life of the reagent was assessed

by keeping the freshly prepared reagent and
standard at 37" C and the linearity of the reagent
was checked for seven days and the values were
plotted on the graph. Urea in the plasma/serum
or urine samples was measured by End point
method it. ln each sample urea concentration was
estimated in triplicate and the mean values were
taken for result analysis. The influence of the level
of other metabolites like glucose, creatinine,
calcium, uric acid, bicarbonate, chloride etc., in
the estimation of urea was done individually. The
effect of various anticoagulants (plasma
separated within 10 minutes) with reference to
the serum (separate promptly with t hr) in the
estimation of urea by this method were done.
Experimental data were analyzed for drawing
conclusion subjecting to appropriate statistical
methods (Zar 19741.
Specimens for validation studies

Specimens used in testing for linearity and
recovery and interfering substances were all
prepared from a common pool of froz human sera

obtained from apparently healthy individual.

RESULTSAND DISCUSSION

We examined the linearity of the calibration
curve in duplicate with the urea nitrogen
calibrators. The calibration curve was straight
up to at least 400m9/dlfor serum. The calibration
curve was established by using urea solutions at
concentrations ranging from 0 to 400 mg/dl,
assayed three times. The linear regression
equation was Y=0.0057X+0.006 [r=0.9999]. The
upper limit of linearity determined with urea
solutions in isotonic saline was 400 mg/dl (Fig:

1). in this way we were able to measure urea
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concentration of 400mg/dl without sample
dilution. The time course of colour development
monitored continuously for urea standards,
serum sample and reagent blank. Observed

Table 1: ReproducibiliW of determination

reaction rates were much more stable after 5 min.
The reaction is consistently complete in 5 min at
37oC and the absorbance remains constant for a

furthef 30 min at the same temperature.

Reagent Batch. No Urea mg/dL OD reading/ % Mean
4

4

4

6

6

6

40 (3)

200 (3)

400 (3)

40 (3)

2oo (3)

400 (3)

0.297 /tOO.t
1.163 / 100.0

2.2s7 /L00.0
0.29s / 100.0

t.\64 /99.9
2.2s8 ILOO.O

Urine Assay:
Using the same procedure as for serum samples,
we determined the detection limit was 10 mg/dt;
the upper limit of linearity was 400 mg/dL. The
calibrations curve was established from the three
assays of 10 solutions with urea concentration.
Varying amounts of standard urea were added to
blood sera and the urine carried out in the usual
way. The analytical recovery results are shown in
Fig 2 & Fig 4. All determinations were carried out
in duplicate and the mean values taken. Over all
recoveries thus appear to be satisfactory.,

Table 1 shows the variations encountered
when repeated determinations were carried out
on 3 different standards (40 mg/dl, 200 mg/dl and
a00 mg/dl) using two different batches of reagent
and separate blank. Overall confidence limits of
! 3/o cover all results including variations in the
blanks. We assayed two serum samples that
contained various drugs, some at higher than
therapeutic concentrations and some at,
therapeutic concentrations. Four drugs gave
negative interference > t0%oin the serum sample
exhibiting a normal urea concentration (Table 2).
Retesting with therapeutic concentrations of these
four drugs showed interference. Common
anticoagu lants - fl uoride, EDTA a nd sod i u m citrate

- were also tested at the recommended
concentrations, usually 360 mmol/1, 10 mmol/L
and 85 mmol/L respectively.

Analytical recover-Varying amounts of
standard urea were added to blood sera and tests
carried out in the usual way. The results are shown

in Fig 2. All determinations were carried out in
triplicate and the mean values taken. Overall
recoveries thus appear to be satisfactory. All
measurement was made using a Photometer 5010.
Usingthe same procedure, the detection limit was
determined as 40 mg/dL; the upper limit of
linearity gas 400 mg/dt-. Physiological
components were added to two urine samples at
higher concentration than the physiopathological
maximum. Table 2 shows the absence of
interference of the drugs as well as the
physiological metabolites.

Result shows a satisfactory analytical
recovery. There were no clinically significant
interferences in urine urea determinations.
Malnutrition, low protein diet, over hydration and
use of anabolic steroid drugs are contributing
factors in keeping the urea level low in the blood.
Further, urea concentration varies directly with
protein intake and inversely with the rate of
excretion. During kidney failure, urea accumulates
in proportion to the degree of kidneyt failure and
to the amount of protein breakdown (Vincent
2000). Other factors not related to kidney funclion
that could alter urea level include HIV infection,
high protein'diet, dehydration, excessive blood
loss, cohgestive heart failure, gastrointestinal
bleeding, starvation, shock; urinary tract
obstruction and strenuous exercise (Valltton
l998i.Scarcletti 2000). As the above mentioned
factors are indicators of morbidity the estimation
of urea become paramount'important in clinical
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Table 2: Substances tested for potential interference with measurement
of serum urea.

(Mean and standard deviation of urea determination on three difftrent days!

Sr. No.
Substance ( Concentration) Urea measured (mmoUtl

Mean tSD

1

2

3

4
5

6
7

8
9

10
7t
12

13

t4
15

16

t7
18

19

20
2t
22

23

24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

Raw seum -

Amoxicillin 400 mg/L
Gentamicine 35 mg/L
Cefotamine 1600 mg/L
Amikacin 600 mg/L
Acyclovir 400 mg/L
Norfloxacin 100 me/L
Phenobarbital 80 mg/L
Clomipramine 60 mg/L
d-Methyl dopa 600 mg/L
Pencillin 1000000/L
Amiloride 130 mmoUL
Nitrofurantion 210 mmoUL
Phenytonin 450 mmol/L
Acetyl salicylicacid 500 mg/L
Metaclopramide 1L0 m mol/L
Enalapril 15 mg/L
Trimethoprim 50 mg/L
Acetaminophen 6.6 mmol/L
Diltiazem 48mg/L
lndomethacin 280 mmol/L
Clonidine 0.24 mmol/L
Furosemide 32 mmol/L
Propranolol 10 mg/L
Methotrexate 3 mmoyL
Diclofenac 25 mmol/L
Vitamin C22Ome/L
Vitamin C 400 mg/1.
Vitamin C 500 mg/L
Vitamin C 800 mg/L
Vitamin C 1000 mg/L
Calcium 5 mmo/L
Creatinine 0.88 mmol/L
Glucose 22.2 mmollL
Uric acid 1.2 mmol/L
Bicarbonate 25 mili eq/L
Chloride 200 mmol/L
EDTA 10 mmoUl
Sodium Citiate85 m'mo7[
Sodium Fluoride 350 mmoUL

3.37 10.06
3.37 10.06
3.23 t0.1.2
2.83 !0.06
3.37 10.15
3.27t0.06
3.4710.15
3.37r0.05
3.57t0.06
3.47tO.t2
3.33t0.12
3.47tO.t2
3.53t0.12
3.60r0.00
3.3610.06
3.36t0.06
2.83r0.06
3.6710.06
3.53r0.12
3.70r0.17
2.37t0.72
2.37r0.06
2.47t0.06
3.37r0.06
2.70t0.10
3.30r0.10
3.5010.10
3.27t0.75
3.27tO.t5
3.2010.10
3.20r0.10
3.30r0.10
3.00r0.10
3.30r0.15
3.00t0.10
3.20t0.77
3.80t0.06
3.6010.06
3.4010.12
2.80t0.06
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procedures to assess the time damage so as to
employ timely therapeutic measu res.

The present method for the enzymatic
colorimetric assay of urea by use of urease,
salicylate, nitroprusside and hypochlorite allows
to coupling of hydrolysis by urease with the
salicylate and hypochlorite producing reaction.
For reagent optimization, were selected d
saturating concentration of substrate and enzyme
and explored a pH range covering the reported
optimum pH of enzymg to minimize the incubation
time that would afford a stable absorbance. An

acceptable compromise between assay time and
cost determined the enzyme activities used in the
assay was included in current procedure to
prevent interference of metals, especially calcium
and magnesium; these metals did not significantly
affect the results. This method based on the pH

change induced by ammonia released.after the
action of urease appeared to be a prudent

approach. Results showed significant analytical
recovery. No clinically significant interferences
in urine urea determinations were noticed when
various drugs and metabolic substrates tested.
The above non-interference will suit to in vivo
conditions where drugs with prolonged half life
period may persist in the blood and kidney filtrates
ofthe patients. The present study also reveled that
for-serum urea deterrnination also some drugs
added at high concentrations produced negative
interference in the measurement along with small
pH change. How ever, no interference appeared at
therapeutic concentrations of drug'S or in samples
with subnormal urea concentrations. The present
study also stdnds in stark contrast to previous
ones in elucidating the non interferences of large
number of drugs and metabolites which may be

expected to prevail in vivo during testing in view
of practices like self medication and addictions.
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