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ABSTRACTABSTRACTABSTRACTABSTRACTABSTRACT

Objective: To describe the relationship between an Enzyme acetyl cholinesterase (Ach.E, EC. 3.1.1.7) activity and
other diagnostic parameters (urea, creatinine ) used for diagnosing renal failure.

Material and Methods: The activity of the enzyme Ach.E of different ages (both males & females) was estimated in
about 200 admitted renal failure patients along with other diagnostic parameters (urea and creatinine) in the
nephrology unit of P.G.M.I. Lady Reading Hospital, Peshawar, by using Michaelis Menten kinetic parameters aKm
(which shows the affinity of the enzyme towards the substrate) and aVm (which shows the rate of reaction ) in pre
dialyzed blood of patients suffering from chronic renal failure by the method of Ellman Gl. at 30C0 and pH 7.4, using
acetylthiocholine iodide as a substrate. The activity of the enzyme was consolidated by a computerized program.

Results: The parameters (aKm & aVm) were found to be different from the normal in pre dialysed blood and activity
of the enzyme was also low in all cases. A comparative set up was established among urea, creatinine, Hb%  and
activity of the enzyme Ach.E. The values of aKm, aVm, urea, creatinine, Hb and activity of the enzyme were 22,77,45,1.5
and 100% respectively in normal individuals, while these values  were changed according to the severity of the
diseases, resulting low activity of the enzyme.

Conclusion: This enzymatic technique has an advantage to show us, the activity of Acetylcholinesterase active site
is externally oriented in the membrane of red blood cells, therefore any change occurring in the vicinity of the
membrane will affect the activity of enzyme. This change can be used as a marker for the diagnosis and prognosis of
disease.
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INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION

Acetyl cholinesterase is an externally oriented
membrane bound glycolipoprotein1, whose properties
are not immutable  and  were shown to depend on the
membrane micro environment2. The kinetic properties
of the enzyme change under many clinically abnor-
mal conditions3. Long term exposure to aluminium
affects the activity of Ach.E . Tissue specific effect of
Ach.E in the canine heart showed that release of Ach.E
from vagus nerve slow down heart rate and
atriovascular condition4. Exposure to pesticides also
slow down the activity of the enzyme and causes
renal impairement5. Some organic  drugs like
methylmelonate decrease the activity of this enzyme.
Carbamate and organophosphorus insecticides cause
systemic toxicity due to inhibition of Ach.E activity6.
Inhibition of the enzyme by plants phytomedicine is
also studied by some authers7. Acetylcholinesterase

activities were studied in diseases like ABO type of
the newly born  hemolytic anemia, in pregnancy and
in splenomegaly8. Such a huge oscillation focused our
interest to characterize the enzyme as a probe of the
membrane changes in chronic renal failure. The
concentration of urea and creatinine increase ten times
during 1-2 weeks of the renal shut down9.

Urea causes inhibition of the enzyme Ach. E in
chronic uremia .Moreover the activity of the enzyme
decreases due to high concentration of urea and crea-
tinine and decreases 60% in heroin   addiction10. Since
the parameters aKm and aVm are calculated
according to the duration of illness in chronic renal
failure, it is of interest that for the erythrocyte
membrane ( which contains more than a dozen
enzymes), abnormality may occur mostly in Ach. E
enzyme. This tells that biochemical status of Ach.E is
more closely related to erythrocyte membrane.
Further, it may be of importance in understanding
certain disease processes at the cellular level11. The
assay is based upon the hydrolysis of acetylthiocholine
and subsequent detection of the evolved free thiol
group by the formation of a yellow anion (5,5dithiobis,
2 nitrobenzoate) produced by the Ellman reaction
determined spectrophotometrically.
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MAMAMAMAMATERIAL AND METHODSTERIAL AND METHODSTERIAL AND METHODSTERIAL AND METHODSTERIAL AND METHODS

All reagents are obtained form E. Merck (West
Germany). Blood samples were collected from
nephrology unit P.G.M.I (LRH) at the time of admission
for dialysis using ACD (acid citrate dextrose) as
anticoagulant and transported to the Bio-Chemistry
Laboratory LRH for analysis. Immediately, the blood
samples (4 to 5 mls) were mixed with ACD and then
centrifuged ( at 5000 r/m) for 5 minutes at room
temperature. The plasma, the top buffy coat and one
third upper portion of the packed cells were sucked
off and the remaining packed cells which were shown
to be free of reticulocytes, leukocytes and
thrombocytes were washed 3 times with 10 volumes
of ice-cold 0.9% (w/v) NaCl. Haemolysate (enzyme)
was prepared by adding 0.002 ml of washed cells to
50ml of ice-cold distilled water after about 15 min. This
preparation was diluted with an equal volume of
ice-cold potassium phosphate buffer (0.2 M, PH7.4).
The enzyme was assayed by the method of Ellman
GL in replicates at < 30°C and pH 7.4 using
acetylthiocholine iodide as substrate, and 5, 5 dithiobis,
2nitrobenzoate as colour reagent. To 3mls of the
enzyme preparation 50ul colour reagent was added
and then, after  15 min. pre-incubation period, 25 µl of
substrate was added. The change with time in the
extinction at 412 nm was monitored continuously
spectrophotometrically and reading was taken after
one, two and three minutes in triplicates per min per
gram hemoglobin

A total of 200 replicate assays were run by the
same observer at each of two concentrations of the
substrate, one was much lower  (s1=10 µm ) and the
other much higher (s2=200 µm ). Then a provisional
estimate of Michaelis constant (aKm or aVm) of the
enzyme were calculated. The two substrate
concentrations method used here gives more
accurate results as compared to multi substrate
concentrations. The enzyme parameters were
computed by fitt ing the corresponding linear
regression equations, which were derived from S/V
versus S plot to the data.

aKm = {(S1/VS1) (S2-S1)/(S2/VS2-S1/VS1)}-S1

aVm=  [(1/(S2/VS2- S1VS1)/S2-S1]

Where VSI and VS2 represent absolute rates at
S1 and S2 (substrates) respectively. The above
equation is derived from a linear transform of the
Michaelis Menten equation. The significance of mean
difference were assessed by student’s t-test (two
tailed). The specific activity of the enzyme was
calculated as.

S.A=abs. (at 412 nm)/abs.(at 540 nm)] 66.667

Where 66.667 is a common factor.

Estimation of urea, creatinine and Hb were carried out
by the routine kits methods by RF-500
spectrophotometer.

Group No. Duration of 
Illness

aKm ( µM) aVm (Units) Serum Urea 
(mg/dI)

Serum 
creatinine 
(md/dI

Hb 
(gm/100)

S.A (%)

1 Normal 22.0+1.94 
(20)

77.0+2.15 
(20)

45.0+1.93 
(20)

1.5+0.18

 (20)

12.0+0.91 
(20)

100

2 10 Days 33.0+1.4

(29)

70.0+0.9 

(29)

142.0+2.07 
(29)

6.0+1.1

 (29)

9.0 +0..30 
(29)

75

3 15 Days 36.0+0.50 
(18)

60.0+0.33 
(18)

144.0+2.29 
(18)

7.2+0.56

 (18)

8.2+0.16 
(18)

70

4 20 Days 41.0+0.47 
(32)

50.0+0.41 
(32)

164.0+2.76 
(32)

8.4+0.21

 (32)

7.8u0.18

(32)

60

5 25 Days 46.0+.73 
(27)

44.0+0.51 
(27)

200.0+49 
(27)

9.6+0.14

 (27)

6.8+0.21

(27)

50

6 30 Days 52.0+0.73 
(27)

39.0+0.25 
(24)

208.0+0.78 
(24)

11.2+0.88 
(24)

5.8+0.82

(24)

45

7 Above 30 
Days

60.0+0.27 
(11)

29.0+0.22 
(11)

240.0+2.45 
(11)

12.4+1.04
(11)

5.4+0.26 
(11)

40

Table 1: Enzyme concentration and parameters

Values are mean + S.D

Figures in parentheses indicate the number of samples analyzed.
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RESULRESULRESULRESULRESULTSTSTSTSTS

The parameters aKm and aVm of the enzyme
were assessed in duration of illness by using two
substrate concentrations along with other diagnostic
parameters (Urea, creatinine and Hb) as shown in Table
1. Since the data showed that the aKm is directly
proportional to the concentration of urea, creatinine
and inversely proportional to Hb, while aVm overall
slightly decrease.  In our results these values deviate
from the normal and aKm increases while aVm
decreases from the normal showing low enzyme
activity. The hemoglobin values were also found to

decreases from the normal due to severity of the
illness and causing disturbed hemoglobin syntheses.
Our results showed higher aKm and lower aVm in
chronic renal failure, resulting from low enzyme
activity. The relationship of aKm and aVm with urea,
creatinine and Hb is given in Figs. 1, 2, 3,  respectively
while effect of urea and creatinine on the activity of the
enzyme AchE is shown by bars in Figs. 4, 5,
respectively. Data were analyzed statistically by two
tailed method.

DISCUSDISCUSDISCUSDISCUSDISCUSSIONSIONSIONSIONSION

Renal failure is a burning problem of human
health in Pakistan and  increases day by day due to
unhygienic conditions, imbalance diet, socioeconomic
problems and stress. It has been well established that
normal biochemical processes are the basis of health.
In other words, all diseases are manifestations of
abnormalities of biomolecules, biochemical reactions
or processes. All of the agents that causes disease
essentially affect one or more critical chemical
reactions or molecules in the body. These molecules
may be utilized in diagnosis of the diseases, and thus
they may be referred to as biochemical diagnostic
profiles if they had been originated from organs such
as a liver, heart and kidney etc.12 causing so many
diseases including renal failure. It is suggested from
time to time13-15 that the use of biochemical
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 Fig. 1: Relationship of Urea with aKm and aVm
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Fig. 2: Relationship of Creatinine with aKm and aVm

Fig. 3: Relationship of Hb% with aKm and aVm
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Fig. 4: Effect of Urea on the Activity of AchE
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investigations in relation to diseases can provide
useful information. Kirstine Calloe et al16  recently
reported that  they can reveal their causes, can
suggest rational  and  effective  treatment,  can  assist
in monitoring progress and can help in assessing
response to therapy. It has been observed that renal
failure is common throughout the world. Like some
previous research workers 17-19, the present work is to
introduce an additional diagnostic aid to an ill kidney
along with the previous diagnostic parameters (urea
and creatinine). Michaelis Menten parameters (aKm &
aVm) were estimated by two substrate designs, which
gave more precise and accurate estimation as
compared to multi design. Preliminary experiments
indicate that in lysed cells aKm was 33, aVm was 70,
urea was 142, creatinine was 6.0, Hb was 9 and
activity was 75% from the onset of the diseases to ten
days and these parameters changed due to high
concentration and poisoning of urea and creatinine
during the severity of diseases. Since, higher aKm and
lower aVm indicated, the mixed  type inhibition and
denaturation of the enzyme,  resulting  in low activity
of the enzyme. Reasons for the above facts are as
reduction of number of nephrons leading to retention,
especially of those waste products that depend on a
high glomerular filtration rate for excretion. Shen T et
al20 also reported like our study, that the most
prominent of these higher aKm and lower aVm as well
as urea and creatinine, resulting in low Hb value. Due
to high concentration of urea and creatinine, the
activity of the enzyme changes, for instant in uremia.
The activity of Ach. E. decreases by high
concentration of urea while the poisoning of urea
causes inhibition and loss of  about 50 % of the
activity of the enzyme. It is concluded in our results
that high concentrations of urea and creatinine with
high value of aKm and low value of aVm, show
inhibition and denaturation of the enzyme Ach.E,
resulting in low activity. As the enzyme is mainly present
in the membrane of red blood cell and its active site is
externally oriented, so any change occurring in the
membrane vicinity will affect the activity of the enzyme
and this activity can be used as a marker for the
diagnoses and prognoses of  diseases. The
parameters aKm and aVm can be used as a tool for
diagnosing of an illness. It can also be used in
determining the efficacy of the artificial kidney used
for dialysis. Estimation of parameters aKm, aVm and
% activity in renal failure is a new enzymatic technique,
and prediction of other diagnostic parameters from
these can be done easily.

CONCLCONCLCONCLCONCLCONCLUSIONUSIONUSIONUSIONUSION

Changes in the kinetic parameters may be
associated with integrity of the membrane and of
complete characterization of aKm, aVm and enzymatic
activity, while urea, creatinine and Hb will give
prediction of each other i.e., one parameter can be

predicted from the other and the enzyme can be used
as a tool  for the diagnosis of diseases.
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