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Oz
Dunya ile birlikte tulkemizde de her gecen giin bagimhlik yapici maddelerin kullanimi artmakta ve
zamanla yeni maddeler ortaya cikmaktadir. Bu maddeler yeni sentezlenmis maddeler olabilecegi gibi,
bilinen bir maddenin ev ya da merdiven alt tiretimi seklinde de olabilmektedir. “Krokodil”, aktif icerigi
“dezomorfin” olarak uzun yillardir bilinen ve son donemde yasa dis1 tiretimi ve kullanimi artan bagimlilik
yapict bir maddedir. Krokodil kullanimu ile ilgili dinyanin bircok yerinden ve o6zellikle tilkemizin yakin
cografyasindan vaka bildirimlerinin olmasi, bu maddenin tulkemiz acisindan potansiyel tehdit olarak
gorilmesini gerektirmektedir. Bu yazi ile dezomorfin isimli maddenin ayrintili olarak gozden gecirilmesi
ve basta bagimlilik alaninda calisan profesyoneller olmak tizere saglik hizmeti sunan herkesin bu maddeye

dikkatlerinin ¢ekilmesi amaclanmistir.
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Bagimlilik alaninda yeni maddelerin iiretilmesi ya da eski maddelerin liretim ya da
kullanim yontemlerinde degisiklikler yapilarak tekrar piyasaya ¢ikarilmasi ve kulla-
nimlarinin yayginlastirilmasi durumu ile sik karsilasilmaktadir (European Monitoring
Center for Drugs and Drug Addictions [EMCDDA], 2011). Son 15 yilda merdiven
alt1 iretimi ortaya ¢ikan ve bu yolla kullanim1 gittik¢e yayginlagan maddelerden biri
de dezomorfindir (Grund, Latypov ve Harris, 2013; Thekkemuriyi, Gheevarghese ve
Unnikrishnan, 2014). Bu madde kullanicilar arasinda “krokodil” ya da “krok™ gibi
isimlerle anilmaktadir (Grund ve ark., 2013; Katselou, Papoutsis, Nikolaou, Spiliopo-
ulou ve Athanaselis, 2014). Bu isimlerin maddenin, kullanan kisilerin cildinde yesil
ya da siyah renk degisikligi ve timsah derisine benzer sekilde pullanma yapmasi ya
da iiretimi sirasinda ara {irlin olarak ortaya ¢ikan “a-klorokodid” nedeniyle verildigi
disiiniilmektedir (Grund ve ark., 2013; Katselou ve ark., 2014). Olusturdugu ciddi
deri lezyonlar1 nedeniyle siklikla “insan eti yiyen eroin / etobur eroin” (flesh-eating
heroin / flesh-rotting drug) olarak da anmilmaktadir (Florez ve ark., 2017). Eroinden
ucuz olmasi ve eroin benzeri bir yapiya sahip olmasi nedeniyle ‘fakir eroini” (drug
of the poor) ve kullaniminin Rusya’dan baglamasi nedeniyle “Rus sihiri” (Russian
magic) de denilmektedir (Florez ve ark., 2017).

Sivas Alkol Madde Bagimliligi Tedavi ve Egitim Merkezinde (AMATEM) 2017
yilinda opiyat bagimlilig1 tedavisi gdrmekte olan bir hastanin, Rusya’da bu maddenin
kullanildig1 ortamlarda bulundugunu fakat kendisinin kullanmadigini ifade etmesi
sonrasinda krokodil, tedavi ekibinin dikkatini ¢ekmistir. Yapilan alan yazin tarama-
sinda bu madde ile ilgili birgok {ilkede vaka bildirimleri oldugu ve {ilkemiz alan yazi-
ninda Sayar ve Nurmedov (2014) tarafindan bu konuya dikkat ¢ekildigi goriilmiistiir.

Bu caligmada, lilkemiz i¢in halen ciddi tehdit olmaya devam eden bu maddenin ayrin-
tih olarak gozden gecirilmesi ve basta bagimlilik alaninda ¢alisan profesyoneller olmak
iizere saglik hizmeti sunan herkesin bu maddeye dikkatinin ¢ekilmesi hedeflenmistir.

Yayginhgi

Bu maddenin baz1 kisilerce kullanilmaya baglandigina dair ilk raporlar, Sibirya
ve Rusya’nin dogu bolgelerinden, 2002 yilindan itibaren bildirilmeye baglanmigtir
(Gahr ve ark., 2013). Kisa siire sonra Rusya’nin diger kirsal kesimlerinde ve kom-
su iilkelerde de (Ukrayna, Giircistan, Ozbekistan ve Kazakistan gibi) kullanimimin
olduguna dair bildirimler ortaya ¢ikmistir (Grund ve ark., 2013; Piralishvili ve ark.,
2013). 2011 itibartyla “dezomorfin” kullananlarin sayilarinda ciddi bir artis oldugu
gOrlilmustiir (Gahr ve ark., 2013). 2011 yi1linda Rusya’da madde bagimlilig1 olan 2.5
milyon kisinin 100.000 tanesinin dezomorfin bagimlis1 oldugu tahmin edilmektedir.
2012 yilinda Rusya’da dezomorfin bagimliligina bagh olarak yilda yaklagik 30.000
kisinin 61diigii sanilmaktadir (Florez ve ark., 2017; Piralishvili ve ark., 2013).
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Bu gelismeler sonrasinda 2012 yilinda Rusya, kodein igeren ve dezomorfin ire-
timinde kullanilan ilaglarin eczaneler disinda satisin1 yasaklamistir (Gahr ve ark.,
2013). Rusya ve komsu iilkelerinin ardindan Romanya, Almanya, Polonya, Cek Cum-
huriyeti, Fransa, Belgika, Isvigre, Norveg ve Ispanya gibi Avrupa iilkelerinde bu mad-
denin kullanimi ile ilgili bildirimler ortaya ¢ikmistir (Escribano ve ark., 2016; Van
Hout, 2014). Son olarak bu maddenin kullanimina bagli olarak Kuzey Amerika’dan
ve Latin Amerika’dan da vakalar bildirilmistir (Thekkemuriyi ve ark., 2014).

Kimyasal Yapisi ve Ozellikleri

Dezomorfin, ilk kez 1932 yilinda ABD’de sentezlenmis ve 1934 yilinda paten-
ti almmustir (Small ve Morris, 1933). Dezomorfinin klasik sentez yolu “kodein ”in
“tionil klorid” ile reaksiyonu sonrasinda “a-klorokodid” olugmasi, sonra da
“a-klorokodid’in “dezokodoin’’e (dihydrodesoxycodeine D) doniismesi seklindedir.
Daha sonra dezokodoin, demetilasyonla “dezomorfin”e donusiir (Eddy ve Howes,
1935; Small ve Morris, 1933) (Sekil 1).

Kodein a- Klorokodid Dezokodein | Dezomorfin

v ¥
Ci7H21INO:z
Katalitik rediiksiyon

| Sekil 1. Kodeinden Dezomorfin Sentezlenmesi |

Dezomorfin, (CI7H2INO2); “4,5-a-epoxy-17-methylmorphinan-3-ol” ya da
“dihydrodesoxymorphine-D ’nin yaygm kullanilan adidir. Bir opioid analogudur ve
morfin tirevidir (6 hidroksil grubu ve morfinin 7-8. karbonu arasindaki ¢ift bag indir-
genmistir) (Sekil 2) (Small ve Morris, 1933). Dezomorfin, morfin ve diger alkaloidler
gibi renksiz, iyi kristalize olabilen organik bir bazdir. 271.35 g/mol kiitleye sahiptir,
erime noktasi 189 °C ve pKa degeri 9.69°dur (Small ve Morris, 1933). Kan-beyin
bariyerini gegebilir. Fenanteren yapidaki diger alkoloidlerin yapisina benzer sekilde
opioid reseptorlerine baglanir (Gahr ve ark., 2013). Serbest bir baz olup oda sicakli-
ginda suda ¢oziiniirligii azdir (1.425 mg/L). Aseton, etil asetat ve alkol gibi organik
solventlerde biiyiik oranda ¢oziiniirdiir (Mosettig, Cohen ve Small, 1935).
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N—CH,

Morfin Kodein Dezomorfin Eroin

| Sekil 2. Morfin, Kodein, Dezomorfin ve Eroinin yapisi

Sokakta Uretimi ve Kullanimi

Krokodil, genellikle evlerde ya da merdiven alt1 laboratuvarlarda kodein iceren
tabletlerden kolaylikla iiretilen bir maddedir (Gahr ve ark., 2013). Kodein iceren
5-10 tablet, boya tineri ve benzin gibi incelticiler (genellikle ¢inko, kursun, demir ve
antimon icermektedirler), hidroklorik asit, iyot ve kirmiz1 fosfor (kibrit kutusunun
yan yiizeylerinden elde edilir) ile birlikte kaynatilir (Florez ve ark., 2017). Bu islem
sonrasinda kodein iki ara maddeye ve sonra dezomorfine doniisiir (Eddy ve Howes,
1935; Florez ve ark., 2017) (Sekil 1). Bu siirecin sonunda iiretilen maddeye “kro-
kodil” denmektedir (Gahr ve ark., 2013). Aslinda krokodil ana psikoaktif maddesi
“dezomorfin” olan ancak bunun yaninda iyot, fosfor ve bir¢ok agir metal igerige
sahip karisima verilen addir (Gahr ve ark., 2013). Bahsedilen stireclerde higbir hijyen
kuralina uyulmadigi i¢in bu karigim kimyasal olarak tehlikeli olmasinin yani sira en-
feksiyon agisindan da riskli hale gelmis bir karisimdir. Bu madde tiim yabanci mad-
deler ve agir metallerle birlikte higbir filtre kullanilmadan intravenéz olarak viicuda
enjekte edilmektedir (Florez ve ark., 2017; Gahr ve ark., 2013).

Dezomorfinin Etkileri

Dezomorfin, morfine alternatif olarak daha az tolerans gelisen, daha az bagimlilik
yapan, bulanti gibi yan etkileri daha az olan bir madde arayist kapsaminda gelistiril-
mis yar1 sentetik bir opiyattir (Small, 1934). Diger bir¢ok opiyat gibi dezomorfin de
analjezik ve sedatif etkilere sahip bir maddedir (Small, 1934). Sedatif etkisi morfin-
den yaklagik 15 kat, analjezik etkisi de yaklagik olarak 8-10 kat daha fazladir (Duron,
2015). Etki baslangici hizli fakat yarilanma 6mrii daha kisadir (Janssen, 1962).

Dezomorfinin yapist morfine benzer ancak kimyasal yapisindaki bazi farklar nede-
niyle dezomorfin daha lipofiliktir. Bu 6zelligi kan-beyin bariyer gecisini kolaylastirir ve
hizli etki saglar (Janssen, 1962). Diger opioidler gibi tiim viicutta yerlesen fakat 6zellik-
le beyin, omurilik ve gastrointestinal yolakta yogun olarak bulunan mii, kappa ve delta
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opioid reseptorleri tizerinden etkisini gosterir. Diger opioidler gibi analjezi ve sedasyon
etkisinin yaninda kas gevsetici etki, gastrointestinal hareketleri degistirme ve 6fori gibi
etkiler de olusturmaktadir (Duron, 2015). Gastrointestinal motilitede azalma ve buna
bagl kabizlik yapici etkisi morfinden daha fazladir (Eddy ve Howes, 1935). Morfinden
daha fazla toksik ve daha fazla epileptojenik etkisi vardir (Grund ve ark, 2013). Bas
donmesi, bulant1 ve kusma etkisi ise morfine gore daha azdir (Eddy ve Howes, 1935;
Gabhr ve ark., 2013). Genel olarak degerlendirildiginde, dezomorfinin etkisini hizla kay-
bettigi, daha hizli kesilme belirtileri ve yoksunluk sendromu olusturdugu, daha fazla
solunum depresyonu olusturdugu goriilmiistiir ve bir ilag olarak morfine gére avantaj
saglamadig1 diistintilmistiir (Duron, 2015; Mosettig ve ark., 1935).

Bu sonuglara ragmen dezomorfin igeren preparatlar Isvigre’de Permonid™ ola-
rak 1940 yilinda piyasaya siliriilmiistiir. 1952 yilinda piyasadan ¢ekilse de tiretimi
1998’e kadar devam etmistir. Su anda dezomorfin birgok iilke tarafindan tiretimi
kontrol altina alinmis maddeler arasindadir (Gahr ve ark., 2013).

Dezomorfinin Toksik Etkileri

Dezomorfin bir opiyattir ve toksik etkileri miyozis, flushing, parastezi, konstipas-
yon, iiriner retansiyon, bulanti ve kusma olup diger opiyatlarin toksik etkileri ile ben-
zerdir (Florez ve ark., 2017). Buna ilaveten dezomorfin toksisitesinde alerjik reaksi-
yon, ndbet, solunum depresyonu ve bunlara bagli dliimler de sik goriilebilmektedir
(Grund ve ark., 2013). Dezomorfinin morfinden 3 kat daha toksik oldugu belirtil-
mektedir ve bu, yagda ¢oziiniirliigiintin yiiksek olmasi ile agiklanmaktadir (Duron,
2015; Sargent ve May, 1970). Solunum depresyonu etkisi de morfinden 10 kat kadar
fazladir (Duron, 2015). Morfine gore konviilzan etkisi de daha belirgindir (Sargent ve
May, 1970). Dezomorfinin diger bir etkisi ise plazma ve beyinde kolinesteraz enzim
inhibisyonudur. Dezomorfin, kodein ve morfinden daha giiglii bir kolinesteraz enzim
inhibitériidiir. Bu etkisi dezomorfinin ciddi noérolojik semptomlar olugturmasina ne-
den olabilmektedir (Wright ve Sabine, 1943).

Dezomorfinin Bagimhihk Yapic: Etkisi

Dezomorfin, tekrarlayan kullanimi sonucunda psikolojik ve fiziksel bagimlilik,
tolerans ve ¢ekilme sendromu meydana getirmektedir (Grund ve ark, 2013). Dezo-
morfin bagimlilarindaki bagimlilik, mii opioid reseptoriine agonist etkisi ile iligkili-
dir (Nelson ve ark., 2010). Dezomorfinin ¢ekilme belirtileri ve yoksunluk sendromu
morfine benzerdir (Eddy ve Howes, 1935). Evlerde ya da sokakta iiretilen krokodil;
oral, subkutan ya da intramuskuler yolla kullanilmakla birlikte intravendz kullanim
daha yaygindir (De Boer, 2001). Etki baslangig¢ siiresi intravendz kullanimda 15 sa-
niye, subkutan kullanimda 2-3 dakika ve etki siiresi yaklasik 2 saat olup oldukca
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kisadir (Florez ve ark., 2017). Kisa yarilanma 6émriinden dolay1 eroin bagimlilarina
gore daha sik araliklarla kullanilmaktadir. Bu durum beklenen riskleri arttiran 6nemli
bir etkendir (Gahr ve ark., 2013). Dezomorfinin ¢ekilme belirtileri eroininki gibidir
ve yaklagik olarak bir ay kadar siirebilir (Katselou ve ark., 2014). Eroinde 4-8 saate
kadar siiren 6fori etkisi dezomorfinde 1.5 saat kadar stirmektedir. Eroin bagimlila-
rinda 20 yil olan ortalama yasam siiresi dezomorfin bagimlilarinda 1-2 yila kadar
diismektedir (Katselou ve ark., 2014).

Deri ve Diger Organ Etkileri

Krokodilin i¢indeki hedeflenen madde dezomorfin olmakla birlikte hazirlanan ka-
risimin iginde birgok toksik madde ve agir metaller vardir. Bu karisim ayrica bir¢cok
kirletici ajan da igermektedir. Viicuda enjekte edildiginde dezomorfinle birlikte tiim
bu partikiiller ve enfeksiydz ajanlar kana karigmaktadir (Gahr ve ark., 2012b). Bu
durum koroner arter hasari, septisemi, pndmoni ve menejit gibi sistemik enfeksiyon-
lara ve uzak organ hasarlarina neden olmaktadir (Gahr ve ark., 2012b). Bu kosullar
Hepatit A, B, C ve HIV bulagsmasini da kolaylastirmaktadir (Grund ve ark., 2013).

Krokodilin igerigindeki agir metaller nedeniyle enjeksiyon alaninin etrafinda deri
ve damar problemleri ortaya ¢cikmaktadir. Ulser ve flebitin de eslik edebildigi bu lokal
lezyonlar, deride renk degisikligi ve deskuamasyon olarak goézlenmektedir. Bir siire
sonra lezyonlar ilerleyerek derinin kabuklu ve kaba bir goriiniim almasina ve timsah
derisini andirir bir goriintilye donmesine neden olmaktadir (Matiuk, 2014). Strekli
kullanim1 lezyonlarin kas, kikirdak ve kemik hasarina ilerlemesine ve hatta gangren
ve ekstremite amputasyonlari ile sonuclanmasina neden olabilmektedir (Grund ve
ark., 2013; Thekkemuriyi ve ark., 2014). Bu etkiler dezomorfinin yan etkisi degildir,
daha ziyade iiretimde ortaya ¢ikan yan iiriinler ve kalintilar (6zellikle agir metaller)
nedeniyle ortaya ¢ikmaktadir (Gahr ve ark., 2012b; Gahr ve ark., 2013) (Sekil 3).

Agir metaller,
toksinler, iyot, Vaskiiler hasar
fosfor, vs. Acik yaralar, iilser, gangren
Osteonekroz
Ekstremite amputasyonlan
Diseti glirimesi
Enfeksiyon {(pndmoni, sepsis, menenijit, HIV, vs)
Toksisite
Hafiza kaybi
Dezomorfin Oltim

Ci17H21NO2

| Sekil 3. Krokodilin etkileri |

Krokodil, icerdigi kimyasallarla enjeksiyon alaninda yaptigi lokal hasar yanin-
da norolojik, endokrin ve diger uzak organ hasarlarina da neden olmaktadir (Gahr
ve ark., 2012b). Bu etkiler genellikle motor ve konusma bozukluklari, hafiza ve ki-
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silik degisiklikleri, tiroid bozukluklari, karaciger ve bobrek hasari seklinde ortaya
cikmaktadir (Grund ve ark., 2013). Genellikle toksik ya da koroziv yan iiriinler ne-
deniyle krokodil kullanimina bagl yaygin kasint1 da goriilebilmektedir (Grund ve
ark., 2013). Fosforlu igerik nedeniyle ¢ene osteonekrozu ve iyot igerigine bagl tiroid
bozukluklar1 gelisebilmektedir (Poghosyan ve ark., 2014; Ruggiero ve ark., 2014).
Kursuna maruz kalinmasi da hematolojik sorunlara, bobrek ve karaciger hasarina
neden olabilmektedir (Tian ve ark., 2013). Benzin ve boya tinerine siirekli maruz ka-
linmas: ise ensefalopati ve ndrolojik hasar meydana getirebilmektedir (Tsatsakis ve
ark., 1997). Krokodilin kullanimina bagli sanrilar ve bazi psikotik belirtiler de ortaya
¢ikabilmektedir (Lemon, 2013) (Sekil 3).

Sonug¢

Diinyanin birgok yerinde ve 6zellikle yakin cografyamizda bulunan bazi iilkelerde
krokodil kullanimina bagli vakalarin artmasi, bu maddenin tilkemiz agisindan 6nemli
bir tehdit oldugunu diisiindiirtmektedir. Gii¢li bir madde olan “dezomorfin” 6zellikle
eroin kullananlar i¢in eroine ulagsamadiklarinda ya da maliyetini karsilayacak imkana
sahip olmadiklarinda potansiyel bir madde olabilmektedir. Evde ya da sokakta yapi-
minin kolay olmasi ve ucuz olmasi ulasilabilirligini arttirmaktadir. Ulkemizde eroin
kullaniminin her gegen giin artmasi ve maddi agidan zayif bolgelerde de eroin kul-
laniminin yaygin olmasi, iilkemiz agisindan bu madde ile ilgili riski arttirmaktadir.

Bu maddenin yapiminda “kodein” igeren ve yasal olarak satigta olan bazi ilaglarin
kullanilmasi ulagilabilirligi arttiran diger bir faktordiir. Bu nedenlerle diinyanin bir-
cok iilkesinde kodein igeren ilaglarin denetlenmesi ile ilgili yeni kisitlamalar devreye
sokulmaktadir.

Kodein igeren preparatlarin satig diizenlemesi iilkeden iilkeye degismektedir (Eddy
ve Howes, 1935; Gahr ve ark., 2013). Ulkemizde yillardir kodein igeren preparatlar,
igerdigi kodein miktarma bagli olarak farkli kontrol kurallarina tabidir. Igerigindeki
kodein miktar1 15 mg’in altinda ise ilag recete ile satilmakta, bu recete eczanede
alikonulmakta ve eczaci tarafindan tutulmasi zorunlu olan deftere kaydedilmektedir
(normal regete ile verilmesi gereken izlemeye tabi ilaclar). Kodein miktar1 20 mg
ve lizerinde ise ya da bu miktarin altinda olmakla birlikte ilaca ilaveten “dionin” ve
“fenobarbital” gibi maddeler igeriyorsa ilacin satis1 kendinden kopyali yesil recete
ile gerceklestirilebilmektedir (Asicioglu, 2013). Bu kurallarin sik1 bir sekilde uygu-
laniyor olmasinin iilkemizde dezomorfin bagimliliginin yayginlagmasi agisindan ko-
ruyucu oldugu ve bu kurallarin esnetilmeden uygulamaya devam edilmesinin ve yeni
gelismelere gore gerekli degisikliklerin hizla yapilmasinin dezomorfinin yayginlas-
masi tehlikesine kars1 6nemli bir koruyucu olacagi sdylenebilir.
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Krokodil enjekte edilen alanlarda renk degisikligi ve deskuamasyon gibi bazi
onemli deri bulgular1 olusturmakta ve bu alandaki deri timsah derisini andiran bir
gorliiniim almaktadir. Lezyonlar ilerlediginde bu bolgede flebit, iilser, gangren ortaya
cikabilmektedir. Ozellikle madde bagimlilig: ile ilgilenen basta klinisyenler ve der-
matoloji uzmanlar1 olmak tizere tiim hekimlerin bu deri bulgularmi fark edebilmesi,
bu maddenin erken taninmasi ve hastanin tedaviye yonlendirilmesi agisindan oldukga
onemlidir.

Krokodilin igeriginin saptanmasina yonelik ¢esitli ¢aligmalar yapilmakla birlikte
bu madde ile ilgili yapilabilen analizlerin halen yetersiz seviyede oldugu soylenebilir
(Richter ve ark., 2016). Bu maddenin yayginlasmasinin 6nlenmesi ve etkin miicadele
edilebilmesi i¢in klinik ve adli amaglarla kullanilmak iizere biyolojik materyallerde
aktif igerigin ve kontaminantlarin hizli, duyarli, segici ve maliyeti diisiik testlerle
6l¢tilmesine ve dogrulanabilmesine ihtiyac vardir.
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Extended Abstract

A New Danger in Our Midst:
Krokodil (Desomorphine) Addiction’

Ibrahim Karakaya]
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Abstract
The use of addictive synthetic substances is ever-increasing both in Turkey and throughout the world, and
new substances are emerging over time. Just as these substances can be re-synthesized, they can also be in
the form of known illicit and home-produced substances. Having the active ingredient of desomorphine,
krokodil has been known for many years as an addictive synthetic substance whose illegal production and
use has increased in recent years. As cases of krokodil use have been reported from many places in the
world, especially from regions geographically close to Turkey, this substance must be viewed as a potential
threat to the country. The aim of this study is to examine desomorphine in detail and to raise awareness of

this substance among healthcare professionals, primarily those working in the area of addiction.
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The production of new substances or the re-launch of old substances in the market
by making changes to the production or usage methods are often seen in the field of
addiction (European Monitoring Center for Drugs and Drug Addictions [EMCDDA],
2011). Alongside the emergence of illicit home-produced substances in the last 15
years has been the increased spread of the use of these substances, one of which being
desomorphine (Grund, Latypov & Harris, 2013; Thekkemuriyi, Gheevarghese, &
Unnikrishnan, 2014). The name given to this substance among users is Krokodil, or
Krok (Grund et al., 2013; Katselou, Papoutsis, Nikolaou, Spiliopoulou, & Athanaselis,
2014). This name is thought to have been given to the substance because of the green
or black color alterations and scaling of users’ skin, similar to that of crocodile skin
or because of the emergence of a-Chlorocodide as an intermediary byproduct during
production (Grund et al., 2013, Katselou et al., 2014). The severe skin lesions that
form are generally caused by this flesh-eating heroin / flesh-rotting drug (Florez et
al., 2017). It is also called poor man’s heroin, as it is cheaper than and has a similar
structure to heroin, or Russian magic, as usage started in Russia (Florez et al., 2017).

In 2017, krokodil came to the attention of the treatment team in the Sivas
Alcohol and Substance Treatment and Education Centre (AMATEM) when a patient
undergoing treatment for opiate addiction stated that he had been in places in Russia
where this substance was used but that he had not taken it himself. The literature has
case reports related to this substance from several countries with one study in Turkey
by Sayar and Nurmedov (2014) drawing attention to this subject.

The aim of the current study is to examine this substance in detail, which has
yet to become a severe threat in Turkey, and to draw the attention of all healthcare
personnel to this substance, primarily those working in the field of addiction.

Extent of Use

After this substance was first used by certain individuals, reports primarily came
from Siberia and other eastern Russian regions from 2002 onwards (Gahr et al.,
2013). After a short time, reports emerged of its use in other rural areas of Russia and
its neighboring countries (Ukraine, Georgia, Uzbekistan, and Kazakhstan; Grund et
al., 2013; Piralishvili et al., 2013). The number of desomorphine users has shown a
sharp increase since 2011 (Gahr et al., 2013). Of the 2.5 million substance addicts in
Russiain 2011, 100,000 are estimated to be addicted to desomorphine. Approximately
30,000 are estimated to have died from desomorphine addiction in Russia in 2012
(Florez et al., 2017; Piralishvili et al., 2013).

Following these developments, Russia banned in 2012 the sale of drugs containing
codeine, which are used in the production of desomorphine, from anywhere other
than pharmacies (Gahr et al., 2013). Following the reports coming from Russia
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and its neighboring countries, reports related to the use of this substance emerged
in European countries such as Romania, Germany, Poland, the Czech Republic,
France, Belgium, Switzerland, Norway and Spain (Escribano et al., 2016; Van Hout,
2014). Lately, cases have also been reported of its use in North and Latin America
(Thekkemuriyi et al., 2014).

Chemical Structure and Properties

Desomorphine was first synthesized in 1932 in the USA, with a patent for production
being obtained in 1934 (Small & Morris, 1933). The classic synthesis pathway of
desomorphine is the formation of a-Chlorocodide after the reaction of codeine with
thionyl chloride, followed by the transformation of a-Chlorocodide to desocodeine
(dihydrodesoxycodeine D). Afterward, desocodeine transforms to desomorphine
through demethylation (Eddy & Howes, 1935; Small & Morris, 1933) (See Figure 1) .

Thionyl
chloride

N=CH,

Codeine a- Chlorocodide Desocodeine Desomorphine

N
Ci7H21NO2
Catalytic reduction Demethylation

| Figure 1. Synthesis of desomorphine from codeine |

Desomorphine (C,,H,NO,) is the name commonly used for 4,5-a-Epoxy-17-
methylmorphinan-3-ol, or dihydrodesoxymorphine-D. It is an opioid analogue and
morphine derivative (reduction of the 6-hydroxyl group and 7th-8th carbons of
morphine (Small & Morris, 1933) (see Figure 2). Like morphine and other alkaloids,
desomorphine is a colorless organic base that can be easily crystallized. It has a stub
0f271.35 g/mol, a melting point of 189°C, and a pKa value of 9.69 (Small & Morris,
1933). It can pass the blood-brain barrier and binds to opioid receptors in a way
similar to the structure of other alkaloids in the phenanthrene structure (Gahr et al.,
2013). Because of its free base, it has low water solubility (1.425 mg/L) at room
temperature and dissolves rapidly in organic solvents such as acetone, ethyl acetate,
and alcohol (Mosettig, Cohen, & Small, 1935).
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N—CH,

Morphine Codeine Desomorphine Heroin

Figure 2. The structure of morphine, codeine, desomorphine and heroin

Street Production and Use

Krokodil is a substance easily produced from tablets containing codeine, generally
in homes or illegal laboratories (Gahr et al., 2013). A total of 5-10 tablets containing
codeine are boiled together with thinners such as paint thinner or petrol (generally
containing zinc, lead, iron, and antimony), hydrochloric acid, iodine, and red
phosphorus (obtained from the sides of matchboxes) (Florez at al., 2017). After this
process, codeine transforms into two intermediary substances then into desomorphine
(see Figure 1; Eddy & Howes, 1935; Florez et al., 2017). The substance produced at
the end of this process what is known as krokodil (Gahr et al., 2013). In fact, the name
krokodil is given to the mixture that contains iodine, phosphorus, and several heavy
metals in addition to the main psychoactive agent, desomorphine (Gahr et al., 2013).
As the above-mentioned processes are applied without any hygienic regulations, this
mixture becomes dangerous as a chemical and high-risk in terms of infection. Without
any filtration, this substance, together with all the foreign substances and heavy metals,
is injected intravenously into the body (Florez et al., 2017; Gahr et al., 2013).

The Effects of Desomorphine

Desomorphine is a synthetic opiate that has been developed in the context of
searching for a substance that has fewer side-effects like nausea, that is less addictive,
and that develops lower tolerance as an alternative to morphine (Small, 1934). Like
several other opiates, desomorphine has analgesic and sedative effects (Small, 1934).
The sedative effect is approximately 15 times and the analgesic effect approximately
8-10 times greater than morphine (Duron, 2015). The effect has a rapid onset, but the
half-life is shorter (Janssen, 1962).

Although the structure of desomorphine is similar to that of morphine, desomorphine
is more lipophilic because of some differences in the chemical structure. This
property facilitates passage through the blood-brain barrier and provides a rapid
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effect (Janssen, 1962). Like other opioids, the effect is shown the on the mu, kappa,
and delta opioid receptors located throughout the whole body, which are especially
dense in the brain, spinal cord, and gastrointestinal tract. In addition to its analgesic
and sedative effect, other effects are created, such as muscle relaxation, changes in
gastrointestinal movements, and euphoria, just as with other opioids (Duron, 2015).
The reduced gastrointestinal motility and associated effect of creating constipation is
greater than from morphine (Eddy & Howes, 1935). It has a greater toxic and much
greater epileptogenic effect than that of morphine (Grund et al., 2013). Compared
to morphine, the side effects of dizziness, nausea, and vomiting are less (Eddy &
Howes, 1935; Gahr et al., 2013). When evaluated overall, the effect of desomorphine
is rapidly lost, withdrawal symptoms and withdrawal syndrome form more rapidly,
and greater respiratory depression is seen to form; thus, this drug is not considered to
provide any advantage over morphine (Duron, 2015; Mosettig et al., 1935).

Despite these findings, preparates containing desomorphine were launched on the
market as Permonid ™ in Switzerland in 1940. Although it was withdrawn from the
market in 1952, production continued until 1998. Currently, desomorphine is one of
the substances under controlled production in several countries (Gahr et al., 2013).

The Toxic Effects of Desomorphine

Desomorphine is an opiate with the toxic effects of myosis, flushing, paresthesia,
constipation, urinary retention, nausea, and vomiting, similar to the toxic effects
of other opiates (Florez et al., 2017). Furthermore, allergic reactions, seizures, and
respiratory depression are often seen in desomorphine toxicity, with death being
associated with these effects (Grund et al., 2013). Desomorphine has been reported
to be three times more toxic than morphine, and this is explained by its high fat
solubility (Duron, 2015; Sargent & May, 1970). The respiratory depression effect is
10 times that of morphine (Duron, 2015), and the convulsant effect is more evident
than in morphine (Sargent & May, 1970). Another effect of desomorphine is the
inhibition of the cholinesterase enzyme in the plasma and the brain. Desomorphine is
a stronger cholinesterase enzyme inhibitor than codeine and morphine, and this effect
can cause the formation of severe neurological symptoms (Wright & Sabine, 1943).

The Addictive Effect of Desomorphine

Psychological and physical addiction, tolerance, and withdrawal syndrome develop
as aresult of repeated desomorphine use (Grund et al., 2013). The addiction is related
to the mu opioid receptor’s agonist effect (Nelson et al., 2010). Desomorphine’s
withdrawal symptoms and withdrawal syndrome are similar to those of morphine
(Eddy & Howes, 1935). Although krokodil produced at home or on the streets is taken
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orally, subcutaneously, or intramuscularly, the most common method is intravenously
(De Boer, 2001). The onset of the effect is 15 seconds with intravenous use and 2-3
minutes with subcutaneous use; the duration of the effect is extremely short at 2-3
hours (Florez et al., 2017). Due to the short half-life, it is used at more frequent
intervals in comparison with heroin, and this is an important factor increasing the
expected risks (Gahr et al., 2013). The withdrawal effects from desomorphine are
similar to those of heroin and can last for up to a month (Katselou et al., 2014). The
euphoria effect that continues for 4-8 hours with heroin lasts for up to 1.5 hours with
desomorphine. Heroin addicts have a mean life expectancy of 20 years, and this falls
by 1-2 years for those addicted to desomorphine (Katselou et al., 2014).

The Effects on the Skin and Other Organs

Although the targeted substance in krokodil is desomorphine, several toxic substances
and heavy metals are found in the prepared mixture, as well as the several polluting
agents it contains. When injected into the body, all these particles and infectious agents,
together with desomorphine, are mixed with the blood (Gahr et al., 2012b). This causes
coronary artery damage systemic infections such as septicaemia, pneumonia. and
meningitis and distant organ damage (Gahr et al., 2012b). These conditions facilitate
the spread of hepatitis A, B, and C as well as HIV (Grund et al., 2013).

Due to the heavy metals contained in krokodil, skin and vascular problems develop
around the injection area. These local lesions, which may be accompanied by ulcers
and phlebitis, are observed as desquamation and color changes in the skin. With the
progression of the lesion over time, the skin takes on a rough, scabbed appearance,
suggestive of crocodile skin (Matiuk, 2014). Continuous use can cause the lesions to
progress to muscle, cartilage, and bone damage, which can even result in gangrene
and amputations (Grund et al., 2013; Thekkemuriyi et al., 2014). These effects are
not side-effects of desomorphine but develop because of the by-products emerging
from the production and residues, especially heavy metals (Gahr et al., 2012b; Gahr
et al., 2013) (see Figure 3).

Heavy metals,
toxins, iodine, Vascular damage

phesphorus etc Open wounds, ulcers, gangrene

Osteonecrosis

Extremity amputations

Gum disease

Infection (pneumonia, sepsis, meningitis, HIV etc.)
Toxicity

Memory loss

Desomorphine Death

C17H21NO2

Figure 3. The Effects of Krokodil
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In addition to local damage at the injection area, the chemicals contained in
krokodil cause neurological, endocrinal, and distant organ damage (Gahr et al.,
2012b). These effects are generally seen as motor and speech impairments, memory
loss, personality changes, thyroid disorders, and liver and kidney damage (Grund et
al., 2013). Widespread itching can be seen associated with krokodil use because of the
generally toxic and corrosive by-products (Grund et al., 2013). Osteonecrosis of the
jaw can be seen because of the phosphorus content and thyroid disorders associated
with the iodine content (Poghosyan et al., 2014; Ruggiero et al., 2014). Exposure
to lead can cause hematological, liver and kidney damage (Tian et al., 2013).
Continuous exposure to petrol and paint thinners is known to lead to encephalopathy
and neurological damage (Tsatsakis et al., 1997). Hallucinations and some psychotic
symptoms associated with krokodil use may also occur (Lemon, 2013) (Figure 3).

Conclusion

The increase in the number of cases related to krokodil use in several parts of the
world, especially in some countries geographically close to Turkey, suggests that this
substance could be a significant threat to Turkey. Desomorphine is a strong substance
that could be a potential alternative for heroin users who cannot access heroin or do
not have the finances to do so. Availability is increased as home and street production
is simple and cheap. Turkey currently has an increase in the heroin use, and the
widespread use of heroin in economically poor regions increases the risks associated
with this substance.

Another factor increasing its availability is the legal sale of certain drugs containing
codeine, which is used in producing this substance. Therefore, many countries
throughout the world have brought new restrictions related to the regulation of drugs
containing codeine.

Nevertheless, regulations on the sale of preparates containing codeine vary from
country to country (Eddy & Howes, 1935; Gahr et al., 2013). For many years, preparates
containing codeine have been subject to different controls in Turkey depending on the
amount of codeine. If the codeine content is under 15mg, the drug is sold by a prescription
that is retained by the pharmacist and must be recorded (the normal monitoring process
for prescription drugs). If the amount of codeine is over 20mg or even below this
amount and the drug includes substances such as dionine or phenobarbitol, the sale is
made with a duplicate green prescription (Asicioglu, 2013). The strict implementation of
these regulations can be said to have protected Turkey from the spread of desomorphine
addiction, and maintaining these rules without flexibility and rapidly implementing
the necessary changes in accordance with the latest developments will be a significant
protection against the danger of the spread of desomorphine.
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Certain significant skin changes are created in the area where krokodil is injected, such
as color changes and desquamation, and this area takes on an appearance resembling
crocodile skin. Phlebitis, ulcers and gangrene can develop in this area when the lesions
progress. That all physicians, primarily the clinicians dealing with substance addiction
and dermatology specialists are able to recognize these skin findings is extremely
important in respect of early substance diagnosis and treatment referral for the patient.

Although various studies have been conducted related to determining krokodil’s
contents, one can still state analyses made on this substance to be at an insufficient
level (Richter et al., 2016). To prevent the spread of this substance and to be able to
make effective interventions, the need exists for rapid, sensitive, selective and low-
cost tests for being able to measure and confirm the active content and contaminants
in the biological material to be used for clinical and forensic purposes.
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