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The Lipid Distribution in the Human Hair Follicle

Sanghoon Lee, M.D., Eunyoung Lee, Young Hee Kim, Won-Soo Lee, M.D.

Department of Dermatology and Institute of Hair and Cosmetic Medicine, Yonsei University Wonju
College of Medicine, Wonju, Korea

Background : It has recently been demonstrated that human hair also contains lipids. On the hair
surface, the lipid layer is attached to the outer surface of hair covalently bonded to hair proteins.
However, there have been no reports on lipid distribution in human hair follicles yet.

Ohjective : The purpose of this study was to demonstrate the lipids of the hair follicle and its
distribution and also to examine the lipid composition of the hair follicle.

Material and Methods : Follicles were obtained from the occipital region of the scalp which were
not under the influence of anagen hormone. The specimens were stained using typical methods of oil
red O, Holzinger’s copper-rubeanic acid modification, perchloric acid-naphthoquinone reaction.

Results :

1. Oil red O staining that could be used to stain all lipids was well detected in the area, Henle’s
layer of inner root sheath (IRS), IRS cuticle, and hair cuticle, which were keratinzed earlier in the

hair follicle.

2. The hair cuticle and the IRS were stained dark green on Holzinger’s copper-rubeanic acid
modification that could be used to stain free fatty acids.
3. The IRS was stained gray-blue on perchloric acid-naphthoquinone reaction method that could be

used to stain cholesterol and its esters.

Conclusion : The present results demonstrate that the lipids of the hair follicle are located on the
hair cuticle and the keratinized area of the IRS. They can act as a barrier of the hair follicle.

(Korean J Dermatol 2003;41(5) : 564~568)
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(1) Oil red O 444

gmeE ATe ZzAEHE de ¥ formal-calcium 2§ of]
of (A]7FEQr I AZATH o|F E3} 60% isopropanol-g
o] &-8le] B AFI oil ed O £AE o] && °F 1083
o M3ty S 438t 60% isopropanol ¥ EE U=
2veks] Mol F Mayer’s haematoxyling o] %3ted 3|
e hzgae Agsdth

(2) Holczinger’s copper - rubeanic acid modification

gmz A3 zAAAUL A& F formal-calciumef o
oF [AZEES nAAAT FHel AL 20T EEolA
hydrochloric acid& 1083t 2| g ¥ =7 = 8 Ay A4
He 4C SxoA 208 F oA E MdtA Fel Al
WA A Aste REeE AMEEY) ol F Sl HH
o AFAERS] cupric acetated] 3A17F B @ bED £&
A EDTAZ 10%7 Aold ¥ FHF2 d2stn 70%
A Erg o 0.1% rubeanic acid® 10%-3F Aot o &
oA 70% oler-2 2 ¥l A3}3l nuclear fast red2 3871 3
of g thzd-g Aldskrt

Perchloric  acid-naphthoquinone reaction(PAN) method 8um®=
Aver 22 4WE 4e F formal-calciumeoll <F 1A]2E
ol mAAZAC. #8 AAE AA ferric chloridec] A
4-184)7F Ft stk ol & FHFR 108 Ao
3 7] #2A)7] % naphthoquinone® & A H o gkA
=¥sl3 60-70C m=AE F oM Eejel H2 A%
o] o}59 A wr7A| 510837t 7hegrh ol F 60% AA|
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perchloric acid® o]&ato] @xslm, £ &9 &2 4
#H 9o dojxdl ¥ AW IYPAE U BASATH
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1) Qil red O &4y
e AT Hed Er BEMOR 94
e g o #A gt

2) Holczinger's Copper - Rubeanic acid mo-
dification

okgut-ee & AHhate] ofFE myoz JAMEHT
FHoz Wyt '

3) Perchloric acid-naphthoquinone reaction
(PAN) method

ok uk-2-& cholesterol¥} cholesteryl ester A3 ¥-o] 3] % 2
o2 dMEd oz HAFITH

A7) BAAYE o] gde] o BHE dAr|F R BEFTh

(1) 243 (hair cuticle)?} W& =2 (Inner root shea-
th, ©]&} IRS) Alo] &

(2) IRS9} 9|2 R X (Outer root sheath, ©|&} ORS)
Aol &

(3) Rad A3 HE Ale] &

(4) IRS2] Huxley Z, Henle &, IRS &3] % Alo]

(5) IRSE] A EAPo| F3Y

d o

1 RE AW JEo dMEE Oil red O 84 4, B4
7 ¢} IRSS] HenleZollA migtdoz fdAsE azdo] &
#A5)9lc} (Fig. 1). Oil red O G4 737t Magd 79
oA AMe] B& ARE FIE Hyow Y F 48
7} 744 w4 dojibE HenleZ¥ IRSAH, R4 FA
F&=HAT (Fig. 2).

2. &8 Adatel <A=& Holezinger's  copper -
rubeanic acid modification ¥'H-S AP Ay iAol
IRSH-9j ol HA =Tt (Fig. 3).

3. Cholesterol®} cholesterol estere]] 428 %| =  perchloric
acid-naphthoquinone(PAN) method & 8-S Alejg A3} IRS
A dAYE &27& BTt (Fig 4).
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Fig. 1. Oil red O stain. Pale red staining on the Henle
layer (A, X400) and the hair cuticle (B, <400) is seen in
the transverse section.

Fig. 3. Holczinger’s copper-rubeanic acid modification. A.
Counterstain (X200). B. Dark green staining on the IRS and
hair cuticle(HC) is seen in the transverse section (< 200).

lesterol, & HFA}, cholesterol sulfateds B2 2 TAE o o
w ZAE pAREY 4RYEE AT A
. olo wia] Aty mitdM A9 vl &L AH FA
B 07-1.3%38 %8 KA 24k, cholesterol
sulfate, ceramide, cholesterol 52| o2 ztad 29 Xl
= 2 FAAA Aozt dew o33 AWAdEE X
Mol A Eoe] 2t XFEFE AloldlA BE A]lE B
ol AFAE 2 EREE ol & AolE Holx &
e =

yte] FW AEEL e AWEd ot IRA
A&, o2 mge] A FAL ®IY AEF Exe
2 g Ade g wate] M B ¥EE2 EA
s, xjukite]l 40%A %7} 18-methyl-eicosanoic acid(®] 8}
18-MEA)Z FAHo] ™. ol YAME & 243}
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Fig. 2. Oil red O stain. A. Pale red staining on the Henle
layer, IRS cuticle and the hair cuticle is seen in the
transverse section (x1000). B. Pale red stanining on the
Henle layer is seen in the vertical section (X 200).
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Fig. 4. Perchloric acid-naphthoquinone reaction(PAN) me-
thod. A. Gray blue staining on the IRS is seen in the trans-
verse section (xX200). B. Gray blue staining on the IRS is
seen in the vertical section (< 200).

H M E AtAYPztd o8] wiE 53} ester & thio-
estere] Fel2 AFg=E & Aoz d8F Uk A
& AWM Frix 837 9 d@dsted, s
Fz2A 7o, g2 shue duAE AFste oo
249 g}’ Aol FE F2H 7lee AELY
Pgoltt. MEAA L AES Frue &7BRE X
e degE 2A8A Hed Axey ddd AU
A E olFutor 2AHEF AAA Fo] FTRag! #
AZo UyREe BE AAwtIes t2A FE cera-
mide$} cholesterol, A|WHAto 2 o]FolA Uth? Qx4
sphingomyelin, cholesterol & 3F3le BE9 AAIGEL
FHEol} B & wE e EFd dEMe R0l
e AYors zeS e v, AAAE FHIA
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B A4AE2L AFEC] AdHog dAH 3o F3
g A se £ AHGEL su Ul o9 fatet
A 2ol AANEL 2 FAHAAE F FYFY d58
FZ84 A ¥FAF, cholesterol sulfate, ceramide, cholestrol &
o] & TA AR ol& IARAH e Ade
2a4 el Z3te] @okm AR 4 glom ol
HolM B dFRES Bdgdolge MER &8 9
7ol AABATE BZHME Ato]ef A HlmA fLI
FA9 =& YAy EHAAM X A AFE ek
3 FAE Jveldch oy @ xWEFE 2o AFAH
Zaro]l B3 9 myuo] wWwWi J4AE XY FLF
geg o = g9 F8 ¥ 18-MEA: A4
29 AATE &y oA #X ¥ (branched) 722 |
Watelth dvtd oz RBAE pxo AHsbe e 3
T AAE e FHeR geA AT 18-MEAYL o
¢ Zase JMAE A oMAAA ot Negi &
SR (wool)o} BelA] A HAbE AMASHIE B¢ AT
Aol FAHE AE FArh AT ol B4
MEAS] 27 E3 BEue Lede 49 Ay
Rolet Azsruch

IRS 23le} 2ave M2 288 ZA7 & 71H
m olg|d FZ7} E8 Wik B EAAHQ] HER
Fe) 7}gA e (scale edge)E FAFTH o] LAz
A AMAE e EF ¥HIe Axe AF3AY
(plasma membrane) 121 ¥ IRS A X Alele] F3t
old dojteH® mame] HAM Orwin S°& A L3}
Ate] F3tell F+E o] A (globular particle)7} EA|8l o]
B3 FR7 MpgREoR olFdte FgFxe dAHE
T2E g4t At 29 TEMO AL o2t
Tz 3 olgE HIow, Rave i FATE
9o AL BAYME wpgZe] YA e gdd ot
olgg AUty Ao AHZFoE FHHE A& oF
MZE 207271 8450l 2aue 94 IRSAaY
Atolel M EZF FzHe AH$A B IRS Aujsgl 2y
o] ¥l dojud &9 FdARzE Riue R E
e ohE §% IRSA e B HR8HA "ok B
dof Al ol dF BT Ale]g A A F g At Al
gedow Adroz g ddEE FHRe @ F9
23 o] & MEHX FEE IAE F FY Fol 4
= M E9 B3 (cell membrane complex)e] FElE FA)
e Aoz FAATY AT opAAA Ty 2HUY
Dgola AARE g A7 A AAEE AA
53 22 & oj&d B 5 4L ANPFoEA
aA g oM AFe BEXE Lolruz T
RE AR GMEE oil red O GAE Alsle] &
21 o} IRSef| A m|gbd o2 Auss o] BAHU

mide £y z2e YRAL wdel BT $dA
2 2HRGAR ol dag AP 2H ofl red O
dae et 298 T gMol HE Ase I
& Rgon B F 43t /bY A doiuE Henle
layer, IRS 2399} RAd|dA G & JEINT Ra
e Ao GMdHRes v|Ee] Badgdd AAFo] &
Aste A7 dAshs BaelH, oj¢ fAsHA Ztd st
IRSZo A A AF EAE 71E9 HiodA IRS 752
2 gAAE B o FAF ORSHA BRI thi}t &
Aolgd #AF Aoz YzrATt’ g Fal A it
J M= Holezinger's copper - rubeanic acid modification
WM E oil red O FH T FASHA 243 9 RSH-$
o] A5 lth Cholesterol@} cholesterol esterel] <& 2%+
perchloric acid-naphthoquinone(PAN) methodol| = o8& =
QAT FAISP F2 RSZolN GAHE £23¢ BT

AREe AAde G4 B wgel AW =
2avsh Zdstd RS fAaTE AE TASY.
RSe] 91X stE Age E3) 43N AFgue o
gol 2% ALL sk 3 AASH FAG Aol
Ba 4ztEn o] 4Y¥e B A BE o@ A7
of 71EAREAN Zgo] 8 Aolgt AW, gF =
Ade g AAEn A fa A Fe gy FYA
ol tid o 2 A7 desivtn AZ4ec

g B

AAEL QARG EFdaE By 2o AW
F2 2Aazel IRSS AAzte T4 HA%D A&
FAadth ol Fxe HIAAAR FALEA 2
A AeogMe 7lsg & Aoz AZtdn
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