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Assessment of Liver Function in LusdUll oy sic L)) didigl 408 .6

Patients with - thalassemia Major

sda LAkl s Ay BhSss Laaiu) clisdl ST s Amino Transferase daa) el
GpaY) 48U Bl _awdll « AST) Aspartate Amino Transferase clijlud) gudd 4L — il
i, (SGOT - Serum Glutamate Oxaloacetic Transaminase laliglally <YL Y had
Gl O laddl pe) 4B Gle _ewdl ¢ ALT) Alanine Amino Transferase ¥y ;)

.(SGPT — Serum Glutamic Pyruvate Transaminase <yl

Dasa o S desene ) g e oY1y L) ) (alead) JB G clayyl) i

~lylisle 1S
AST : alanine + o ketoglutarate = oxaloacetate + glutamate
[70] ALT: alanine + o ketoglutarate = pyruvate + glutamate

Gl i Aandl) (e Ay desana (G 2pase AST I oy 2l 8 (V) el ALT 1) aalss
J [ Alpsans 34 N5 e AST 1 ahall Jaeall a1l [70-72] . ally § Laally S5 34001 Bliaally

[73] .d /2\.\&_9& Baag 0_55 O ALT ] ‘;’."\.\H\ déa.,d\ Cjbl} Lu...u

Al EBlaally 2SI i (58 anad) Aasl ae A3EAL i) & el 5815 AST U e il
3 3l L Bales AN Gabpal (3 ing AU Ciali (g (il ) oyl 8 AST g liy) 25mn L Llle

ALT D 4 500) s g L))

OF cSar w8 ansal daasly Lyl a8l 8 5T 31505 <L)y Qi I S ALT 3 e jdiall
5355 500 (e ST il ALT 1) ilygians 1)) Lansl ALT 1 Gilygianay lelity) a1 WAL 4la) (ol canst
Jia Js¥) Al 8 2l LA oy 1 aba¥) (g @ila ) (alatY) ie Glal) alaaa (3 JfAds

[74] o) o palil 2 Calip (A dena) Gy laY) 2SI Alialy ouns ) A1) gl
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Lasudlil) dape dic 2l jilad £y g Sud) s lall Llay) o 4Bt 7

The Relationship between Diabetes and High Liver Enzymes in

Patients with - thalassemia Major:

Vs o laball e 2l & Ll mge die aSU iyamsased) )l LY A 8 g i) Jiad &
iy 3l aladind (e ae )l e S0ty Lapndlill e ysilay gl el die Tails g2l Cail U,

S (e ok ey 38 gl JAl gy 20 (e By Saall (midll (¢ Il  apasl

Qandl 2l all aaall o) L odnalls il il Cad ) dal) adsally aadl Gradl i)l Al s 2l
S s s B ) Ball Hgdall JSED 13 05Ky 3 LAl Aawel) 8 el jdall 2l e sy

[75] - uaall 051 Jaadl aey 4390 < LA 2ol

S Gub oo pal) (558l Sl 3l o ipe 4 han g QI DB 5 Tagae 150 2SI Caal,
Aot len (o 0€s 5sS5lll DEAY) clsll ol cdaS B ol asmy dla - oansQll) Jlats con SR
el 50 796 ) Jmy Lo ey 38 L gpSall o)l 35Sl Jaat aaes Gl sl daslia Jie iyl

[76] oSl elall (e agia 730 (Slay 285 3sSolall Jaad ate (e 2SI Cali agual (3)

sall dgaal) aleal) ol I AleaYl 5sSslal) Jasdy opdsnsl) Lpubn 406y piipal) ALT ) (s5ise Lag)
S i) 2l gl Gubiaall L) iaye vie ALT J) 0 el i &5 [75, 77] AN (jsaall;

[12] oSl elally 35S slall Jand aned Ll LIV aal Lol 2 pas

Al e el by 3k Jaad LAl agal il Ll caje aie ALT 3 AST ) o cuils
Sa e ) D) petl Gl Ly e 3 s 9

[78] . exnb 5sSslall Jaad lid) agaal oayall G

Ciclime jladl (guayme JfAs sany 50 e ST ALT cilsive opsSlay ol JUlY) o ) 5Ly s

daglie Gigan AnlKal @l s 35 .impaired fasting glucose  aluall 5eSslall Jolaly 4Ll
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:Materials & Methods Jeall 3ihg algall .8
:Samples dug rall clinl) 1.8

bl il i Gl s e Lead) edall ehal) as colea 8 Ll S5e (e il 3 5
L)) (e sl caadiud) aaall (I g5 ¢ gand) caul) Jie papall (e cilaglaall 327 5 N5 colea
Ayl e A A el 55 ¢ mppall Gyglls Jslall (el o5 Ll oal Gl 25my Ll

A el e -

cmally (daugll Gy bepdll pmje -

Clsis 3 e i atjlact Gl ol -
sl (e claglea aan Jal (e ade alaie¥) a3 M) L)

Slosbeas osle o el Anala 3 Taale Biny 2aay i) 138 o Lo dllams caginadl L) ¢l
ralinY) il o<1y ALY JalS e eyl dumiil) - OSY) 58 aals Jadys 488

................... )A’J\. ......................B/u’a.i‘).qn e.u"
............ g_ﬂL@J\ ?3). ...................w.\;l\'

................................. adll Ji Cygan A< o L

YO a0 Sl elall el /el aag Ja =

YO 0 oSl e Blial (fclial aagy Ja =

YO 210 faasll Qlie Joliny (gfa5l Ja =

YO 20 Slaasdlilly cpuliae I dspal) e oyl elial Ja =
YO 20 foSadly Cmban (AN &)l e (o)l8l Glal Ja =
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oY) Gdie senall ) Clipall apni
olen 8 Lawdlill 3850 (e Ciran (30 Uiy Lol cpbias (alasy dglade a3 due (90) -
(3) op atsleel gl ¢ T (11) 5 583 (9) clad G colaal (alddl Aglsde a3 due (20) -

A 20 Alady Alsin 10 e clsin 10 e il ¢ile gone EDE ) peall rn lial) Crand

A 20 e STy
:Instruments And Equipment daaiiuall cigilg 53¢aY) 2.8

okl (s Gl (ulal Chem Well / USA Sles -
Ol Glsice (bl I-chroma [ Korea jlea -
.Spectrophotometer jgall cahll (ulis jlea -

RETRI UL

g Sae esy) -

il il -

.Je S dEaa -

oy el Jad Jals -
:Materials Used 4aiiuall 3)gal) 3.8

Italy / DiaMetra 3l & dsudy) uldl sage -
.Spanish [ Biosystem .all & 5okl (uldl sade -

.Spanish / Biosystem [ AST i)l ae¥) 4l (uldl a5 -
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.Spanish / Biosystem [ ALT VY1 cud¥l 480 (uldl sage -

.Korea [ icroma [ iyl el sasie -

:dand) 45,0 4.8

scliall xea

dAelu 8-12 pluall Al b ol o o 5 s & Cam oudapally slanal) (e ) Gl Cures

ffall apsll e Guslall dma g

Al e alea 8 delu Cial LS5 e ciils dddne 2S00 el a2 Ja 5 D) pmy 5 -
3aal 4883 [3)50 3000 4c s centrifuge (g3S5all Bkl Sleay Juadll Jiad & clld any ¢ 377 C
.3E 10

s () Jumall i 5 -

(ALT (ol (AST (uld ¢ alsall 35S lall (uld) Lypnl) Lluasl (agadll shay 1 J5Y) e3all =

Gl cle 5 =20°C sya dapd b gy canll L Jeadd) e AL i 5 p B gl

+ Cly ) Gl A B

:Serum Glucose Measurement jJwadll 5S¢ uld 1.4.8

:Principle jawll =

Hy05 (pagyuedl 2y o) «Glucose Oxidase ?i)'j dsnss Aoa i) 3auSY) aey Skl 35l A
Quinoneimine <) (<8 (Peroxidase w‘ﬁ 35 g 4—aminoantipyrine s Jelily Cagu (o sSiall

A Dl il 3y lldy ol Juma b oS5kl 35 ae Tayle culi sl 50 elliey 53

Glucose + 1/2 O+ H,O _glucose oxidase  _  Gluconate + H,O,

2 H,O, + 4- Aminoantipyrine + Phenol Peroxidase Quinoneimine + 4H20
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:Procedure Jaall 43yl =

12 Jsaall A mmse sa LS AEY) A5l (385 55Sslall $ylane o

o) dme e 3S,B0 ET Jee Tk 1(2) Jpaal

Sample duall sl Blank aalill (sl Standard gylal) g

- - Al 810 Standard g)lall Jslall
Ay 8. 10 - - Sample iuall
Ja 1.0 Je 1.0 Ja 1.0 A Gasll Jglas

Cadall (elie Jlea il 2235 37C° dayay Sl alead) 8 35l 5 saal S5y ot IS i) <)

5l 500 Aase Jsh xie 3aLlly (g )lualy Al (pe IS Apealiaiad) (bl & laiall slall e Jgual)

:Calculation wluall =

Lﬁ)lt."d‘ x$n X ( A standard Lﬁ)l:."d\ dpaliaid / A sample Akl Apaliaial ) = dd/é" DsSslall 385

d/d}‘“ 55 = L,,SJ\:"J\ ,):‘S):’ L'JT ‘L‘:‘A C standard

:AST Ql:ul-yjﬂ Q.-,\Aig\ mu wl:\é 2.4.8

:Principle jawll =

5 oxaloacetate i« 2- Oxoglutarate ) Aspartate 1l ‘w (pa¥) deseas Jiw AST J) Pyt
P 0 sl 340 Aase Jsb 2ic NADH adlii Jase P& e AST 35 aaai 24 (Glutamate

MDH Sl jaen <l apl il

Aspartate + 2— Oxoglutarate AST Oxalacetate + Glutamate

Oxalacetate + NADH + H* MDH Malate + NAD"
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:Procedure Jaall 43yl =

‘._,ﬁjgﬁ:A il (e Jo 4 pe B aSl8 (0 Ja 1 peny Working Reagent callsll Jolasa juass o

L35 5 sad W) aleall 8 37C dayny Al CaSISH Jglas (e JS Guma 5508 sl 25 &
:3 sanll b mmse s LS A6V diplall 335 AST Jl bplae s

37C° Reaction temperature Jelaill 45 )
Je 1.0 Working Reagent ailsll Jgas
s K 50 Sample duall

Lpalaidl (el 2 5 ey sl eld) e il 5 saals 2a8 sad OS5y Casd S8 V) )
CALL Ay, Agsaals dady 5l Al e G sl Ay IS
IS5 Glaa &8 8 AA/MIN. Slaalaiad] G haugie Glua 23 28 claalaial] o Gl Glua o

3333 5 AA Gy JfAdse sassl AST

:ALT oY) cpd) 486 (uld 3.4.8
«Glutamate 5 pyruvate iKi. 2— Oxoglutarate 1) Alanine 1) e oY) de sana Jing ALT ) asiy
el il P e jiasils 340 dase Jsh xie NADH (ails Jare A o AST I 35 aaad 2

LDH  jlus g jagy sy

Alanine + 2— Oxoglutarate ALT Pyruvate + Glutamate

Pyruvate + NADH + H” LDH Lactate + NAD"
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sl A il e Je 4 e B ailsll o Je 1 aany Working Reagent ol Jslas jpiass o

L3363 5 5aa) Ll aleall 8 37C° dapny dially ol Jslae (e US Gums 50 Gl 2 &
14 sl b mnse sn LS AoV Al G5 ALT M sylee s

20 Jeme e ALT 1 lsa) Jee ik 2(4) Jsaal)

37C° Reaction temperature Jelaill dx )
Je 1.0 Working Reagent —ail<ll Jslas
Al Sae 50 Sample 4wl

Gld S S eyl el e el osaaly d5dy sad oSy casd IS5 ) )
Godll Glus S0 AL Ay, Agsaals dady 5)la Adlie cileld e cdaf & Ay V) dualaia)
sansll ALT I 35 Glua 28 5 L AA/MIN Cilualaiad] (35 Jassio lua 3 23 clpaloaia¥) o

3333 5 AA Copas Jfidys

:Chem Well / ELISA lga daulgs clgas¥! uld 4.4.8

! Jslaas

.Chem Well / ELISA lea :(3) J<al
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t b Lae JS Akl 53¢y Aalal) sagall sy Chem Well jlea daulsy  aluall Ot e uld &

leie 32als JS Lie 96 Luldl 5yan 96 e 5)le :(Coated microplate) ool (uld daga -
.ol s Monoclonal antibody dluall sam g dlacals sUaka

-(CAL5 -CAL4 —CAL3 -CAL2 -CAL] -CALOQ) 6 W :Calibrators s pleall Jilas -

Horseradish ol ae dafiye Cplswdl dluall saa, Jacl :Conjugate o)ydY) (ails -
.peroxidase (HRP)

.Control Lalzall Jeladll -

-Jf¢ 0.26 S5 Hy0,-TMB :TMB Substrate TMB 3)\<, -

.Sulphuric Acid 0.15 mol/l cuy,Sll e :Stop Solution Gl Jslsa

45 asagall 2glSy Jfg 55 S5 20-cnst e e say :Wash Solution Juall Jslas

-Je

:Principle jawll =

Human Insulin (il Gl sl cpalial) i1 e ELISA 1Y) 406 2oy clgu) (uld adiag
sl aa Lafipe Gl Microwell Plates 1l s e copie J5¥) dluall samg slacal) e il

.Horseradish Peroxidase

e Lyl HRP a5l Jeliny & Jeldll aey Lagipal) pe oaildl) A5Y Juad) & cIncubation guaall as

H2804 Glagy) Jolae i) die el olll ) Jsaiy 3y30 05 IS TMB 518,00 aas HyOp 33850

e e alaeVU Al el 35 Olua Sy il 3 cleu¥) 385 ae Iph Gl 08 i

.Calibration curve 3 ylaall
BN BWN| hasi .

A S Ly waaiadl Biala syl Jillae 8laall Jillae jpmat — 1
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585 Co Cl c2 Cc3 C4 C5

Jofidsa 5ns 5 Sso 0 3 10 30 80 200

1:50 300 G Jo 1000 (a hial) oLl Jusdl Jslan 2006 25 1ol Jslaa ypinad —2

:Procedure Jaall 43yl =

TMB 5 Conjugate Jly spladl Jllas o IS page o DY) Sleas dsasall Jigualll Slea daap o

) Jslaag Substrate

DY) Slens emsall sl e ol pua¥) (ol iyl JIS3) £(4) S

Aol caaisadd 4l 3)a day0 reagents el SN @ 5 -1
Olead) Ay sy Lgaia gar eyl Jslaay TMB Substrate 5 Conjugate ) (e JS pay 23 =2

el Aaay Crns To i leald sl Lguld Sl clisally Control g sulaall dllae (e JS aas 5 =3
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5 Jsaal) 8 LS 2 Jabal) 385 JalS <8 Al 2y Sleal) e Jaall 5 -4

el Jhae o o) il i) dee Ak 1(5) Jsaad)

[Sample duall Sylaall Jolaa
Blank aalill Reagent il
Control Jaslzall J sl Calibrator
s S 100 CO-C5 syladll Jillaa
[Sample diall
A 100
Control Lilall Jslsal)
Als S 100 Ay S 100 Conjugate

cadeal) Jusl) Jolaar il K0a 300 2 e DG Juall 23 4djal) 3))ha dapa (e lu 2] (uaall

(L 35 Ay S sladl Ay ¢ 15 5 5add Jut dlee IS Pla Calaly Plate ) )

s 100 Al 100 Al 100 TMB Substrate

Ayl 3ylha Aoy 488y 15 3ad sl

Stop ! Jslae
Ay % 100 Ay e 100 A% 100

Solution

- gl 450 dage Jsb Ao dalaial) 3e)8 iy ¢ Al 5 sad ekl Plate J ) &

:i—-CHROMA jlga {aualsy (o)) (b 5.4.7

o3y Aaldll sadall acaiy dueliall 35kl Adyyla aladinly IFCHROMA  jlea danlgy (piypdll (uld o
th L S Ayl

Alall A jall 5)ha Ay Laiali 25 dae xS -1
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iy Jangs 5asially Galal) Sulad) inia ledle 3 (ID-CHIP) (il Aalas 2558 Ayl =2

Al 5

(Raes 2z + 550l 3al) e ke a5 Detection Buffer ¢l s 25 e gsad dde =3

cesall e Ty Al s Ao Jaiay

tanl) dgyyla w

cesal) e Tamys 438 20 sad A5l 5n dayn gl Vsl wumy w1

- IS el 5 il Al gy Al Jomo (e iS00 30 331 52

Lal) aaa 29) 4l 30 sad el & Jaal) elis b Leaaags 3a2aal) Aisll (e sl <ue 30 31 5 -3

(Jefebe s 1000 (S 10 (e dplall 038 3udad oY
S syl 530 8 Ly il Sae 75 a0 5 4
2382 10 24l 25 3yl Aapy paall 35

il L3 e Aol el ¢l o lei) aa —6

caadll Jaleas dagil) Gy a =7
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Statistical Analysis _ilaa¥) Judadll .9

(Version 24) (s pdally dadll Gl (SPSS) las¥) AUl saiuls Jlas¥) Jdaill ohal

A Aglany) LAY alasiul,

alasiay) Ciuag JLERY) aul
Ofiliie (e augio o 49l Giliiee el T (piliins opile aigia Cp 4d)\a
Uiee Clie Cllasgio cm dhlie slat¥) dmy cplitl) Jidas One — Way ANOVA
Ui Giline Slasgie Gu CGOEAY) jdcae aad Lsina JAY) (35 ) LSD

Lilaa) dage cuyiie] (Pvalue<0.05) AVall dge e 354 of Cua
:ABl)g milill) .10

30/5/2019 5 10/2/2019 (3 andlyll 55l 3 Laall e5al) o) 5
e 905 ¢(LsS3 95 Al 11) slanal a3 die 20 (o s Aglsde ad due 110 duhall Ciiaas =

3-38 o atjlee] cangli (LS 415 il 49) (S Gy Landls anye

20 oo STy 2 10720 (e cilsin 10 o il ¢Cle sane SO ) enll Can Al e Ciand

soaia) 3y Al cile gana 28 £33 1.10
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CilS ol cpbad) sae il G Ligeed) @l iy Auhall Gilesana A1 555 (7) &) Jsaall moas
avase A Sl Ly Lapdlilly Galiadd) Jlaa) e %211 L5t Loy (19) s 10 oo BB aajlac]

Ol Cbadl sae 3y 110 avaae AU Auhal) e sana 21 Jlaa) o %17.3 Gysie Ly (90)

43




S Ly Laandlilly ubadll Jlea) (0 %47.8 disie Loy (43) 4 205 10 on b asjlec] il
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elaval

Ae gaaall
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el el e sie g (Cmbas —¢laual) Luhall Gl sana o A 8 Jsaall muasy

c el Caaly dad ey

(s laaal) Luhal) e gana (35 dusg el il yiall Canasi (8) Jsanl)

@ha Gilad) | hagie | dad Jdof | dad Qe
9.4 16.9 34.0 4.0 20 oo
8.0 16.4 38.0 3.0 90 yaal
)
8.2 16.5 38.0 3.0 110 £ sanal
0.33 4.20 4.77 3.66 )
20 elanal el
1.06 5.13 9.99 3.83 % G LUl aliae FASTING
S GLUCOSE
1.04 4.96 9.99 3.66 110 T (J)J59)
7.2 20.2 41.0 12.0 20 plaal ALT VY ol 480

45




(/s 322)

33.8 55.2 155.0 9.0 90
sl
33.6 48.8 155.0 9.0 110 g sanadll
6.0 21.3 33.0 10.0 20 sller]
iyl e 4%l
34.3 50.9 157.0 9.0 90 a AST
&5
(JfAd s 32 )
33.2 45.6 157.0 9.0 110 g sanadll
0-94 2.71 4.5 1.3 20 e
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Abstract:

Diabetes mellitus is a major complication of iron overload caused by regular blood
transfusion in patients with B-thalassemia major. This study aims to assess glucose
metabolism, insulin resistance, beta cell function in the pancreas, and liver function in B—

thalassemia major patients and their relationship with serum ferritin.

Fasting glucose, fasting insulin, hepatic enzymes (ALT, AST) and ferritin were measured
in 90 blood samples for B —thalassemia major patients —collected from the Thalassemia

Center in Hama- and 20 blood samples for healthy people.

The results showed that there were 5 cases of type 2 diabetes and 12 cases of pre-
diabetes. There was a significant increase (P <0.05) in the levels of fasting glucose,
fasting insulin, ALT, AST, ferritin, HOMA-IR and HOMA B% in patients with -

thalassemia major compared with healthy people.

Statistical programs were used to evaluate the relationship between the previous

variables, showing:

(i) Significant relationships (P <0.05) were observed between fasting glucose
levels and (age, insulin, ALT, AST, ferritin, HOMA—IR).
(if) (i) There were also significant relationships (P <0.05) between fasting

insulin levels and (age, ALT, AST, ferritin, HOMA-IR, HOMA _ B%).

The correlation between HOMA-IR and HOMA B% with age and ferritin was also

investigated. Based on the previous results, the following conclusions were obtained:

4+ PB-thalassemia major patients are more likely to develop diabetes, and the
incidence increases with age.
+ The three suggested mechanisms for diabetes in patients with B-thalassemia
major which have been proven:
1. lack of tissue sensitivity to insulin with age as a result of chronic accumulation of
iron in the body.
2. Liver damage in patients with B-thalassemia major resulted in impaired liver

metabolism of glucose.
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3. Decrease in insulin beta cell productivity at a certain age long after attempting to

keep up with insulin demand.

Key words: thalassemia, diabetes, prediabetes, beta-thalassemia major, iron overload,

insulin resistance index, insulin production index.
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