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 INTRODUCTION 

Cocaine is a natural alkaloid extracted from 
the leaves of the South American plant Eryth-
roxylum coca or synthesized chemically. Af-

ter cannabis, it is the second most frequently abused 
recreational substance worldwide – between 14 and 
21 million people are estimated to have used this 
drug every year [1].

 Cocaine has been used by the indigenous South 
American tribes for stimulant, anesthetic, religious 
and recreational purposes in the form of coca plant 
(Erythroxylum coca) leaves − chewed or processed 
to extract the active alkaloid [2]. In 1855 Friedrich 
Gaedcke was the fi rst who isolated the alkaloid and 

named it erythroxyline, and in 1898 Richard Willstät-
ter synthesized it from tropinone. As a drug, cocaine 
was initially used as a painkiller and subsequently as 
local anesthetic with unique vasoconstrictive proper-
ties. In 1879 it was introduced for the treatment of 
morphine addiction, and subsequently – as a psy-
chostimulant and appetite-suppressing agent. Later, 
cocaine was referred to as a controlled substance 
due to its addictive potential. Gradually, cocaine be-
came the second most abused illicit drug used by all 
socioeconomic strata, age, and demographic, eco-
nomic, social, political, and religious groups all over 
the world. It can be insuffl  ated (snorted), taken orally 
(gingival route and chewing coca leaves), smoked, 
administered rectally, and injected intravenously or 
intramuscularly, both alone and in combination with 

RENAL CHANGES IN COCAINE ABUSE AND ADDICTION
M. Nikolova1, Vl. Milenova1, D. Yosifov1, Y. Vlahov2, V. Tenev3 

1Medical University − Sofi a, Bulgaria
2Medical Faculty, Sofi a University Sv. Kl. Ohridski − Sofi a, Bulgaria

3University Hospital, University of Iowa − Iowa city, IA, USA

Abstract. Cocaine is a natural alkaloid extracted from the leaves of the South American 
plant Erythroxylum coca or synthesized chemically. After cannabis, it is the second most 
frequently abused recreational substance worldwide. Cocaine can aff ect every tissue and 
organ within the human body, including the kidneys, causing tissue ischemia due to va-
soconstriction, endothelial dysfunction and damage, procoagulant activity and oxidative 
stress with subsequent ischemic infarctions and fi brosis. The renal changes in cocaine 
abuse and addiction are due to rhabdomyolysis, ischemic, hypertensive, and infl ammatory 
changes with the development of cell proliferation and fi brosis. The authors present three 
patients with cocaine-associated renal damage and discuss the underlying mechanisms of 
cocaine-induces tissue changes. 

Key words: cocaine, systemic eff ects, renal damage, rhabdomyolysis, ischemia, hypertension, co-
agulation, cholesterol

Corresponding author: Milena Nikolova, MD, PhD, Clinic of Nephrology, University Hospital Alexan-
drovska, Medical University – Sofi a, 1 Sv. G. Sofi yski Str. 1431, Bulgaria, e-mail: milena_i_dani@abv.bg



58 M. Nikolova, Vl. Milenova, D. Yosifov et al.

heroin (speedball) [3]. Nowadays, its use is limited 
as local/topical anesthetic, mainly in ophthalmology.

 From a pharmacological point of view, cocaine has 
sympathomimetic eff ects, infl uencing also serotonin, 
kappa-opioid, sigma, D1, and NMDA receptors and 
membrane ion transport. Moreover, it has long-term 
endocrine, immunological and genetic eff ects.

 The pharmacodynamic eff ects of cocaine are deter-
mined by its three major actions [1, 2, 4]:  increased 
release of catecholamines in the synaptic cleft (via 
stabilization of the dopamine transporter),  decreased 
mediator reuptake (via blockage of the presynaptic 
dopamine transporter), and  blockage of neuronal 
membrane sodium channels (producing local anes-
thetic eff ect). The appetite-suppressing and locomo-
tor eff ects of cocaine are explained by its interac-
tion with  serotonin 5-HT3 and 5-HT2 receptors, and 
changes with dopamine levels in the substantia nigra.  

 The net eff ect of the ligand-receptor interactions of 
cocaine is sympathomimetic eff ect action with build-
up of dopamine in the limbic system structures (main-
ly nucleus accumbens) and stimulation of pleasure 
and reward feeling. The latter can explain the addic-
tion and dependence in long-term cocaine abuse [5]. 
Cocaine can also increase dopamine levels in other 
brain areas, linked to the limbic system, including 
memory centers (hippocampus and amygdala) and 
the frontal cortex. It has been suggested that the re-
peated exposure to cocaine (with increase in dopa-
mine levels in the hippocampus and amygdale) leads 
to functional and organic changes producing the char-
acteristic compulsory craving for repeated intake due 
to the persistent memory of cocaine use in the past 
[6]. Moreover, the repeated increase in dopamine 
levels in the frontal cortex in cocaine abuse leads 
to functional and structural changes with decreased 
inhibition of the urges generated in the nucleus ac-

cumbens, hippocampus, and amygdala and subse-
quent addictive pattern. As it was mentioned above, 
t he interactions with serotonin receptors may explain 
the mood changes and the appetite-suppressing ef-
fects of cocaine.

 Another molecular eff ect that can explain the addic-
tion in cocaine intake is the genetic impact of this al-
kaloid – alteration in the amount of dopamine trans-
porters and dopamine receptors on nerve cells via 
modulation of gene expression (genetic, transcrip-
tional and epigenetic eff ects of cocaine, mediated by 
ΔFosB) and neuropasticity [5, 7]. These very long-
term eff ects due to genetic and epigenetic changes 
in the brain make cocaine addiction very diffi  cult to 
counteract. A serious long-term eff ect of cocaine is 
dopamine depletion of the brain, probably respon-
sible for the withdrawal symptoms [4].

Cocaine has multiple extracranial systemic eff ects 
due to its vasoconstrictive, prothrombotic, endoth-
eliotoxic and arrhythmogenic properties, potentially 
aff ecting every organ in the human body, including 
vascular endothelium, immune and endocrine sys-
tems [1, 2, 8, 9, 10, 11, 12, 13, 14, 15]. The main 
extracranial eff ects of cocaine include: 

  Arterial hypertension and malignant hypertension,

  Prothrombotic eff ect with increased thrombotic 
risk, 

  Ischemic organ infarctions,

  Endothelial injury and vasculitis,

  Rhabdomyolysis,

  Acute kidney injury and chronic kidney disease. 

Cocaine and its derivates and metabolites can af-
fect the kidney, causing both acute and chronic renal 
injury (table 1). The major underlying mechanisms 
include: renal ischemia due to vasoconstriction and 

Table 1. Renal changes in chronic cocaine abuse and addiction [8, 9, 10, 11, 12, 14, 15] 

Acute renal changes Chronic renal changes
Rhabdomyolysis and acute myoglobinuric renal failure Repetitive episodes of rhabdomyolysis with tubulo-intersti-

tial fi brosis
Hypertensive crisis and renal scleroderma crisis
Malignant hypertension with arteriolosclerosis
Hemolytic uremic syndrome
Disseminated intravascular coagulation
Necrotizing vasculitis
Renal infarction

Chronic hypertensive nephropathy

Accelerated atherosclerosis

Chronic ischemic nephropathy

Acute tubulo-interstitial nephritis Chronic tubulo-interstitial nephritis
Glomerular lesions: necrotizing, membranoproliferative, mesangioproliferative IgA glomerulonephritis, hepatitis- and HIV-associated 
nephromathy, renal amyloidosis
In utero exposure – urogenital, cardiovascular and nervous system abnormalities of the fetus. 
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activation of thrombogenesis, endothelial toxicity and 
vasculitis, rhabdomyolysis, tubulo-interstitial toxicity, 
stimulation of mesangial matrix synthesis and me-
sangial cell proliferation and fi brogenesis, inhibition 
of macrophageal IL-6 and IL-8 synthesis, changes 
in T- and B-cell immune response, development of 
infection-associated amyloidosis [8, 9, 10, 12, 13]. 
Moreover, cocaine exposure in utero may lead to 
urogenital, cardiovascular, nervous system and other 
abnormalities [11,12,14,15]. The most common types 
of renal injury are rhabdomyolysis-associated, hyper-
tensive and ischemic changes (renal infarction and 
fi brosis). 

We would like to present three cases of cocaine-as-
sociated renal damage.

CASE PRESENTATION

Patient 1 

In 2010, a 44-years old male Caucasian patient was 
admitted to the Clinic of nephrology for diagnostic 
evaluation of a newly-diagnosed renal failure. The 
patient had a 10 years history of diabetes, arterial 
hypertension and obesity, echocardiographic data for 
dilative cardiomyopathy with no coronorographic stig-
mata of coronary artery stenosis, and reported heavy 
cocaine abuse for the past 10 years. The clinical-
laboratory investigations revealed mild anemia (he-
moglobin levels of 119 g/l, RBC 4.04 T/l), urea 13.0 
mmol/l, creatinine 264 mcmol/l, total cholesterol 3.57 
mmol/l, triglycerides 1.21 mmol/l, normal levels of 
uric acid, potassium, sodium, calcium, phosphates, 
liver enzymes, urinary protein excretion of 2.8 g/24 
hours. Abdominal ultrasound investigation (fi gure 1) 
demonstrated both kidneys normal in size (111-112 
mm) with parenchymal width of 20-21 mm, increased 
parenchymal echogenicity with cortical and medullar 
calcifi cations. 

Fig. 1. Abdominal ultrasound of patient 1, demonstrating diff use 
renal parenchymal calcifi cations (cortical + medullary nephrocal-

cinosis)

Patient 2 

A 23-years old male patient was admitted to the Clin-
ic of Nephrology in 2001 for diagnostic evaluation of 
hematuria and low-grade proteinuria. The patient re-
ported heavy heroin + cocaine abuse for the past 4 
years. The clinical-laboratory investigations revealed 
normal whole blood count, creatinine, urea, total pro-
tein, albumin, liver enzymes, low total cholesterol 2.8 
mmol/l, triglycerides 0.9 mmol/l, proteinuria 0.4 g/24 
h., erythrocyturia with low percentage of dysmorphic 
erythrocytes (12%). The abdominal ultrasound re-
vealed normal renal size, thinned parenchyma with 
increased echogenicity. The renal biopsy showed 
signs of chronic tubulo-interstitial nephritis with lym-
phocyte infi ltration. The cessation of illicit drug abuse 
and a short-term corticosteroid course (prednisone 
20 mg a day for 30 days with reduction with 5 mg 
every two weeks) lead to the disappearance of pro-
teinuria and erythrocyturia. 

Fig. 2. Abdominal ultrasound of patient 2 – normal renal size, 
thinned parenchyma with increased echogenicity

Patient 3

A 36-years-old female patient was admitted to the 
clinic of Nephrology in 2016 for diagnostic evalua-
tion of low-grade proteinuria, erythrocituria and renal 
failure. The patient reported recurrent urinary tract 
and throat infections, miscarriage in the past and 
incidental (“week-end party”) cocaine use. The clin-
ical-laboratory investigations revealed mild anemia 
(hemoglobin 108 g/l, RBC 3.9 T/l), urea 8.4 mmol/l, 
creatinine 178 mcmol/l, total cholesterol 4.03 mmol/l, 
triglycerides 1.53 mmol/l, normal sodium, potassium, 
calcium, phosphate, uric acid, total protein, liver en-
zymes, urinalysis revealed mass erythroocyturia nad 
low-grade proteinuria of 0.29 g/24 h. The abdomi-
nal ultrasound revealed both kidneys normal in size 
(111-114 mm), with parenchymal size 16-20 mm and 
marked increase in parenchymal echogenicity with 
prominent hypoechogenic pyramids, and cortical cal-
cifi cations. Renal biopsy with 10 glomeruli showed 
expansion of matrix substance with mesangial cell 
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proliferation and mesangial deposition of IgA, IgG, 
C3, C3 deposition in arteriolar walls accompanied by 
focal interstitial fi brosis and lymphycytic infi ltration, 
suggesting the presence of mesangioproliferative IgA 
glomerulonephritis and tubulo-interstitial nephritis. A 
short-term antibiotic course for urinary tract infection 
and low-dose corticosteroids (prednisone 30 mg for 
30 days with gradual decrease with 5 mg every two 
weeks), along with cessation of cocaine use lead to 
decrease in serum creatinine to 130 mcmol/l and 
gradual increase in hemoglobin and RBC to the nor-
mal levels. 

Fig. 3. Abdominal ultrasound of patient 3 – normal renal and 
parenchymal size and increased parenchymal echogenicity 

with prominent hypoechogenic, contrasting, pyramids, cortical 
calcifi cations 

 DISCUSSION

Cocaine is a sympathomimetic agent and its action is 
mediated by blockage of norepinephrine, dopamine 
and serotonin reuptake in the presynaptic nerve end-
ings. It also blocks sodium channels (voltage-specif-
ic) and interacts with multiple neurotransmitters and 
their receptors in and outside the brain, kappa-opioid, 
sigma, D1, and NMDA receptors in the centra ner-
vous system, on immune-competent, endothelial and 
other (mesenchymal) cells. Cocaine can aff ect every 
tissue and organ within the human body, including 
the kidneys, causing tissue ischemia due to vasocon-
striction, endothelial dysfunction and damage, proco-
agulant activity and oxidative stress with subsequent 
ischemic infarctions and fi brosis, and my stimulating 
cellular receptors. 

According to N Goel et al. [9], the cocaine-induced 
renal lesions develop via fi ve major pathogenic path-
ways: 

1. Sympathic activation with subsequent vasocon-
striction (due to suppression of nitric oxide-mediated 
vasodilation); 

2. Changes in endothelial function with increased 
production of endothelin and decreased synthesis of 

NO by the endothelial cells – both due to direct ef-
fects upon the endothelium and changes in cytokine 
levels (i.e., inhibition of IL-8 and IL-6 secretion with 
subsequent stimulation of TGF-beta secretion); 

3. Development of procoagulant state due to platelet 
activation; 

4. Inhibition of prostaglandin E2 and I2 (prostacy-
clin) secretion with subsequent vasoconstriction and 
platelet activation; 

5. Generation of reactive oxygen species as by-prod-
ucts of cocaine degradation and inhibition of mito-
chondrial respiration, decrease of gluthatione levels 
and oxidation-mediated cell death. 

Moreover, cocaine can alter immune function [13] due 
to the presence of dopamine-mediated alterations in 
B-, T- and NK-cell function, triggered by cocaine. 

The net eff ects of these changes on the kidney are: 
development of renal ischemia, matrix accumulation, 
mesangial proliferation, infl ammation and fi brosis. 
Some cocaine abusers develop renal amyloidosis 
depositions, probably as a result of the chronic in-
fections, and hepatitis and HIV-associated renal glo-
merular changes. 

An interesting fi nding in cocaine abusers and addicts 
is the low total cholesterol that seems to correlate 
with the risk of relapse after cocaine cessation [16]. 

The patients in our series show three diff erent types 
of renal aff ection in cocaine use and addiction – the 
fi rst has diff used mixed type nephrocalcinosis that 
can develop both due to ischemic nephropathy and 
repetitive episodes of rhabdomyolysis, the second 
has tubulo-interstitial nephritis that improves clini-
cally after corticosteroid administration suggesting 
toxic and/or immune-mediated renal injury, and the 
third has both glomerular (mesangioproligerative 
IgA glomerulonephritis) and tubulo-interstitial in-
volvement that also improve clinically after cortico-
steroid treatment. Two patients have low total cho-
lesterol levels. 

These cases suggest that cocaine abuse and addic-
tion should be suspected in patients with both tubulo-
interstitial and glomerular diseases, especially in the 
presence of heart disease and low serum total cho-
lesterol levels. 
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