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Abstract

Human hair can often be useful biological matrix, alternative to the conventional biological matrices such as blood, serum,
urine, saliva etc for clinical and toxicological analyses. The objective of this article was to provide comprehensive details
regarding the utilization of human hair as an analytical sample of interest. Such details involve presenting information
on hair structure, mechanisms of active substances (drugs) incorporation into human hair, its merits as an analytical
sample, collection and preparation for analysis, and various analytical techniques that have been used to determine active
substances in the hair samples. The methodology used entailed obtaining information from published works in scientific

journals, official books as well the internet websites.

The results indicate that numerous active substances belonging to various pharmacological classes namely central nervous
system analgesics, antidepressants, antipsychotics, anticonvulsants, anti-hypertensives, anti-inflammatory agents,
anxiolytics, cannabinoides, sedatives and steroids etc. that have been incorporated into human hair by passive diffusion
from the bloodstream into the growing hair cells or through sweat, sebum, and the external environment have been
successfully determined. Literature has also revealed that the speed and extent of active substances penetrating black
hair are related to the lipid solubility, molecular weight, and polarity of the active substances. In conclusion, the study has
shown that human hair is an important biological matrix in clinical and toxicological analyses as well as in nutritional,

archaeological and forensic investigations.
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Introduction

Human hair is a proteinaceous fibre consisting of
subunits of a-keratin chains that are strongly hierarchical
organized. Hair has two separate domains namely the
external domain (hair shafts) and internal domain (follicles)
[1]. The hair shaft is a cylindrical structure being made of
tightly compacted cells growing from the follicle. Hair shaft
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is composed of dead, keratinized cells arranged in three
layers namely (i) the cuticle (outer layer); (ii) the cortex
(second layer), and (iii) the medulla (central layer). Cortical
cells contain pigment granules that are mainly melanin
(synthesized in the melanocytes, located in the hair bulb).
The amount, density and type of melanin in melanocytes
provide the exact color of hair and likewise the hair fiber’s
diameter, determines the size of medulla. The hair follicle is a
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small sac-like organ embedded in the epidermal epithelium
ofthe skin and the cell membrane is composed of protein(65-
95%),water (15-35%) and lipids (1-9%) [2].

Hoppe in 1858, was the first scientist to demonstrate
that hair can act as a good biological matrix by determining
arsenic content in the hair of exhumed body.

The report engineered other studies on hair samples,
for example the methanolic extraction of opiates from hair
and their determination using radioimmunoassay analysis
[3]. Currently, human hair can serve as an alternative to the
conventional samples such as blood, serum, cerebrospinal
fluid, saliva, sweat, urine etc, for clinical and toxicological
druganalyses.Ithasalso found applications in archaeological,
nutritional and forensic investigations.

For instance, in (a) environmental exposure to toxicants,
(b) doping controls, (c) death investigations, (d) fatal acute
poisoning, (e) repeated deliberate poisoning, (f) chronic drug
consumption, (g) drug-facilitated crime (sexual assaults,
robbery), (h) workplace drug testing, (i) gestational drug
exposure, (j) violation of probation or parole, (k) driving
license regranting [4-6].

Simple passive transfer model has been proposed as the
mechanisms of drug incorporation into hair [7,8]. The model
assumes that active substances (drugs) move by passive
diffusion from the bloodstream into the growing hair cells
at the base of the follicle. This incorporation depends on the
active substance concentration in blood, which is a function
of its ingested dose [9]. The implication of the passive
diffusion model is that the position(s) the active substances
are found along the hair shaft have correlation with the time
these active substances were present in the bloodstream and
hence forms the basis for hair segmental analysis.

The second model called multi-compartment model has
also been proposed to be a better model than passive transfer
modelinexplaininghowactive substances getinto humanhair.
The model assumes that active substances are incorporated
into human hair through: (i) the blood circulation during
formation; (ii) sweat and sebum after formation; and (iii)
the external environment after formation and after the hair
has emerged from the skin. Active substances may also be
transferred from multiple body compartments that surround
the hair follicle [10].

Besides the above two models, active substances
can be incorporated into human hair through external
contamination. External contamination of hair can be
summarized as: (a) deposition of active substances on the
hair surface from air, water and cosmetic hair treatments
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etc. and (b) passive inhalation of active substances that are
smoked [11,12].

Discussion

Collection of Hair Sample

The vertex of the head has been chosen by most
analytical chemists as the site of interest for hair collection.
The choice is probably because its analysis can (i) reveal drug
use during time intervals (ranging from a week to years)
before sampling, (ii) show that the site has less variability
in the hair growth rate and more constant number of hairs
in the growing phase (iii) show the hair to be less subjected
to age and sex related influences (iv) present vertex hair as
the most uniform in growth and the most consistent in the
growth phase.

However, its (vertex) limitation is the exposure to sweat
secretions, air, dust and water contaminants and modification
by cosmetic treatments [2].

Beside the vertex, other hair samples are the beard hair
(produced from male sexual hair follicles) and pubic hair
respectively. Collected hair samples should be stored in a
dry aluminum foil; an envelope or a plastic bag at ambient
temperature.

Preparation of Hair for Analysis

Prior tohuman hair analysis, decontaminationisrequired
in order to avoid false positive results. Such false positive
results might be due to chemical substances introduced into
the body by inhalation, passive environmental exposure [13].
It is assumed that decontamination process by appropriate
washing is capable of removing loosely bound chemical
substances or drugs on the surface of the human hair.

Some Procedures for Hair
Decontamination Include

Samples

(a) washing with polar organic solvents namely acetone,
ethanol, methanol etc [14,15], or non-polar organic solvents
such as dichloromethane, isopropanol, diethyl ether, pentane,
and hexane [16,17] (b) washing with sodium dodecyl sulfate
solution or other detergents [18], and (c) using organic
solvents and repetitive washings with phosphate buffers
[13,19]. The non-polar solvent is preferred over polar
solvent because it does not expand the hair or promote
the dissolution of the binding drugs.Washing procedure
is aimed at removing only (i) the dirt, grease and external
contaminants from the hair surface (ii) drugs that have
penetrated the epidermal layers and not drugs inside the
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hair shaft [20-22]. The wash ratio method which compares
the drug concentration found in the washing solution (all
washings) with that found in hair after washing has been
proposed as a criterion to distinguish passive exposure from
active use of the chemical substances [19,23].

Extraction Procedures

The extraction procedures are used to remove any drugs
remaining in the hair matrix after the extending washing
of the hair samples and after the drug concentration of the
washing solvents has produced a plateau (the drug fraction
in the inaccessible domain of hair). They represent drugs
that were incorporated from the interior.

The Extraction Procedures for Drugs are
Categorized Into

(a) acidic extraction- using dilute hydrochloric acid or
sulphuric acid (0.1-0.6 M HCI or 0.005 H2S04) or acidified
methanol (methanol-trifluoroacetic acid-acetic anhydride)
at room temperature or 37°C overnight followed by
neutralization and solid phase extraction Nakahara Y, et al.
[24]; (b) alkaline digestion- using dilute sodium hydroxide
(0.1 ~ 2.5 M NaOH) at 37°C overnight. The pH been adjusted
to pH = 9 followed by solid phase extraction [25]; and (c)
enzymatic digestion- aimed at the destruction of the hair
structure followed by the release of the incorporated drugs
to the digestion buffer [26,27]. Typical examples of enzymes
employed are biopurase [28], -glucoronidase/arylsulfatase
(glusulase) [26], protease VIII [27], proteinase K [29] and
protease E [28].

Of the three extraction procedures, the enzymatic
extraction (digestion) at neutral pH, has been proposed as
a universal extraction procedure for all chemical substances
incorporated in hair, because the hair matrix is completely
dissolved leading to the best recoveries [23].

Analytical Techniques for Active Substances
Determination

Analysis of active substances in human hair requires
minimum analytical parameters namely: specificity,
sensitivity, and absence of matrix effects.

The analytical techniques are not quite different from
those used for other biological matrices such as blood, serum,
urine, saliva etc. Such analytical techniques may include but
not limited to immunological assay, gas chromatography,
liquid chromatography, capillary electrophoresis, infrared
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microscopy. Examples of such determinations are:

1. Radioimmunoassays (RIA)

(i) morphine [30], (ii) buprenorphine [31], (iii) cocaine/

benzoylecgonine [32], (iv) methadone [33], (v) fentanyl [34],

(vi) benzodiazepines [35], (vii) thyroxin [36].

2. High performance liquid chromatography

(i) morphine [37], (ii) anticonvulsants [38], (iii)

fluoroquinolone antibacterials [39], (iv) amphetamine and

methamphetamine [40], (v) ecstasy [41].

3. High performance liquid chromatography-mass
spectrometry

(i) prednisone [42], (ii) corticosteroids [43].

4. High performance liquid chromatography--tandem
mass spectrometry

(i) anabolic androgenic steroids and their esters namely

androsterone, boldenone, dehydroepiandrosterone,

methandienone, methyltestosterone, nandrolone,

phenylcholinone, stanozolol, testosterone, trenbolone

[44,45], (ii]) zolpidem [46], (iii) furosine [47], (iv)

antidepressant and antipsychotic drugs [48].

5. Gas chromatography-mass spectrometry

(i) Opiates, cocaine and its derivatives [49]; (ii)

benzodiazepines [50]; (iii) beta-2-agonists [51], (iv)

amphetamine and methamphetamine [52], (v) codeine [53].

6. Gas chromatography-tandem mass spectrometry

(i) cocaine and its derivatives [54], (ii) anabolic steroids and

their esters [55], (iii) fentanyl and sufentanil [56].

7. Capillary electrophoresis

(i) methadone [57], (ii) benzodiazepines [58], (iii) heroin

[59].

Generally, by using any of the analytical techniques
above, scientists do in certain cases, prefer to utilize human
hair as a biological matrix due to some of its merits namely
(i) sample collection is non-invasive (ii) easy to be performed
under conditions that prevent adulteration and substitution,
(iii) exogenous active substances are stable (iv) diagnostic
tool for the determination of chronic alcohol consumption
(v)extended detection windows (from 3 days to years),
depending on the length of the hair shaft, (vi) capable of
distinguishing chronic (prolonged exposure) or acute (single
exposure) poisoning in conventional biologic samples, (vii)
capable of reflecting long term drug abuse history. Despite
these merits of human hair few demerits make analysts turn
to conventional biological matrices and they include absence
of (a) its propensity to incorporate different substances
from the circulation (b) standardized techniques between
laboratories, (c) laboratory certification program (d)
consistent proficiency-testing materials, and (e) consistent
results within and between laboratories.
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Active substance Method_of Experimental conditions
analysis
Buprenorphine GC-MS Column: fused-silica capillary column rpoblle phase: helium,
flow rate: 1.0 ml/min
column C18, mobile phase: methanol/ 0.1 % formic acid/2mM
Clonazepam LC/MS/MS ammonium acetate flow rate: 0.20 ml/min
. Column: C18, flow rate: 1.0 ml/min mobile phase: phosphate
Cocaine HPLC buffer (pH 3.0)/ acetonitrille/methanol
Cocaine GC-MS Column: fused-sﬂ.lca OV-1 capillary colump mobile phase:
helium, flow rate: 1.0 ml/min
Carbamazapine and phenytoin HPLC Column: C18, mobile phase: acetonltrl_lle/methanol/water, flow
rate: 1.0 ml/min
Fentanyls GC-MS/MS Column: DB-5MS, mobile phase: helium, flow rate: 1.0 ml/min
Column: UPLC HSS T3, mobile phase: 0.1 % formic acid/
Fentanyls LC-MS/MS ammonium acetate/acetonitrile flow rate: 0.20 ml/min
Heroin GC-MS/MS Column: fused-silica capillary column rpoblle phase: helium,
flow rate: 1.0 ml/min
Methadone GC-MS Column: fused-sﬂ.lca DB-1 capillary colum.n mobile phase:
helium, flow rate: 1.0 ml/min
Morphine HPLC Column: C18, mobile phase:
Morphine GC-MS Column: fused-silica capillary column, rpoblle phase: helium,
flow rate: 1.0 ml/min
Testos‘Ferone, nandrolon.e, amphetar.mne, Column: Zorbaz C18, mobile phase: Solvent A;10 mM
codeine, benzoylecgonine, ephedrine, . v
. 1 ammonium formate/0.02 M formic acid in water, B: 0.02 M
terbutaline, phencyclidine,propranolol, . 1 _ .
formic acid in acetonitrile, flow rate:0.4 ml/min
salbutamol and stanozolol.
. Column: C18, mobile phase: acetonitrile/ammonium buffer,
Zolpidem HPLC 0.02 M, (pH 8), acetate flow rate: 1.0 ml/min

Table 1: Illustration of few active substances (drugs) in human hair analyzed by chromatographic methods.

The (Table 1) above, provides few active substances in
human hair that have been determined by chromatographic
analytical methods.

Conclusion

The unique nature of the human hair (melanin content
enhancing the incorporation of active substances into the
hair), its merits as biological matrix and the availability
of specific, sensitivity, accurate and precise analytical
techniques, make human hair the biological matrix of
interest.

References

1. Boumba VA, Ziavrou KS, Vougiouklakis T (2006) Hair as
a biological indicator of drug use, drug abuse or chronic
exposure to environmental toxicants. Int ] Toxicol 25(3):
143-163.

Mbah C]. Human Hair: An Important Biological Matrix of Interest. Adv in Phar & Clin Tria 2023, 8(2):

000217.

2. Harkey MR (1993) Anatomy and physiology of hair.
Forensic Sci Int 63(1-3): 9-18.

3. Hans Sachs H (1997) History of hair analysis. Forensic
Sci Int 84(1-3): 7-16.

4. Zhuo Y, Wang X, Wu ], Zhang S, Deng H, et al
(2020) Simultaneous quantitative determination
of amphetamines, opiates, ketamine, cocaine and
metabolites in human hair: application to forensic cases
of drug abuse. ] Forensic Sci 65(2): 563-569.

5. Chen H, Xiang P, Shen M (2014) Determination of
clozapine in hair and nail: the role of keratinous biological
materials in the identification of a bloated cadaver case. ]
Forensic Leg Med 22: 62-67.

6. Yan H, Ji ], Xiang P, Shen M (2020) Characteristics of
quetiapine and 7-hydroxyquetiapine in hair roots and
blood after a single dose of quetiapine. Forensic Sci Int

Copyright© Mbah CJ.


https://medwinpublishers.com/APCT/
https://pubmed.ncbi.nlm.nih.gov/16717031/
https://pubmed.ncbi.nlm.nih.gov/16717031/
https://pubmed.ncbi.nlm.nih.gov/16717031/
https://pubmed.ncbi.nlm.nih.gov/16717031/
https://pubmed.ncbi.nlm.nih.gov/8138238/
https://pubmed.ncbi.nlm.nih.gov/8138238/
https://pubmed.ncbi.nlm.nih.gov/9042705/
https://pubmed.ncbi.nlm.nih.gov/9042705/
https://pubmed.ncbi.nlm.nih.gov/31498435/
https://pubmed.ncbi.nlm.nih.gov/31498435/
https://pubmed.ncbi.nlm.nih.gov/31498435/
https://pubmed.ncbi.nlm.nih.gov/31498435/
https://pubmed.ncbi.nlm.nih.gov/31498435/
https://pubmed.ncbi.nlm.nih.gov/24485424/
https://pubmed.ncbi.nlm.nih.gov/24485424/
https://pubmed.ncbi.nlm.nih.gov/24485424/
https://pubmed.ncbi.nlm.nih.gov/24485424/
https://pubmed.ncbi.nlm.nih.gov/32109844/
https://pubmed.ncbi.nlm.nih.gov/32109844/
https://pubmed.ncbi.nlm.nih.gov/32109844/

10.

11.

12.

13.

14.

15.

16.

17.

Mbah C]. Human Hair: An Important Biological Matrix of Interest. Adv in Phar & Clin Tria 2023, 8(2):

Advances in Pharmacology and Clinical Trials

309:110189.

Nakahara Y, Takahashi K, Kikura R (1995) Hair analysis
for drugs of abuse X. Effect of physicochemical properties
of drugs on the incorporation rates into hair. Biol Pharm
Bull 18(9): 1223-1227.

Joseph RE, Su TP, Cone EJ (1996) In vitro binding studies
of drugs to hair: Influence of melanin and lipids on
cocaine binding to Caucasoid and Africoid hair. ] Anal
Toxicol 20(6): 338-344.

Cone EJ (1990) Testing human hair for drugs of abuse.
I. Individual dose and time profiles of morphine and
codeine in plasma, saliva, urine, and beard compared
to drug-induced effects on pupils and behavior. ] Anal
Toxicol 14(1): 1-7.

Henderson GL (1993) Mechanisms of drug incorporation
into hair. Forensic Sci Int 63(1-3): 19-29.

Smith FP, Liu RH (1986) Detection of cocaine metabolite
in perspiration stain, menstrual blood-stain, and hair. ]
Forensic Sci 31(4): 1269-1273.

Cone EJ, Yousefnejad D, Darwin WD, Maguire T (1991)
Testing human hair for drugs of abuse. II. Identification
of unique cocaine metabolites in hair of drug abusers

and evaluation of decontamination procedures. ] Anal
Toxicol 15(5): 250-255.

Blank DL, Kidwell DA (1995) Decontamination
procedures for drugs of abuse in hair: are they sufficient?
Forensic Sci Int 70(1-3): 13-38.

Goldberger BA, Caplan YH, Maguire T, Cone EJ (1991)
Testing human hair for drugs of abuse. I1I. Identification
of heroin and 6-acetylmorphine as indicators of heroin
use. ] Anal Toxicol 15(5): 226-231.

Koren GJ, Forman KR, Graham K (1992) Hair analysis for
cocaine: differentiation between systemic exposure and
external contamination. J Clin Pharmacol 32(7): 671-
675.

Gaillar dY, Pepin G (1997) Screening and identification
of drugs in human hair by high-performance liquid
chromatography-photodiode-array UV detection and
gas chromatography-mass spectrometry after solid-
phase extraction. A powerful tool in forensic medicine. |
Chromatogr A 762(1-2): 251-267.

Clauwaert KM, Van Bocxlaer JE, Lambert WE, Van den
Eeckhout EG, Lemiere F, et al. (1998) Narrow-bone HPLC
in combination with fluorescence and electrospray mass
spectrometric detection for the analysis of cocaine and
metabolites in human hair. Anal Chem 70(11): 2336-

000217.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

2344,

Welch M], Sniegoski LT, Allgood CC, Habrum M (1993)
Hair analysis for drugs of abuse: evaluation of analytical
methods, environmental issues, and development of
reference materials. ] Anal Toxicol 17(7): 389-398.

Cairns T, Hill V, Schaffer M, Thistle W (2004) Removing
and identifying drug contamination in the analysis of
human hair. Forensic Sci Int 145(2-3): 97-108.

Wilkins DG, Valdez AS, Krueger GG, Rollins DE (1997)
Quantitative  analysis of l-alpha-acetylmethadol,
l-alpha-acetyl-N-normethadol, and l-alpha-
acetyl-N, N-dinormethadol in human hair by positive ion
chemical ionization mass spectrometry. ] Anal Toxicol
21(6): 420-426.

Schaffer MI, Wang WL, Irving ] (2002) An evaluation of
two wash procedures for the differentiation of external
contamination versus ingestion in the analysis of human
hair samples for cocaine. ] Anal Toxicol 26(7): 485-488.

Wang W L, Cone EJ (1995) Testing human hair for drugs
of abuse. IV. Environmental cocaine contamination and
washing effects. Forensic Sci Int 70(1-3): 39-51.

Baumgartner WA, Hill VA (1993) Sample preparation
techniques. Forensic Sci Int 63(1-3): 121-135.

Nakahara Y, Kikura R, Takahashi K (1994) Hair analysis
for drugs of abuse. VIII. Effective extraction and
determination of 6-acetylmorphine and morphine in hair
with trifluoroacetic acid-methanol for the confirmation
of retrospective heroin use by gas chromatography-mass
spectrometry. ] Chromatogr B Biomed Appl 657(1): 93-
101.

Suzuki S, Inoue T, Hori H, Inayama S (1989) Analysis
of methamphetamine in hair, nail, sweat, and saliva by
mass fragmentography. ] Anal Toxicol 13(3): 176-178.

Moeller MR, Fey P, Wenning R (1993) Simultaneous
determination of drugs of abuse (opiates, cocaine
and amphetamine) in human hair by GC/MS and its
application to a methadone treatment program. Forensic
Sci Int 63(1-3): 185-206.

Hold KM, Wilkins DG, Rollins DE, Cone EJ, Joseph RE
(1998) Simultaneous quantitation of cocaine, opiates,
and their metabolites in human hair by positive
ion chemical ionization gas chromatography-mass
spectrometry. ] Chromatogr Sci 36(3): 125-130.

Fujii J, Higashi A, Nakano M (1996) Examination of
stability of anticonvulsants in a protease solution and
assay of anticonvulsants in hairs. Biol Pharm Bull 19(12):

Copyright© Mbah CJ.


https://medwinpublishers.com/APCT/
https://pubmed.ncbi.nlm.nih.gov/32109844/
https://pubmed.ncbi.nlm.nih.gov/8845810/
https://pubmed.ncbi.nlm.nih.gov/8845810/
https://pubmed.ncbi.nlm.nih.gov/8845810/
https://pubmed.ncbi.nlm.nih.gov/8845810/
https://pubmed.ncbi.nlm.nih.gov/8889667/
https://pubmed.ncbi.nlm.nih.gov/8889667/
https://pubmed.ncbi.nlm.nih.gov/8889667/
https://pubmed.ncbi.nlm.nih.gov/8889667/
https://pubmed.ncbi.nlm.nih.gov/2314055/
https://pubmed.ncbi.nlm.nih.gov/2314055/
https://pubmed.ncbi.nlm.nih.gov/2314055/
https://pubmed.ncbi.nlm.nih.gov/2314055/
https://pubmed.ncbi.nlm.nih.gov/2314055/
https://pubmed.ncbi.nlm.nih.gov/8138221/
https://pubmed.ncbi.nlm.nih.gov/8138221/
https://pubmed.ncbi.nlm.nih.gov/3783101/
https://pubmed.ncbi.nlm.nih.gov/3783101/
https://pubmed.ncbi.nlm.nih.gov/3783101/
https://pubmed.ncbi.nlm.nih.gov/1960975/
https://pubmed.ncbi.nlm.nih.gov/1960975/
https://pubmed.ncbi.nlm.nih.gov/1960975/
https://pubmed.ncbi.nlm.nih.gov/1960975/
https://pubmed.ncbi.nlm.nih.gov/1960975/
https://pubmed.ncbi.nlm.nih.gov/7860025/
https://pubmed.ncbi.nlm.nih.gov/7860025/
https://pubmed.ncbi.nlm.nih.gov/7860025/
https://pubmed.ncbi.nlm.nih.gov/1960970/
https://pubmed.ncbi.nlm.nih.gov/1960970/
https://pubmed.ncbi.nlm.nih.gov/1960970/
https://pubmed.ncbi.nlm.nih.gov/1960970/
https://pubmed.ncbi.nlm.nih.gov/1640006/
https://pubmed.ncbi.nlm.nih.gov/1640006/
https://pubmed.ncbi.nlm.nih.gov/1640006/
https://pubmed.ncbi.nlm.nih.gov/1640006/
https://pubmed.ncbi.nlm.nih.gov/9098984/
https://pubmed.ncbi.nlm.nih.gov/9098984/
https://pubmed.ncbi.nlm.nih.gov/9098984/
https://pubmed.ncbi.nlm.nih.gov/9098984/
https://pubmed.ncbi.nlm.nih.gov/9098984/
https://pubmed.ncbi.nlm.nih.gov/9098984/
https://pubmed.ncbi.nlm.nih.gov/9624905/
https://pubmed.ncbi.nlm.nih.gov/9624905/
https://pubmed.ncbi.nlm.nih.gov/9624905/
https://pubmed.ncbi.nlm.nih.gov/9624905/
https://pubmed.ncbi.nlm.nih.gov/9624905/
https://pubmed.ncbi.nlm.nih.gov/9624905/
https://pubmed.ncbi.nlm.nih.gov/8309210/
https://pubmed.ncbi.nlm.nih.gov/8309210/
https://pubmed.ncbi.nlm.nih.gov/8309210/
https://pubmed.ncbi.nlm.nih.gov/8309210/
https://pubmed.ncbi.nlm.nih.gov/15451080/
https://pubmed.ncbi.nlm.nih.gov/15451080/
https://pubmed.ncbi.nlm.nih.gov/15451080/
https://pubmed.ncbi.nlm.nih.gov/9323520/
https://pubmed.ncbi.nlm.nih.gov/9323520/
https://pubmed.ncbi.nlm.nih.gov/9323520/
https://pubmed.ncbi.nlm.nih.gov/9323520/
https://pubmed.ncbi.nlm.nih.gov/9323520/
https://pubmed.ncbi.nlm.nih.gov/9323520/
https://pubmed.ncbi.nlm.nih.gov/12423004/
https://pubmed.ncbi.nlm.nih.gov/12423004/
https://pubmed.ncbi.nlm.nih.gov/12423004/
https://pubmed.ncbi.nlm.nih.gov/12423004/
https://pubmed.ncbi.nlm.nih.gov/7860035/
https://pubmed.ncbi.nlm.nih.gov/7860035/
https://pubmed.ncbi.nlm.nih.gov/7860035/
https://pubmed.ncbi.nlm.nih.gov/8138215/
https://pubmed.ncbi.nlm.nih.gov/8138215/
https://pubmed.ncbi.nlm.nih.gov/7952089/
https://pubmed.ncbi.nlm.nih.gov/7952089/
https://pubmed.ncbi.nlm.nih.gov/7952089/
https://pubmed.ncbi.nlm.nih.gov/7952089/
https://pubmed.ncbi.nlm.nih.gov/7952089/
https://pubmed.ncbi.nlm.nih.gov/7952089/
https://pubmed.ncbi.nlm.nih.gov/7952089/
https://pubmed.ncbi.nlm.nih.gov/2755090/
https://pubmed.ncbi.nlm.nih.gov/2755090/
https://pubmed.ncbi.nlm.nih.gov/2755090/
https://pubmed.ncbi.nlm.nih.gov/8138220/
https://pubmed.ncbi.nlm.nih.gov/8138220/
https://pubmed.ncbi.nlm.nih.gov/8138220/
https://pubmed.ncbi.nlm.nih.gov/8138220/
https://pubmed.ncbi.nlm.nih.gov/8138220/
https://pubmed.ncbi.nlm.nih.gov/9514002/
https://pubmed.ncbi.nlm.nih.gov/9514002/
https://pubmed.ncbi.nlm.nih.gov/9514002/
https://pubmed.ncbi.nlm.nih.gov/9514002/
https://pubmed.ncbi.nlm.nih.gov/9514002/
https://pubmed.ncbi.nlm.nih.gov/8996650/
https://pubmed.ncbi.nlm.nih.gov/8996650/
https://pubmed.ncbi.nlm.nih.gov/8996650/

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Mbah C]. Human Hair: An Important Biological Matrix of Interest. Adv in Phar & Clin Tria 2023, 8(2):

Advances in Pharmacology and Clinical Trials

1614-1617.

Henderson GL, Harkey MR, Zhou C, Jones RT (1992)
Cocaine and metabolite concentrations in the hair of
South American coca chewers. | Anal Toxicol 16(3): 199-
201.

Baumgartner WA, Jones PF Baumgartner WA, Black
CT (1979) Radio-immunoassay of hair for determining
opiate-abuse histories. ] Nucl Med 20(7): 748-752.

Kintz P, Cirimele V, Edel Y, Mangin P, Jamey C (1994)
Hair analysis for buprenorphine and its dealkylated
metabolite by RIA and confirmation by LC/ECD. ]
Forensic Sci 39(6): 1497-1503.

Baumgartner WA, Black CT, Jones PE Blahd WH
(1982) Radioimmunoassay of cocaine in hair: concise
communication. ] Nucl Med 23(9): 790-792.

Marsh A, Evans M (1994) Radioimmunoassay of drugs of
abuse in hair. Part 1. Methadone in human hair. ] Pharm
Biomed Anal 12(9): 1123-1130.

Wang WL, Cone EJ], Zacny ] (1993) Immunoassay
evidence for fentanyl in hair of surgery patients. Forensic
SciInt 61(1): 65-72.

Sramek ]]J, Baumgartner WA, Ahrens TN, Cutler NR
(1992) Detection of benzodiazepines in human hair by
radioimmunoassay. Ann Pharmacother 26(4): 469-472.

Tagliaro F, Camilot M, Valentini R, Tato L, Antoniazzi F,
et al. (1998) Determination of thyroxin in the hair of
newborns by radioimmunoassay with high-performance
liquid chromatogarphic confirmation. ] Chromatogr B
Biomed Sci Appl 716(1-2): 77-82.

Marigo M, Tagliaro F, Poiesi C, Neri C, Lafisca S (1986)
Determination of morphine in the hair of heroin addicts
by high performance liquid chromatography with
fluorimetric detection. ] Anal Toxicol 10(4): 158-161.

Mei Z, Williams ] (1997) Simultaneous determination of
phenytoin and carbamazepine in human hair by high-
performance liquid chromatography. Ther Drug Monit
19(1): 92-94.

Mizuno A, Uematsu T, Nakashima M (1994)
Simultaneous determination of ofloxacin, norfloxacin
and ciprofloxacin in human hair by high performance
liquid chromatography and fluorescence detection. ]
Chromatogr B Biomed Appl 653(2): 187-193.

Phinney KW, Sander LC (2004) Liquid chromatographic
method for the determination of enantiomeric
composition of amphetamine and methamphetamine in

000217.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

hair samples. Anal Bioanal Chem 378(1): 144-149.

Tagliaro F, De Battisti Z, Groppi A, Nakahara Y,
Scarcella D, et al. (1999) High sensitivity simultaneous
determination in hair of the major constituents of

ecstasy (3,4-methylenedioxymethamphetamine,
3,4- methylenedioxyamphetamine and
3,4-methylenedioxyethylamphetamine) by high

performance liquid chromatography with direct
fluorescence detection. ] Chromatogr B Biomed Sci Appl
723(1-2): 195-202.

Cirimele V, Tracqui A, Kintz P, Ludes B (1999) First
identification of prednisone in human hair by liquid
chromatography-ionspray mass spectrometry. ] Anal
Toxicol 23(3): 225-226.

Cirimele V, Kintz P, Dumestre V, Goulle JP, Ludes B (2000)
Identification of ten corticosteroids in human hair by
liquid chromatography-ionspray mass spectrometry.
Forensic Sci Int 107(1-3): 381-388.

Shen M, Yan H, Xiang P, Shen B (2009) Simultaneous
determination of anabolic anarogenic steroids and their
esters in hair by LC-MS/MS. Chroma 70(9): 1381-1386.

Shen M, Xiang P, Shen B, Bu ], Wang M (2009) Physiological
concentrations of anabolic steroids in human hair.
Forensic Sci Int 184: 32-36.

Kintz P, Villain M, Dumestre-Toulet V, Ludes B (2005)
Drug-facilitated sexual assault and analytical toxicology:
the role of LC-MS/MS. A case involving zolpidem. ] Clin
Forensic Med 12(1): 36-41.

Takemura A, Muramatsu S, Kobayashi N, Kitazawa E,
Uematsu T (1997) Determination of furosine in hair
by liquid chromatography tandem mass spectrometry.
Biomed Chromatogr 11(1): 61-62.

Shen M, Xiang P, Wu H, Huang Z, Shen B (2002) Detection
of antidepressant and antipsychotic drugs in human hair.
Forensic Sci Int 126(2): 153-161.

Romolo FS, Rotolo MC, Palmi L, Pacifici R, Lopez (2003)
Optimized conditions for simultaneous determination of
opiates, cocaine, and benzoylecgonine in hair samples by
GC-MS. Forensic Sci Int 138(1-3): 17-26.

Cirimele V, Kintz P, Ludes B (1997) Screening for
forensically relevant benzodiazepines in human hair by
gas chromatography-negative ion chemical ionization-
mass spectrometry. ] Chromatogr B Biomed Sci Appl
700(1-2): 119-129.

Polettini A, Montagna M, Segura ], de la Torre X (1996)
Determination of beta-2-agonists in hair by gas

Copyright© Mbah CJ.


https://medwinpublishers.com/APCT/
https://pubmed.ncbi.nlm.nih.gov/8996650/
https://pubmed.ncbi.nlm.nih.gov/1522717/
https://pubmed.ncbi.nlm.nih.gov/1522717/
https://pubmed.ncbi.nlm.nih.gov/1522717/
https://pubmed.ncbi.nlm.nih.gov/1522717/
https://pubmed.ncbi.nlm.nih.gov/541713/
https://pubmed.ncbi.nlm.nih.gov/541713/
https://pubmed.ncbi.nlm.nih.gov/541713/
https://pubmed.ncbi.nlm.nih.gov/7815029/
https://pubmed.ncbi.nlm.nih.gov/7815029/
https://pubmed.ncbi.nlm.nih.gov/7815029/
https://pubmed.ncbi.nlm.nih.gov/7815029/
https://pubmed.ncbi.nlm.nih.gov/7108626/
https://pubmed.ncbi.nlm.nih.gov/7108626/
https://pubmed.ncbi.nlm.nih.gov/7108626/
https://www.sciencedirect.com/science/article/abs/pii/0731708594E0025V
https://www.sciencedirect.com/science/article/abs/pii/0731708594E0025V
https://www.sciencedirect.com/science/article/abs/pii/0731708594E0025V
https://pubmed.ncbi.nlm.nih.gov/8225140/
https://pubmed.ncbi.nlm.nih.gov/8225140/
https://pubmed.ncbi.nlm.nih.gov/8225140/
https://pubmed.ncbi.nlm.nih.gov/1576379/
https://pubmed.ncbi.nlm.nih.gov/1576379/
https://pubmed.ncbi.nlm.nih.gov/1576379/
https://pubmed.ncbi.nlm.nih.gov/9824220/
https://pubmed.ncbi.nlm.nih.gov/9824220/
https://pubmed.ncbi.nlm.nih.gov/9824220/
https://pubmed.ncbi.nlm.nih.gov/9824220/
https://pubmed.ncbi.nlm.nih.gov/9824220/
https://pubmed.ncbi.nlm.nih.gov/3747457/
https://pubmed.ncbi.nlm.nih.gov/3747457/
https://pubmed.ncbi.nlm.nih.gov/3747457/
https://pubmed.ncbi.nlm.nih.gov/3747457/
https://pubmed.ncbi.nlm.nih.gov/9029755/
https://pubmed.ncbi.nlm.nih.gov/9029755/
https://pubmed.ncbi.nlm.nih.gov/9029755/
https://pubmed.ncbi.nlm.nih.gov/9029755/
https://pubmed.ncbi.nlm.nih.gov/8205246/
https://pubmed.ncbi.nlm.nih.gov/8205246/
https://pubmed.ncbi.nlm.nih.gov/8205246/
https://pubmed.ncbi.nlm.nih.gov/8205246/
https://pubmed.ncbi.nlm.nih.gov/8205246/
https://pubmed.ncbi.nlm.nih.gov/14614590/
https://pubmed.ncbi.nlm.nih.gov/14614590/
https://pubmed.ncbi.nlm.nih.gov/14614590/
https://pubmed.ncbi.nlm.nih.gov/14614590/
https://pubmed.ncbi.nlm.nih.gov/10080646/
https://pubmed.ncbi.nlm.nih.gov/10080646/
https://pubmed.ncbi.nlm.nih.gov/10080646/
https://pubmed.ncbi.nlm.nih.gov/10080646/
https://pubmed.ncbi.nlm.nih.gov/10080646/
https://pubmed.ncbi.nlm.nih.gov/10080646/
https://pubmed.ncbi.nlm.nih.gov/10080646/
https://pubmed.ncbi.nlm.nih.gov/10080646/
https://pubmed.ncbi.nlm.nih.gov/10080646/
https://pubmed.ncbi.nlm.nih.gov/10369335/
https://pubmed.ncbi.nlm.nih.gov/10369335/
https://pubmed.ncbi.nlm.nih.gov/10369335/
https://pubmed.ncbi.nlm.nih.gov/10369335/
https://pubmed.ncbi.nlm.nih.gov/10689588/
https://pubmed.ncbi.nlm.nih.gov/10689588/
https://pubmed.ncbi.nlm.nih.gov/10689588/
https://pubmed.ncbi.nlm.nih.gov/10689588/
https://www.scinapse.io/papers/1986368403
https://www.scinapse.io/papers/1986368403
https://www.scinapse.io/papers/1986368403
https://pubmed.ncbi.nlm.nih.gov/19131197/
https://pubmed.ncbi.nlm.nih.gov/19131197/
https://pubmed.ncbi.nlm.nih.gov/19131197/
https://pubmed.ncbi.nlm.nih.gov/15763689/
https://pubmed.ncbi.nlm.nih.gov/15763689/
https://pubmed.ncbi.nlm.nih.gov/15763689/
https://pubmed.ncbi.nlm.nih.gov/15763689/
https://pubmed.ncbi.nlm.nih.gov/9051221/
https://pubmed.ncbi.nlm.nih.gov/9051221/
https://pubmed.ncbi.nlm.nih.gov/9051221/
https://pubmed.ncbi.nlm.nih.gov/9051221/
https://pubmed.ncbi.nlm.nih.gov/12084493/
https://pubmed.ncbi.nlm.nih.gov/12084493/
https://pubmed.ncbi.nlm.nih.gov/12084493/
https://pubmed.ncbi.nlm.nih.gov/14642715/
https://pubmed.ncbi.nlm.nih.gov/14642715/
https://pubmed.ncbi.nlm.nih.gov/14642715/
https://pubmed.ncbi.nlm.nih.gov/14642715/
https://pubmed.ncbi.nlm.nih.gov/9390721/
https://pubmed.ncbi.nlm.nih.gov/9390721/
https://pubmed.ncbi.nlm.nih.gov/9390721/
https://pubmed.ncbi.nlm.nih.gov/9390721/
https://pubmed.ncbi.nlm.nih.gov/9390721/
https://pubmed.ncbi.nlm.nih.gov/8799261/
https://pubmed.ncbi.nlm.nih.gov/8799261/

52.

53.

54.

55.

Mbah C]. Human Hair: An Important Biological Matrix of Interest. Adv in Phar & Clin Tria 2023, 8(2):

Advances in Pharmacology and Clinical Trials

chromatography/mass spectrometry. ] Mass Spectrom
31(1): 47-54.

Suzuki O, Hattori H, Asano M (1984) Detection of
methamphetamine and amphetamine in a single human
hair by gas chromatography/chemical ionization mass
spectrometry. ] Forensic Sci 29(2): 611-617.

Wilkins D, Rollins DE, Seaman ], Foltz R, Krueger G, et
al. (1995) Quantitative determination of codeine and its
major metabolites in human hair by gas chromatography-
positive ion chemical ionization mass spectrometry: a
clinical application. ] Anal Toxicol 19(5): 269-274.

Bourland JA, Hayes EF, Kelly RC, Sweeney SA, Hatab
MM (2000) Quantitation of cocaine, benzoylecgonine,
cocaethylene, methylecgonine, and norcocaine in
human hair by positive ion chemical ionization (PICI)

gas chromatography-tandem mass spectrometry. ] Anal
Toxicol 24(7): 489-495.

Gaillard Y, Vayssette F, Balland A, Pepin G (1999)
Gas chromatographic tandem mass spectrometric
determination of anabolic steroids and their esters in
hair. Application in doping control and meat quality
control. ] Chromatogr B Biomed Sci Appl 735(2): 189-

000217.

56.

57.

58.

59.

205.

Sachs H, Uhl M, Hege-Scheuing G, Schneider E (1996)
Analysis of fentanyl and sufentanil in hair by GC/MS/MS.
Int] Legal Med 109(4): 213-215.

Frost M, Kohler H, Blaschke G (1997) Enantioselective
determination of methadone and its main metabolite
2-ethylidene-1, 5-dimethyl-3, 3- diphenylpyrrolidine
(EDDP) in serum, urine and hair by capillary
electrophoresis. Electrophoresis 18(6): 1026-1034.

McClean H, OKane SE, Hillis J, Smyth WF (1999)
Determination of 1,4-benzodiazepines and their
metabolites by capillary electrophoresis and high-
performance liquid chromatography using ultraviolet
and electrospray ionization mass spectrometry. ]
Chromatogr A 838(1-2): 273-291.

Tagliaro F, Valentini R, Manetto G, Marigo M, Carli G, et
al. (2000) Hair analysis by using radioimmunoassay,
high-performance liquid chromatography and capillary
electrophoresis to investigate chronic exposure to
heroin, cocaine and/or ecstasy in applicants for driving
licenses. Forensic Sci Int 107(1-3): 121-128.

Copyright© Mbah CJ.


https://medwinpublishers.com/APCT/
https://pubmed.ncbi.nlm.nih.gov/8799261/
https://pubmed.ncbi.nlm.nih.gov/8799261/
https://pubmed.ncbi.nlm.nih.gov/6726166/
https://pubmed.ncbi.nlm.nih.gov/6726166/
https://pubmed.ncbi.nlm.nih.gov/6726166/
https://pubmed.ncbi.nlm.nih.gov/6726166/
https://pubmed.ncbi.nlm.nih.gov/7500611/
https://pubmed.ncbi.nlm.nih.gov/7500611/
https://pubmed.ncbi.nlm.nih.gov/7500611/
https://pubmed.ncbi.nlm.nih.gov/7500611/
https://pubmed.ncbi.nlm.nih.gov/7500611/
https://pubmed.ncbi.nlm.nih.gov/11043651/
https://pubmed.ncbi.nlm.nih.gov/11043651/
https://pubmed.ncbi.nlm.nih.gov/11043651/
https://pubmed.ncbi.nlm.nih.gov/11043651/
https://pubmed.ncbi.nlm.nih.gov/11043651/
https://pubmed.ncbi.nlm.nih.gov/11043651/
https://pubmed.ncbi.nlm.nih.gov/10670734/
https://pubmed.ncbi.nlm.nih.gov/10670734/
https://pubmed.ncbi.nlm.nih.gov/10670734/
https://pubmed.ncbi.nlm.nih.gov/10670734/
https://pubmed.ncbi.nlm.nih.gov/10670734/
https://pubmed.ncbi.nlm.nih.gov/10670734/
https://pubmed.ncbi.nlm.nih.gov/9007638/
https://pubmed.ncbi.nlm.nih.gov/9007638/
https://pubmed.ncbi.nlm.nih.gov/9007638/
https://pubmed.ncbi.nlm.nih.gov/9221894/
https://pubmed.ncbi.nlm.nih.gov/9221894/
https://pubmed.ncbi.nlm.nih.gov/9221894/
https://pubmed.ncbi.nlm.nih.gov/9221894/
https://pubmed.ncbi.nlm.nih.gov/9221894/
https://pubmed.ncbi.nlm.nih.gov/10327644/
https://pubmed.ncbi.nlm.nih.gov/10327644/
https://pubmed.ncbi.nlm.nih.gov/10327644/
https://pubmed.ncbi.nlm.nih.gov/10327644/
https://pubmed.ncbi.nlm.nih.gov/10327644/
https://pubmed.ncbi.nlm.nih.gov/10327644/
https://pubmed.ncbi.nlm.nih.gov/10689566/
https://pubmed.ncbi.nlm.nih.gov/10689566/
https://pubmed.ncbi.nlm.nih.gov/10689566/
https://pubmed.ncbi.nlm.nih.gov/10689566/
https://pubmed.ncbi.nlm.nih.gov/10689566/
https://pubmed.ncbi.nlm.nih.gov/10689566/
https://creativecommons.org/licenses/by/4.0/

	_GoBack
	Abstract
	Introduction
	Discussion
	Collection of Hair Sample
	Preparation of Hair for Analysis
	Some Procedures for Hair Samples Decontamination Include 

	Extraction Procedures  
	The Extraction Procedures for Drugs are Categorized Into
	Analytical Techniques for Active Substances Determination

	Conclusion
	References

