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KRATAK SADRŽAJ
Uvod  Fe no tip ska po du dar nost usled ge net skog na sle đa u naj ve ćoj me ri po sto ji kod jed no jaj ča nih bli za na ca. Wi ho vu 
fe no tip sku slič nost, na ža lost, od li ku je i sklo nost ka obo le va wu od hro nič nih ne za ra znih bo le sti, kao što je di
ja be tes me li tus tip 2. Ge net ski dis ba lan si ko ji su od go vor ni za raz voj ovog sta wa su lo ci ra ni na 2, 3, 7, 8, 11, 12, 19. i 
20. hro mo zom skom pa ru qud skog ge no ma.
Prikaz bolesnika  Kod pa ra jed no jaj ča nih bli za na ca sta rih 54 go di ne pre 10 go di na je di jag no sti ko van di ja be tes me
li tus tip 2. Kod jed nog od wih su se raz vi le tro fič ke pro me ne mu sku la tu re i ko že obe pot ko le ni ce i ne kro zne pro
me ne na ti bi jal noj re gi ji de sne pot ko le ni ce sa kla u di ka ci o nom dis tan com od 50 me ta ra. Po sle ar te ri o graf skog is
pi ti va wa, na pred log va sku lar nog hi rur ga, ukqu čen je u pro gram hi per ba rič ne ok si ge na ci je (HBO). Pro to kol za HBO 
se sa sto jao od 70mi nut ne pri me ne sto pro cent nog ki se o ni ka, pod pri ti skom od dve i po ap so lut ne at mos fe re. Po sle 
pr ve se ri je od 20 HBO tret ma na kla u di ka ci o na dis tan ca je ne sta la, a ne kro zne pro me ne su sa ni ra ne. Ura đe na je hi
rur ška re va sku la ri za ci ja aor to fe mo ral ni baj pa s. To kom dru ge se ri je HBO tret ma na, u Za vod za hi per ba rič nu me di
ci nu u Be o gra du do šao je i dru gi brat bli za nac. Kod we ga su usta no vqe ni simp to mi an gi o pat skih di ja be tič kih pro
me na. Bi o he mij ski pa ra me tri i lo ka li za ci ja ošte će wa hro mo zo ma (na 3, 11. i 19. hro mo zom skom pa ru) kod oba bra ta 
se po kla pa ju sa po re me ća ji ma ti pič nim za di ja be tes tip 2. Tro fič ke pro me ne na ko ži i mu sku la tu ri pot ko le ni ca su 
se sma wi le po sle te ra pi je sa HBO. Kla u di ka ci o na dis tan ca i su bjek tiv ni zna ci ne do voq ne ok si ge na ci je do wih eks
tre mi te ta ni su za be le že ni.
Zakqučak  Na laz iden tič nih ge net skih abe ra ci ja po go du je raz vo ju iden tič nih so mat skih pro me na i wi ho vih po sle
di ca kod mo no zi go ta. Lečewe ovih bo le sni ka pri me nom HBO bi uz dru ge te ra pij ske po stup ke (di ja be to lo ga, va sku
lar nog hi rur ga, fi zi ja tra) obez be di lo od la ga we ili spre ča va we na stan ka ire ver zi bil nih pro me na kao po sle di
ca ošte će wa krv nih su do va.
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UVOD

Fe�no�tip�ska�po�du�dar�nost�usled� ge�net�skog�na�sle
đa�u�naj�ve�ćoj�me�ri�po�sto�ji�kod�jed�no�jaj�ča�nih�bli�za
na�ca.�Wi�ho�vu�fe�no�tip�sku�slič�nost�od�li�ku�ju,�iz�me�đu�
osta�log,�i�ob�li�ci�po�na�ša�wa,�sklo�no�sti,�in�te�lek�tu�al
ne�funk�ci�je,�ali�i�sklo�nost�ka�obo�le�va�wu�od�hro�nič
nih�ne�za�ra�znih�bo�le�sti.�Naj�če�šća�hro�nič�na�ne�za�ra
zna�bo�lest�ko�ja�se�ge�net�ski�pre�no�si�i�ko�ja�se�fe�no�tip
ski�re�pre�zen�tu�je�kod�bli�za�na�ca�je�di�ja�be�tes�me�li�tus.�
Po�se�ban�ob�lik�di�ja�be�te�sa�ko�ji�se�ma�ni�fe�stu�je�po�sle�
ado�le�scent�nog�do�ba�je�di�ja�be�tes�me�li�tus�tip�2�(DM2)�
[1].�Ge�net�ski�dis�ba�lan�si�ko�ji�su�od�go�vor�ni�za�raz�voj�
ovog�sta�wa�lo�ci�ra�ni�su�na�2,�3,�7,�8,�11,�12,�19.�i�20.�hro
mo�zom�skom�pa�ru�qud�skog�ge�no�ma�[2,�3].�Obe�lež�je�ovog�
po�re�me�ća�ja�je�re�la�tiv�ni�dis�ba�lans�iz�me�đu�lu�če�wa�in
su�li�na�u�pan�kre�a�su�i�po�tre�be�će�li�ja�za�in�su�li�nom,�ko
ji�do�vo�di�do�po�vi�še�nog�ni�voa�gli�ko�ze�u�kr�vi.�Pro�me
ne�na�krv�nim�su�do�vi�ma�kao�po�sle�di�ce�di�ja�be�tes�me�li
tu�sa�ubra�ja�ju�se�u�red�naj�če�šćih�i�naj�te�žih�kom�pli
ka�ci�ja�ove�bo�le�sti.�Po�se�ban�pro�blem,�ko�ji�je�naj�ma�we�
re�šiv,�a�ujed�no�i�naj�ma�sov�ni�ji,�je�ste�in�su�fi�ci�jen�ci
ja�pro�to�ka�kr�vi�u�do�wim�eks�tre�mi�te�ti�ma.

To�kom�ra�da�Za�vo�da�za�hi�per�ba�rič�nu�me�di�ci�nu�u�
Be�o�gra�du�za�be�le�že�na�su�tri�slu�ča�ja�jed�no�jaj�ča�nih�bli
za�na�ca�sa�kli�nič�ki�di�jag�no�sti�ko�va�nim�DM2.�Oni�su�

bi�li�ukqu�če�ni�u�pro�gram�hi�per�ba�rič�ne�ok�si�ge�na�ci
je�(HBO)�ra�di�sa�na�ci�ja�po�sle�di�ca�an�gi�o�pat�skih�pro
me�na.

PRIKAZ BOLESNIKA

Pro�ble�mi�i�po�sle�di�ce�po�re�me�ća�ja�cir�ku�la�ci�o�ne�
mre�že�mo�gu�se�re�ša�va�ti�kon�zer�va�tiv�no:�pri�me�nom�
far�ma�ko�lo�ških�sred�sta�va�i�hi�rur�škim�pu�tem.�Naj
če�šće�se�isto�vre�me�no�pri�me�wu�ju�oba�na�či�na.�U�pr
vu�gru�pu�me�to�da�ubra�ja�se�i�pri�me�na�HBO.�Pri�me
na�mo�le�kul�skog�ki�se�o�ni�ka�u�po�seb�nim�hi�per�ba�rič
nim�uslo�vi�ma�ima�du�gu�tra�di�ci�ju.�Da�nas�je�we�na�pri
me�na�ori�jen�ti�sa�na�u�dva�prav�ca:�kao�le�ka,�gde�mo�že�
bi�ti�lek�iz�bo�ra�ili�adju�vant�na�te�ra�pi�ja,�i�kao�di
jag�no�stič�kog�sred�stva.�Ka�da�i�kod�ko�jih�oso�ba�tre�ba�
pri�me�ni�ti�HBO�te�ra�pi�ju�je,�na�ža�lost,�još�umno�go
me�pred�met�ras�pra�va�i�ne�sla�ga�wa�ko�ja�na�sta�ju�usled�
če�sto�neo�prav�da�nih�raz�lo�ga.�Imajući�u�vi�du�ve�li
ki�broj�eks�pe�ri�men�tal�nih�po�da�ta�ka�i�iz�u�zet�nih�re
zul�ta�ta�iz�kli�nič�ke�prak�se,�pre�sve�ga�u�sta�wi�ma�gde�
je�ki�se�o�nik�lek�iz�bo�ra,�od�lu�če�no�je�da�se�u�ovom�ra
du�pri�ka�žu�re�zul�ta�ti�le�če�wa�kod�naj�bli�žih�srod
ni�ka�kod�ko�jih�su�di�jag�no�sti�ko�va�ne�iz�ra�že�ne�an�gi
o�pat�ske�pro�me�ne.
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Kod�pa�ra�jed�no�jaj�ča�nih�bli�za�na�ca�sta�rih�54�go�di
ne�pre�deset�go�di�na�je�di�jag�no�sti�ko�van�DM2.�U�po�ro
dič�noj�anam�ne�zi�je�na�ve�de�no�da�je�je�dan�ro�di�teq�u�ka
sni�jem�ži�vot�nom�do�bu�imao�pro�ble�ma�s�re�gu�la�ci�jom�
gli�ke�mi�je.�Kod�jed�nog�bli�zan�ca�su�se�raz�vi�le�tro�fič
ke�pro�me�ne�mu�sku�la�tu�re�i�ko�že�obe�pot�ko�le�ni�ce�i�ne
kro�zne�pro�me�ne�na�ti�bi�jal�noj�re�gi�ji�de�sne�pot�ko�le
ni�ce.�Kla�u�di�ka�ci�o�na�dis�tan�ca�je�bi�la�50�me�ta�ra.�Po
sle�ar�te�ri�o�graf�skih�is�pi�ti�va�wa,�na�pred�log�va�sku
lar�nog�hi�rur�ga,�bli�za�nac�je�ukqu�čen�u�pro�gram�le�če
wa�pri�me�nom�HBO.�U�pr�voj�se�ri�ji�pri�me�we�no�je�20�
HBO�tret�ma�na.�Tret�man�je�tra�jao�70�mi�nu�ta,�a�pri�me
wen�je�ki�se�o�nik�pod�pri�ti�skom�od�dve�i�po�ap�so�lut�ne�
at�mos�fe�re.�Lečewe�je�do�ve�lo�do�ne�stan�ka�kla�u�di�ka�ci
o�ne�dis�tan�ce�i�sa�na�ci�je�ne�kro�znih�pro�me�na.�Za�tim�je�
ura�đe�na�hi�rur�ška�re�va�sku�la�ri�za�ci�ja�aor�to�fe�mo�ral
ni�baj�pa�s.�Po�za�vr�šet�ku�od�go�va�ra�ju�ćeg�hi�rur�škog�po
stup�ka,�tri�me�se�ca�po�sle�pr�ve�se�ri�je�HBO�tret�ma�na�
bo�le�snik�je�po�no�vo�ukqu�čen�u�HBO�pro�gram�odr�ža
va�wa.�Sta�tus�gli�ke�mi�je�i�to�kom�pr�ve�i�to�kom�dru�ge�
se�ri�je�HBO�tret�ma�na�bio�je�iz�me�đu�8,0�i�10,9�mmol/l.�
To�kom�dru�ge�se�ri�je�HBO�tret�ma�na�(po�sle�pet�iz�la
ga�wa�HBO)�u�Za�vod�za�hi�ber�ba�rič�nu�me�di�ci�nu�u�Be
o�gra�du�pri�ja�vio�se�sa�slič�nim�simp�to�mi�ma�i�bo�le
sni�kov�brat�bli�za�nac.�Kod�we�ga�su�uoče�ni�simp�to�mi�
an�gi�o�pat�skih�di�ja�be�tič�kih�pro�me�na.�Ste�pen�ošte
će�wa�tki�va�je�bio�ma�wi�u�po�re�đe�wu�s�in�ten�zi�te�tom�
ošte�će�wa�ko�ja�su�utvr�đe�na�kod�we�go�vog�bra�ta�pre�ne
go�što�je�on�bio�ukqu�čen�u�pr�vu�se�ri�ju�HBO�tret�ma
na.�Po�sle�pri�me�we�nih�deset�za�jed�nič�kih�HBO�tret
ma�na,�do�plerna�laz�na�ma�gi�stral�nim�ar�te�ri�ja�ma�obe�
pot�ko�le�ni�ce�bio�je�u�gra�ni�ca�ma�nor�mal�nih�vred�no
sti�kod�oba�is�pi�ta�ni�ka.�Tro�fič�ke�pro�me�ne�na�ko
ži�i�mu�sku�la�tu�ri�pot�ko�le�ni�ca�su�se�kod�obo�ji�ce�su
zbi�le,�a�kla�u�di�ka�ci�o�na�dis�tan�ca�i�su�bjek�tiv�ni�zna
ci�ne�do�voq�ne�ok�si�ge�na�ci�je�do�wih�eks�tre�mi�te�ta�ni
su�za�be�le�že�ni.

DISKUSIJA

Pri�me�nom�me�to�da�PCR�(engl.�polyme ra se chain re
ac tion�–�re�ak�ci�ja�lan�ča�nog�umno�ža�va�wa)�ura�đe�ne�su�
ana�li�ze�ge�net�skih�lo�ku�sa�na�3,�11.�i�19.�hro�mo�zom
skom�pa�ru�qud�skog�ge�no�ma.�Na�tre�ćem�hro�mo�zom�skom�
pa�ru,�na�lo�ku�su�3q26.1q26.2,�na�ko�jem�je�ko�di�ra�na�in
for�ma�ci�ja�za�sin�te�zu�pro�te�in�skih�kom�po�nen�ti�mem
bran�skih�tran�sport�nih�pro�te�i�na�za�gli�ko�zu,�ot�kri
ve�na�je�ti�pič�na�mu�ta�ci�ja�ko�ja�uslo�vqa�va�raz�voj�DM2�
[4].�Na�laz�na�11.�hro�mo�zom�skom�pa�ru,�na�lo�ku�su�11q
4q21,�na�ko�jem�je�ko�di�ra�na�in�for�ma�ci�ja�za�sin�te�zu�
en�zima�ti�re�o�zi�na�ze,�uka�zu�je�na�po�re�klo�iz�ra�zi�to�raz
vi�je�nih�fe�no�tip�skih�al�bi�no�obe�lež�ja�ovih�bli�za�na
ca�[5].�Utvr�đe�na�je�i�ti�pič�na�mu�ta�ci�ja�na�gen�skom�lo
ku�su�11q23q24,�gde�je�ko�di�ra�na�in�for�ma�ci�ja�za�sin�te
zu�apo�li�po�pro�te�i�na�A1.�Ovo�ošte�će�we�sni�ža�va�ni
vo�li�po�pro�te�i�na�ve�li�ke�gu�sti�ne�u�kr�vi,�što�po�go�du�je�
raz�vo�ju�ate�ro�skle�ro�ze�[6].�Na�19.�hro�mo�zom�skom�pa�ru,�

na�lo�ku�su�19q13.3,�na�ko�jem�je�ko�di�ra�na�in�for�ma�ci�ja�
za�sin�te�zu�mi�šić�ne�sin�te�ta�ze�gli�ko�ge�na,�za�be�le�že�na�
je�mu�ta�ci�ja�za�ko�ju�se�pret�po�sta�vqa�da�po�go�du�je�raz
vo�ju�pe�ri�fer�ne�re�zi�sten�ci�je�na�in�su�lin�[7,�8].�Ta�ko
đe�se�pret�po�sta�vqa�da�je�u�pi�ta�wu�se�kun�dar�ni,�ste�če
ni,�dis�ba�lans�u�is�po�qa�va�wu�ge�na�za�sin�te�zu�mi�šić
ne�sin�te�ta�ze�gli�ko�ge�na�sti�mu�li�sa�nog�in�su�li�nom�[9].�
Do�bi�je�ni�na�la�zi�pri�ka�zu�ju�osno�ve�ko�je�su�do�ve�le�do�
ma�ni�fe�sta�ci�je�ova�kvog�ti�pa�di�ja�be�te�sa�kod�pri�ka�za
nih�bo�le�sni�ka.

Re�zul�ta�ti�bi�o�he�mij�skih�ana�li�za�pri�ka�za�ni�su�u�ta
be�li�1.�Pri�ka�za�ni�bi�o�he�mij�ski�pa�ra�me�tri�su�u�skla
du�sa�po�re�me�ća�jem�ti�pič�nim�za�DM2�[10,�11]�i�lo�ka
li�za�ci�jom�utvr�đe�nih�genetskih�mutacija.

Po�sle�di�ca�an�gi�o�pat�skih�po�re�me�ća�ja�na�sta�lih�kao�
kom�pli�ka�ci�ja� osnov�ne� bo�le�sti� je�ste� ne�a�de�kvat�no�
snab�de�va�we�za�hva�će�nih�zo�na�ki�se�o�ni�kom.�Pri�me�na�
ki�se�o�ni�ka�pod�hi�per�ba�rič�nim�uslo�vi�ma�po�spe�šu�je�
va�sku�lar�nu�re�ak�tiv�nost�[12].�Lečewe�pri�me�nom�HBO�
do�vo�di�do�re�va�sku�la�ri�za�ci�je�i�re�per�fu�zi�je�ugro�že
nih�pod�ruč�ja,�po�spe�šu�je�ak�tiv�nost�fa�go�ci�ta�i�ubr
za�va�pro�ces�za�ra�sta�wa�ra�na.

Na�la�zi�iden�tič�nih�ge�net�skih�mu�ta�ci�ja�ko�ji�po
ka�zu�ju�pot�pu�nu�po�du�dar�nost�za�raz�voj�DM2�po�go�du
je�raz�vo�ju�iden�tič�nih�so�mat�skih�pro�me�na�i�wi�ho
vih�po�sle�di�ca�kod�mo�no�zi�go�ta.�DM2�kod�mo�no�zi�go
ta,�me�đu�tim,�i�po�red�istih�uslo�va�ži�vot�ne�sre�di�ne,�
ne�do�vo�di�do�isto�vet�nih�kli�nič�kih�ma�ni�fe�sta�ci�ja�
an�gi�o�pat�skih�pro�me�na.�Upra�vo�zbog�to�ga�po�ja�va�jed
nog�mo�no�zi�go�ta�s�ovim�pro�me�na�ma�i�we�go�vo�ukqu�či
va�we�u�pro�gram�HBO�te�ra�pi�je�ra�di�ko�rek�ci�je�i�za�u
sta�vqa�wa�ire�ver�zi�bil�nih�pro�me�na�isto�vre�me�no�su�
i�opo�me�na�za�dru�gog�mo�no�zi�go�ta�ili�osta�le�mo�no�zi
go�te�i�ge�net�ski�bli�ske�srod�ni�ke�da�se�pod�vrg�nu�po
stup�ci�ma�pro�ce�ne�funk�ci�o�nal�nog�sta�wa�krv�nih�su
do�va.�Lečewe�pri�me�nom�HBO�sa�svo�jim�učin�ci�ma�u�
ovoj�fa�zi�bo�le�sti�u�smi�slu�odr�ža�va�wa�aerob�ne�ak

TABELA 1. Rezultati biohemijskih ispitivawa.
TABLE 1. Biochemical status.

Parametar (mmol/l)
Parameter (mmol/l)

Prvi 
blizanac
First twin

Drugi 
blizanac

Second twin
Insulin
Insulin 10.6±1.3  9.4±2.1

Glikemija
Glycemia 8.2±3.6 7.4±2.8

Holesterol
Cholesterol 6.4 5.49

Lipoproteini velike gustine
HDL-cholesterol 1.01 0.9

Lipoproteini male gustine
LDL-cholesterol 4.5 3.7

Trigliceridi
Triglycerides 3.78 2.12

Hemoglobin C
Hemoglobin C 7.8 9.2

Apolipoprotein A1
Apolipoprotein A-I 1.383 1.27

Apolipoprotein B
Apolipoprotein B 1.1224 1.01
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tiv�no�sti�mi�to�hon�dri�ja�u�fi�zi�o�lo�škim�gra�ni�ca�ma�
–�što�kao�efe�kat�ima�za�u�sta�vqa�we�tro�fič�kih�pro
me�na�ko�že�i�mu�sku�la�tu�re,�pre�ven�ci�ju�na�stan�ka�po�re
me�ća�ja�sen�zi�bi�li�te�ta,�one�mo�gu�ća�va�we�us�po�sta�vqa�wa�
kla�sič�nog�kla�u�di�ka�ci�o�nog�za�ča�ra�nog�kru�ga�i�sti�mu
la�ci�ju�mi�kro�an�gi�o�ge�ne�ze�–�kod�ovih�bo�le�sni�ka�bi,�uz�
dru�ge�te�ra�pij�ske�po�stup�ke�(di�ja�be�to�lo�ga,�va�sku�lar
nog�hi�rur�ga,�fi�zi�ja�tra),�obez�be�di�lo�od�la�ga�we�ili�
spre�ča�va�we�na�stan�ka�ire�ver�zi�bil�nih�pro�me�na�ko
je�mo�gu�do�ve�sti�do�traj�nog�in�va�li�di�te�ta�ili�smr�ti�
obo�le�le�oso�be.
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INTRODUCTION  Phenotype match inherited by genes is in 
most cases present in monozygotic twins. Their phenotypic re-
semblance is unfortunately characterized by strong suscepti-
bility for the development of chronic non-infectious diseases. 
One of the most common non-infectious chronic diseases that 
are phenotipically represented in twins is diabetes mellitus. 
Genetic imbalance is, in most cases, placed in 2, 3, 7, 8, 11, 12, 
19 and 20 chromosomal pair of the human genome.
CASE OUTLINE  This study describes a pair of monozygotic 
twins, aged 54, who were diagnosed for diabetes type 2 ten 
years earlier. The first patient had trophic changes of mu scles 
and skin tissues of the lower limb, and a necrotic wound on 
his right leg tibial region with the claudication distance of 
50 m. After arteriography, he was referred by a vascular sur-
geon for hyperbaric oxygen therapy (HBO). HBO protocol im-
plied 70 min. application of 100% oxygen at 2.5 absolute at-
mospheres. After the first series of HBO therapies consisting 
of 20 HBO treatments, claudication was eliminated and the 
necrotic wound healed. Next, surgical aortofemoral bypass 
was done. During the second HBO treatment, his monozy-
gotic twin brother presented with angiopathic changes due 
to diabetes. In both patients, biochemical parameters corre-
sponded to the expected level for diabetes type 2 imbalance, 

and the localization of the chromosomal defect (placed on 
3, 11 and 19 chromosomal pair) was also in accordance with 
the respective disorder. After they were included into next 
10 HBO treatments, Doppler imaging of the major arteries of 
limbs revealed normal findings.
CONCLUSION  Identical genetic impairment in monozygotic 
twins can lead to identical somatic changes with resultant 
consequences. HBO treatment of such patients associated 
with other therapeutic procedures (conducted by diabetol-
ogist, vascular surgeon and physiatrist) can postpone or pre-
vent irreversible changes occurring due to blood vessel dis-
orders.
Key words: hyperbaric oxygen; genetic imbalance; diabetes 
mellitus
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