HAIR COPPER AND ZINC
CONCENTRATION IN
PREMATURE HAIR GREYING

Thesis
Submitted for Partial Fulfillment of the Master Degree in
Dermatology, Venereology and Andrology

Presented by
Elham Mohamed Hassanin

(M.B.B.Ch.)
Faculty of Medicine - Ain Shams University

Under Supervision of

Dr. Hanan Mohamed Elkahky

Professor of Dermatology, Venereology and Andrology
Faculty of Medicine - Ain Shams University

Dr. Ranya Lotfi

Assistant professor of Dermatology, Venereology and
Andrology
Faculty of Medicine - Ain Shams University

Faculty of Medicine



Ain Shams University
2014



Acknowledgement

First, thanks to God

| would like to express my deepest gratitude and
profound thanks to Prof. Dr. Hanan Mohamed
Elkahky, Professor of Dermatology and Venereology,
faculty of medicine, Ain shams University, for her
most valuable advice, laborious guidance and
continuous encouragement in initiating and
completing this work.

| am also grateful to Dr.Ranya Lotfi, Assistant
Professor of Dermatology and Venereology, faculty of
medicine, Ain shams University, for his sincere help,
kind supervision, meticulous guidance and
continuous support.

Words cannot describe my gratefulness and
gratitude to my family who provided me with every
mean of support.

Finally, great thanks to all staff members of the
dermatology department, faculty of Medicine, Ain
shams university, and my colleagues for their

support.



Keywords: Hair mineral concentration. Premature

graying of hair . Canities . Zinc . Copper.
Sl s968Id 308 @IS ;Idoziins|ow
ey g pinsgldle

Huwldé
_9IJQOIWUJ,&U)L_.Wip_,lub‘_")xsldplcuuou_,s_,za eJsJdryosdgbiss
1J33g,8

PU pYIPpO
zovoSeres IJold IUbusus
2S9uw IUbo sldz,lgadid
JJss IUbo — glpgs 50 yupyw

lov,lborw
JIdrd$res roly 5.0
1U589,ddgdass sldwolobdlsi glousls
Zlpgd £50 Gipusy - JUSs IUb

Jbdglod Slogls p

U39 Ip,lua 1dgdsss sldeol Jusss puule
U6 IUbo — glpgs £SO yispyw

IUbodJss

vipuw ESUlpEd
2014



Contents

Contents

Title Page No.

List of Abbreviations

List of Tables

List of Figures

Introduction 1

/im of the Work 3

Review of [Liferature

Chpater (1): Hair Follicle Embryogenesis /4

Chpater (2): Morphology of the [ lormal Hair [ollicle 11
Chpater (3): Human Hair Growth Cycle 30
Chpater (4): Hair [Melanogenesis 43
Chpater (5): Premature (-raying of Hair 57
Chpater (6): Trace Flements 70

atients and [/ ethods 87

Fesults 93

Uiscussion 108

Summary 118

Conclusions 120

“ecommendations 121

References 122

ArabiC SUMMANY......cco oo ss et s sr e



List of Abbreviations

Abb.

ACTH
AE
AGA
APM
ATP
CD4
Co
CTS
Cu
cu+2
DNA
DOPA
DP
ER
Fe+2
Fe+3
H20-
Hc
He
Hu
IL-2
IRS
K14
M

NK cells
NPV
0 7]
ORS
PABA

List of Abbreviations

Full term

Adrenocorticotropic hormone
Acrodermatitisenteropathica
Androgenetic alopecia
Arrectorpili muscle

Adenosine triphosphate

Cluster of differentiation 4
Cortex

Connective tissue sheath
Cuticle

Copper
Deoxyribonucleic acid
3,4-Dihydroxy phenylalanine
Dermal papilla
Endoplasmic reticulum
Ferrous iron

Ferric iron

Hydrogen peroxide

Hair cuticle

Henle's layer

Huxley's layer
Interleukin-2

Inner root sheath

Keratin 14

Medulla

Natural killer cells
Negative predictive value
Superoxide radical

Outer root sheath

Para-amino benzoic acid



List of Abbreviations

PHA
PPV
RNA
ROS
SG
SOoD
TMA
TRP-1
TRP-2
uv

Zn

Phytohemagglutinin
Positive predictive value
Ribonucleic acid

Reactive oxygen species
Sebacious gland
Superoxide dismutase
Tissue mineral analysis
Tyrosinase-related protein-1
Tyrosinase-related protein-2
Ultra violet

Zinc



Table (1):

Table (2):

Table (3):

Table (4):

Table (5):

Table (6):

Table (7):

Table (8):

Table (9):

List of Tables

Differentiation of melanocytes in
human hair follicle 54

Follicular versus epidermal
melanogenesis 56

Microwave conditions for hair
digestion.......... 90

Comparison between patients and
controls as regards mean zinc level
95

Comparison between patients and
controls as regards the percentage of
low zinc level 96

Comparison between patients with
positive and negative family history
as regards mean zinc level 96

Comparison between males and
females of the patients group as
regards mean zinc level 97

Summary of relations between the
study groups as regards mean hair
zinc level...... 98

Receiver operating charachteristic
curve (ROC) for zinc in prediction of
premature greying of hair 99

Table (10): Comparison between patients and

controls as regards mean copper level
101

Table (11): Comparison between patients and

4




controls as regards the percentage of
low copper level 102

Table (12): Comparison between patients with
positive and negative family history
as regards mean copper level 102

Table (13): Comparison between males of the
patient group as regards mean
copper level 103

Table (14): Summary of relations between the
study groups as regards mean hair
copper level 104

Table (15): Receiver operating characteristic
curve (ROC) for copper in prediction
of premature graying of hair. 105

Table (16): Zinc copper ratio in the study groups
107

Table (17): Correlation between hair zinc and
copper 107




List of Figures

List of Figures

Fig. No. Title Page No.

Fig. (1): Embryology of hair development 6

Fig. (2): Fetal development of the hair follicle 9

Fig. (3): Hair follicle anatomy 12

Fig. (4): A: Anagen VI hair follicle. Histologic
longitudinal section on the left hand side. B:
Anagen VI hair bulb in detail (enlargement
of schematic drawing in A) 14

Fig. (5): The dermal papilla 16

Fig. (6): Hair follicle compartments 18

Fig. (7): Hair follicle development and cycling
33

Fig. (8): Phases of hair growth cycle 35

Fig. (9): Melanin granules in the cortex of the hair
44

Fig. (10): Pigment granules in the hair shaft
45

Fig. (11): Melanin granules in the region of the hair
matrix 47

Fig. (12): Melanin synthesis pathway 51

Fig. (13): Progeria: premature aging 65

Fig. (14): Image of Japanese American girl
affected by Werner Syndrome 67

Fig. (15): A case of Cri du Chat syndrome at age of
6 and 16 years 68

Fig. (16): CEM MDS 2000microwave 91

Fig. (17): Perkin EImer atomic bsorption
spectrophotometer 91

Fig. (18): Comparison between patients and

controls as regards mean zinc level
97

Fig. (19): Comparison between patients with
positive and negative family history as
regards mean zinc level 97

Fig. (20): Comparison between males and females
of the patient group as regards mean zinc

6




List of Figures

level 98

Fig. (21): Receiver operating charachteristic curve
(ROC) for zinc in prediction of premature
graying of hair 99

Fig. (22): Comparison between patients and
controls as regards mean copper level
101

Fig. (23): Comparison between patints with
positive and negative family history as
regards mean copper level 103

Fig. (24): Comparison between males and females
of the patient group as regards mean
copper level 104

Fig. (25): Receiver operting charachteristic
curve(ROC) for copper in prediction of
premature grying of hair 105




Introduction

Introduction

G

raying "or Greying", depigmentation or failure of
hair pigmentation has been variously referred to
as 'canities’, 'achromachia’, 'achromotrichia’, the
condition of absence of pigment from hair or
feathers. It is apparently caused by failure of the
hair follicles to deposit pigment in the hair at the
time the hair is being formed (Frost, 1948).

Although there is no precise definition for the
premature canities, it is defined as the occurrence
of the hair graying before the age of 20 in whites,
25 in Asians, and 30 in Africans (Pandhi and
Khanna, 2013). 1t is a genetically determined
phenomenon that is usually age related and can
be accelerated by some exogenous factors (Arck
et al., 2006 and Naieni et al., 2011).

The scalp is subjected to intrinsic or
physiologic aging factors and extrinsic or
premature aging due to external factors. Intrinsic
factors are related to individual genetic and
epigenetic mechanisms with interindividual
variation. Prototypes are familial premature

1



Introduction

graying, and androgenetic alopecia (AGA).
Extrinsic factors include ultraviolet radiation, air
pollution, smoking, nutrition, and lazy lifestyle.
Experimental evidence supports the hypothesis
that oxidative stress plays a major role in
premature skin and hair aging (Triieb, 2006).

Premature canities has also been shown to be
associated with a cluster of autoimmune
disorders such as vitiligo, pernicious anemia,
autoimmune thyroid diseases, and some rare
premature aging syndromes like Werner’s
syndrome (Naieni et al., 2011).

Melanocyte aging may be associated with
reactive oxygen species-mediated damage to
nuclear and mitochondrial DNA with resultant
accumulation of mutations with age, in addition
to dysregulation of anti-oxidant mechanisms or
pro/anti-apoptotic factors within the cells (Tobin
and Paus, 2001).

In addition to pigments, lipids and trace
elements, proteins mainly compose 65 to 95% of
human hair. Most of trace elements don't exist in
hair alone, but bind with proteins or fatty acids
(Tsai et al., 2000).

Gray hair results when insufficient nutrients
are supplied to the scalp to maintain normal
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melanin production. Several nutrients are
responsible to convert the amino acid tyrosine
into melanin. The most common deficiency is
with copper (Cu) as grey hair contains much less
copper, magnesium (Mg) and calcium (Ca) than
naturally coloured hair. While Bertazzo et al.
reported lower concentrations of Cu in white
hairs in comparison to black ones and no
significant difference in zinc (Zn) concentrations
of different hair colors (Bertazzo et al., 1996),
Allergi et al. demonstrated lower concentrations
of both Zn and Cu in white hairs (Allergi et al.,
1990).
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Aim of the Work

he aim of this study was to assess hair zinc and
copper concentrations in premature canities.



