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ARTICLE INFO ABSTRACT

Article history: “Krokodil” is the street name for the homemade injectable mixture that has been used as a cheap
Received 19 September 2014 substitute for heroin. Its use begun in Russia and Ukraine and nowadays is being spread over several
Received in revised form 30 January 2015 other countries. Desomorphine is the semi-synthetic opioid claimed to be the main component of

Accepted 2 February 2015

Available online 7 February 2015 krokodil and considered to be responsible for its psychoactive characteristics. The starting materials for

desomorphine synthesis are codeine tablets, alkali solutions, organic solvent, acidified water, iodine and
red phosphorus, all of which are easily available in retail outlets, such as supermarkets, drugstores, etc.

ge;;;\gzrsds: The resulting product is a light brown liquid that is called krokodil. People who inject krokodil present a
DIe)somorphine great variety of serious signs and symptoms, including thrombophlebitis, ulcerations, gangrene, and
Krokodil synthesis necrosis, quickly evolving to limb amputation and death. These effects are thought to result from the
People who inject drugs toxic components produced as byproducts during the homemade drug synthesis.

Signs and symptoms In this work, we reviewed several aspects of krokodil use, including its epidemiology, pharmacology

and the chemical properties of the main active ingredient (desomorphine). To enhance our
understanding of the clinical and toxic effects and to support the implementation of harm reduction
measures, we also describe the “bathtub chemistry” of krokodil and the content of the final solution.

© 2015 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

“Krokodil” is the street name for an injectable drug mixture,
which is used as a cheap substitute for heroin and was first
observed in Russia and Ukraine around 2002/3. Krokodil is
obtained from codeine tablets in a simple bootleg process aimed
to synthesize desomorphine. Media reports suggest that krokodil is
about five times cheaper than heroin [1,2]. In Russia, krokodil is
also known as “Russian magic”, “croc” or “krok” [2,3]. The name
krokodil is derived from the typical scaly green colored skin
injuries associated with continued use, resembling a crocodile
(krokodil in Russian) skin [3-5]. Russia, Ukraine and Georgia seem
to be the countries most affected by krokodil use.

Because of its recent emergence, and, in particular, the dramatic
consequences associated with this drug concoction, it is important
to understand the epidemiology of krokodil use, the pharmacology
of the main active substance (desomorphine) and the synthesis
method of krokodil. Such information is highly relevant for the
implementation of preventive measures for reducing krokodil use
and the reported toxic effects. The present review highlights these
different aspects of this harmful drug. To achieve our goals, articles
written in English, French and Germany were searched in the
National Library of Medicine’s PubMed MedLine database and Web
of Knowledge using key words such as “croc”, krokodil, “home-
made drug”, “flesh eating drug” and “desomorphine”. Web sites
and YouTube videos related to krokodil use were also reviewed.

2. Epidemiology of krokodil use

According to the European Drug Report [6], 0.41% of the
European population is addicted to opioids, mainly heroin. In Asia,
this prevalence is not so different, especially in Asian parts of
Russia, Laos, Afghanistan and Myanmar [7]. Russia, Ukraine and all
other former Soviet Republics share a long history of injectable
drug use [2]. In Russia, 2.3% of the population is injecting drugs,
especially opioid derivatives. This percentage reflects the proximi-
ty to Afghanistan, the major world opium producer. The Russian
government recognizes that it is very difficult to control all the
borders due to their extension. Afghan heroin usually crosses the
Russian borders inside trucks passing through cities and smaller
communities; finally the drug is sold in clandestine street markets.

Heroin is not easily available in Ukraine and therefore home
drug production remains a common source for injectable opioids
[8]. In Eastern Europe countries, especially Georgia and Ukraine,
drug users switched to homemade drugs such as krokodil, due to
the cost of heroin. Indeed, media reports suggest that 5% or more of
Russian drug users may be injecting krokodil [2]. The homemade
krokodil is prepared almost the same way as methamphetamine
[2] making this transition not unexpected once methamphetamine
seems to be spreading through Russia Federation and Poland [7].

The first case of krokodil use was reported on the North-East of
European part of Russia in 2002, and since then it spread over
Russia and some of the neighboring former Soviet Republics.
Krokodil appeared in the Russian drug market in 2003, associated
with the decreased availability of Afghan heroin in local drug
markets [2,9]. In 2012, it was estimated that around 100,000
people used krokodil in Russia and around 20,000 in Ukraine [2]. At
this time point, Russia and Ukraine seem to be the most affected
countries by the use of this drug, but several cases were also

reported in Georgia [10] and Kazakhstan [11]. Russia banned over-
the-counter codeine sales on June 1, 2012 and that legislative
document sharply reduced the use of krokodil, but codeine has
been reportedly moved onto the black market [12].

Krokodil was firstly described in USA (Chicago) in 2011 [13].
According to the physician responsible for the case, patients were
not aware of being using krokodil. Thekkemuriyi et al. [5] reported
a case of a 30-year-old heroin addicted man was treated in a
hospital in St. Louis for a painful necrotic ulcer and auto-imputed
fingers after 6-7 months of krokodil use. He admitted a unique
exposure because he had not enough money to buy his regular
diary dose of heroin. A possible case was described in German in
2011 by Gahr et al. [3]. Dermatological lesions, typical for krokodil
use, were observed in four heroin users. It was assumed that they
were using heroin contaminated with krokodil. Lemon [14]
described the first UK case, when a girl from Romania was
hospitalized with krokodil symptoms. It is believed that the use of
krokodil spread to Poland, Czech Republic, France, Belgium,
Sweden, Norway and other European countries with Russian
immigration [15].

3. Chemical properties of desomorphine

The main active substance of krokodil is referred to be a semi-
synthetic opioid derivative from morphine, called desomorphine
(C17H21NO,, dihydrodesoxymorphine) (Fig. 1). Chemically, deso-
morphine is a white to light beige solid at room temperature, with
a molecular weight of 271.35 g/mol and a melting point of 189 °C.
It is a stable powder when stored under adequate conditions and
an organic base, like other opioids. The protonated form has a pKa
value of 9.69 and it is therefore ionized in a biological environment.
Desomorphine is only partly soluble in water (1.425 g/Lat 25 °C) as
a free base, while in salt form, is highly water soluble [16].
Desomorphine was first synthesized in the USA in 1932 by Small
et al. [17] as a demonstration of a process of catalytic hydrogena-
tion of halogenocodides to obtain morphine derivatives [3].
Desomorphine may be synthesized from codeine and it differs
from morphine only by the lack of a hydroxy group and a double
bound (Fig. 1). This structural difference allows an increased
activity of desomorphine when compared to codeine and even
morphine [18,19]. The elimination of the alcoholic hydroxyl group
gives desomorphine the same toxicity and increased analgesic
action compared to morphine [17].

4. Synthesis of krokodil

The process of krokodil synthesis is almost identical to that of
methamphetamine synthesis from ephedrine [20,21] consisting of
a simple extraction and reduction to obtain the opioid derivative.
This reduction process is known as the Nagai route and is based on
a reduction method using hydriodic acid (HI) and red phosphorus
as reagents [21]. This synthetic route is preferred in the Asian and
South Asian regions and in Australia in commercial illicit
methamphetamine production [21-23]. Krokodil is obtained using
codeine as a starting material, which is usually sold in the
pharmaceutical market in the form of tablets, mixed with other
substances such as paracetamol, acetylsalicylic acid and, in some
cases, caffeine. The process needs very little equipment and
involves two steps (Fig. 2):
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