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Abstract

Heart failure (HF) incidence could cause further complications to other body
organs, which might sometimes be fatal, and is accompanied by various bio-
chemical alterations ie. enzymatic changes. The objective of this study was to
measure the activity of gamma glutamyl transferase (GGT) as an early diag-
nostic indicator for HF patients; and to isolate the iso-enzymes for the pur-
pose of finding the Michaelis-Menten constant (Km) and the maximum ve-
locity Vmax of each iso-enzymes which enable follow up the development of
HF disease. Samples of blood sera were collected from 120 patients of both
genders (70 males and 50 female, aged 30 - 38 years old). Partial purification
of iso-enzyme GGT was performed by precipitation, gel filtration, and ion
exchange of the two iso-enzyme (I and II). The purity of the enzyme was con-
firmed by using Sodium dodecyl sulfate-polyacryl amide gel electrophoresis
(SDS-PAGE) into two clear bands. The results were compared with other 80
samples of healthy volunteers whose ages ranged between 25 - 78 years old,
used as control. There has been a significant increase (p < 0.01) in the activity
of the enzyme GGT in the heart failure patient (66.9 = 1.7 IU/L) in compari-
son with control (12.07 = 0.60 IU/L). It is concluded that measurements of the
iso-enzyme GGT could well benefit as a clear indicator criteria in prognosis of
heart failure.
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1. Introduction

To maintain regular homeostasis in the body, various enzymes act as catalysts in
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specific biochemical reaction manners normal and healthy status. Accordingly,
any changes in the enzyme levels of the body could indicate a certain body mal-
function, disorders detectable by certain biochemical tests. The gamma-glutamyl-
transferatse (GGT) is an enzyme, of molecular weight 68,000 Dalton found in
many tissues, e.g. liver, gallbladder, spleen, pancreas, and kidneys that play a
fundamental role in metabolism of glutathione as an anti oxidant agent [1] [2]
[3]. The GGT plays a significant role in helping the liver metabolize drugs and
other toxins and functions in the body as a transport molecule, helping to move
other molecules around the body ie. glutathione to an acceptor that may be an
amino acid, a peptide or water [1] and in degradation of glutathione, drug and
xenobiotic detoxification [4]. Other lines of evidence indicate that GGT can also
exert a pro-oxidant role, with regulatory effects at various levels in cellular signal
transduction and cellular pathophysiology [5].

There is a strong evidence to correlate the raise in GGT level in the sera with
the increase in hypertension [6], diabetes, cardiac [7] and other vascular diseases
[8]. The activity of the enzyme GGT though could be affected by at least two
factors ie. temperature and pH. The ideal activity of the GGT varies between
female (24 TU/L) and male (2 - 30 IU/L) at 37°C and pH 8.2 [9]. The GGT test is
currently being the most sensitive enzymatic indicator of liver damage which is
done in parallel with other tests that measure liver enzymes. Elevated levels of
GGT are noted not only in the sera of patients with alcoholic cirrhosis [10] and
in primary or secondary (metastatic) neoplasms [11]. Elevated serum values are
also seen in patients receiving drugs such as phenytoin and phenobarbital, which
are thought to reflect induction of new enzyme activity [12]. Normal values are
observed in renal failure and in various muscle diseases e.g. skeletal disease,
children older than 1 year and in healthy pregnant women-conditions [13].

The test can also monitor GGT levels for people who have been treated for al-
coholic hepatitis as well as in screening for chronic alcohol abuse and to monitor
alcohol treatment receivers treatment (alcoholism) or alcoholic hepatitis [14].
Similarly, heart failure (HF), a potentially fatal condition is very common disease
worldwide and could suddenly attack various people e.g. in developed countries
a percentage of HF reaches 2% in adults and could increase up to 6% - 10% [15].
In the United Kingdom, the disease is the reason for 5% of emergency hospital
admissions [16]. No records are available in Iraq about HF due to lack of central
record by Ministry of Health. In such medical conditions, a few enzymatic
changes are noticed in many other disorders detectable from blood tests, elec-
trocardiography, and chest radiography to determine the underlying cause of
Chronic Heart Failure [17]. Enzymatic changes in the body are carried out via
various mechanism and their biological action to body organs vary too pending
on a few factors. It is therefore suggested that measurements of GGT enzymatic
activity may also be indicative to early risk of heart failure (HF). The activity of
GGT therefore is likely to change pending on changes in health condition. The

general practitioners (GP) may order the GGT test when in suspect of liver
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damage or at any other liver disorders as it has significance in medicine as a di-
agnostic marker.

The objective of this research has been to: 1) assess the activity of GGT en-
zyme levels in sera of the suspected HF patients as an early indicator of the heart
failure; and to 2) isolate the iso-enzymes-I for the purpose of finding the Michaelis-
Menten constant (Km) and the maximum velocity (Vmax) of each iso-enzyme

to enable follow up the development of HF disease.

2. Materials and Methods

Two hundred blood samples were collected from both genders for the period
(November 2012-May 2013) included healthy (control) and patients. Only 120
blood samples of HF patients were obtained from the Tikrit-Teaching Hospital
represented 70 male and 50 females sample, between ages of 30 - 88 years who
have been diagnosed with heart disease based on symptoms and clinical tests such
as Electromyo Cardio Gram (ECG) by hospital specialists, laboratory analyst as
well as collected information from patients. The control group represented 80
healthy blood sample donors from both males and females (45 males and 35 fe-
males) from the blood bank unit at Tikrit Education Hospital aged 25 - 78 years.

2.1. Estimation of GGT Activity in Serum

The basic principle of this method is known as Szasz [18]. The equation of inte-
raction can be illustrated as follows:

L-y-Glutamyl-p-nitroanilide + Glycylglycine

L-y-Glutamyl-glycylycine + p-nitroaniline

The rate of the composition of nitroenylin, which is directly proportional to
GGT activity in the sample, is measured at (450 nm). To measure the activity of
the GGT enzyme a 1 ML Reagent is incubates at 37°C for 30 seconds and then
added to 50 ML Specimen or Calibrator. The mixture was well mixed and the

absorbance at (405 nm) was recorded after 30 seconds per minute in 3 minutes.

2.2. Estimation of the Total Protein Level in Serum

This principle is based on the activation of the protein-containing serum sample
with the basal potassium nitrate solution (Cu** in a basal environment) known
as the Biuret Reagent to give a complex of purple color, the absorption intensity
based on the number of peptide bonds in the protein, measured by the absorp-
tion intensity at wavelength (550 nm) [19].

Protein + Cu’* + OH- ———— violet complex.

The working method for total protein determination was determined by using
20 pL as standard volume against the same amount of serum samples. For rea-
gent 1 (R1) and reagent-2 (R2) 1.0 mL were used as for blank, standard and
samples of serum too. Solutions were mixed and left within the room tempera-
ture for 10 minutes. The estimation was then performed via reading the absorp-

tion spectrum for the sample and the standard solution at a wave length 550 nm
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while the device was labeled using an efficient solution.

2.3. Separation and Purification of Gama-Glutamyl Transfrase
(GGT) from Sera of Patients with Cardiac Disorders and
Healthy (Control)

Purification of GGT enzyme was performed according to the following procedures:

2.4. Deposition by Ammonium Sulphates

Precipitation by Ammonium Sulphate: The blood proteins were deposited with
ammonium sulphate by 60% by adding 3 gm of ammonium Sulphate to 5 mL of
blood serum during 45 - 60 minutes and placing the serum in the ice with con-
stant stirring. The precipitant was then dissolved by 5 mL of 0.125 M HCI-Tris
with a pH 8.3.

2.5. The GGT Enzyme Was Purified Using the Following Steps

In order to remove the remaining Ammonium Sulfate from the protein deposi-
tion, the dissolved protein is placed, from the above step, in membrane of the di-
alysis bag following measuring the activity of the GGT and protein concentra-
tion, and immersing the sachet in the structured solution (HCI-Tris 0.125 M) of
pH 8.3. The solution is changed from time to time for a whole night. This step is
carried out at 4°C to maintain GGT activity. After the membrane separation was
completed, the GGT and protein concentration were measured according to
method adopted by Owen and Redfield (2005) [20].

2.6. Concentration of Dissolved Protein

The dissolved protein was deposited in the membrane separation bag and dip-
ped in sucrose crystals for 30 - 45 minutes at 4°C.

2.7. Gel Filtration

This method is based on the difference in molecular weight which is used as an
initial step to partially eliminate the salts and proteins associated with the en-
zyme. The filter column of the Sephadex G150 was used. Ion exchange chroma-
tography was used via DEAE-Cellulose A50 resin column to purify GGT from
the central protease and separate its isomers.

2.8. Electrolysis of Acryl Gel with Ammid Presence of SDS

Sodium Dodecyl Sulfate-Polyacryl Amide GelElectrophoresis (SDS-PAGE) The
Laemmli method [21] was used in the preparation of electrolyte separation gel

with some modifications using 10% acryl-amide gel and Coomassie brilliant blue.

3. Results

1) Estimation of GGT activity in serun

The arithmetic means of general GGT activity in the sera of the heart failure
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patients were significantly (p < 0.01) higher ie. almost five folds (66.9 + 17 U/L)
than those of control (12.07 + 0.6 U/L). The activity of the enzyme GGT in the
male HF patients displayed significantly (p < 0.01) higher records than those of
female patients in comparison with their counter control. Simultaneously, a sig-
nificant difference (p < 0.01) in the activity of the enzyme GGT in the male HF
patients sera was also noticeably higher in patients aged above forty years old in
comparison with those of below 40 years old which overlapped between the
genders in comparison with the control (Table 1). The results showed signifi-
cant differences between patients and healthy control as well as significant dif-
ferences between the age groups of patients at p < 0.01 in comparison with
healthy control. The levels of GGT have been proportional with both severity of
the disease and with age.
2) Effects of electrolytes:

The arithmetic means in the levels of electrolytes Sodium, Potassium and

Chlorine (Na*'; K*' and CI™"), respectively measured in m.mol/L in the sera of
HF patients and their counter parts control as showed an insignificant difference
in the level of Sodium ions between the males and females whereas a significant
difference (p < 0.01) was seen in Potassium jons in the males only. However,
both males and females showed significant differences (p < 0.05) in Chlorine
ions (Table 2).

3) Partial purification of GGT enzyme of HF patients:

Using 60% Ammonium Sulphate and after obtaining the required purity, the

Table 1. The activity rate of GGT (iU/L) in both male and female HF patients for ages
less and more than 40 years old. Student-T test showed the difference in the rate of GGT
in iU/L of HF patients in comparison with the control is significant (p < 0.01) [*]. (n)
number of patients and control encountered.

Age (years) GGT iU/L GGT iU/L Control p (Student -Tes?)
<40 Male (n=17) 43.64 +1.4* 5.70 £ 0.68 p=<0.01
>40 Male (n = 53) 67.56 £ 1.5* 11.36 £ 0.12 p=<0.01
<40 Female (n = 6) 37.82 £0.87* 7.11 £ 0.86 p=<0.01
>40 Female (n = 44) 57.82 £2.0* 14.75 £ 0.76 p<0.01

Table 2. Mean levels and standard deviation (+sd) of three electrolytes (Na*'; K*' and
CI™") mmol/L activity, respectively in the sera of HF patients in comparison with the con-
trol. (n) number of patients and control involved; (p) Student T-test; [*] significant dif-

ference.
Individuals Na*! K* Clt!
Male [HF] (n = 70) 136.2 £ 0.86 5.07 £0.1* 196 + 50*
Female [HF] (n = 50) 136.3+1.8 3.85 + 0.09 319 £ 72%
Male control (n = 45) 140 £ 12.5 42+1.2 109 £ 11.0
Female (n = 35) 148 + 4.4 4.0+0.9 227 43
p (Student-Test) p=20.05 p=<0.01 p<0.05
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excess salt was eliminated by membrane separation dialysis via 0.125 M Tris-
HCI at pH 8.3. The degree of purification of the iso-enzyme-I obtained was 3.3
folds higher with the enzyme yield of 37.6%. A single peak was obtained with a
purity of up to 5 fods with an enzyme yield of 47.3% by chromatography of gela-
tin filtration the gaseous Sephadex G-150 (Table 3). A single peak was obtained
(Figure 1) with purity of 3.65 times and enzymatic purity of 47.3%. In order to
complete the subsequent purification stages, the GGT isomers were separated by
ion exchange chromatography using the DEAE-Cellulose A50 resin as a column
filler and a graduated solution of sodium chloride. Ion exchange chromatogra-
phy method was used to separate and purify the enzymes that are based on the
principle of verified charges of the isomers with the corresponding purity of
(5.24) times, as shown in Table 3.

With the electrode separation method (SDS-PAGE gel) at a concentration of
10% with CBB R250 dye, two bands appeared separated from the GGT were ex-
pressed in the ion exchange method (Figure 2). The location of these packages
refers to the molecular weight of these isomers as 68 KDa. The enzyme carries a
negative charge as it is attracted to the positive electrode leading to move the

protein in the gel accordingly.

Table 3. Separation and purification of the GGT enzyme from heart failure patients.

. Total Protein Total Specific . .
Activity L. A . . Purification .
Steps Elute (ml) (U/L) activity  concentration protein activity (folds Yield%
(10) (mg/L) (mg) (iU/mg)
Crude 7.5 73.02 0.547 514 0.386 1.419 - 100
Ammonijum sulphate 5.5 60.3 0.332 30.2 0.166 1.996 1.406 60.62
Dialysis 5 41.21 0.206 8.7 0.0435 4.737 3.338 37.66
Concentrated 4.5 66.54 0.299 14 0.063 4.752 3.349 54.73
Gel filtration 5 51.82 0.259 10 0.05 5.18 3.65 47.34
I h DEAE-Cellul
on exchange clulose 3 38.1 0.114 415 0.0124 9.209 6.490 20.87
A50 Isoenzyme-I
Isoenzyme-II 3 16.363 0.049 2.2 0.0066 7.424 5.232 8.95
60 40
—+—Activity —#-Protein 35 ——Activity -=-Protein
50 - - =5
— - — )
= B -}
54 2 5 3
= e = S
5 30 2 5 5
o 8 o ©
2 20 £ 2 I
2 2 2 °
<10 2 g a
0
0 2 4 6 8 10 12 14 16 18 0 5 10 15 20 25 30 35 40 45
Fraction NO. Fraction NO.

(@)

(b)

Figure 1. (a) Purification of the enzyme GGT from sera of HF patients using chromatography gelatin filtration G-150 Sephadex;
and (b) Isolation of isoenzyme GGT from HF patients using ionic A50 cellulose-DEAE change chromatography.
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Figure 2. Electro-gel separation of the enzyme GGT from the sera of the HF patients.

4) Kinetic studies of the partially purified GGT isoenzyme-I.

Optimum substrate concentration and Km: The concentration of the basic
materials was studied against the reaction speed of GGT iso-enzyme-I partially
separated from the ionic exchange column until the ideal concentration [2 mM]
(Figure 3(a) & Figure 3(b)), respectively. The speed then started to reduce at
higher concentrations due to the inhibition. The iso-enzymes appear to be sub-
ject to the equation of Michaelis-Menten plot.

Another method, Lineweaver-Burk, linear equation was used to calculate the
values of Km as it was 1.66 mM and the value of Vmax (24 mM/min) from the
isoenzyme-I for HF patients. However, in control these values were 0.4 Km(mM)
and the Vmax was 7.2 mM/min (Figure 4(a) & Figure 4(b)).

5) The effect of pH over the reaction speed of the purified iso-enzyme-I.

Using various levels of H" in the working isotonic solution used in the reac-
tion of GGT iso-enzyme-I leads to raise in the reaction velocity with the raise of
H+ up to the maximum speed at the ideal pH, 8.3 where it reaction of isoenzyme
will go down accordingly. Figure 5(a) and Figure 5(b) demonstrate the relation
of reaction speed and the various levels of H" isomers in both control and those
in HF patients.

6) The effects of reaction time on the activity of the iso-enzyme-I (Opti-

mum time):

The reaction time of the purified GGT iso-enzyme-I isolated from the sera of

the HF patients was evaluated against the activity using 2 mM of the basic
GPNA for various time schedules (5, 10, 15, 20, 25, 30, 35, 40, 45 and 50 mi-
nutes) and at 37°C and pH 8.3. The activity of the enzyme raised in both cases
the clinical and the normal and a maximum activity of the enzyme was at 5 mi-
nutes when the activity began to decrease as in Figure 6(a) and Figure 6(b) re-

spectively.
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15 2 25
~ [GPNA] mA
(a)

Figure 3. Demonstrates the effect of the principle material on iso-enzyme-I GGT in (a). HF patients and (b). In control.

0.8 -
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-1 0.2

(b)

Figure 4. Lineweaver and Burk plot to demonstrate the purified iso-enzyme GGT in Km (a) in HF patients and (b) in control.

(b)
Figure 5. The effect of the pH on the activity of the purified iso-enzyme-I GGT from (a) HF patients and (b) Control.

30 40 50 30 40
Time (Min) Time (Min)
(a) (b)

Figure 6. The effects of time on the activity of the purified iso-enzyme-I GGT from (a) HF patients and (b) Control.
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7) The effect of temperature on the activity of the iso-enzyme-I (Opti-

mum temperature):

The results showed a high reaction rate for the iso-enzyme-I of the GGT puri-
fied sera of both HF patients and the healthy with the increase in temperature
and a maximum temperature of 37°C (Figure 7(a) and Figure 7(b)).

8) Eftect of Amino Acids and Glutathione on iso-enzyme-I Purified from

Serumr:

The effect of some amino acids against the speed of the isoenzyme-I reaction
of GGT purified from the sera of HF patients was assessed. The amino acids
Glutathione, Arginine and Glycine with concentrations Ze. 0.5, 1, 2, 4, and 10
mM showed varying degrees of inhibition against the isoenzyme-I. The maxi-
mum degree of inhibition was found at 10mM concentration by an inhibition
ratio (71.4%, 72.7% and 63.6%) (Table 4).

To identify and determine the type of inhibition caused by the glutathionine,
arginine and glycine of the purified iso-enzyme-I of HF patients various concen-
trates of these three amino acids were used with different substrates of GPNA.
The results using Dixon drawing are illustrates in Figures 8(a)-(c) where the
plot of the relationship between 1/v versus the inhibitory concentration.

9) The eftects of drugs on iso-enzyme-I purified from sera of HF patients:

The effect of some chemicals on the reaction speed of the purified GGT
isoenzyme-I from the HF patients using Aspirin, Digoxin in several concentrates
Le. (0.5, 1, 2, 4, and 10 mM). There has been varying levels of inhibition in the
iso-enzyme-I with a maximum inhibition at 10 mM of 54.5% for Digoxin 45.5%
for asperine (Table 5).

. 7 i
e Sl o Jg
2 e o = _# \ "
= o <5 S,
ke S 2 -~ e
= e = E 4 e kit
S =
. 2
1 4
0. : 0
0 10 20 30 40 50 60 0 10 20 30 40 50 60
T{C) LLQ)
(a) (b)

Figure 7. The effect of temperature (°C) on the activity of the purified iso-enzyme-I GGT from. HF patients and Control, respec-

tively.

Table 4. The inhibition proportion represented as arithmetic means of the three amino
acids Glutathione, Arginine and Glycine using various concentrations of the iso-enzyme-I
in HF patients and + SD.

Inhibition rate%
Amino acids

0.5 mM 1 mM 2 mM 5 mM 10 mM
Glutathione 364 +4.5 454+ 5.6 54.5+ 8.8 63.6 £ 6.7 72.7 £9.6
Arginine 273+33 364143 455+2.1 545+7.0 63.6 £9.1
Glycine 143 +3.1 28.6 6.0 42.8+49 57.1%6.2 714 +£12.0
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Figure 8. The inhibition effects of Glutathione (a); Arginine (b); and Glysine (c) on the
sera of HF patients.

Table 5. The effects of two different drugs, Digoxin and Aspirin on inhibition proportion
of various concentrations of iso-enzyme-I of the HF patients.

Inhibition%
Drugs
0.5 mM 1 mM 2 mM 4 mM 10 mM
Digoxin 18.2 27.3 36.3 45.45 54.5
Aspirin 9.1 18.2 27.3 36.4 45.5
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4. Discussion

A total of 200 patients encountered, in this research, would benefit to provide a
robust source of data for the reliability of the biostatistics and the conclusion.
Accordingly, the five folds increase in the rate of GGT in heart failure (HF) pa-
tients in comparison with the control indicates an unbiased significant differ-
ence, at the absence of any other factors which may interfere to influence the
elevation of GGT readings. The general results in this research are in agreement
with most recent works and could favor in predicting the possibility of mortality
in heart failure, cardiac and visceral disorders of elderly people [22] [23] [24]
[25] [26]. An elevation of GGT activity is seen in all forms of liver disease par-
ticularly in intra- or post-hepatic bill obstruction [27]. High levels of the enzyme
GGT detected has been an early forecast for development of a premature arteri-
osclerosis and other cardiovascular diseases, ie. myocardial infarction, heart
failure, stroke, and diabetes, as well as increase the enzyme level in cases of trig-
lycerides high cholesterol liver disease and excessive alcohol consumption factor
[24] [25] [28]-[37]. The activity of GGT in this study in male HF patients was
higher than those of female in comparison with their counterpart control. This
result is in concomitant with other recent studies [24] [36] [37]. The gender var-
iation of GGT levels could be attributed to female hormones and the nature of
myocardiocytes, which are more resistant to cell death. The latter is controlled
by estrogen hormone, which induces the cardiac system and blood vessels to in-
crease resistance to the cell death while 5% of proteins produced by myocardi-
ocytes are controlled by estrogen [38] [39] [40]. Hence, the significant
age-relevant increase in the GGT levels of the HF patients is likely to be propor-
tional with the severity of the disease and the senility.

Various experiments carried out in the present study targeted to explore a
clear understanding the role GGT in HF patients. Electrolyte is an important
role in controlling various physiological activities as ions within the body liq-
uids. The Sodium ions form almost 2% of the body fluids while the Potassium
5% and the chloride 3% of the total elements present in the body liquids. Both
Na" and CI” exist together in cellular fluids, while K* is the primary constituent
of cells [41] (role in neurotransmission and cell growth and it is a catalyst for
many enzymes [42] [43]). The increase in potassium indicates stress in the func-
tion of kidney and reduction in the glomerular filtration rate (GFR) [44] [45]
[46]. This could be attributed to the poor circulatory system course failure in
fluid discharge from the body in patients suffering accumulation of body fluids.
The latter leads to low cardiac output, increased central venous pressure, and
increase in venous renal pressure. As a consequence, the pressure of GFR will
decrease down [47]. The results showed a significant increase Chloride concen-
tration in both genders in comparison with counter control as the Chloride exist
mainly at the extra cellular matrix (ECM) [41]. This could be attributed to the
metabolic acidosis, which leads to increase its concentration in the blood [48].

The latter is followed by the size and shape of the protein as the enzyme protein
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migrated to the pH number 8.3 within the electric field between the positive and
negative electrode depending on the factors mentioned. Previous literatures in-
dicated that GGT has been purified from Helicobacter pylori bacteria from the
mucosa of stomach [49] and the bacteria Escherichia coli K-12 from human
neutrophils [50] [51], human liver [52], pig kidney [53], onion [54], however,
there is no evidence to refer to the purification of iso-enzyme of GGT in the se-
rum of patients with heart failure. The molecular weight of 68 KDa found in this
study is consistent with the previous researches [55] [56] [57] [58]. It carries a
negative charge and will be attracted to the positive electrode as the movement
of the protein depends on the main charge, the size and shape of the protein, al-
tered so that the protein of the enzyme has been fermented in a pH 8.3 [59] [60].
Using the basic substance Gamma Glutamyl-p-nitroanilide (GPNA) the result is
concomitant with results obtained from pig’s kidney (1.87) [53] [61]. The Km
value extracted from bacteria was 1.06 mM, respectively [49]. The Km of the
enzyme GGT in human varied within organs ze. 0.7 mM in pancreas, 0.91 mM
in the duodenum [52], while the Km value of the purified GGT extracted from
the human neutrophils had 1.8 mM [51]. No previous record is found so far in
previous works concerning the kinetic of the purified GGT from the HF pa-
tients.

The pH can affect the enzyme activity due to the variation in its nature and
chemical structure as well as the presence of various ionic groups which the en-
zyme carries [62]. All enzymes work at an ideal pH leading to change in the
concentration of H' ion [63]. Any change in the H" leads to the reduction in the
enzymes activity [64] as the enzyme posses a complicated three dimension con-
figuration which plays a role in the establishment and action of active site of the
enzyme. Any change in the hydrogen ion H" could, accordingly, lead to the re-
moval of the natural configuration of the enzyme (or denaturation) of the en-
zyme due to changing in the ionization status of the amino acids at the active site
of the enzyme, as a consequence to loss of enzyme activity [64]. Our result is in
concomitant with a most recent work on human Neutrophils [51] and Helico-
bacter pylori in intestinal mucosa of human [49]. It could be attributed to the
nature of the enzyme itself as the bonds break down by the time passed between
each pair of amino acids.

The enzymes posses an optimal temperature with a little variation [+] from
the temperature of the cell which they are existed in and the reaction speed is
proportional with the temperature up to an optimal temperature when it gradu-
ally comes down. The latter is attributed to the gradual mutilated enzyme mole-
cules which decrease or demolish the enzyme molecule where it works due to the
reduction or loss of enzyme efficacy. This reduction is facilitated by the effect of
high temperature on to the ionization of the aggregates present on the surface of
the enzyme and on the basic components. Therefore, any increase in the tem-
perature leads to alterations in the enzyme’s natural and shape, causing loss of

enzyme activity. The high temperature levels increase the kinetic energy which
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break, in turn, the bond between active amino acids, causing loss of enzyme ac-
tivity [65]. None of above literatures tackled the kinetic of the enzyme in the
hemorrhage of HF patients.

The glutathione acts as a competitive inhibitor as the Km increases while the
maximum velocity (Vmax) remains consistent with the increasing concentration
of competitive inhibitor. Accordingly, it could be possible to inhibit this type of
inhibition by increasing the concentration of the base material. Such result is in
concomitant with other studies [65]. However, with arginine and glycine they
act as non-competitive inhibitors where Km remains constant while the maxi-
mum velocity (Vmax) is reduced on the assumption that the basic material has
the same tendency to correlate with each of the free enzyme-E and the inhibitory
enzyme, while no evidence of GGT inhibition was ever tackled in other litera-
tures [66]. The goal of purification has been to identify the GGT iso-enzymes in
order to obtain the Km and Vmax for each iso-enzyme for comparative purpose
as a tool to diagnose the HF status.

Finally, the capacity and a consequence response of an individual to any
change in the mechanics of action of a drug is an important factor in the drug
interactions. Many drugs can cause various mechanical effects to the physiology
of the body as a drug may act on a single or multiple receptors or may affect
site-links of some receptors, as well as competition in the link mechanism to-
wards the same location or adversely. The latter could either be competitive or
non-competitive [67]. These pharmacokinetics interactions can affect the dis-
tribution of different mechanism 7e. absorption, transport, metabolism or dis-
tribution of drugs as some drugs may also activate or inhibit the enzymes, which
play a role in the cellular metabolism ie. the effect of the drug on human liver
enzymes [68].

In order to obtain a high level of purification, the proteins could usually be
concentrated during the first purification stages of the enzymes by removing a
big deal of water from it. Salts, such as ammonium sulphates, are often used for
this purpose due to their good solubility in water. Precipitation takes place via
salts as a result of equilibrium of protein ions by the action of salt leading to de-
crease in solubility of protein which the process called salting outside (Salting
out) [69]. The mechanism of elevation of the GGT in heart failure victims is not
clear enough at this stage but is most likely that it is due to its effects on cardiac
muscle rhythm and capacity.

It is concluded that the GPs may also order the GGT test as a direct tool to
prognosis the early HF condition in patients suffering from cardiac muscle dis-

orders.
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