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Introduction

5]

The coranary slow flow phenomenan (CSFP)
i a dinical discrder thal s chamcarized
by late filing of fhe distal coronary arlery during
rathswrization of the comnary Aamery LRing contrast,
which causes symploms of coronary atdery stenosis.
Although this angiographic disorder has been known for
aimest five decades, the patholoagical mechanism s still

unclear and nol yet comarabansivaly known, CSFP higg)

surious clinical implicalons related lo e mitaton of
recurent acuteé coronary syndrmomes Cardiovascular
disorders causad by CSFP will cause problems and
requirg substantal funds for e management and
rshatilitation of patients. This & further axacerbated
by the late diagnosis of CSFP In general, palients are

known (o sxperience CSFP afler coronary syndromea
disorder is encountered and afier an invasive action
in the form of cardiac cathelenzation. Exploration of
pathomechanism and molecelar markers related o
COFP i requited, o delermine the biological changes
of this disorder thal oocurs belore the smergance of
cardiovascular disorders 1]

Endothelia’ dysfunction of coronery ariery s
believed to play an important rolein the pathomechanism
of C5FP. increased coronary microvascular tone and
vasomolor dysregulation ang@ihe basis for comrary
andoihelial  dysfuncton.  ThEe  renin-Sngaolensin-
eldosterona system (RAAS) plays & role in the regulation
of vascular and microvascular tone, including coronany
ariey. This-system consisis of several proteins, namidly,
renmn, angotensin, adosterone, and fhe angiotensin-
comverting enzyme (ACE) ACE is one of thparant
regulatons in the RAAS system. Thisenzyme playsa mia
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in thie corversion of angiotensin | protein to angiotensin
IL then ald@frone acivation occurs which wil be
foliowed by sodium and water relention n the kidney
tubules. Tha wil cause an increese In intravascular
volume, an Increase in candiac output, @n Increase
in blood pressure, ard an morease in vascular and
microvescular tone, inchuding coronary artery [2]. [3]

Central dogma states that in every expressian
of a protein. it will definitely be preceded by the process
of iranscripbion of tho protein-coding geno, than followad
Iy e Lranslalion process 10 produce B Largel probesin
The same applies to ACE snzymes. The expression of
thie enzyme s influenced by the ereyme-coding gane.
Changes that scourin tho anzyme-coding geno will causa
changes in enzyma levels, which of course greatly affect
tha function and role assocated win the AGE anzyme.
The gene of ACE is located on chromesomd{ER) and has
baan chamclerizad in humans by & majos inserson (1)
deletion (D) polymorphism consisting ofthe presenca of |
or an absence of O of a 287-basa pairs repeal sequence

i 16, Serum ACE levels wera assocated
with VD palymarphism in the ACE-sncoding gane. The
genotype o DD i associated with incresaed serum
ACE level, compared fo genotype of Il The increasing
level of ACE increases conversion of angiotensin | fo
angintensin || and activates signaling pathway from
inflammaflion, oxddative stress, and Inoreased vasoular
and cerdiovascular tone. Aldosterone s one of the ol
proleins that reguiatad the ngidty of vascular lona by
incraasing the accumulation of fibrotic fssues and is
respensiblo in endathelinl dyglunclion (4], [5], 18], [7]. [B].

Thiz study sxplored and analyzed the role of
ACE gane polymorphism rigk factors with the incdence
of GSFP in the population of South Sumatra, Indonesia.
In additcn, this stedy wes the pilot study related o thi
exploration of the rola of ACE gene poltymorphisms in
thia papulation of South Sumatma, Indonesia

Methods

Study design

This study was & cross-sectional analylic
cbservational study, Analyeis of the role of the ACE
gene polymorphism, sociodemography, and history of
metabolic and laboratory related metabolic disorders
with the incidence of CSFP was camied out in this study.

Situdy subjects

A total of 112 sludy subjocta ([CEFP = 54
subjects and non-C5FP = 58 subjecis) participated In
this study. The study subjects ware patients undengoing
cofnan angingraphy with suspectad comnany arteral
disgase, within the paned of May 2018-Dacambor

2018, at Dr. Moh. Hoesin General Hospial, Palembang,
Indonesia. Al study subjects possessed normal
corsnary angiographic resull and no atherosclerotic
lesions were lound in coronary aiteres, however, lhereg
was 8 slowdown in coronary flow rates Each sludy
subject had a history of chest pain thal resembled
anging symploms based on myocardsal perfusion or
freadmell test. Subjects who were taking vasoactive
drugs were nol incaeded in this udy. Every patient
had taken informed consent related 1o the willingness
to participate in the study and vanious risks that might
acoud duting the study. This study had obtained athical
approval from tha Emics Commitea of the Faculty
of Medicine, Universitas Sriwiiaya/Dr  Moh Hoesin
Gensral  Hospital (Mo 231kpifkursn-ramhi2018)
Evory study subjoct who had agreod to lake part in this
siudy underwent anamnesis, physical examination by
cardilogst followed by Eboratory examination and
comnary angiography by cardinlogist ware performed

Biochamical paramelers assay

Biood was oldoinsd from easch study subjpc)
after 10 h of fasing. In the pmeess, the serum was frs!
separaied by cantrd iorad” ) at @ speed of 5000 mm,
tomparature of 25°C, far 20 min. Then, the supematant
was ssparated from Ine pellet, stored al -80°C
Angiotens@F) and aldosterone bvels were examined
using the enzyme-linked immuncsorbent aszay (ELISA)
methed using the human ELISA Ki (Cloud-Clone™)
A total of 10 ul samples from o subioct wero
inciuded i7 the microplate well then incubated for 30 min,
8t 37°C. The micropiate was then washed with & washing
solution on Immuns Washer (Biomed™) Next. conjugated
homeradish parsedase was added 10 each microplite
and incubalion was again performed. The microplate was
then added wih chrom A and dom B and reincubated
for 15 mn, Then, a slop soluion was added 1o the
microplaie and an optcal density (OD) valus was rad
fraam the microplale on e ELISA reader (Biorad"). The
next step was (o convent 0D vaiues into angiolensin | and
aldosterona levels using standard curves.

Anglographic examination

The Judkinsg mathod was used in the
assassment of coronarny angiography. which was carried
oul through famoral artery. All study participants
were ghvan (Ultrawis: 370, Schering AG.
Beodin, Germany) as a confrast medium All participants
underwent assessment for siow coronglg fiow through
cofonary angiography; total frame cine (TFC) was usad
o measire the cormnary flow rate of each patisnt. To
onsure tha! cononary flow was objoctively guantified,
two separale doctors with no information of the patients
determened corcnary fiow theough TFC. Wilh TFC, the
aperator recorded the numbes of cine frames (taken
al 30 framee per sacond) neodad so that the contrast
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was at the level of the normal distal coronary lanomark
in the following aranes: Left cicumflox anery (LCX),
descending left anterior (LAD), and right coronary arery
(RCAY. P ined distal landmarks were distal
bifurcations of LAD, ¢ refernad to &3 “piichfork”
or “whala's tail" distal bfurcation segments with the
longes! iotal distance for LCX, and tha first aranch of
the posterolatersl arlery for RCA. The accepled mean
fior normal arteries was 22.2 £ 4.1 frames for
LCX. 36.2 + 2.6 frames for LAD, and 20,4 4 3 framas for
RCA. TFC for LAD I8 oftan Iha highest of the comnary
ariories bocausa it Is the longest therafore, TFC for
LAD must be cormsched by daviding it by 1.7,

ACE gene palymorphizm assay

For the axammnation ol ACE |/D polymorphismas,
genome demcyribonucleic scid (DNA) was axtracted
from blood cella (leukooytes), umng the Wizard's
purifcation systern (Promega 1) following the
manufaciurer's instnuotions. ACE VD polymorphisms
were axamined using the polymerase chain macion
(PCR) method,

Brielly. ACE wes obiainad through a separale
reaction, using sligonuciectides. The primary PCR was
SOCCCTECAGOTETCTRCAGCATETY {Forward
primar) and SGGATGGCTCTERECGLCTTGTCTCS
(reversea primer). The final volume of the PCR
reaction mixiuna -pqﬂgj.gl__ ___________ 4 mM of sach
primer (Invitrogen®), 1.6 mM MgCI2, 0.2 mM of aach
deoxynucleoside triphosphate — dNTp, Eﬁu.dw "
PCR butfer, and 0.5 U of Tadgolymerase (Invitrogen®|.
Amplification was carmed cut ina thermocycler (Biorad")
with an initial denaturation stop at 84°C for 2 min
folowed by 40 cycles consisting of denaturation at
84°C for 10 5, annealing ai 50°C for 30 s, and axension
aL73°C for 30 5. PCR products were separated in 8%
polyacrytamide gets and ONA was visualized with silver
nitrate. This gel was made wih 15 mL of polyacrylamide
soilitlon, 129 pl of ammonlum persulfate, and 15 Pl of
B N N-Tetramethyletvlenadiamine. DNA fragments
mmwﬁbﬂﬁﬂﬂhhiﬂh
Fragmants displayed in the ge! were pormitted fo verify
if thee pateni was helerozygous (I0: 420 bp190 bp) or
homazyoous (Il 450 bp and DO: 190 bp). DNA from
prevously typed individuais was included in each sat of
seamples analyzed os contral of enzyme achivily.

Statistical analysis

Alidata werz evaluaied using the SPSS sffjvare
{version 24.0 for Windows, Inc., Chicago, Mincis. United
States), Confirsous variables were presentad as mean
and standord devintion, winle cotegoncal vanables woro
presanted and analyzed through the Chi-
square st The Kolmogomov-Smimaoy test was used to
determine whethar the data were nomally distritaided.
Confinious, numarical, and nonmal distributed varizblos

underwent univarae my'm with two samples 1-tasl,
while thosa withou! normal | WErE

with the Mann-Whitney Litest All tests used two-sided
signficance and p<0.05 was considered statistically
signficant

Results

Clirical characterisiics

Al impanant cinical parametsrs of the shudy
subjects ane listed in Table 1. There were no significant
differences betwaen CSFP and noa-CSFP regarding
gender, age, presence of hyparenson, emoking

Tabie 1 Demographic and clinical chara cwristics of tho study
participants
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history, and the presence of dabees (p > 0.03), In
adddion, there ware no differences in lipid paramsiss
or glucose valuas (afler fasting) betwean the wo

groups {p = 0.05].

TFC

CSFP patients significantly displayed increased
TFC in all three main coronary arterias compared fo
contrids {p = 0.05), While there was no diffierence in
blood vossol lorgth betweon CSFP and non-CSFPR
CSFP patients possessed coronary arteries that wers
significantly farger in size than non-CSFP, whareas
non-CSFP showad significantly ingffsed cormnary
flow rates compared 1o CSFP group (p = D.05).
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Pole of ACE gene polymorphism, leval of

angiotensin | and aldosterons
G

This study showed that he ACE D gene
polymorphism possessed & significant effec in Incessing
the risk of CESFP. Genolype |l polymomphism increased
the mek of CSFP as much a=s 6 8 tmes compand In
incdhidunla with IDVDD genotype. The existence of alels |
Incraased the fsk of CSFP-5,7 timeas companad o aleks
D (Tabie 2). The PCR. was shown in Figure 1.

Figve 1. Anpodangin-comang sz ms Jene polymeras o
roaction. M Mankar, 1 Genolype O0; I Gomahpe I

Lwmls of argistensin | 'and aldestarmne wers incraasad
significantly in patients with C3FP. These results
indicaled Increased activiEy of the RAAS acivity In
patients with CSFP (Table 2).

Discussion

Comnary arary oissase is a polypanic
dizaase thal nvolves complad indaractions betwoan

several pathophysclogical paihways with sevesal
genes and environmental risk factors. This study
analyzed sovaral cardiovascul ar risk factors in palants
with CS5FF. Abnormel pmocesses such as damage
to the mderial wall, metabolc disorders, oxidatve
EIfRass, anmlthlhuilai dysfunclion Can causs arjedial
sclerosis, coranary ariery lesons, and an increasad
risk of developing atheromatous plague. Thie study
revasled & strong essockation betwean ACE | alisles
in general, and genotype I, in (§Bculer:, with CSFP
risk. Oiher sludies related 1o the role of ACE VD gene
polymorphisms  were |,=| vaned Some studies
showed no significant assoclaton of ACE VD geno
polymorpiysm, whike other sludles showed dilferen!
results from this study. Other studies related 1o ACE
D gene polymorphism axhibited that the D slisle
incroased the riek of CSFP. Theso ethnic and racial
differences affecied the genctypic wariation of sach
individual. This ndng becama mienasting, toin
Inconesia’s South Sumatra population, the ACE VD
gena polymorphism thal acled as a risk lactor was
aliele |, not D, Vanous studies suggested that the main
coronary nsk factor was associated with coronary
endothelal dysfunction even before stenosis lead
to the concapt that endothelial dyslunclion oocunmd
in the eady stoges of atherosclenssis [3], (8], [10]. [11)
Tha ACE /D polymorphism has been |mpkcated in
the pathogenesis of atherosclerosis and plays an
important role in endathelial functon. ACE, a key
enzyme in the RAAS system, converts angiotensin
I iro & powerful angolensn || vasooonsinclor. The
chronic effed of higher angiotensin | levels in the
ACE D allele carmer compared with angatansin |
sllele carriers may assocista with the development
andfor progression ol atherosclerosis. Inoreasad
ACE actvity will increase angiolensin 1), afecting
cel growth and prolferation by stimulating various
cyiokines and growth factors thal cauge endothelial
dysfunction by reducing the bioavailabifity of nitric
oxde. Incregsed ACE espression in macmphages
and smooth muscle cells of coronary artery plague
wis praviously reported o ndicate that ACE activity
in tha lemon contributed greatly 1o the development ol
atharosclenosls [11] [12]

CSFP ponsibly cocurs in coronary vessols
with no atharosclerotic changa in  coronary
angiography. The coronary blood flow may be
normal m pabents with athermsclemtic changes
Othear studies ehowed DD gonotype might influence

2
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the development of GSFF. Tha ACE actvity was
higher in @Rents with DD glﬂnwt Sarum ACE
level was associated with polymorphism in the
ACE-ancoding gene. Geonolype of DO exhibiled
increased serum ACE level, ocompared than
genolype of IlL The increasing level of ACE was
associated with activaled conversion of angictensin
| o angoidensin 1l and sctivated signaling pathway
from inflammation, oxidative stress, and ingreased
vascular and cardicvascular tone, Aldoslerone is
ana af the athar proteine that mguiate tha rgidity of
vascular tomo by increasing accumulation of fibrotic
tissum-and iz responsible in endothelal dysfunclion.
The resull of this study was difterent with the previous
studies [1), [13], [14] Tha study showed || genolype
was the risk factor in CSFP patients. Tha ACE
activity was lower in palients with [l genoiype. Serum
ACE levals were sssoclated with VD polymorphism
in the ACE-encoding gene. Genolype of || 2xhibifed
decraased sarum ACE level, comparad to genotype
of DD. The decreasing level of ACE was pasociaind
with deactivated comversion of angiolensin | to
angiotensin |, However, we hypothasized that
thers was another signaiing pathway thal would ha
rosponsible for the dovelopment of CSFP. A non-
AGE pathway probably played a ol in & conversion
ol angioténsin | o angiotensin Il and increment of
aldostarons [15], [16].

Conclusion

ACE WD pare polymorphism possessed
a significant effect in Increaging the nsk of CBFP
Genolype of || was Lhe risk facior lor (he developrment
of C5FF in population of Soulh Sumatra, Indonesia.
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