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Abstract: As drug abuse carries a societal stigma, patients do not often report their history of drug abuse to the 
healthcare providers. However, drug abuse is highly co-morbid with a host of other health problems such as psy-
chiatric disorders and skin diseases, and majority of individuals with drug use disorders seek treatment in the first 
place for other problems. Therefore, it is very important for physicians to be aware of clinical signs and symptoms 
of drug use. Recently diagnostic value of dermatologic tissue alterations associated with drug abuse has become 
a very particular interest because skin changes were reported to be the earliest noticeable consequence of drug 
abuse prompting earlier intervention and treatment. Although hair is an annex of skin, alterations on hair structure 
due to drug use have not been demonstrated. This study represents the first report on ultra-structural hair altera-
tions of drug abusers. We have investigated ultra-structure of the hair samples obtained from 6 cocaine, 6 heroin, 
7 cannabis and 4 lysergic acid diethylamide (LSD) abusers by scanning electron microscope (SEM). SEM analysis of 
hair samples gave us drug-specific discriminating alterations. We suggest that results of this study will make a note-
worthy contribution to cutaneous alterations associated with drug abuse which are regarded as the earliest clinical 
manifestations, and this SEM approach is a very specific and effective tool in the detection of abuse of respective 
drugs, leading early treatment.
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Introduction

Drug abuse is one of the most serious health 
problems worldwide with an estimated between 
162 million and 324 million users of illicit drugs. 
Heroin, cocaine and other drugs kill around 0.2 
million people each year. 1% of the causes of 
death were attributed to illicit drug use, 
worldwide. 10-13% of drug users are problem 
users with drug dependence and/or drug-use 
disorders. Health problems associated with 
drug abuse impair family life and productive 
employment, diminish the quality of life and 
may threaten survival. Illicit drug use also 
undermines the social fabric of the community. 
It weakens economic and social development 
and contributes to crimes, instability, insecurity 
and the spread of infectious diseases such as 
HIV, hepatitis B and C [1, 2].

Although some drugs are known to be relatively 
safer than others [3, 4], the use of every illicit 

drug is associated with legal consequences 
and social stigma. Social disqualification of 
drug abusers by society is very common due to 
society’s moral condemnations and criminaliz-
ation of drug abuse [5-7]. Several studies 
indicated that drug use disorders are more 
highly stigmatized than other health conditions 
[6, 8]. Furthermore, social stigma was reported 
to be a significant barrier for accessing health 
care and substance use treatment services [5, 
7-10].

Individuals using illicit drugs often choose to 
conceal their drug use problems to avoid nega-
tive impacts of social stigma. However, drug 
abuse is a serious public health issue, and to 
reduce and eliminate the psychological, physi-
cal and social consequences of drug abuse, it is 
very important to recognize the signs and symp-
toms of drug abuse early. Drug abuse is highly 
co-morbid with a host of other health problems 
such as psychiatric disorders and skin diseas-
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es, and majority of individuals with drug use 
disorders seek treatment in the first place for 
other problems. Healthcare providers play a 
crucial role in the identification of these prob-
lems and the accessibility to treatment. 
Therefore although patients may not report 
their history of drug use or abuse, it is very 
important for physicians to be aware of clinical 
signs and symptoms of drug use [11, 12].

It is known that most of illicit drugs affect both 
skin and other organ systems. Recent studies 
indicated that diagnostic value of dermatologic 
tissue alterations associated with drug abuse 
has become a very particular interest because 
skin changes were reported to be the earliest 
noticeable consequence of drug abuse prompt-
ing earlier intervention and treatment of drug 
abuse [13-15]. Although hair is an annex of 
skin, to our knowledge, alterations on hair 
structure due to drug use have not been dem-
onstrated before. Therefore, in this paper, we 
have investigated ultra-structure of the hair 
samples obtained from cocaine, heroin, canna-
bis and lysergic acid diethylamide (LSD) abus-
ers by scanning electron microscope (SEM) and 
discussed diagnostic value of the results. Our 
study provides the first detailed morphological 
evaluation of hair samples from respective 
drug abusers.

Material and methods

Hair samples

Scalp hair specimens were obtained from 6 
cocaine, 6 heroin, 7 cannabis and 4 LSD abus-
ers. For reference, drug-free hair samples from 
3 healthy volunteers were also used. All indi-

viduals had no chronic disease and were not 
under any chemotherapy. Drug tests for those 
individuals were already carried out and con-
firmed by Turkish Doping Control Center. Hair 
samples were taken from the posterior vertex. 
12 hair specimens from each user were exam-
ined. Hair cut into 1 cm long segments and 
before SEM analysis routine light microscopic 
procedure was performed to the tissue speci-
men. All experimental protocols were approved 
by the Non-interventional Clinical Researches 
Ethics Board of Hacettepe University.

SEM analysis

The tissue samples were fixed in 2.5% gluter 
aldehyde for 24 hours, washed in phosphate 
buffer (pH: 7.4), post-fixed in 1% osmium tetrox-
ide for one hour, washed in phosphate buffer 
(pH: 7.4), dehydrated in increasing concentra-
tions of acetone, critical point dried and mount-
ed on metal stubs with a double sided adhesive 
band. Electron microscopy analyses have been 
carried out on a Carl Zeiss EVO 50 EP scanning 
electron microscope (SEM) in Hacettepe 
University Department of Geological Enginee- 
ring. Samples have been sputter coated with 
Au prior to analyses (BIO-RAD). Operating con-
ditions are as follows: 15 kV accelerating volt-
age, 20-40 pA beam current and a working dis-
tance of 10 mm [16-18].

Results

This study represents the first detailed morpho-
logical investigation of the hair samples from 
cocaine, heroin, cannabis and LSD abusers by 
light microscope and SEM, and results were 
evaluated by comparing with the ultra-structure 
of drug-free healthy hair samples. It is well 
known that the hair shaft is gradually damaged 
by ageing. Once the hair shaft leaves the skin 
and grows longer, it undergoes some degree of 
degeneration depending on the extent of envi-
ronmental and cosmetic damage. Weathering 
effects can be seen more often as the distance 
from the scalp increases [19]. In SEM analysis 
of healthy hair, distal segments from above the 
scalp slight amounts of hair damage were 
detected such as irregular, partly broken, 
detached cuticle cells. Split ends were also 
observed. These observations were in accor-
dance with weathering aging of hair [19]. To 
eliminate these natural damages, we have 
investigated all hair samples segmented from 
scalp to 4-8 cm distance, according to hair 

Figure 1. Scanning electron micrograph showing the 
ultra-structure of drug free healthy hair shaft. Scale: 
10 μm.
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sample length. The percentage of structural 
alterations for hair samples in each group are 
presented as descriptive statistics.

Ultra-structure of healthy hair

In SEM examination, all drug-free hair shafts 
(Figure 1) were observed to be intact, homoge-
neous and regular. Cortex, which is the major 
site of keratinization and ensures the shaft 
rigidity, was intact in all samples. Cuticle, which 
forms the hair surface, was also intact, homo-

geneous and cuticle cells were typically 
arranged in a similar fashion to roof tiles. No 
damaged area was detected on the hair shaft. 
Rarely squamous debris was observed on the 
cuticle (2.8%). Diameter of hair samples were 
measured between 48 and 112 μm.

Ultra-structural alterations of hair obtained 
from cocaine users

In the examination of the hair shafts of cocaine 
abusers, it was found that the keratinized struc-
ture was damaged in all individuals and 97.2% 

Figure 2. Scanning electron micrograph showing the ultra-structure of hair samples from cocaine abusers: A: Rib-
bon-like hair fiber. A-F: Cuticular damage and non-cuticular pattern. D-F: Balloon-like enlargement of hair shaft. 
Scale: 10 μm A, B, D and F, 2 μm C and E.
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of their hair samples, and hair shafts were 
detected as ribbon-like and irregular (Figure 
2A). Electron microscopic examination of hair 
also reveals that cuticle layer, which is the most 
outer layer of hair shaft, was almost disap-
peared in 95.8% of the samples (Figure 2A-F). 
The pathognomonic feature of the hair samples 
collected from all cocaine users was the 
extraordinary balloon-like enlargements on the 
hair shaft (88.9%), which were also observed 
under light microscope (Figure 2D-F). In addi-

tion to these findings, hair shafts from cocaine 
abusers were very thin, (8-)15-31 μm in diame-
ter and fragile.

Ultra-structural alterations of hair obtained 
from heroin users

As shown in Figure 3, in the examination of the 
hair specimen obtained from heroin abusers, it 
was observed that the keratinized structure of 
the hair shafts was normal (Figure 3A). All hair 

Figure 3. Scanning electron micrograph showing the ultra-structure of hair samples from heroin abusers. A-D: Intact 
and regular hair shaft and squamous debris. E and F: Pores over the cuticular surface of hair shaft. Scale: 20 μm 
A, 10 μm B-D, 2 μm E and F. 
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shafts were detected intact and regular. Cuticle 
layer was also regular and cuticle cells were 
partially broken and detached in all samples. 
The squamous debris was frequently observed 
on the cuticle (95.8%) (Figure 3A-D). In addition 
to these findings, interestingly, in the SEM 
examinations of the hair shaft, numerous pores 
were observed over cuticular surface of hair 
samples of all heroin users with a frequency of 
91.7% (Figure 3E and 3F). Hair shaft diameter 
was more than 50 μm.

Ultra-structural alterations of hair obtained 
from cannabis users

SEM examination of hair specimen of cannabis 
abusers showed that cuticle layer was appeared 
as intact and regular. Cuticle scales were tightly 
associated in all hair samples (Figure 4A-D), 
however, cuticle surface were usually indistinct 
(83.3%) (Figure 4A and 4C). Rarely squamous 
debris was observed on the cuticle (4.8%). As 
shown in Figure 4C and 4D, hair shafts have 
local node-shaped enlarged areas which were 
also observed under light microscope as 
pathognomonic feature of 81% of the hair sam-

ples of all cannabis users. Hair shaft diameter 
was measured as more than 55 μm.

Ultra-structural alterations of hair obtained 
from LSD users

As shown in Figure 5, in the examination of 
many hair specimen of LSD users, cuticle layer 
was usually destroyed (97.9%), cuticle cells 
were obviously lifted from the hair shaft in 
97.9% of the hair samples. They were very 
fragile, broken and detached (95.8%) (Figure 
5A). The squamous debris was observed on the 
cuticle (97.9%) (Figure 5A-D). In addition to 
these findings, during sample collection and 
preparation we have observed that hair fibers 
were generally very weak and fragile. Hair shaft 
diameter was measured as more than 17-47 
(-75) μm.

Discussion

Drug abuse is a major public health problem all 
over the world. The negative consequences of 
drug abuse affect not only individuals who 
abuse drugs but also their families and society 

Figure 4. Scanning electron micrograph showing the ultra-structure of hair samples from cannabis abusers. A-D: 
Tightly associated, intact cuticle. A and C: Indistinct cuticular surface. C and D: Node-shaped enlarged area of hair 
shaft. Scale: 20 μm A and D, 10 μm B, 30 μm C.
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as a whole. As society often accept drug abuse 
as a moral and criminal issue, rather than a 
health concern, patients abusing illicit drugs do 
not often disclose or admit having a drug use 
problem to avoid their exposition to public eye. 
However, early start of drug abuse treatment is 
a crucial factor in improving successful treat-
ment and in reduction of psychological, physi-
cal and social consequences with beneficial 
effect on primary prevention in community [11, 
12]. Recent studies indicated that skin chang-
es associated with drug abuse are regarded as 
the earliest clinical manifestation of this disor-
der and understanding these cutaneous chang-
es allows for earlier intervention and treatment. 
On this account, major cutaneous signs of drug 
use for the most commonly abused drugs have 
already been reported [13-15].

Literature survey revealed that, although hair is 
an appendage of skin, alterations on hair struc-
ture due to drug use have not been demon-
strated before. However, hair is a very impor-
tant and powerful biological material for diag-
nosis many diseases, in cosmetology, toxicolo-

gy, forensic science as well as drug analysis. It 
is known that, illicit drug sregardless of how it’s 
administered (orally, intra-venously, smoking, 
snorting, inhalation etc.) are accumulated into 
hair by several processes such as incorpora-
tion into the growing hair shaft from blood cir-
culation, absorption from sweat, sebum and 
the external environment such as cigarette 
smoke [20-22]. Relationship with drugs and 
hair melanin, which is thought to be the most 
likely binding site for some drugs, is considered 
to be another possible mechanism of drug 
accumulation. Boumba and co-workers also 
reported that one of the single or multiple pro-
cesses mentioned above can explain the drug 
incorporation into hair [23].

Microscopic examination of hair addresses to 
answer various clinical, toxicological and foren-
sic issues. In our previous studies, we have 
shown that SEM examinations of hair samples 
obtained from patients with certain syndromes 
and disorders revealed pathognomonic mor-
phological alterations in the hair [16-18]. As a 
part of our ongoing studies on structural altera-

Figure 5. Scanning electron micrograph showing the ultra-structure of hair samples from LSD abusers. A: Destroyed 
area on the cuticle. A-D: Cuticle cells which were detached and lifted from the hair shaft. Scale: 10 μm A-D.
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tions of hair, in this study, we have evaluated 
morphological changes in the hair obtained 
from drug abusers by a high resolution SEM. As 
shown in Table 1, SEM examinations revealed 
that the most common drugs like cocaine, her-
oin, cannabis and LSD usage yield into various 
alterations on hair structure. According to our 
results, damaged keratinized structure as well 
as ribbon-like and very thin (~8 μm) hair shaft 
was observed only in hair samples from cocaine 
abusers as distinctive characters. Moreover, 
while hair fibers were detected as regular in 
heroin and LSD users, balloon-like and node-
shaped enlarged areas were observed in the 
hair fibers of cocaine and cannabis abusers, 
respectively. While cuticle layer was intact in 
heroin and cannabis abusers, it was destroyed 
in both cocaine and LSD abusers. Cuticle cells 
were significantly lifted from hair shaft only in 
LSD abusers; on the other hand, cuticle layer 
was almost disappeared only in cocaine abus-
ers. In addition, most of hair samples of LSD 
abusers were thinner (~17 μm) than that of 
heroin and cannabis abusers. As a diagnostic 
tool, occurrence of pores on cuticle in heroin 
users was also significant. Consequently, as 
shown in Table 1, SEM examination of hair 
samples obtained from cocaine, heroin, canna-
bis and LSD abusers revealed drug specific 
ultra-structural alterations that may have a 
great value to differentiate abuse of respective 
drugs.

According to literature survey, only few micro-
scopic reports related with hair structure of 
drug abusers have been published. In authen-
tic drug positive hair samples the opiate con-
tent had declined after they had been stored in 

an aqueous environment for some weeks. In 
this study, SEM and transmission electron 
microscopy (TEM) analysis of hair samples also 
showed long term water caused alterations on 
hair fiber in cortex [24]. Kimura and co-workers 
reported a laser microscopic method in order 
to show methamphetamine distribution in hair 
[25]. In another study, Stout and co-workers 
discussed the effects of various decontamina-
tion methods, which carry out before chemical 
analysis of hair sample in drug screening, on 
the surface structure of drug-free hair speci-
men to design of an effective decontamination 
strategy [26].

To our knowledge, this is the first study report-
ing the ultra-structural hair alterations of drug 
abusers. As hair is an appendage of skin, drug 
specific discriminating alterations on the hair of 
cocaine, heroin, cannabis and LSD abusers 
detected in this study will make a noteworthy 
contribution to cutaneous alterations associat-
ed with drug abuse, which are regarded as the 
earliest clinical manifestations prompting earli-
er intervention and treatment of drug use [13-
15], and this SEM approach is a very spesific 
and effective tool in the detection of abuse of 
respective drugs, leading early treatment.

SEM, which is three dimensional examination 
technique revealing easily comparable images, 
is indispensable for diagnosis in various tis-
sues. As it is routinely used in various diseases 
ongoing with dermatological manifestations 
such as Chediak-Higashi syndrome [16], dys-
keratosis congenita [17] and hereditary tricho-
dysplasia [18] its usage in hair analysis of pos-
sible cocaine, heroin, cannabis and LSD abus-

Table 1. Comparison of significant structural alterations observed in hair samples of cocaine, heroin, 
cannabis and LSD abusers. Percentage of alterations in hair samples are provided (%)
Structural alterations Healthy (%) Cocaine (%) Heroin (%) Cannabis (%) LSD (%)
Cortex Intact (-) Damaged (97.2) Intact (-) Intact (-) Intact (-)

Fibre enlargements - Balloon-like (88.9) - Node-shaped (81) -

Cuticle layer Intact (-) Disappeared (95.8) Intact (-) Intact (-) Damaged (97.9)

Cuticle cells Distinct (-) - Distinct (-) Indistinct (83.3) Distinct (-)

- - - - Lifted from hair shaft (97.9)

- - Partially broken (100) Intact (-) Broken (95.8)

- - Partially detached (100) Associated (-) Detached (95.8)

Squamous debris on cuticle ~ Absent (2.8) Absent (-) Present (95.8) ~ Absent (4.8) Present (97.9)

Pores on cuticle Absent (-) Absent (-) Present (91.7) Absent (-) Absent (-) 

Fibre fragility Normal Fragile Normal Normal Fragile

Fibre diameter (μm) 48-112 (8-) 15-31 >50 >55 17-47 (-75)
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ers may result in valuable contributions to sci-
entific literature.

On the other hand, when considering social 
stigma, analysis of hair follicles has some 
advantages. Hair sample collection is non-inva-
sive, less embarrassing, can easily be per-
formed under conditions that prevent adultera-
tion and substitution, and stored for years in 
properly conditions. Segmental analysis of hair 
also provides the detection of historical use of 
drug [23, 27, 28].

In conclusion, this study demonstrated the 
ultra-structural changes of hair obtained from 
cocaine, heroin, cannabis and LSD abusers 
which will make a noteworthy contribution to 
cutaneous signs of drug abuse. As a future 
extension of this study a more comprehensive 
assessment of SEM analysis of hair of other 
illicit drug abusers may provide even greater 
information.
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