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ABSTRACT

Our purpose in this article is to review the effects of recreational drugs, used either on their own but

principally combined with alcohol consumption, in determining hepatic injury or influencing the evolution

of some chronic diseases of the liver, specifically HCV infection and NAFLD. A deleterious role of daily use

of recreational drugs, in particularly cannabis, has been shown to demonstrate clearly a rapid progression

of fibrosis and steatosis, leading to a major severity in patients with chronic hepatitis C. On the other hand,

the effects of the misuse of these substances on NAFLD, the main obesity-related comorbidity, leading to

addiction, is still to be elucidated even though some clues to the recreational drugs hepatotoxicity are already

present in the literature. This short review aims at raising awareness about this topic.
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INTRODUCTION

As it is well known to every
expert in the field of hepatology,
HCYV infection, with its burden
of progression toward liver
cirrhosis, has an intrinsic high
risk of developing hepatocellular
carcinoma, a leading cause
of death in adult males. The
incidence of this is expected to
decrease with the availability
on the market of new antiviral
drugs.

While viral C hepatitis has
been mainly approached by
hepatologists for the past two
decades, we will focus on the
liver disease which is nowadays
recognized as being the most
common type of chronic liver
disease in Western countries. The
disproportionately high intake
of calories, also the so-called
»empty” ones from alcohol,
has led to a new pandemia, i.e.
obesity [1]. A high percentage
of obese patients generally suffer
from non-alcoholic fatty liver

disease (NAFLD). The spectrum of NAFLD includes simple
fatty liver, non-alcoholic steatohepatitis (NASH) and advanced
liver disease, which leads to liver-related failure and finally
hepatocellular carcinoma [2]. It has been associated with many
obesity-related health complications, including cardiovascular
disease, type 2 diabetes, hyperlipidemia, and hypertension. This
constellation is also recognized as the metabolic syndrome
and is characterized by underlying insulin resistance [3-14].
Experts advise that it is necessary to reduce visceral fat to
improve survival, mainly taking into account the strict link
between NAFLD and coronary artery disease [15], in order
to increase longevity [16].

In fact, the development and progression of fatty liver
is closely associated with obesity, and is also attributed to
excessive alcohol intake [17, 18]. It is noteworthy to stress
that heavy consumption of alcohol, the usual habit of the
week-end-consumers, has been established to be a high risk
factor for the liver, but light to moderate consumption is
associated with a reduced risk of a fatty liver, suggesting a
dose dependent relationship between alcohol consumption
and hepatic steatosis.

Recreational drugs use is the habit of consuming a
particular psychoactive substance with the intention of creating
or enhancing a recreational experience, greatly implemented by
peer pressure. It is characterized by the continued, compulsive
use of this type of drugs, or the repetition of such deleterious
behavior despite adverse consequences, or a neurological
impairment leading to such behaviors [19]. These behavioral
changes develop gradually during repeated exposure to
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drug abuse, and can persist for months or even years after
discontinuation [20], suggesting that this addiction can be
considered a form of drug-induced neural plasticity [21-23].
Several studies have shown that addiction is a disease that can
target very specific regions of the brain and thus, any epigenetic
intervention must not only be specific for a particular segment
of the DNA, but it will also need to be targeted to a specific
brain region [24, 25]. Thus, chronic drug exposure causes stable
changes in the brain at the molecular and cellular levels that
underlie these behavioral abnormalities [26]. Literature data
on effects of recreational substances, apart from alcohol that is
managed in a section below, on NAFLD are lacking, which is
surprising considering that some of them are responsible for
acute cytolytic hepatitis, showing an intrinsic hepatotoxicity.
It should be highlighted that recreational substance abuse
remains difficult to prove since taking the product is often
denied by the users.

Our purpose in this mini-review is to put in evidence the
possible liver injury due to recreational drugs, consumed on
their own but more frequently combined with alcohol excess in
patients already suffering from HCV infection or NAFLD or both.

INJURY OR BENEFITS OF ALCOHOL
IN NAFLD: A LONG-LASTING
CONTROVERSY

First of all, we should take a glimpse into the more common
recreational drug that is alcohol, with a special approach to
obese patients.

Most obese patients with NAFLD have simple or
partially benign [2] hepatic steatosis in the absence of necro-
inflammatory features or fibrosis; however, a significant
minority may have NASH, which is characterized by hepato-
cellular inflammation and fibrosis [27]. Prolonged duration of
NASH may ultimately lead to cirrhosis, in many cases called
“cryptogenic cirrhosis” [28]. As previously evidenced, obesity-
related insulin resistance is one of the main pathogenic factors
responsible for this progression, as well as hyperinsulinemia
has been shown to increase the levels of free fatty acids and
cholesterol [29] within the liver, resulting in cytotoxicity due
to oxidative stress, which then promotes hepatic stellate cell
activation and fibrosis [30]. As in other chronic liver diseases,
alcohol seems to be an important risk factor for progressive
fibrosis in NASH. Gabele et al [31] showed that a new model,
in mice, allows the investigation of isolated or joint effects of
alcohol and high fat diet on hepatic injury, where alcohol and
high fat diet appear to act synergistically on the development
of hepatic fibrosis, potentially via enhanced Toll-like receptor
4 (TLR4) signaling, which is known to play a crucial role
in hepatic fibrosis. Wang et al [32] also showed, in rats,
that even moderate alcohol consumption can cause more
hepatic inflammation and cellular apoptosis in a pre-existing
NASH condition. Ekstedt et al [33] showed, in humans, that
moderate alcohol consumption, consistent with the diagnosis
of NAFLD to be set, is associated with fibrosis progression
in NAFLD. These patients should be advised to refrain from
heavy, even though episodic, drinking. Moreover, Alkerwi et
al [34] showed that “responsible alcohol intake” appears to be
associated with a reduced prevalence of metabolic syndrome.
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Favorable metabolic effect seemed to be restricted to alcohol
consumption of less than 20 g/day among women, and of
less than 40 g/day among men [34]. These findings support
the actual recommendations regarding alcohol consumption
among apparently healthy people, as reported by Alkerwi
et al [34]. On the other hand, Thun et al [35] showed that,
in a middle-aged and elderly population, moderate alcohol
consumption slightly reduced overall mortality. The benefit
depended, in part, on age and background cardiovascular risk
and was far smaller than the large increase in risk produced
by tobacco [35].

Furthermore, as reported by Sozio et al [36], a modest wine
drinking might not confer sufficient benefits in cardiovascular
or lipid profile in patients with obesity to justify any potential
risk of worsening the underlying liver disease. It remains
unclear, as showed by Sozio et al [36], why some obese patients
with NAFLD have only steatosis whereas others exhibit steato-
hepatitis, and alcohol consumption could have a different effect
in these two conditions.

Cotrim et al [37] showed that light-to-moderate alcohol
consumption may have a protective effect against insulin
resistance in severely obese patients. However, it had no
impact on the severity of activity and stage of liver disease
[37]. Furthermore, moderate alcohol consumption appears
to protect against NAFLD as reported by Moryia et al [38].
Moreover, alcohol consumption was inversely associated with
insulin resistance, independent of central obesity, metabolic
profiles, and fatty liver diseases [39]. Hiramine et al [40]
showed that alcohol consumption plays a protective role
against fatty liver in men, and consistent alcohol consumption
may contribute to this favorable effect. A cross-sectional study
in Japanese men and women showed that light to moderate
alcohol consumption has a favorable effect for fatty liver, but
not for metabolic syndrome [41].

Baker et al [42] reported that the hyperactivity of all
the genes regulating alcohol catabolism suggests that j)
alcoholemia in NASH patients is elevated; jj) NASH patients
show a particular tendency of the liver to reduce the circulating
alcohol concentration. This evidence in humans lends credence
to the hypothesis that alcohol may induce NAFLD [42].

Therefore, in addition to insulin resistance, alcohol may
play a crucial pathogenic role in the development of NAFLD
and its progression to NASH; for example, in alcohol drinkers
who already have NAFLD and/or NASH, alcohol may cause
synergistic injury, and in nondrinkers, obesity-related intestinal
bacterial overgrowth may produce endogenous alcohol. It
remains unclear why certain patients who are at risk for
NAFLD are apparently able to derive the protective effects
of alcohol, whereas those who already have NAFLD suffer
worsening injury from alcohol.

NEW RECREATIONAL DRUGS: A MAJOR
HEALTH HAZARD

Actually, numerous new drugs have materialized onto the
recreational drugs market in Europe [43, 44]; ketamine and
y-hydroxybutyrate (GHB) are examples of these substances
that have legitimate medical purposes. The aforementioned
molecules have been largely substituted by many novel
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psychoactive products, which, due to their availability - in fact
there is a florid online marketing - provoke politicians and
health providers to initiate new strategies [45].

These new drugs are produced by chemical synthesis, i.e.,
4-methylmethcathinone or mephedrone or extraction from
traditional herbs, e.g., salvia divinorum and kratom [45].
The manufactured molecules are surreptitiously entered into
the market to bypass the rigid laws concerning the violation
of intellectual property rights of drugs and the protection
of consumers, particularly avoiding the free flow of truthful
information in the marketplace [45].

Actually, although mephedrone, belonging to the family
of cathinones, and some synthetic molecules (cannabinoids)
are classified as illegal drugs, the major part of these new
psychoactive substances remain legal on the market [45].
Furthermore, unexpected changes in legislation, associated
with rapid branding diversification as well as poor quality
control, challenge buyers and, obviously, physicians to identify
exactly what an addict consumes [45].

Despite the use of alcohol and tobacco, in a large sense
considered two legally available recreational drugs, is increasing
in the Western World, many data show adverse effects on organ
function. Moreover, the use of illegal recreational drugs has
reached epidemic proportions in many so-called civilized
countries. It is evaluated that one out of four people in Western
society has used recreational drugs at some times during his/
her life, usually in the younger age with pairs. It should be
emphasized that the market is so florid that body packing and
internal concealment, used by drug dealers to smuggle illicit
substances, put the “body packer” at risk of gastrointestinal
obstruction, creating a novel disease.

It is therefore inevitable that many physicians should
manage and treat the dangerous effects associated with the
abuse of these drugs.

RECREATIONAL DRUGS AND THEIR
HEPATOTOXICITY

Hepatotoxicity due to Ecstasy (methylenedioxy
methamfetamine, MDMA) is rare and can range from mild,
self-limited episodes of liver damage to fulminant hepatitis
requiring liver transplantation [46, 47]. Some cases seem to
be correlated to necrosis, secondary to hyperthermia. Others
appear to result from a direct action of MDMA on hepatocytes.
Several patients exhibit progressive jaundice and weight loss
that could recur if exposed to MDMA again. Some other
patients exhibit the disorder in acute crisis within hours from
MDMA ingestion. Treatment should be tailored personally
and ranges from nutritional support and careful longitudinal
assessment of liver function to liver biopsy and transplantation.

MDMA is a significant cause of drug-induced liver failure
[48]. This has two distinct features: the first associated with
hyperpyrexia and the second presenting isolate. The former
is evidenced by histology as a centrilobular necrosis and
microvascular steatosis (as in heatstroke); the latter is quite
always an acute cholestatic hepatitis with marked presence
of eosinophils and histiocytes suggestive of a hypersensitivity
reaction, as reported by Devlin et al [49]. The severity of these
forms is clinically relevant, but unpredictable, in the sense

that the onset is that of an acute hepatitis, sometimes rapidly
evolving towards encephalopathy [49]. Unfortunately, there are
no therapeutical options but the supportive one [49]. Inducing
these addicts to abstain is of paramount importance because
the re-exposure to the drug may provoke recurrence [49].

Cocaine is an alkaloid which is usually administered
intra-nasally, intravenously or by inhalation. It is recognized
as one of the most dangerous illicit recreational drugs [50,
51]. Hepatotoxicity evolves into a cytolytic hepatitis with an
increase, generally significant, of the ALT levels a few hours
after taking the dose, which can be partnered with jaundice
[50]. It can be accompanied by shock, hypotension, hypoxia
and high fever. An important point is that the cocaine-induced
liver damage can be associated with rhabdomyolysis and
subsequently acute renal failure. One possibility is that liver
failure occurs in severe cases. An alternative explanation could
be the presence of some metabolites responsible for hepatitis
and other complications [50, 51].

Buprenorphine is widely used for opiate withdrawal. Used
orally, the risk of hepatotoxicity is rare [52]. On the other
hand, when the product is used intravenously, the occurrence
of cytolytic hepatitis is frequent, sometimes serious and fatal
[52]. The difference in toxicity between the two routes of
administration can be explained by the fact that intravenously
the product reaches much higher liver concentrations that
determine significant mitochondrial toxicity [52]. Toxicity
may be increased if there is a simultaneous intake of another
agent acting on mitochondria, as noted recently in patients
using aspirin [52]. Finally, medicinal plants can be used for
recreational scopes such as Kava Kava. This plant comes from
the Islands of the South Pacific. Kava Kava originally had a
ceremonial use due to its slightly euphoric and anxiolytic
properties, obviously assumed in small doses. It is used in
Western countries as an exhilarating substance and can
induce severe cytolytic hepatitis, sometimes requiring liver
transplantation, often resulting in death [53]. The sale of Kava
Kava is prohibited on the markets of herbalism.

HCV INFECTION AND CANNABIS

Hepatic steatosis is frequently observed during chronic
hepatitis C. It is either virus-induced, mostly related to
HCV genotype 3, or environmental, mainly related to the
consumption of alcohol or metabolic risk factors. Experimental
work suggested a cannabinoid 1 (CB1) steatogenic effect.
Indeed, it has been shown that endogenous hepatocytes CB1
receptor activation enhanced the synthesis of fatty acids and
liver steatogenesis [54]. The role of CB1 and CB2 was evaluated
in two experimental models of metabolic steatosis in mice.
The administration of an antagonist of CB1 prevented the
development of fatty liver and improved parameters of the
metabolic syndrome [55]. In another study, CB2 contributed
to inflammation associated with obesity, insulin resistance
and steatosis with non-alcoholic origin [56]. These results
demonstrate that CB1 and CB2 receptors have steatogenic
properties.

The impact of recent (six months) use of cannabis
(tetrahydrocannabinol) on the severity of steatosis was studied
in 315 patients with HCV-related chronic hepatitis, who had
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never been treated. In multivariate analysis, daily cannabis
use was an independent predictive factor associated with
the presence of j) severe steatosis (> 30% of hepatocytes), jj)
histological activity moderate to severe (A2 - A3, according to
Metavir), HCV genotype 3, jjj) body mass index greater than or
of HCV RNA [57]. Conclusively, daily cannabis use is a liver-
risk factor because it can accelerate the progression of fibrosis
and worsen the severity of steatosis in patients with chronic
hepatitis C. These results are consistent with the experimental
data that indicate pro-fibrogenetic properties of CB1 receptor
and steatogenic capabilities of receptors CB1 and CB2.

As practical advice, physicians must search in the patients’
history to discover whether a cannabis use is present when
chronic hepatitis C has been diagnosed. It is much more
frequent than is thought, being often hidden. The clinician
must recommend untreated patients to ban the daily use of
cannabis due to the risk of rapid fibrosis and progression of
severe steatosis among daily smokers.

ALCOHOL AND DIET RICH OF LIPIDS IN
HCV INFECTION

Purohit et al [58] showed that steatogenic substances
such as ethanol, when coupled with a high-fat diet induce
up-regulation of CB1 receptors by enhancing the synthesis of
endocannabinoids, 2-arachidonoylglycerol and anandamide.
These receptors are the same that are up-regulated in
obese patients, stimulating on the one hand both lipogenic
transcription factor sterol regulatory element-binding protein
1c (SREBP1c) with its target enzymes acetyl-CoA carboxylase-1
and fatty acid synthase, and on the other hand inhibiting
carnitine palmitoyltransferase-1 [58]. As a consequence, an
increased de novo fatty acid synthesis as well as reduced fatty
acid oxidation leads to the well-known fatty liver, as a result.
Hyperlipidic diet seems to activate CB2 receptors that further
contribute to determining fatty liver and worsening the severity
of fatty liver in hepatitis C patients [58].

COMBINED USE OF RECREATIONAL
DRUGS AND ALCOHOL

Ketamine is one of the most widespread recreational
drugs, regularly used in the so-called rave parties. Consumers
frequently take it with alcoholic beverages. Alcohol ingestion in
chronic or episodic use activates drug-metabolizing enzymes,
thus decreasing the drugs’ availability and reducing its effects.
After these enzymes have been activated, they remain so even in
the absence of alcohol drinking. For these reasons, recreational
drugs users are compelled to increase the dose.

There is no evidence in humans, but animal models could
help evaluate the toxicity. In a recent study by Way et al, ICR
mice were treated for periods of 6, 16 and 28 weeks with 30 mg/
kg ketamine injected daily intra-peritoneally and contextually
with alcohol (0.5 ml of 10% alcohol for each mouse) during the
last 4 weeks of the treatment periods. This experiment ended up
in a significant damage to the liver, including fatty degeneration
of liver cells, fibrosis and increase in liver glutamic oxaloacetic
transaminase, proliferative cell nuclear antigen and lactate
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dehydrogenase after 16 weeks of treatment with ketamine.
The liver injury of these mice was particularly severe when
the animals were treated with both ketamine and alcohol [59].
Finally, it is necessary to evidence that patients suffering from
HCV infection, mainly the obese ones, due to their protracted
status of depression [60], are natural candidates to the misuse
of recreational drugs, including alcoholic beverages and
cannabis, to try to better cope with a reduced quality of life and
the burden of fibromyalgia. This latter disease is surprisingly
improved by tetrahydrocannabinol [61].

HEALTH POLICY

Recreational drugs’ use is incredibly common around the
world and it very often leads to disaster and crime. To try
to resolve this, some people advocate a liberal approach to
legalization, while others support a strong government, police-
driven “war” on the sale and use of drugs.

Even though literature data on effects of these recreational
substances on hepatic steatosis are few and incomplete, some of
them are reckoned as responsible for acute cytolytic hepatitis. The
diagnosis of this illness should be primarily suspected in the less
mature subjects. Sometimes the accountability of a recreational
substance remains difficult to highlight since taking the product
is often hidden by the user.

FIVE-YEAR VIEW

Alcohol and recreational drugs is a very hot topic, being not
only a habit of the young, but impregnating broad sectors of the
population, with many contrasting approaches and paradoxically
alack of data for other aspects. Recreational drugs are managed as
a fun topic by scientists but the authors do not concur with what
these scholars advocate. When not disregarded, recreational drugs
are taken into consideration to inspire new medications as the
case of tetrahydrocannabinol. This field will evolve in the future.

CONCLUSIONS

Evidence is in favor of the fact that alcohol and cannabis
are factors that cause liver damage. Despite the effect of light
alcohol consumption on decreasing insulin resistance and
cardiovascular mortality, there does not seem to be a “safe” limit
for alcohol consumption in the setting of pre-existing chronic
liver disease. A deleterious role of daily use of recreational
drugs, in particularly cannabis, has clearly been shown on
the speed of progression of fibrosis and steatosis in patients
suffering from chronic hepatitis C. Other recreational drugs,
the consumption of which is increasing in Western countries,
are potentially hepatotoxic, although not clearly inducing or
worsening hepatic injury.

Conflicts of interest: There are no conflicts of interests regarding
this review.
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