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ABSTRACT

Background:

Small changes of bilirubin and liver enzymes are often detected during the acute phase of stroke, but
their origin and significance are still poorly understood.

Methods:

On days 1, 3 and 7 after admission, patients with ischemic stroke will undergo serial
determinations of bilirubin, AST,ALT, y GT, alkaline phosphatase, C-creative protein (CRP) and
complete blood count. On day 3 cerebral infarct volume (IV) will calculate from CT scan slices.

Results:

During the first week AST, ALT, y Gt and CRP will increase with subsequent plateau, while
significant decrements concerned unconjugated bilirubin, erythrocytes and hemoglobin.

Alkaline phosphatase, direct bilirubin will remain stable. IV correlate with CRP, leukocytes and
AST will remain independently associate with IV. The correlation of IV with AST will increase
progressively from admission to day 7. AST independently correlate with ALT which in turn,
correlate with y Gt. y Gt is also highly correlated with leukocytes. Unconjugated bilirubin
correlate with hemoglobin, which is inversely correlated with CRP.

Conclusions:

The changes of bilirubin and liver enzymes during ischemic stroke reflect two phenomena,
which are both related to IV:

1) Inflammation which consequent increment of CRP, leukocytes and y Gt, and decrease of
hemoglobin and unconjugated bilirubin.

2) An unknown signal, independent from inflammation leading to increasing AST and ALT level
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1 ALT — alanine aminotransferase was called GPT- glutamic-pyruvic transaminase

AST — aspartate aminotransferase was called GOT- Glutamic oxaloacetic transaminase
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FIG.1. Tripartite synapse
under physiological and
pathological conditions of
acute ischemic stroke. Un-
der physiological conditions
(A), glutamate serves as the
most abundant excitatory
neurotransmitter in the brain.
Sequestered in vesicles of the
pre-synaptic neuron, gluta-
mate is released into the
synaptic cleft upon depolar-
ization. Once released, glu-
tamate binds to ionotropic
(i.e., NMDA, AMPA) and/or
metabotropic receptors (i.e.,
mGluR1, mGluR5) of the
post-synaptic neuron to po-
tentiate signal transduction.
Glutamate clearance from
the synaptic cleft is primarily
handled by astrocyte-specific
excitatory amino acid trans-
porters (i.e., EAAT2). Under
pathological conditions of
cerebral ischemia (B), ener-
getic failure leads to reversal
of EAATSs and accumulation
of glutamate in the synaptic
cleft. Excitotoxic stimulation
of glutamate receptors results
in chronic_depolarization, sus-
tained Ca’* influx, and cell
death. AMPA, DL-o-amino-3-
hydroxy-5-methyl-4-isoxazole
propionic acid; EAAT, excit-
atory amino acid transporter;
NMDA, N-methyl-p-aspartic
acid. To see this illustration in
color, the reader is referred to
the web version of this article
at www.liebertpub.com/ars
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supply causes  flow results in

(Uncoupllng of oxidative phosphorylatiorq Hypoglycemia

Prevents glycolysis

More ATP consumed from occurring

than synthesized

(Overall ATP levels decrease)

No ATP to phosphorylate membrane transport protein

(Proteln conformation does not change, sodium-potassium pump cannot function)

Resting potential not maintained, leads to

Depolarization

Action potential occurs in neurons

Glutamate released

Glutamate binds to AMPA receptors

[Posltlve ions flow into cell, cell voltage IncreasesJ

NMDA receptor opens

(Calclum ions flow into cell)

Proteases, endonucleases, and  pitric oxide synthase
phospholipases are activated activated

Reactive oxygen species, including nitric oxide,
superoxide, and hydrogen peroxide, are produced

Radicals oxidize cellular components

DNA, cell membrane, cytoskeleton,
and other structures destroyed

Cell is irreversibly damaged

FIG. 2. Ischemic cascade in neural cells. Cerebral ischemia results in a pathological cascade of cellular events triggered
by energetic failure that lead to glutamate excitotoxicity and culminate in cell death.
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FIG. 3. Glutamate oxaloacetate transaminase. GOT catalyzes the reversible transfer of an amino group (NH3™) from
glutamate to the four-carbon TCA cycle intermediate oxaloacetate to generate aspartate and the five-carbon TCA cycle
intermediate o-ketoglutarate. GOT, glutamate oxaloacetate transaminase; TCA, tri-carboxylic acid.
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FIG| 4 |GOT enables an abridged TCA
cycle. In the absence of glucose during is-
chemic stroke, neural cells that lack glyco-
gen stores must turn to alternative substrates
to maintain cellular energetics. We hypoth-
esize that GOT enables an abridged TCA
cycle under conditions of stroke-induced
hypoglycemia such that otherwise ex-
citotoxic glutamate undergoes a role reversal
to become a source of energy and survival
factor.
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Coefficients(a)
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Beta Std. Error
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psdll (A sha agll (0 AST, ALT, YGT, WBC,CRP <) yaaiall al oo 535 2l 3l 253 5 JaaU (2) Jsaa) IDA (4
bl a gl A jea o sl (1 RBC, Bilirubin, PLT, Hb ad (8 (=leds) llia Lay calud)
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4L WBC, CRP,YGT b2y (523 Lae Y1 e leall il sl Gaslall salall Ala el 3 alad) ) ghall ciligiy 5 2l 35
.Hb, PLT, Bilirubin,RBC u=lias) I o) s il g5 5 duledl)

sl Ao Llay) cu (3) Jsd uﬁ
¢ i) el bl agall 5 jhim pgall 8 AE) al) oyl 5 aa gr
failas) dad 3 Loyl yill 124 Ja

owial) udil AulEall il g dad) 2 ga g Ao Ju 138 0.05 (e J8) P value <ulS 13 P Value dad e slade V) &
L asdl 5 jhaasll A

el ad G dadl 5 25a 5 e Ja Lea 0.05 (e i el ol 5 sim ol 3 e JSUP value 4ad o Jasdlig

(4) Joxt A

— el o) 8 el Jas e e G ) ) ol g s ol B ke OS a i (o 5l S )yl L
(o sl b siial) o s

Ju Lae 0.05 3 81 P value of dagiil) <l 5 dilian) AV <la 35 dl) 038 CilS () 4 jeal T test liial o) ol a3
Adilaa) AV L o il 3508 of e

(5) Joadl A

LAY atijle o} ae A 40 )l A8e L 7 50 asdl A AST, WBC, CRP &) yuaiall

bl sl B Y1 el o) SLERY) 5y GT J) o A8l L)

W e 3 coaeiall Il laai¥) (ks el sl o5 i puiiall o3n e oLiiaY) dad 5 man sl g Glld (pe S0 1Y
SRS L) alatid o3 31 Aliaal) gl ol juiiall B Lgs foiial Gl 5 oLiia D dial) dadl) (s 355l
Bl ye &l il Alagiuly SPSS aUai o 68 3 IBackword

(6) Jsh A

Y Al &l paaiall dlaiuly o 58 Ailas) 48 Hh g8 g B bl Y Jalas e adieal) daaiall )l lassV) adal &
Aldiial) @l puiall oo Al G paaiall g alil) il g (sLaia¥) & lal o3 Cus AV Sl aal g Ll d8dle

6 5ind 5 8 de sanall dledl) i Lial &) LSV P value ded 53 jpaiall bl iy 43) Jaall 8 LlaaY Cua
log CRP ,log AST

LAY anay Glalaiall L Lea (B=0.87, P=0.007)log(CRP) «(B=0.92,P<0.001)log(AST) &f J Les
L) anay Led A8 Y @l i) 48 Wl ¢ e laal
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(7) Joad

313 Log(AST), log(CRP), log( infarct volume  ( 483l AS Jaisall il 5 480 juaiall (p dpaclly Liad
Log( infarct), log(CRP), _luie) a3 5 ali 13 [og(AST) kel a3 5 aaaiall Jadll jlast¥) (3aka
Alsii & juieS |og(infarct).log(CRP)

O e Glly 5 eLiial) ama wi e 5] o (3laiall L g il S 51 el slal) iaey) JB b e o) e
axa 5 CRPJ) (p 48Dl Laiy olLzia¥) dikaia aaan (s liaud gl 30 el glall iaad) JBLI (o A 28MaJ)
PLIaY) aaal A ¥ 5 liial¥) e Aadll dulgilY) ddaalls &M Al Lol ) (Y o ilia Gl oLiiaY) dikia
Lol

AR

dpan JG5 A5 (g laY) elaall LF?L‘:}S\ Gaalall ‘;Ld\ JsY! g sa) JO& ALT, AST, y GT, CRP J) o 3l 35
el lad 5ol peadl anll Gl S 5 (Bl e Gas bl 6 sl o pali ) seb pe ) sedall A8aY gl )

b A June o g 5 el sLiial & el 53 4l a8 51 bl glal) iaal) B ey ) gLl
(Rl Ry 5 (o i

03 35 4 g i) el dihia aaa i) LalS ) Adlaal) 4 g i) ali Abhale aaa g AST, CRP O 4k 43Ds dllia
(Cp il cpdd Ao

80 Ll 2 Lall 3y 5 il i Al (5 il 1138 51 bl glall eV JBN (5 i) s 3Y) )
seleall LY e aalil) plgil) dfiaall (uai Ll il yaial

Haleia paa le 3455 LS (358U At el 5 ) o A 3801 a1 el 3 il (S5
s LAy

bl g ¢ i)y g ) 8 (al 3 CRP, WBC, y GT1 (& GaY 2l s il -1

CALT, AST iy s 33 3Y (525 (il e Aliiass ) &5 pne e 5050 22
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33 dallad) cibaal Al aa 4G jlaal)

Claa i 5 Al all 48 Hha g Cargll i calea Wity e 5l g Gl (82014 ple (8 das ) s) Alilaa dul o Cy ol
Leie Lizmay Ui 5 Ly 55 il 5o gl s )

7-0 ?g\gé(gb?g‘l.ga?g‘huy) daudl) &) yitiall Chag  m

Variable Normal range N Admission 7th day P

GOT (L) =38 138 19 [14-24] 22 [16-30] <0:001
GPT (U/T) <41 140 15 [11-21] 20[13-335] <0001
warl U/ <61 138 22[15-33] 26 [19-43] <0001
ALP (UM <130 133 76 [59-108] 75 [62-106) 048
Unconjugated bilirubin (mafdl) <080 119 043 [031-064] 033 [023-043) <0001
Direct bilirubin (mg/dl) <030 19 0.26 [0.19037) 025 [0.18-0.33] 013
Erythrocytas (n/10%/mmc) 450:6.10 141 489+067 472+ 065 <0001
Haemoglobin (g/dl 13.0:165 142 13619 1301 £22 <0001
WBC (n/10%mma) 420900 136 871 [695-1041] 776 [642-9.88] 0002
Platelets [r‘u"lO‘fr‘r‘.rr‘.C) 150-380 138 22481778 2407 £906 <0001
CRP (mg/dl) <080 18 0.80 [0.27-358) 167 [036-4.38] 0032

Values for admission and 7th day are medians [25th-75th percentile] or means + 50,
ALP = Alkaline phosphatase, CRP = C-reactive protein, GOT = Glutamate oxaloacetate transaminase, GPT = glutamate piruvate transaminase, yGT = gamma glutamyl
transferase, WEC = white blood cells.

HB,RBC, & claii ma ALT, AST, CRP, WBC, y GT siiall a8 b 31 @llia il [l o3a e &5 jially
(2) po Jsaadl (& aell Wi 53 ae 381 55 e 128 5 bilirubin

7'03}5‘“&; Q\M\@@;%Y\P@Qﬁﬁmd\m} u

Variable Admission 7th day A (7th day - Admission)
N r P M r P N r P

Log (GOT) 172 0.24 0002 137 035 <0.001 136 Q07 Q42
Log (GPT) 173 014 0.08 138 Q.16 007 138 —000 096
Log (yGT) 173 a1 015 136 034 <0.001 136 029 <0001
Log (Unconjugatad bilirubin) 160 004 063 129 004 063 17 —007 043
Erythrocytes 171 —003 0.48 141 —0.02 082 139 —003 068
Haermoglobin 172 —0.04 0.59 141 —0.01 094 140 Q.04 064
Log (WBQ 170 038 <0001 136 036 <0.001 134 008 Q37
Platelets 172 008 0.28 137 Q07 042 136 002 083
Log (CRP) 163 033 <0001 123 a41 <0.001 116 029 0002

Only the variables with significant changes during the first week are shown,
CRP = Creactive protein, GOT = Glutamate oxaloacetate transaminase, GPT = gluamate piruvate transaminase, yGT = gamma glutamyl transferase, WBC = white
blood cells.

aile f aadyBanhdidle Wl 7 50 a5l & AST, WBC, CRP! jusiall oy sl sl (ol 35Sl &l jall & (s
(5) Jsaall 3 il )2 ae (381 53 138 5 coliiaY)
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adniall add) jlaad¥) aladicly cil paiall & ae sLEGAY) AR w

Variable B S.E. Standardized B P

Log (GOT) 1367 0557 0200 0.01
Log (CRF) 0565 0171 0310 0.001
Age 001 0022 —0.048 05
Male sex 0520 0500 —0.085 030
Log (nitial MIHSS score) 0518 0188 0240 0.007
Intercept -3090 2466 - 0213

Adda A8%e 4l AST J) & of Lealiind I (o3 Laa Jiiedl uaiall 5 ool puaial Asbiay 5 sS0al) 21 il L

clua gill g dadAl)
Alaa sl QL Liing ) Leledl) 45 58l i dBhie paa ae Bl 5 pdlie JS5 Loy o3) sl a0 33Y) 8 AST
(Lol g ) s Al 8 il slall Jonns o s 5 laall oLiial 3

el gl iae¥) JBY & <l el dalia 5 Sal (5 UEY) elaall sLEaY) i je e daibies praay 1]
s ddle Gl dis Gua ) i) Sl Jal e eledl sLiiaY) dihie aan g ile 5 il 1 3
e laall Ay il alli Cad) g b ke CaagS il sl 3 5) el shall e¥) JBY 53 3l 3 e sy
(32) (4, lasy)
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-l i)

ALT — alanine aminotransferase was called GPT glutamic-pyruvic transaminase

AST — aspartate aminotransferase was called GOT Glutamic oxaloacetic transaminase

CRP — C-reactive protein

RBC - red blood cell

WBC — white blood cell

IB- Indirect bilirubine

ALP- Alkaline phosphatase

YGT- Y-glutamyltranspeptidase

EAAT - Excitatory Amino Acid Transporter

NMDA : N-Methyl-D-Aspartic Acid

AMPA : a-Amino-3-Hydroxy-5-Methyl-4-lsoxazole-Propionic-Acid

:;\HJJAAS\ Q\Mw\ e..,\ﬁ\

s 4l Aol Al aaall
Jidfsas 39-10 AST
Jidfsas 41-10 ALT
Jidfsas 50-11 YGT
Silfsas 117-39 ALP

A 5e5 50 1.1-0.3 Bilirubin
JSefag S 5.5-3.5 &bl 6-4.7 S5 RBC

Sl 15-12 &l 16.5-13 5583 HB

JSe/4g S 10.5-4.2 WBC
3 alofisyiia 450-150 PLT
JY e 5-0 CRP
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