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ABSTRACT

Obijectives: Disturbance in the Low-density lipoprotein cholesterol (LDL-C), High-
density lipoprotein cholesterol (HDL-C), total cholesterol (TC), triglyceride (TG) and
serum total homocysteine are predisposing factors in myocardial infarction. Design
and methods: The study group consisted of 56 patients 35 male (aged 47.8+4.8
years), and 21 females (aged 46+4.3 years). The entry criterion for the patient group
has a history of typical or atypical chest pain, unequivocal changes in the
electrocardiogram. The control group consisted of 30 normal volunteers, 16 male
(aged 48.415.2 years) and 14 females (aged 45.1+4.9 years). Measurement of serum
total homocysteine was performed by enzyme linked immune sorbant assay (ELISA).
Measurement of TC, TG, and HDL-C were performed using spectrophotometer. LDL-C
was calculated. Results: Patients with myocardial infarction were found to have
higher serum total homocysteine levels (23.93+£2.99 zmol/L in male and 25.82+3.82
umol/L in female) than controls (10.45+2.73 gmol/L and 12.92+0.9 gmol/L in both
male and female respectively) (for each comparison; p < 0.001). Serum total
homocysteine levels were significantly correlated with high Triglycerides and low
HDL-C. Conclusions: The above mentioned findings suggest the potential usefulness of
Triglycerides, HDL-C and serum total homocysteine as risk factors in myocardial
infarction patients. These findings should be used in the future studies on the etiology
and pathogenesis of myocardial infarction and to ascertain which patients are at risk
for subsequent cardiovascular events and who will benefit from revascularization.
Abbreviation: LDL-C (Low density lipoprotein-cholesterol), HDL-C (High density
lipoprotein- cholesterol), Ml (Myocardial infarction), TG (Triglycerides) and Hcy
(homocysteine)

INTRODUCTION auto-oxidation of low-density
lipoprotein cholesterol®® and

Moderate hyperhomocysteinemia promotes thrombosis™®. Hyperhomo-

is an important cardiovascular risk cysteinemia may be an additional risk
factor™®. Hcy is toxic to the vascular factor predisposing individuals  to
endothelium®® and can potentiate the premature coronary heart disease.

Patients homozygous for cysta-
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thionine-f-synthase deficiency, or
who have inherited disorders of
cobalamin metabolism, have very
high plasma Hcy concentrations and
are usually subject to severe
premature  atherosclerosis®?.  The
pathological accumulation of Hey in
tissues and Dblood is generally
considered to cause  vascular
complications by its injurious effect
upon the endothelial cells®. The
aetiology and clinical significance of
hyperhomocysteinemia are under
intense investigation. The aetiology of
mild to moderate hyperhomo-
cysteinemia commonly found in
patients  with  coronary  artery
disease®?, cerebrovascular disease™®,
peripheral vascular disease™, and in
patients with end-stage renal disease
is often unclear™'®). Hcy is a strong
and independent risk factor for
cardiovascular disease, a sensitive
marker of cobalamin and folate
deficiencies™®. Results from animal
and cell culture studies indicate that
increased Hcy concentrations may
accelerate coronary heart disease by
various mechanisms, including direct

damage to the vascular
endothelium®, stimulation of smooth
muscle cell proliferation®, and

(cah)

enhanced LDL-C peroxidation*™.
Furthermore, Hcy may interfere with
homeostasis by various mechanisms
thus contributing to a biochemical
environment induction of thrombus
formation®29, Hcy has, also, been
shown to increase DNA synthesis in
vascular  smooth  muscle cells
consistent with early arteriosclerotic
lesions and to induce these cells to
proliferate  while impeding the
regeneration of endothelial cells and
to cause oxidation of low-density

lipoprotein(25'27). The effects of Hcy
on vascular hemostatic properties may
be due to decrease in thrombomodulin
cell surface expression and inhibition
of protein C activation, thus probably
contributing to development of
thrombosis @,

Different studies have used
different Hcy levels to mark
"abnormal" levels. However, the
evidence is that Hcy is a graded risk
factor, with the risk rising with even
minor elevations of Hcy. Bostom et
al.®? find that serum Hey >14 pmol/L
considered a relative risk of vascular
disease, but Stehouwer® considered
that >17 umol/L serum Hcy are highly
risk of dying vascular disease.

Dyslipidemia is a  well-
established risk factor for
cardiovascular  disease®®. In the
Copenhagen Male Study (CMS),
presence of a high fasting plasma TG
concentration and a low high-density
lipoprotein  cholesterol  (HDL-C)
concentration, the character-istic
dyslipidemia in the metabolic
syndrome, was associated with a 2—
foldhigher prevalence of
cardiovascular disease (CVD) and a
2—fold-higher incidence of ischemic
heart disease (IHD) in men without
symptoms of CVD at baseline®. In
addition, a link has been observed
between a high TG level, low HDL-C
level, reduced glucose tolerance,
hyperinsulinemia, obesity, low
physical activity, reduced fibrinolytic
capacity and increased factor VII
level®,

The purpose of the present study
was to compare serum total Hey and
TC, TG, LDL-C, and HDL-C as risk
factors in old MI.
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PATIENTS & METHODS

Clinical, ECG changes and Serum

The studied population were
taken from Outpatient Clinic of the
Coronary Diseases, Sohag University
Hospital, Sohag Faculty of Medicine,
Sohag University, in the period from
July 2006 to February 2007. The
study group consisted of 56 patients
suffering from old MI above forty
years old 35 male, and 21 females non
pregnant women. The control group
consisted of 30 normal volunteers, 16
male and 14 non pregnant females of
the same age group. None of the
subjects smoked cigarettes. Diagnosis
was, based on criteria established by
the World Health Organization,
including typical or atypical chest
pain, unequivocal changes in the
electrocardiogram. Single MI was
subsequently confirmed from ECG
criteria, which was the appearance of
pathologic Q wave accompanied by
an elevation of the ST segment one
mm or more in two or more
contiguous  leads, often  with
reciprocal ST depression in the
contralateral and subsequently
inversion of the T wave. Significant
elevation in serum lactate
dehydrogenase activity and creatine
kinase MB level were associated in
selected patients. Venous blood
samples were obtained after the
subjects had fasted for at least 12
hours and allowed to clot at room
temperature for 30 min, were
immediately centrifuged at 2000 rpm
for 5 min, and the serum was removed
and stored without delay at -20°C
until analysis of Hcy and related lipids
which was performed over a period of
one h at most.

Homocysteine Assay

Axis Hey enzyme linked immune
sorbant assay (ELISA) is used for the
determination of total Hcy in blood
(Axis-Shield Diagnostics Ltd, United
Kingdom)®. Protein-bound Hey is
reduced to free Hcy by use of
dithiothreitol (DTT). Free Hcy
converted enzymatically to S-
adenosyl-L-homo-cysteine (SAH) by
the use of SAH hydrolase and excess
adenosine (Ad) in a separate
procedure. The following solid-phase
enzyme immunoassay is based on
competition between SAH in the
sample and immobilised SAH bound
to the walls of the microtitre plate for
binding sites on a monoclonal anti-
SAH antibody. After removal of
unbound anti-SAH antibody, a
secondary rabbit anti-mouse antibody
labelled with the enzyme horse radish
peroxidase (HRP) is added. The
peroxidase activity is measured at 450
nm after addition of substrate (N-
methyl-2-pyrrolidine, propylene-
glycol) and the absorbance is
inversely related to the concentration
of Hey in the sample.
Cholesterol assay

Enzymatic colorimetric method
was used for cholesterol assay from
Bicon-Diagnostk®®.  This  method
depend on the presence of cholesterol
esterase and cholesterol oxidase to
yield cholesten-3-on and H,0,
(Hydrogen  peroxide).  Hydrogen
peroxide created forms a red dyestuff
by reacting with 4-aminophenazone
and phenol under the catalytic action
of peroxidase. The colour intensity is
directly proportional to the
concentration of cholesterol and can
be determined photometrically at
546nm.
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Triglycerides assay

Enzymatic colorimetric method
was also, used for TG assay from
Bicon-Diagnostk®. This method was
based on the using of lipoprotein
lipase from microorganisms for the
rapid and complete hydrolysis of TG
to glycerol followed by oxidation to
dihydroxyacetone = phosphate  and
hydrogen peroxide. The hydrogen
peroxide produced then reacts with 4-
aminophenazone and 4-chlorphenol
under the catalytic action of
peroxidase to form a red dyestuff and
measured at 546 nm.
HDL-Cholesterol assay

Chylomicrons, VLDL (very low
density lipoproteions) and LDL-C
were precipitated by phosphotungstic
acid (PTA) and MgCl2 (ADWIC).
After centrifugation the supernatant
fluid contains the HDL-C fraction,
then  cholesterol  content  was
determined enzymatically®®®.
LDL-Cholesterol calculation

The LDL-C concentration was
calculated from the difference
between the total serum cholesterol,
HDL-C and TG/5®.
Statistical analysis

Values were expressed as mean,
and + standard deviation (SD). For
serum lipids and Hey in comparisons
of controls and old MI patients,
unpaired Student’s t-test was used.
Differences with p values <0.05 were
considered significant by using SPSS
software (release 10.0).

RESULTS

Fifty six patients (35 male and 21
female) suffering from old MI and 30
normal volunteers (16 male and 14
females) above forty were included in
the study. The mean of age in old MI
was 47.844.8 years in males and
46.£44.3 years in females. In the
control group, the mean age was
48.4+5.2 years in males and 45.1+4.9
years in females. Patients with MI
were found to have higher serum total
Hcy levels than controls (P <0.01)
(Fig. 2). The mean serum total Hcy
level in control group was 11.6+2.41
umol/L (10.45 +2.73 umol/L for
males and 12.92+0.9 pmol/L for
females), but that in old MI patients
was 24.64+3.42 pmol/L (23.93+2.99
umol/L  for males patients and
25.8243.82 umol/L  for females)
(fig.1). Serum level of hemocysteine
ranged in MI from 16.78 to 31.55
pumol/L, in control group ranged from
5.99 to 14.82 umol/L. All MI patients
had serum Hcy >14 pmol/L (100%)
and only 55 of them had serum Hyc
>17 umol/L (98.2%). In control group
all had serum Hcy below 17 pmol/L
and 25 of them had serum Hyc > 14
pmol/L (83.3%). So, sensitivity and
specificity of serum Hcy level > 14
pmol/LL  were 91.8% and 100%
respectively. The sensitivity — was
higher (100%) with serum
Hcy > 17 pmol/L.
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Serum Homocysteine in Control and old MI.
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Fig.(1): Serum homocysteine in control (Black columns) and old MI (white
columns) of male and female groups

Serum TG levels were higher in
patients with old MI (320.5+£10.7
mg/dL) than in controls (139.2+31
mg/dL) (P <0.05). The mean serum
TG level was 192.38 £12.37 mg/dL vs
343.19434.79 mg/dL for men in the
control and MI groups, respectively;
and 150.414£27.57mg/dL Vs
282.75+42.82 mg/dL for women in
the control and MI  groups,
respectively, P < 0.05 in each groups
(fig.2). 44 patients with MI had serum
TG>200mg/dL (78.6%) but only 2 of
control  persons had  hypertri-
glyceridemia. (6,7%). So, Sensitivity
and specificity of serum TG
>200mg/dL were 95.8% and 73.7%
respectively.

HDL-cholesterol levels  were
lower in patients with old MI
(50.0149.59 mg/dL) than in controls
(57.53£10.18 mg/dL) (P <0.05). Its
mean was lower in men and women
with old MI (48.63+11.1 mg/dL and
52.33+5.83 mg/dL respectively, P,
0.05) than in healthy men and women
(55.25£7.58 mg/dL and 60.14+12.3
mg/dL respectively) (fig.2). Only 3
patients with MI had serum HDL-C
<35mg/dL (5.4%) but all the control
persons had serum HDL-C above this
level. The sensitivity and specificity
of serum HDL-C <35mg/dL were
100% and 36.6% respectively.
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Serum Triglycerides and HDL-Cholesterol in control and old Ml.
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Fig.(2): Serum TG (first four columns) and HDL-C (following four columns) in both
control (Black columns) and old MI (white columns) of male and female groups

DISCUSSION

Although the mortality following
acute MI has decreased, morbidity
remains considerable. The task of
physician is to initiate risk factor
modification, lipid-lowering therapy,
smoking  cessation and  other
intervention. Post-MI risk factors
evaluation is used to ascertain which
patients are at risk for subsequent
cardiovascular events and who will
benefit from revascularization. All
patients who have had an MI should
undertake aggressive modification of
their risk factors. As seen in the
present work, a relationship between
serum total Hcy and/or one of two
conventional risk factors for MI (TG
and HDL-C) was observed. Results
obtained in the present study, like

those of other authors®?; suggest

that the serum total Hcy assay could
be used to predict future risk for MI.
There is no relation between serum
total Hcy and LDL-C in these
patients.  Although  hyperhomo-
cysteinemia can potentiate  the
oxidation of low-density lipoprotein
cholesterol®?”  that can promotes
thrombosis"® but it has no apparent
correlation effect on serum LDL-C.
The average maximal value of all
patients was at least two times greater
than the normal subjects and the more
sensitivity and specificity of serum
Hcy (specially >17umol/L) explain
the high diagnostic value of the Hcy
assay for MI. The results presented in
the current work indicate that an
elevated total Hcy level with or
without high TG or low HDL-C are
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risk factors in IHD but their relations
to prognosis and severity of MI need
further work. The current results were
in good agreement with those reported
previously™®??. The determination of
serum total Hcy, TG and HDL-C for
the diagnosis of MI patients will be an
important feature of the clinical
chemistry laboratory. Further work on
the mode of action of Hcy in relation
to MI is needed.

REFERENCES

1. Akhtar N (2007): Is
homocysteine a risk factor for
athero-thrombotic cardiovascular
disease?. J. Am. Coll. Cardiol., 49
(12):1370-1.

2. Son Y. (2007): Hostility and
serum homocysteine as cardio-
vascular risk factors in Korean
patients with coronary artery
disease. J. Clin. Nurs., 16(4):672-
8.

3. Jacobs P, and Wood L (2004):
Homocysteine and the vascular
endothelium.S Afr Med T,
93(3):191-2

4. Fujimoto S, Togane Y,
Matsuzaki C, Yamashina S,
Nakano H, Yamazaki J, and
Yoshino G. (2003): Effects of
long-term  administration  of
methionine on vascular
endothelium in rabbits. Nutr.
Metab. Cardiovasc. Dis., 13
(1):20-7.

5. Pfanzagl B. (2005): Ascorbate is
particularly effective against LDL
oxidation in the presence of iron
(IIT) and homocysteine/cystine at
acidic pH. Biochim. Biophys.
Acta 1736(3):237-43.

10.

11.

12.

13.

Heinecke J, Rosen H, Suzuki L,
and Chait A. (1987): The role of
sulfur containing amino acids in
superoxide  production  and
modification of low density
lipoprotein by arterial smooth
muscle cells. J. Biol. Chem., 262:
10098 —103.

Unlu Y, Keles S, Becit N,
Kocogullari CU, Kocak H, and
Bakan E (2005)
Hyperhomocysteinaemia as a risk
factor for deep-vein thrombosis.
Eur J. Vasc. Endovasc. Surg.,
30(3):315-8.

Lee R, and Frenkel EP. (2003):
Hyperhomocysteinemia and
thrombosis. Hematol Oncol. Clin.
North Am., 17(1): 85-102.
Malinow M, Kang S, Taylor L,
Wong P, Coull B, and Inahara
T, (1989): Prevalence of
hyperhomo-cysteinemia in
patients with peripheral arterial
occlusive disease. Circulation 79:
1180-88.

Heil SG, Riksen NP, Boers GH,
Smulders Y, Blom HJ. (2007) :
DNA methylation status is not
impaired in treated cystathionine
beta-synthase (CBS) deficient
patients. Mol. Genet. Metab.,
91(1):55-60.

Braun L. (2006): Cardiovascular
disease:  strategies for risk
assessment and modification. J.
Cardiovasc. Nurs., 21:43-5.
Chaava M, Bukiia T, and
Shaburishvili T (2005):
Homocysteine as risk marker of
cardiovascular disease Georgian
Med. News 127:65-70

Moller J, Nielsen G, and
Tvedegaard K.(2000) : A meta-
analysis  of  cerebrovascular

69



Bull. Egypt. Soc. Physiol. Sci. 27 (2) 2007

Abd-Elmoaty et al.

14.

15.

16.

17.

18.

19.

20.

disease and hyperhomo-
cystinemia. Scand. J. Clin. Lab.
Invest., 60:491-499.

Boushey C, Beresford S, and
Omenn G, (1995): A quantitative

assessment of plasma
homocysteine as a risk factor for
vascular disease - Probable

benefits of increasing folic acid
intakes. JAMA, 274:1049-1057.

Bostom A, and Lathrop L.
(1997): Hyperhomocystinemia in

end stage renal disease:
Prevalence, etiology, and
potential relationship to

arteriosclerotic outcomes. Kidney
Int., 52: 10-20.

Undas A, Jakubowski H.
(2006): Relationship between
homocysteine and mortality in
chronic kidney disease.
Circulation 17;114-116.

Nexo E, Hansen M, Rasmussen
K, Lindgren A, and Grasbeck
R. (1994): How to diagnose
cobalamin deficiency?. Scand. J.
Clin. Lab. Invest., 54: 61-76.
Pietrzik K, and Bronstrup A
(1998): Vitamins By, B¢, and
folate as  determinants  of
homocysteine concentration in
the healthy population. Eur. J.
Pediatr., 157:S135-S138.

Cushman M. (2007):
Epidemiology and risk factors for
venous  thrombosis. Semin.

Hematol., 44(2):62-9.

Taylor L, Moneta G, and
Sexton G. (1999): Prospective
blinded study of the relationship
between plasma homocysteine
and progression of symptomatic
peripheral arterial disease. J.
Vasc. Surg., 29:8-19.

21.

22.

23.

24,

25.

26.

Harker L, Ross R, Schlichter S,
and Scott C. (1976): Homo-
cysteine induced arteriosclerosis.
The role of endothelial cell injury
and platelet response in its
genesis. J. Clin. Invest., 58: 731—
41.

Fryer R, Wilson B, Gubler D,
Fitzgerald L, and Rodgers G.
(1993): Homocysteine, a risk
factor for premature vascular
disease and thrombosis, induces
tissue  factor  activity  in
endothelial cells. Arterioscler
Thromb., 13: 1327-33.

Tsai J, Perella M, Yoshizumi
M, Hsieh C, Haber E, Schlegel
R, and Lee M. (1994):
Promotion of vascular smooth
muscle cell growth by
homocysteine: a  link  to
atherosclerosis. Proc. Natl. Acad.
Sci. (USA.), 91: 6369-73.

Undas A, Stepien E, Plicner D,
Zielinski L, and Tracz W.
(2007): Elevated total homo-
cysteine is associated with
increased platelet activation at the

site of microvascular injury:
effects of folic acid
administration. J. Thromb.

Haemost., 5(5):1070-2.

Picerno 1, Chirico C, Condello
S, Visalli G, Ferlazzo N,
Gorgone G, Caccamo D, and
lentile R. (2007): Homocysteine
induces DNA damage and
alterations in proliferative
capacity of T-lymphocytes: a
model for immunosenescence?.
Biogerontology 8(2): 111-9.

Lin P, Yang T, Lin H, and Hu
M. (2007): Synergistic effects of
S-adenosylhomocysteine and
homocysteine on DNA damage in

70



Bull. Egypt. Soc. Physiol. Sci. 27 (2) 2007

Abd-Elmoaty et al.

27.

28.

29.

30.

31.

32.

a murine microglial cell line.
Clin. Chim. Acta 379(1-2):139-44
Andreassi MG, Botto N, Cocci
F, Battaglia D, Antonioli E,
Masetti S, Manfredi S,
Colombo MG, Biagini A, and
Clerico A. (2003): Methylene-
tetrahydrofolate reductase gene
Co677T polymorphism,
homocysteine, vitamin Bi,, and
DNA damage in coronary artery
disease. Hum. Genet., 112 (2):
171-7.

Rodgers G, and Conn M.
(1990): Homocysteine, an
atherogenic  stimulus, reduces

protein C activation by arterial
and venous endothelial cells.
Blood 75: 895-901.

Lentz S, and Sadler J. (1991):
Inhibition of thrombomodulin
surface expression and protein C
activation by the thrombogenic
agent homocysteine. J. Clin.
Invest., 88: 1906 —14.

Bostom A, Silbershatz H, and
Rosenberg I. (1999): Non fasting
plasma total homocysteine levels
and all-cause and cardiovascular
disease mortality in elderly
Framingham men and women.
Arch. Intern. Med., 159: 1077-
1080.

Stehouwer C, Weijenberg M
and Van den Berg M. (1998):
Serum homocysteine and risk of
coronary heart disease and
cerebrovascular disease in elderly
men - A 10-years follow- up.
Arterioscler. Thromb. Vasc. Biol.,
18: 1895-1901.

Biagi R, Rossi L, Guidotti P,
Battista P, Toschi P, and
Rovinetti C. (1982): Lipid
variations in coronary disease.

33.

34.

35.

36.

37.

38.

39.

Boll. Soc. Ital. Biol. Sper., 15;58
(15):940-6.

Jeppesen J, Hein H, and
Suadicani P. (1997): Relation of
high TG-low HDL cholesterol
and LDL cholesterol to the
incidence of ischemic heart
disease: an 8-year follow-up in
the Copenhagen Male Study.
Arterioscler. Thromb. Vasc. Biol.,
17: 1114-20.

Durrington P. (2003): Dys-
lipidaemia. Lancet 362: 717-31.

Han Q, Sun X, Xu M, Zhang N,
Tang L, Tan Y, Hoffman R.
(2004):  3-Deazaadenosine, a
stabilizer of whole-blood
homocysteine content, does not
interfere with the single-enzyme
homocysteine assay while totally
inhibiting the enzyme conversion
homocysteine immunoassay. Clin
Chem., 50(9):1703-4.

Roeschlau P, Bernt E, and
Gruber W. (1974): Enzymatic
determination of total cholesterol
in serum. Z. Klin. Chem. Klin.
Biochem., 12(5):226.

Akins JR, Waldrep K, Bernert
JT Jr. (1989): The estimation of
total serum lipids by a completely
enzymatic 'summation' method.
Clin. Chim. Acta 16;184(3):219-
26.

Niedmann PD, Luthe H,
Wieland H, Schaper G, and
Seidel D. (1983): [Accuracy of
HDL cholesterol measurements.
Klin. Wochenschr., 1;61(3): 133-
8.

Friedewald W, Levy R, and
Fredrickson D. (1972):
Estimation of the concentration of
low-density lipoprotein choles-
terol in plasma without use of the

71



Bull. Egypt. Soc. Physiol. Sci. 27 (2) 2007 Abd-Elmoaty et al.

preparative ultracentrifuge. Clin. Chem., 18:499-502.

all) cuhall jgad c¥la B ) Jalge
o A Gulingaggd) g adly G gaal) A B SRy 40 )la Ay
Qldl) dlae g lidal) (asa

¥ e ve sea) dene e *FLbe dene Chpue ¥ F 2004 dena das/

#*ali Jpene oy **ndll pf vals ikl
s Aaals —(gpal) Qlall IS *#AbL (mbeY) s Al el cliasl) ad

ol e a2l i gasel) s ¢ LSy ) s e ama (8 JI) )
AL dalil) il A geailly Clil) Aliae o liial (e Sigan e s luall Jalall
Cisaa adg o adlall Jalsadl 300 cale ddjeal Golaladl (pda G 305lhe Jary Lidd 238
55 $pall liall 8 anjas a8 a8 Liagye 07 e A Jleny clldy (oYl oda Jie
Crgan e 2B AU Lol ppaasd®i day zlas daala ulall S i iy
3 sy Sllia) gl agaad vl 13,8 Yo saey agiijlies ulill Aliae ¢ Ll
(TC) AN Jaysiad oSV, i sanell Ay (uld DA e ldg aldl) ()-8
<3 5yaTs ,(HDL-C) 4 lall Z8ESH culd Zyiaall culigigll (TG) 4D culayyudal
oayaill 3ysdad e Adlal) Jalgal) aaf e of 2y 28y (LDL-C)  dadiiall 4L
A & Galasily AN Clagyadall A o Ll 2233 il Aliae oLl iyl
aally i o sell At 8 Jaws siall ¢ LY Lianls Adladl 26ESI <l Ainall il
A5l alal) Aliasy o Liia) Gigas A g i) e A Jalsall 38T (e yiiny 62
Al AV Ayl VWA ol b et SISV Ll G e (58N Jualsally
ilise climaY Laje V) Loafs cpensV) cr (358 palasl) 3 auld oSy el
)

72



