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Aging and Hair Loss
Seong—Joon Moon
(Pacific R & D Center)
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Haire] £F%& 2 2J9 weA & E(Straight), St FEE(Wavy), #€E
(Curly)2, 2 A2:AxXe] 84 9 H7q wetx ZFR(Black), ZHE
(Brown), #4842 (Yellow), A E(Red)2 TEHW, 1 37| L A& o
Z&+4 AR (Terminal Hair, 1~ 100 Cm, Highly pigmented, medullated)<}
A% (Vellus Hair, - 2 Cm)2 FE8%Y

2.1 2te] £

e & RE&7@Y Big 2{Hor AW, IA AFEE X
g3t A3HEQY Infundiblum, FZFH<Q Isthmus, ¥ X4 (Sebaceous
gland), EfF(Dermal papilla)& X3t §¥¥ < Inferior (Burbar)
segmentd] 4% o2 FRHET}.

2ol FHo] EZ(Hair Shaft)7} ed AFL2ZHE 53 (Medulla),
3 3 (Cortex), £¥(Cuticle)3 2.2 MEH1, 2 F¥E& WEZZ(Inner root
sheath), )2 ZZ(Outer root sheath)’t EZHAZ Yot YEZZ2E ¢F
o 2 B ¥ Cuticle, Huxley's layer, Henle's layer2 A ¥ €t}

Hair Matrixt® 22 A X (Keratinocyte)oli, 444X (Melanocyte)7}
Epitherial ¥£o| &EAFo] 2o 472& ZAA{H, }F3HU ZHFE A
frolA £(Fibroblast)2 ©o]HA gled AP EXFHo 4% FFL
Eicdi1=3

3 ¥l 2urg A EEE Y =S(Arrector pili muscle)d Hxj2] A 2
BHE 9938 A A, Aero-Perkins Bodys¢ H471#o] Uiy
1)’7,8)

2.2 =wre] A3t}

2 AL e s W ¥ 4-8%9 Sulphurg i3t 7§t
J1AA & FANH,AEAY AL obv x4t 2L (R 2)9 &oh

22 g¥aA& Fibrous Protein® Matrix Proteino® FEHEH,
Fibrous Protein® WXA¥ F&7} 50%0]1, 10071 ofvlx=4tvlt} 6714
Cysteino] E&A38l9, H7]|FF A], 471 o] Band’/} Yeldoy, ¥4,
Matrix Proteint= H] 4A3 Fxo]w, 100718 ofvjx=Atvitt 25-30719)
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3.1 829 44y EnF

BEZFOIF U 8 M FRe dng, TR dRIHAY,
EEY 5% vRAAYA 2= AdE g4 Ao, JYAY ¥R
A9 F9g 2AYHoe vusd ERFAY F4, AUHes R¥J}
233 450U e¢ & F UH2g 9.2

g2ZY FRE A #3F add o9 HIAH 229 ¥4 294
gg ez TEHZ, °F AL 7 299 weE g ARIEY, 1
oA $E9 BAUELE GHE SEFOIHFE 3).

@4%¥ €232 HAMILTON EF4dl g3 A7, Jde ne g=y
=& TEHI, ¢o29 B8R Jd ¥FE 438 ¢ AH2Y 5.1

32 gx9d4

B4% BT A WIIFL o HEE BEAA ggton, @
BE2E0] A gitte o] 71 RHs}e, ojgt #ASA Androgen
o g A7 823 oA : Ut}

3 Hel, ¥ ¥# Al F 49 olvyY, A UlesM AF
5o 2 YR 4gE F& o8 4U& ude geH e HEo
At

32144 3289 #d

YF YoME ZF AALES] #o2 androgen WA L3 (Y 6).

oo AQAAA Y FAHIZZEQ Testosteronedt I Hujje)
Androgen tjAle] ¢j3] ¥AE Androstendion 5 #¥ thA} AEo] Y=
9 #4, 27 AXd =gde AXLE F3 NE Yz Sz AxA
ol FASHAY iAo 98] MAE Testosterone MEA Yo A3}
£  5a-Reductased] &3t FAdzZ=E Lo dL A
5a-Dehydrotestosterone(DHT) 2.2 ®igit}, o] 53-DHTE Eo)A & A4
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E3§, 5a-DHTE A Xy gAlE 8433t Adenyl cyclased] 84< 9
Asa AX WY Cyclic ANPY F2& @3 ENX9 FoRALE A A A
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Cysteino] 2&A3}ta, A71FF A,31e Band® JEluE 542 Add,
E3], Fibrous Protein ¢ 7]¥ FZ%¥& 2719 Helical Peptides® DimerE
YA sla, Basic, Acidic Subunit® Adthe Alde] 344 A7 G Fd 9
8] #FAF N2, Fibrous Prtotein® Matrix Proteind] Cross LinkedS+
o, 9719 Cu™ U4 Cu™g Edst: xav} Boddctn 2=z oW

Bt A 9] Keratin §4& AA EiFo 22X ZAEF o2 RE o}yl
=4S WolEd, 9d9 Keratinization Z$& AR F, Mature Fiber®
Hol7le #AE AA PA=HEH, oJwo End bond24] Peptide bond7},
Cross bond2A Disulphide bond, 42%, 7 -Peptide bond7} &gt}
2dte] Keratin §H4 Al, 279 ZAAXI} A =95 osi=d 580 4
g, 3 G99 FAJol 36-38A12Fe], Disulphide bondol]l 6-12 A|Zte] A&
PR

2.3 2F7|(Hair cycle)

B Azte] Agol wEt A 7](Anagenigrowing stage), 4H7)
(Catagen: degenerating stage), ¥*7](Telogen:Resting stage)5¢] =E3%
F71€ AV, ol EF7|#i).

23719 91, 437 2-83 B¢ ASHH, 2 30 g Y uig
1-5 @42 AEE 4 A2 & ¥4 we 7zke] tdac}, a1 F, 2-4F
9 HEJE AHF, 2-42 AFAZY FAJ¢ EojrtEd, odE AAv
-=> HH7] —-> FAIE A& HESH Q¥d BIE oJEA L 2
< Zig AZAAHE 2).

o] EFJ|= 5 I A7) € e ¥/l dojvtsd 1 gUL ofF &
dHA JAGH2E 3). H 2o BF7)9 29°] FAAMY oat 25T
4, Bulgid $22 d9stnAstE 2agel g2
CohEY EFV| mE RiAF AE ¥3: FUHY RRIHeE nay
AR Y& ¥, oFF F GHAUYA ¥}

gtz oz, AHRUAA AAME 437 R:3HIYG FA7] 29 ns}
90:102.2 HlFAIHoR2 AU, Rat, Mouse® FE9 A E FAAHS
AYi BF7]71 ¥
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2% 22 9 &5 ¥yt E €79 FAE 2RFS A Aol
oo A A AYRLO) ot N ANLET, A, 2E Ay
gRZd o 7123 @7 A AYRD AL} oLy #F
SREFH AP HEo] suE o %,ﬂvzs)

5.1 in vitrc method
5.1.1 Enzyme assay:5a—reductase inhibition test

RatollAl  H@gMde] &9 oz HE 2% Testosterone
Sa-reductase® ©°|8F B4 IYP2E2 RKEEZEY HHIZE JATS
248 AU Testosterone HALE ¢ 78l o] & ¢ ™

512 B39 ERF AZuly, o2z Axvd € 236 ¢

FHA de B gt FE AX W /Y o&dt: Wyos
A, DAl A X 4¥e FAE F Az, SAT Yol AdE FHE
7 Qe Aol ik AT SidE LAYSFE EIWE A in
vivost & #730lgE oA EEZHA Qo) FAFE AV, ¥y A
Aol g A& a7 285

25T Axad, ooz A € 23zAug Fo] glon, o %
g olgstd E% EZE FHHAU, SR BL¥ Z4F Growth
Fcator®] #$§-o]\t, DNA $4% #3, Keratin @93 $4, 4% &4 E
2 84 T dg AL 4TS stn I

513 BAHY Folday € FANEE o] &% AX 84 =3

in vivo AME ALE § Q& PPez, Bd, 24 Z9 BEYA XY
Cell kinetics& £48tAY B4 J2o E¥E =43 Pyoln} =

A Bolgay Y A v8-2 d: Sol4 822 DNAER 7054
HA & F, Foldag FAHAU(IY 8),® 4PN wgo] wHBS
Eol: oz dAAA(DY 9%, 2 AXe BY, 35S A¥E
el 53], ¥ oYL Ad EAEL o]§, DNASH Keratin &
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4 T, B #¥E & JEEY FHAE ol&HH, dutyAd =
A B4 w3 F=7t L& FHo] gl AT ETFEN Wl o83t 7]
Yol

5.2 in vivo method (animal model)
5.2.1 Rat, Mouse ©]-& Alg

¢, §2 AHE Ad EFE U iF4 FF Edelyset 1o di
7183 vFtUEE B3led AIgETE BF7] 43 AHge 2w A
FAHE Be T8 EdEo] AAHIL QUth

1 %, Spraque-Dawley Rat, C57BL/6 T AX§F9 2ie QUAe £9
ol g EE Rdo] FAAE Adue dHel A7 AT, At
mel AL vl 2 dAY BFI1E JMA L ¥E @Y BEY o
Y zF&Hor B A " 5FFHA T4 FEHE AY
Y, 471 &2 a7 & EF A3} 44 2o EY=x A
ole} {Al, F7] Wt B3 Heolzb FUtete WHIE JMALH Y
10). &, o] W3 AE B g JF7], FAIAN HFZ72Y W
A € wE AFE guisid, o] YYE ol &3ty mHFIE I, FE
Edd o a3 @Al et

B, ALY gxe fASHA FERYE MfudsdE d7E ASEHL

td, olEL YR E Ed FH FAAY F43 A g8 €2 L&
Futsle FEXYEA, Hairless mouse, Nude mouse 5°] EHHoE o]
453 JHE 7).

2 ¥to] Hamster®] Frank Organd ¢]€ 32E F8& SHSIAY, E
7}, Guinea pig5& AME3I7|® & d

522 9%0°] o]& AEF : Folliculogram analysis

A7 G4 2EFH 7Y FAIE B 950 29 v

<ol 2d F Stumptailed macaque7t BE7} HE Fo2 4A ¢
o, o] gole EAL AF 439 A= ZFHsE vE GFEAARE @
Ay E2F Y g2 doju 5-7d AE HE Huzxd 39 HFA
A4 ZF7E AU, AA9 Fys fAME mEhA, 4 7d Aleld] @79



2d¢ M, SR 2% Br} B9 o883 Utk Wi AH Az A
ANFoAe) 2 A% Axd 2@ 2FEH W3E Al 2 Folliculogram
o g ZAE A5 uEst= WYL oLy 11)3082

5.3 Human Clinical Test

in vitro ¥ §& 4A¥9 did g3 HAAPd £ ddd §% anF
A3 AHME, TFTHLE 44 4Fd o e Wasi,

A4 A ¢ SE &3 &4 PP @ BHF B9 FHY ¢
E FA%te A0EZAM, FFHo 1= FYY 4 & Yas @4,

1930dd olHE X #E ¢y di® dTEL, 2 A g 9%
AgHoln ABAH ZHAE A& F AT & PYPEE NAss g
2 o]R2ojAH g,

AR AF AMLEHE WYHom: Capillary  method,
Fluorescent—dye—label method, Radio—isotope method 53 & =9 24
o] Z&A4¥HI, Plucking hair method, Tissue trichogram method,
Phototrichogram methods 3 Z-& Trichogram method7} &), o}
HEL AZto] Bo] AR 1 #Eo] o3 $u, Plucking2 753l o} 3}
E 5 2FES YEsz

# o], Hand microscope$}t Image analyserg o83t dF9 Mag
Photo—tricho gram ¥de] m¢hol4Fa e, o Wi FFJAHL 78}
WA Plucking®le] 7HHeHA 2 Aol 24 ¢ J+& FHo Ut
£3], o] T¥ L Hair growth rats, FJRe] &F, 437 B ¢ ®] A%
B g 5L 2AY £ 9o dUE ARE U)o LolEn P

3 el ZHolAHQ Yoz NY L v EAR 7Y £ 5L B3 ¢
AHQ) ARE U=,

AF7MA] EE 4 gRd BEE V|0l L A¥IY T dsiyg &



ddslyt AYLS5E 1338, E3ggd 9 eRFAY Fote e F
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€ FALRE DY AT7} o]FA o

2B, o8 A9 AYrEE] FEH 2 & ERHY @
238, Y3438 54 T THdHE 71xEH £ B 47
Eo] 843 oA 1 glon, FRAI F7} Jlek B ok A7
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2dAEE FAZ @ 4F A g3Ee] 4¥¢dx Wdsy AW, 2y
gd EEE 373 WolAE 2 FA ol LI =E, 4F
UEEY % 53 FToAA4 € F ARl #F,E T 7T JALEC] 9
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Sebaceous gland

Sebum

Outer layer of
germinative cells of sebaceous gland

Enlarged cells
containing lipid-filled vacuoles

Hair folficle

Outer root sheath

Cuticle Arrector pili muscle

of inner root sheath Smooth muscle cell

Huxley's layer
of inner root sheath
Elastic fibre tendon

Henle's layer
of inner root sheath

Hair shaft
with cuticular scales

Medulla of hair shaft
Cuticle of hair shaft
Cortex of hair shaft

Hyalin

basement membrane
Melanocyte

Connective tissue

papilla (removed) . Germinative cells

Matrix of hair

Capillaries

Figure 1., Structure of humarz hair
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Growth cycle of hair follicle

/

-y

Anagen

—

Telogen I I I w

Catagen Tetogen =

Figure 2. Diagram of cyclic follicles : a club hair(white)
in old telogen and early anagen(I-IV) follicles
and a new hair(black) in new late anagen (V-VI)

follicles

Cuticle

Cortex

Medulla

Club

Epidermal column

Basal lomino

Dermal popilic

ANAGEN

CATAGEN

TELOGEN

Figure 3. Charicteristic shape of each stage in hair cycle



Figure 4. Normal scalp terminal(a)
and bald scalp vellus
follicles(b)
oIy R VIR ] 3
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e Figure 5. Hamilton’s classification
of male-pattern baldness
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Figure 7. Metabolism and mechanism of action of
androgens within hair follicles

CYTOPLAGCHM NUCLEUS
DHEA~-S DHEA-S
}
DNA
DHEA DHEA ﬂ"“”“
| 3-Bol-D DHT ¢
\ A
SDHT
\'\T = Ribosornes

tANA — [ rRNA

Androstanediol Protein
synthesis

HAIR GROWTH

Figure 8. Autoradiographic study on hair follicle
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Figure 10. Rodent models as model for androgenic alopecia

Effect ot Minoxidil on Rat's Follicular Cycles

o
2
b3
Mo
B
H

it
70

68

o
80

7 {

3
>
<
a
©
* 5
P s
3% N
8¢ //
g8 RN ©
3% Y S
lllllll v
.
°
\\ ;4
b4
2
2 S
H
> ~ <
s sa .3
B Tz &
2 —
s
H T %L o¢
3 S
IS

—81-



Figure 11. Stumtailed macaque as model for androgenic alopecia
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Pre-treatment Minoxidil (3 months)
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Table 1. Follicular data of human hair

Total body hair follicles

Total scalp hair follicles -

Anagen follicles [adult}
Telogen follicles {adult)

Anagen follicles {child)
Telogen follicles {child)

Growth rate hair
Scalp

{1gm/month]
Body and beard

Follicular density
At birth
1 year
15 years

30 years +

80 years

Mean terminal hair shaft diameter

of adult male scalp

5 million {estimated)

100,000-150,000

90%
10%

95%
5%

0.37-0.44 mm/day

0.27 mm/day

1135/em?
795/cm?
615/cm?
485/cm?
435/cm?

70 pum {range 60-84 pm)

Table 2. Amino acid composion

of normal hair

Amino acid Amount  Amino acid Amount
Lysine 2.8 Alanine 4.8
'HLis.tldlr‘xc 0.8 Cystine 17.5
Arginine 5.6 Valine 5.9
Aspartic acid 5.0 Methionine 0.5
Threonine 6.9 Isoleucine 2.7
Serine 117 Leucine 6.1
Glutamic acid 11.1 Tyrosine 1.9
Proline 3.6 Phenylalanine 1.4
Glycine 6.5

Table 3. Classification of alopecia
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Table 4. Hair growth promoters

1. MINOXIDIL(2,4-DIAMINO~-6-PIPERIDINOPYRIMIDINE-3-~OXIDE(MW=209. 25)

2. TRETINOIN RETINOID
3. DIAXOXIDE
4. ANTIANDROGEN
1) TOPICAL
(1)CYOCTOL
(2)PROGESTERONE
(3)ESTROGEN
2)SYSTEMIC
(1)SPIRONOLACTONE
(2)FLUTAMIDE
(3)CIMETIDINE

(4)KETOCONAZOLE
(5)5A-REDUCTASE INHIBITORS
(8)ORAL CONTACEPTIVES
5. TRICOSACCARIDE(HOLTEN®)
6. PENTADECANCIC ACID GLYCERIDE
7. CARPONIUM CHLORIDE(3-METHOXYCARBONYLPROPYL)TRIMETHYLAMMONIUM CHLORIDE)
8. TRICHOPEPTIDE: SULFOPOLYSACCHARIDE

Table 5.

Classification of effective

components for hair growth

Table 6. Major products for the
hair growth in Japan
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Table 7. Hereditary forms of alopecia in mouse(a) and rat(b)

Gene Symbol

Chromosome

Mutation

Phenotypic Expression

References

AL

ap

cr

fr

fs

fz

hr
rh

nu

Ra

"

Unknown

13

13

14

15

"

Alopecia

Alopecia
periodica

Crinkled

Frizzy

Furless

Fuzzy

Hairless rhino

Naked

Nude

Ragged

Generalized, postnatal
permanent hair loss in
homozygotes; cyclic loss in
heterozygotes

Short vibrissae; sparse
neonatal coat with repeated
epilation -

Selective loss of guard
and zigzag coat hairs

Curled vibrissae; short,
sparse coat

Vibrissae absent; postnatal

-epilation with partial

regrowth

Vibrissae wavy; coat thin,
uneven; structural hair
defect

Defects in hair club and
outer root sheath; postnatal
epilation; partial regrowth of
guard hairs

Hair defective; postnatal
epilation with partial
regrowth

Hair defective; vibrissae
short; alopecia nearly total
with irregular regrowth

Lethal in homozygotes; loss
of specific hair types, only
guards and awis persist

2

13

14

Gene Symbol

Linkage Group

Mutation

Phenotypic Expression

References

fz

ba

nu

Unknown

Unknown

Fuzzy

Bald

Nude

Curled vibrissae; pelage
short, sparse; progressive
thinning

Postnatal epilation; defective
club formation resembles
“hr" in the mouse

Hair defective; resembles
"nu” in the mouse

16-18

20

~ 85—
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