
 
 
 
 
 
 
 

https://theses.gla.ac.uk/ 
 
 
 

 

Theses Digitisation: 

https://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/ 

This is a digitised version of the original print thesis. 

 

 
 
 
 
 
 
 

Copyright and moral rights for this work are retained by the author 
 

A copy can be downloaded for personal non-commercial research or study, 

without prior permission or charge 
 

This work cannot be reproduced or quoted extensively from without first 

obtaining permission in writing from the author 
 

The content must not be changed in any way or sold commercially in any 

format or medium without the formal permission of the author 
 

When referring to this work, full bibliographic details including the author, 

title, awarding institution and date of the thesis must be given 
 
 
 
 
 
 
 
 
 
 
 
 

 
Enlighten: Theses 

https://theses.gla.ac.uk/ 

research-enlighten@glasgow.ac.uk 

http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
https://theses.gla.ac.uk/
mailto:research-enlighten@glasgow.ac.uk


5
Studies on the A -  3/3 -  H yd roxys te ro id  Dehydrogenases 

in  the Sebaceous Glands of Skin

A  th es is  subm itted to  the U n iv e rs ity  o f Glasgow in  

candidature fo r  the degree of

D octo r o f Philosophy 

in  the 

F acu lty  of M edicine

by

A n ita  V era  M u ir ,  B . S c .,

D epartm ent of D erm ato logy, 
Anderson College,
The U n iv e rs ity ,
Glasgow



ProQuest Number: 10647735

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uesL

ProQuest 10647735

Published by ProQuest LLO (2017). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode

Microform Edition © ProQuest LLO.

ProQuest LLO.
789 East Eisenhower Parkway 

P.Q. Box 1346 
Ann Arbor, Ml 48106- 1346



INDEX

Page

Acîaïowledgements 1.

L is t  of Tables 3.

L is t  o f F ig u res  5.

L is t  of P ub lica tions enclosed 7.

Convention fo r  C itin g  References 8.

A bbrev ia tions  used 9.

General In troduc tion  11.

Purpose of Research 45.

In tro du c tio n  to the E xperim en ta l W o rk  46.

P a rt I Techniques 46.

P a rt I I Sem iquantitation 56.

P a rt I I I Survey of D is tr ib u tio n 63.

P a rt IV  ‘ E xpe rim en ta l A n im a l Studies 64.

P a rt V lodoacetate T r ia ls 69.

P a rt V I A bnorm a l Skins 71.

P a rt V II O ther Experim ents 71.

Methods 77.

Results 117.

D iscuss ion  179,

Sum m ary and Conclusion 203,

B ib liog raphy  205.

P ub lica tions enclosed 232.



ACKNOW LEDGEMENTS

I  would lik e  to  express m y s incere  apprec ia tion  to  the many people 

who helped me in  the course o f m y w ork.

F ir s t ly  to  P ro fe sso r J. A . M iln e  o f the D epartm ent o f D erm ato logy, 

Glasgow U n ive rs ity , fo r  h is  ever present w ise counsel, k ind  advice and 

he lp fu l c r it ic is m .

A lso  D r . J .K , G rant o f the S tero id  B ioch e m is try  D epartm ent,

Glasgow U n iv e rs ity  who has so pa tien tly , on so many occasions explained 

and discussed the b iochem ica l aspect o f th is  p ro je c t.

P ro fe sso r J, N. Davidson of the B ioch e m is try  D epartm ent, Glasgow 

U n iv e rs ity  fo r  the k ind  help and encouragement w hich he extended together 

w ith  the p e rm iss io n  to  use some o f the equipment in  h is  departm ent.

P ro fe sso r G. P . T a lw a r o f the B ioch e m is try  D epartm ent, A l l  India 

In s titu te  o f M ed ica l Science, New D e lh i fo r  h is  k ind  help and advice during  

tha t p a rt of m y w o rk  w hich I  c a rr ie d  out in  h is  departm ent.

P ro fe sso r A itch iso n  o f the Departm ent o f S ta tis tics , Glasgow U n iv e rs ity  

fo r  h is  k ind  help w ith  the s ta tis tic a l considerations rega rd ing  the quantita tion 

of the technique used.

A lso  D r . J. Thom son, D r .  R. Thompson, M r .  H. Young, and m y 

fr ie n d s  and colleagues who w ere kind enough to advise and encourage me 

du ring  the course of th is  w o rk ,

1/



I  should also w ish  to  thaah the W ellcom e Fund fo r  th e ir  financ ia l 

assistance tow ards a p a rt of th is  w o rk  and Die e d ito r of the B r it is h  Journal 

o f D erm ato logy fo r  h is  k ind  p e rm iss io n  to  a llow  me to  endorse some of 

the tables and data p re v io u s ly  p rin te d  and also subm itted fo r  p r in tin g  in 

the enclosed pub lica tions (4),

I  a lso w ish  to express my s incere  apprec ia tion  to  M iss  L . Banks 

fo r  the p resen ta tion  and typ ing  of the thesis  and to M r. I .  M cK ie  fo r  

the photographic p repara tions and diagxams.



TABLES

Table Page

1. H is to c lie m ica l assays using in h ib ito rs  128

2. E ffe c t of p re incuba tion  in  bu ffe r on severa l

dehydrogenases 128

3. Advantages and disadvantages associated w ith

va rious  methods of incubation 130

4. C om parison of num bers of g ra n u le s /sq ./i in

stained and im stained sections 133

5. V a ria tio n  of one f ie ld  counted by one observer

by the W ild  M20 m icroscope method 136

6. V a ria tio n  of counting between two observe rs  138

7. F lu o r im e tr lc  es tim ations of NADH 143

8. Age and sex d is tr ib u tio n  of specimens 145

9. D is tr ib u tio n  of sebaceous glands in d iffe re n t reg ions

o f the body 146

10. Age d is tr ib u tio n  of 3j6 HSD a c tiv ity  147

11. Sex d is tr ib u tio n  148

12. Enzym e a c tiv ity  associated w ith  body area of sk in  149

13. S yrian  ham ste r experim ents 160

14. lodoacetate t r ia ls  ' 164

1 5 ./



Table Page

15, A bnorm a l skins 166

16, NAD and NADP In h is to c lie n iica l incubations of

human sldn sections 171

17, NAD and NADP in  h is to c lie n iica l incubations of

an im al sk in  sections 172

18, D H A -8 0  as s te ro id  substrate in  h is tochem ica l

tes ts  of 3/3 HSD a c tiv ity  in  human sk in  174

19, H is tochem ica l assays using other s te ro id

substrates in  human and in  ra t sk in  sections 176



FIGURES

Figure Page

1. General m etabo lism  of some s te ro id  compounds 16

2. Possib le  routes of synthesis of testosterone

fro m  DHA 21

3. 3(3 USD In  pregnenolone-progesterone m etabo lism  . 30

4. 3(3 HSD in  DHA m etabo lism  34

5. Enzym es invo lved in  the h is tochem ica l method

described 36

6. The c ryo s ta t, showing Im ife , s lide  and a sam ple

of sk in  moimted on chuck 47

7. The two pathways proposed fo r  the convers ion  of
'4  5

A  -3 ke to -s te ro id s  to A -3j3 a lcohols 50

8. Skin section showing diaphorase a c tiv ity  a fte r

incubation w ith  NADH 55

9. D ia g ra m m a tic  represen ta tion  of 3p HSD d is tr ib u tio n

in  the sebaceous gland (traced w ith  the a id  of the

W ild  M20 m icroscope) 60

10, The M ongolian g e rb il (M eriones unguiculatus)

w ith  shaved abdomen showing ce n tra lly

situated g landu lar pad 66

11, Deep sta in ing  of h a ir -s h a ft re su ltin g  fro m

h is tochem ica l incubation 70

12, Incubation techniques 1 - 4  82

13, Incubation technique No. 5 perspex chamber 84

1 4 ,/



Flexure Page

14. W ild  M20 m icroscope w ith  draw ing tube attachm ent 92

15. D iag i'am m atic  represen ta tion  of the spectrophoto-

flu o re m e te r (by courtesy of Am inco-Bow m an) 96

16. NAD concentra tion curve 118

17. DHA concentra tion  curve 119

18. E ffe c t of m agnesium  120

19. E ffe c t of n ico tinam ide  121

20. E ffe c t of V ita m in  K  ■ 122

21. T im e  course of re ac tion  (a) 123

22. T im e  course of reac tion  (b) 124

23. Skin section counter stained fo llo w ing  incubation

showing the deposition of d ifo rm azan granules

in  the sebaceous gland 131

24. D is tr ib u tio n  of 3(3 HSD in  the sebaceous gland of

human sk in  141

25. D is tr ib u tio n  of 17/3 HSD in  the sebaceous gland of

human sk in  141

26. Rat sk in  showing 3(3 HSD a c tiv ity  in  sebaceous glands 153

27. Rat p re p u tia l gland showing 3j3 HSD a c tiv ity  154

28. Guinea p ig  l ip  sk in  section  showing 3/3 HSD a c tiv ity

in  the sebaceous glands 156

29. G e rb il g landu lar pad section before 159

30. and a fte r trea tm en t o f an im al w ith  testosterone 159

31. H am ster cos tove rteb ra l organ section before 162

32. and a fte r trea tm en t of an im al w ith  androgens 162

33. Section of human scalp sk in  showing 6/3 HSD a c tiv ity

only in  the sebaceous gland duct 177



LIST OF PUBLICATIONS ENCLOSED

L  M u ir ,  A . V . , Caim an, K . C . , Thomson, J , , MacSween, M . P . ,

M iln e , J .A . ,  C hakraborty , J . , and G rant, J . K . ,

H yd ro xys te ro id  Dehydrogenase A c t iv ity  in  Human Skin 

I  H is tochem ica l Techniques fo r  the D em onstra tion  of H yd roxys te ro id  

Dehydrogenase and a Method fo r  the Semi -quan tita tion  of 

Its  A c t iv ity .

B r .  J. D e rm ., ^  594, 1968

2. M u ir ,  A . V . , Caim an, K . C . , Thomson, J . , MacSween, M . P . ,

M iln e , J .A . ,  C hakraborty , J . , and G rant, J. K . ,

H yd ro xys te ro id  Dehydrogenase A c t iv ity  in  Human Skin 

n  F a c to rs  In fluenc ing  H ydroxys te ro id  Dehydrogenase A c t iv ity  in  

Sebaceous Glands o f Human Skin.

B r .  J. D e rm ., 80̂ , 652, 1968

3. Caim an, K .C . ,  M u ir ,  A . V . , M iln e , J .A . ,  and Young, H . ,

Survey o f the D is tr ib u tio n  of S tero id Dehydrogenases in  Sebaceous

Glands o f Human Skin.

B r ,  J . D e rm ., 1970 (in p ress)

4. M u ir ,  A . V . , Hodgins, M . B . , M ilne , J. A . , and Young, H , ,

The Presence of H yd roxys te ro id  Dehydrogenases in  M am m alian

Sebaceous S truc tu res ,

B r .  J. D e rm ., 1970 (in press)



»

CONVENTION FOR STEROID NOMENCLATURE

S tero id  N om enclature  used in  accordance w ith  lUPAC C om m ission 

on the Nom enclature of O rganic C hem is try  and lUPAC -  lU B  C om m ission 

on B iochem ica l.N om encla tu re , 1969.

CONVENTION FOR C ITING  REFERENCES

The ru le s  fo llow ed  of c it in g  re fe rences in  the b ib liog raphy  of the 

thes is  obey the ru les  of ISO Recommendation R4 accepted in  the Geneva 

M eeting o f Ju ly  1953 and stated in  W o rld  M edica l P e rio d ica ls  of the 

W o rld  M edica l A ssoc ia tio n  re p rin te d  in  1968.

References c ited  w ith in  the te x t of the thesis  give on ly the name 

of the au thor, o r the f i r s t  author in  the case of a pu b lica tion  having 

m u ltip le  authors and the year of pub lica tion .



ABBREVIATIONS USED

HSD

3j9-HSD

DHA

NAD

NADH

NADP

NADPH 

N itro  BT 

D M F

Testoste rone

O estrad io l

C ypro terone -  acetate 

PVP

D H A -8 0 ,
4

D ihy  d r  ot e s t  o s t  e r  o ne 

O e s tr io l 

Oestrone /

H yd roxys te ro id  dehydrogenase 
5

A  -3/3-H yd ro xys te ro id  dehydrogenase 

Dehydroepiandrosterone whose fu l l  name 

is  3j3 H ydroxy -  5 -and r o s ten -17 -one 

N ico tinam ide -adenine d inucleotide

(also known as DPN; D iphosphopyrid ine 

nucleotide)

Reduced fo rm  of NAD as above 

N icotinam ide-adenine d inucleotide phosphaté 

(also known as TP N : triphosphopyrid ine  

nucleotide)

Reduced fo rm  of NADP as above 

N itro  blue té tra z o liu m  

D im e thy l fo rm am ide  

17/3 H ydroxy -4  -andro sten -3 -one 

1, 3, 5 (10) O e s tra tr ie n e -3 , 17/3-diol 

6 -C h lo ro -17-a c e to x y - la , 2 a -m ethy lene-4, 

6 -pregnad iene- 3, 20-dione 

P o lyv in y lpy rro lid o ne  

D ehydroepiandrosterone su lfa te 

17/3 H ydroxy 5a androstan-3 -one 

1, 3, 5 (10)-O e s tra tr ie n -3 , 16a, l7 /3 -tr io l



10

Oestrone

A ndroste rone

Androstenedlone

A ndro stenedio l

Pregnenolone

P rogesterone

A ldoste rone

C ortisone

C o rtis o l

C o rticos te rone

D eoxycorticoste rone

E piandrosterone

Etiocholanolone

3-H yd ro xy -1, 3, 5 (10)-o e s tra tr ie n -1 7-one 

3 OL -H yd roxy  -  5 a ra n d ro s ta n -l 7 -one

4 -A nd ros ten -3 , 17-dione

3/3, 17/3 -D ihy d r oxy -  5 -and r o sten 

3/3 H ydroxy-5 -p regnan-20-one  

4 -P regnene-3 , 20-dione 

11/8, 21-D ih yd ro xy -3 , 20-d io xo -4 -pregnene-  

18-al

(Compound E) 17a 21-D ih yd ro xy -4 -pregnene-
' A '■ ' y  

3, 11, 20 -trione

(H ydrocortisone) (Compound F ) 11/3, 17a,

21 -T  r  ihy d r  oxy-4  -p r  e gnene -3 , 20-dione

(Compoimd B) llj3, 21-D ih yd ro xy -4 -pregnene-

3, 20-dione

(DOC) 21-H yd ro xy -4 -pregnene-3 , 20-dione

3/3 -H yd ro xy -5 a  -and r o stan-17 -one

3 a -H y  d r oxy -  5/3-andr o stan-17-one



IJ

GENERAL INTRODUCTION

In troduction

Skin, the la rg e s t s ing le organ of the human body covering  as i t  does 

a to ta l a rea o f 15000 sq. in . in  the adult human has, because of the techn ica l 

d if f ic u lt ie s  h ith e rto  associated w ith  w ork ing  w ith  th is  tissue , rece ived  

co m para tive ly  l i t t le  a tten tion  fro m  m edica l re sea rch  w o rke rs .

The sk in  is  composed o f va rious  components o r  p a rts  and is  made up 

o f many d iffe re n t populations o f ce lls . I t  can be subdivided in to the ep ide rm is  

and the d e rm is . The sk in  appendages a rise  fro m  the e p ide rm is  e m bryo lo g ica lly  

but l ie  in  the de rm a l la y e r . These appendages consist o f the pilosebaceous 

fo ll ic le  and the sweat glands and the apocrine glands, the la t te r  a r is in g  

e m bryo lo g ica lly  fro m  the pilosebaceous u n it. Below the ep ide rm is  and the 

d e rm is , which go to  make up the sk in , lie s  the subcutaneous tissue  through 

w hich the sk in  is  supplied w ith  nerves and blood vesse ls . D iffe re n t types of 

ce lls  a re  found in  the sk in . The ep ide rm is  is  made up o f squamous ce lls  w h ile  

in  the d e rm is  are found fib ro b la s ts  and collagen. The sebaceous gland ce lls  

a r is in g  as they do fro m  the e p id e rm is , are th e re fo re  m od ified  squamous ce lls . 

Sebaceous glands w ere f i r s t  described by E icho rn  in  1826. They are  

c h a ra c te r is tic  o f m am m als, d isp lay species d iffe rence  and although s tru c tu ra lly  

s im ila r ,  they show some degree o f va r ia tio n  over the surface of the body. 

Sebaceous gland develops e a rly  in  the em bryo (at -  4 months) as p a rt of the 

pilosebaceous u n it: i t  fo rm s  as the upper of two sw e llings which appear on the 

p o s te r io r  side of the h a ir  fo l l ic le .  T h is /
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T h is  sw e llin g  grows and develops in to  a sebaceous gland, whose duct 

opens ins ide  the pilosebaceous canal. Sebaceous glands which are  

fu n c tio n a lly  dorm ant in  the p repuberta l ch ild , become active  at the onset 

o f puberty and a re  found in  the adult to be d is tr ib u te d  throughout the area 

o f the sk in  except on the pa lm s of the hands and the soles of the fee t. They 

va ry  between the d iffe re n t reg ions of the body in  th e ir  s ize and num ber, 

but a re  found to  be la rg e s t and m ost num erous on the face and forehead.

The sebaceous glands o f the face are  la rg e  and m u ltia c in a r. They open 

e ith e r in to  a w ide ly  d ila ted  fo l l ic u la r  canal through a sh o rt duct, o r some 

on the face open d ire c tly  on to  the surface of the sk in . These ex tra  la rge  

sebaceous glands a re  ca lled  sebaceous fo llic le s  (K ligm an and Shelley 1958). 

L a rge  and num erous sebaceous glands a re  also found on the scalp so that 

the head reg ion  in  general is  p a r t ic u la r ly  r ic h ly  endowed w ith  sebaceous glands. 

To a le s s e r extent the upper back and chest reg ion  possesses la rge  sebaceous 

glands w h ile  over the rem a in de r of the body they are  much s m a lle r and less 

densely d is tr ib u te d  (Montagna 1963, Benfenati and B rü la n t i,  1939).

Sebaceous glands a re  ho locrine  usua lly  m u ltip le  ac ina r glands in  which 

the ce lls  show a cen tipe ta l en largem ent. The ce lls  tow ards the centre of the 

gland become laden w ith  l ip id  d rop le ts  and sw e ll im t il they become fragm ented 

and fo rm  the sebum which f i l l s  the lum en o f the gland and tra v e ls  out through 

the duct. The process of development which the sebaceous gland ce lls  undergo 

is  ca lled  "sebaceous d iffe re n tia tio n " .

T h e /
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The functions a ttr ib u te d  to sebum are many and m o s tly  speculative ?- 

ones as v e ry  l i t t le  o f its  b io log ica l s ign ificance is  known fo r  ce rta in . The 

uses assigned to i t  include a n tib a c te ria l and an tifunga l e ffec ts , in h ib itio n  of 

w a te r lo ss  and the im p lem enta tion  of b a r r ie r  function  (ICLigman in  Advances 

o f B io logy o f Skin, 1963). I t  has a lso been suggested,that i t  p lays a p a rt ' 

in  the synthesis o f V ita m in  D and also that i t  is  responsib le  fo r  that 

cho les te ro l synthesis which is  thought to occur in  the sk in  (B a illie , 1964).

What is  c e rta in  is  tha t sebaceous gland development and the secre tion  of 

sebum is  c lo se ly  re la te d  to  the androgenic m etabo lism  and sexual m a tu r ity  

of the in d iv id u a l. T h is  can be ascerta ined in  man where sebaceous glands 

a re  u nd iffe ren tia ted  and inactive  throughout childhood only to  begin grow ing 

ra p id ly  at the onset of puberty, th is  e ffect being accompanied by considerable 

increase  in  the amount o f sebum excreted on the sk lm su rface  (Strauss and 

P ochi, 1964), I t  can also be re fle c te d  in  the development o f specia l sebaceous 

s tru c tu re s  such as p re p u tia l gland in  ra t (Eb ling and Skinner, 1967) o r the 

te r r i to r ia l  m a rk in g  in  the g e rb il (Thiesspn 1968) which.develop fu lly  w ith  the 

onset o f sexual m a tu r ity  and are c le a r ly  associa ted  w ith  the androgenic 

horm ones. The function  o f the sebaceous .gland as the .ta rget organ of androgenic 

horm ones has aroused considerab le  intex^Bst:4n;>medical resea rch .

The nature o f the s tim u la tio n  which the sebaceous gland rece ives at 

puberty  is  not ve ry  w e ll understood, espec ia lly  in  the fem a le . In  the male 

sebaceous gland hyp e r f  unction has been established (H am ilton , 1941) fo r  the 

fo llo w in g  re aso n s :-

1./



1. P re p ub e rta l ind iv idu a ls , castra tes and eunaclioid m ales

do not develop acne o r seborrhoea.

2. I f  the above m entioned ind iv idua ls  are trea ted  w ith  la rge

doses o f testosterone they do develop acne (p rov id ing  

the p itu ita ry  gland is  in tac t).

3. N o rm a l m ales and fem ales when trea ted  w ith  la rg e  doses

o f testosterone m ay develop acne. (Strauss et a l. , 1962)

4 . A lso  the a d m in is tra tio n  o f testosterone to  no rm a l ra ts

produces a pronounced enlargem ent o f the sebaceous 

gland (Haskin et a l . , 1953).

I t  has in  fa c t often been suggested that acne v u lg a ris  m ay be associated 

w ith  excessive androgen p roduction , p a r t ic u la r ly  since acne les ions may 

re s u lt  fro m  the a d m in is tra tio n  of androgens. The exact causes of acne 

v u lg a ris  a re  s t i l l  fa r  fro m  c le a r but i t  is  accepted tha t sebaceous gland 

hype rfunc tion  o ccu rr in g  at the onset of puberty, may lead to  the development 

o f juven ile  acne vu lg a ris  (Vadasz and Debreczeni, 1966) and thus in  any 

cons ide ra tions as to  the causes and cure of acne one has to  approach v ia  a 

study o f the sebaceous gland. The attention of de rm a to log is ts  has long been 

d ire c te d  to  the obvious associa tion  between acne and pube rty . The fac t tha t 

acne is  absent in  eunochs fo llow ed by the observation  of the s tim u la tin g  e ffec t 

o f tes tosterone  on the sebaceous gland (Rony and Zakon, 1943) suggests a 

connection between the occurrence of acne and sebaceous gland a c tiv ity , when 

s tim u la ted  by androgens.

Sebaceous/



Sebaceous gland a c tiv ity  is  recognised to  be the re s u lt o f androgenic 

s tim u la tio n  in  the presence o f the p itu ita ry  (Eb ling, 1948, 1951, H am ilton ,

1941, 1947, Hooker and P fe iffe r , 1943, L a p ie re , 1953, Haskin et a l . , 1953 

e tc .) .  The p itu ita ry  m ust be p resent fo r  androgenic s tim u la tio n  o f the 

sebaceous gland to  take e ffec t. Hypophysectom ised ra ts  do not show any 

m arked changes in  sebaceous gland size o r sebum secre tion  a fte r trea tm en t 

w ith  tes toste rone , even given in  la rg e  amoimts (0. 2 m g/day fo r  3 weeks)

(Ebling, 1957). I t  has been suggested that the p itu ita ry  e ffects a p e rm iss ive  

action th rough a "sebo trop ic  fa c to r" .  (LorInez and Lancas te r, 1957). To 

consider the fu r th e r  im p lica tio n s  o f androgenic co n tro l o f sebaceous glands, 

i t  is  necessary to  d iscuss some of the known fac ts  about the androgens in  the 

context o f s te ro id  m etabo lism  in  genera l. F ig u re  I  sets out b r ie f ly  some of 

the m etabo lic  pathways o f the s te ro id  horm ones, th e ir  synthesis, tran s fo rm a tion  

and some o f the breakdown reactions  they undergo in  the body. The fig u re  

shows the m a jo r pathways which occur in  the adrena l gland, the te s tis  and the 

ova ry . The te s tis  and the ovary  are  responsib le  fo r  the synthesis of the 

androgens and the oestrogens, w h ile  the adrenal glands accounts fo r  the other 

s te ro id  d e riva tive s .

Testosterone was im p lica te d  f i r s t  as an agent capable of causing 

en largem ent o f sebaceous glands by Montagna in  1941. I t  is  testosterone, 

the m ost active  androgenic substance which is  s t i l l  considered o f fundamental 

im portance in  the observations rega rd ing  sebaceous gland a c t iv ity  and 

th e re fo re  in  the d iscussion  w hich fo llo w s , testosterone w i l l  be p r im a r i ly  

considered. In /



"to
tÜ

en

W
%

II r+*

MÎ o g
O QQ Xo

en

Xû

^  2
n

CL M

C a3

n o

II

II
i
I
i§

I
I
M-
Xù
B
S.
CQI
co

I
s

I
g*



in  the m ale  th is  horm one Is fo rm ed  by the te s tis  and th e re fo re  its  o r ig in s  

p resen t no p rob le m . In the fem ale however the sudden development of the 

sebaceous glands at puberty  rem a ins to be explained. B o th .dehydroepiandro-  

s te rone (DHA) and -  androstenedlone which a re  synthesised by the 

ad rena l glands a re  Imown to  be p re cu rso rs  of testosterone (Neher and 

W e tts te in , 1960, Kahut 1961). I t  is  thought that DHA o r dehydroepiandrosterone 

su lfa te  (DHA-SO^) (Korenm an and L ip se tt, 1961) is  converted to testosterone 

o r  te s to s te ron e “ g lucuron lde,

In  the m ale testosterone is  m a in ly  of te s tic u la r  o r ig in  and testosterone 

le v e ls  fa l l  a fte r  o rch iec tom y (Rosner and Conte 1966). In  the fem ale the 

source o f testosterone is , as mentioned e a r l ie r  not quite c le a r, but as 

some convers ion  o f -androstenedlone to testosterone occurs 

in  women, both these s te ro ids  m ust be considered. Some lig h t is  th row n 

on the sub ject o f androgen p roduction  in  women by cons ide ring  abnorm al 

s itu a tion s  such as a rise  in  h irs u tis m , which may be an accompanim ent of 

c e r ta in  a d re n oco rtica l o r ova rian  diseases. In  h irs u tis m  caused by the S te in-  

Leven tha l P o lycys tic  O vary Syndrome, one finds tha t 17-keto s te ro id  excre tion  

p a tte rn s  a re  not g re a tly  ra ise d  above no rm a l values (G oldzieher and A xe lro d , 

1962) w h ile  p lasm a and u r in a ry  testosterone le ve ls  a re  h ighe r than norm a l
4

{B a rd in  and L ip s e tt, 1967) and F u tte rw e it et a l. , (1964). P lasm a A -

androstenedlone leve ls  are also h igher than n o rm a l (Horton and N e is le r,
4

1968). Both testosterone and a  -  androstenedlone p roduction  ra tes are
4

increased  but less  a  -androstenedlone is  converted to  testosterone than in  

n o rm a l women. (B a rd in /



(B a rd in , Hem bree and L ip s e tt, 1968).

There  is  evidence tha t both the ovary and the adrenal gland act
4as source o f androgen in  th is  syndrom e as in  v it ro  synthesis of A  -  

androstenedlone and testosterone  fro m  various s te ro id  substra tes is  

g rea te r in  p o lycys tic  ovarian  tissue  than in  n o rm a l ovaries  (Jeffcoate et a l. , 

1968). Bavard et a l. , (1965) c la im  that there  are  no abnorm al pathways o f 

m etabo lism  in  the p o lycys tic  ovary but that the re su lta n t m an ifes ta tion  of 

h irs u tis m  is  due to an excess of ovarian  s trom a causing a sh ift in  the 

p a tte rn  of se c re to ry  products and a consequent excessive accum ulation of 

testosterone.

AH these considerations would exp la in  the d iffe rence  which is  found

between testosterone p roduction  ra tes  as m easured by u r in a ry  and blood

testoste rone . Mahesh and G reenblast (1959) dem onstrated a r is e  in  p lasm a

testosterone a fte r a d m in is tra tio n  of DHA. H orton  and T a it  (1958) showed
4

tha t in  fem ales a la rg e  p ro p o rtio n  of a  -androstenedlone is  converted into 

tes tosterone . The ro le  of DHA-SO^ in  pregnancy and its  s ign ificance  in  the 

p lasm a w i l l  be described m ore fu lly  under the specia l in tro d u c to ry  section 

dealing w ith  DHA-SO^.

The c o rre la tio n  between m etabo lic  clearance ra te  and the d ilu tio n  of 

in travenous ly  adm in is te red  labe lled  testosterone is  found to be good in  the 

m ale as would be expected in  v iew  of the d ire c t m etabo lic  synthesis of th is  

horm one in  the m a le , and i t  is  foimd to be bad in  the fem ale where as explained 

m ost o f the c irc u la tin g  testosterone o rig ina tes fro m  o ther s te ro id  compounds. 

T e s to s te ro n e /



Testosterone is  a lso fo rm e d  fro m  progesterone and 17oi~hydroxypregnenolone
4

(Slavinwhite and Samuels, 1956). In  the blood, testosterone and A -  

androstenedlone are  at e q u ilib r iu m . W hile  in  the male the re  is  m ore 

testosterone fo rm ed , in  the fem ale the re  is  m ore  A^ -androstenedlone.

T h is  expla ins the r is e  in  c irc u la tin g  androgens which occurs in  both m ales 

and fem ales at puberty  when the glands m ature g iv ing  r is e  to testosterone 

in  the m ale and oestrogens and progesterone (thus also testosterone) in  the 

fem ale .

The whole p rob lem  of androgen balance has only re ce n tly  become 

fu lly  understood since m odern methods fo r  m easuring  the leve ls  of testosterone 

in  p lasm a and u rine  have been developed. These methods include double 

isotope d ilu tio n  techniques (Dulm anis et al . ,  1964) and d ire c t assays using 

gas liq u id  chrom atography (F u tte rw e it et a l . , 1964). The accurate 

m easurem ents o f the amounts of testosterone in  p lasm a and u rin e  have given 

us new ins igh t in to  the m etabo lic  pathways of the androgens and th e ir  tra n s ­

fo rm a tion s  in  m ales and fem ales. The studies of H orton  and T a it (1966) fo r
4

instance have done much to  e lucidate the question o f a  -androstenedione-

testosterone conversions in  m ales and fem ales which by p rov in g  conc lus ive ly
4

the d e riva tio n  of testosterone in  the fem ale fro m  A  -androstenedione has 

expla ined the puberta l development of the sebaceous gland which has been 

m entioned above. There is  now evidence tha t androgens a re  produced 

d ire c tly  by the o va ries . Both androstenedione and testosterone are produced 

in  v it ro  by ova rian  homogenates (Bavard et a l . , 1965), In  overiec tom ized  

women, p lasm a testosterone leve ls  fa l l  (Lam b et a l . , 1964). I t /
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I t  can now be conc lus ive ly  stated tha t in  the fem ale ju s t as in  the male there  

occurs  at puberty  an increase in  c irc u la tin g  androgens, a r is in g  fro m  the 

ova ry  and fro m  the adrenal co rte x  which is now Imown to synthesise 

-androstenedione and testosterone (Kase and Kow al, 1962),

Besides these th ree  basic s ites : adrenal co rte x , te s tis  and ovary , 

i t  had been suggested tha t p e rip h e ra l tissues may also p lay a p a rt in  androgen 

m etabo lism . I t  was th e re fo re  an im po rtan t brealcthrough when in  1965/66 

B a il l ie  et a l . , dem onstrated the presence of hyd ro xys te ro id  dehydrogenases 

in  the sk in . T h is  dem onstra tion  was h is tochem ica l, but a t about the same 

tim e  Rongone (1966) showed tha t sk in  m etabolized testosterone i n v it ro
4

g iv ing  r is e  to  5Œ-a nd ro s ta n -3a - o l , 17-one, 5o!-androstan-3, 17-dione, a  -

androstenedione, and 5j3 -and r o stane -3 a - o l , 17-one, w h ile  Cam eron, 1966

and F a red in , 1967 presented evidence that sk in  can m etabolize  DHA in  v i t r o

w ith  the fo rm a tio n  o f seve ra l s te ro id s . F ig u re  2 il lu s tra te s  possib le

pathways of DHA m etabo lism  re su ltin g  in  the fo rm a tio n  of some s te ro id

compounds m entioned above.

V arious groups of w o rke rs  (Cook and L o r in c z , 1963, Julesz et a l. ,

1966, Dubovyi, 1967) t r ie d  to  show the presence of androgenic ste ro ids in

sk in  surface lip id s . Am ong the s te ro ids id e n tifie d  in  v it ro  studies
4 '

o f incubating sldn w ith  testosterone o r a  -androstenedione was 

d ihydro testosterone (Gomez and Hsia 1968). T h is  androgen ( 5 a -a n d r os ta n -  

l7 j3 -o l-3 -one) is  an in te re s tin g  compound which is  thought to  be the active 

androgen at the nuc lea r s ite  of action  in  ce rta in  ta rg e t tissues in  some species 

(Bruchovslcy and W ilson , 1968).

In /
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22.

In  connection w ith  th is  recent development in  androgen m etabolism , 

one may consider another disease which though ra re  p rov ides an in te re s tin g  

connection w ith  the study of the sk in . In  patients su ffe rin g  fro m  te s tic u la r  

fe m in iza tio n , the te s tis  can synthesize oestrogens and androgens in  v it ro  

when incubated w ith  s te ro id  p re cu rso rs  ( G r if f ith s , et a l . , 1963 ), P lasm a 

testosterone le ve ls  and testosterone production  ra tes  a re  in  the range of the 

no rm a l m ale (Southern et a l . , 1965). The testosterone is  apparently  ava ilab le  

to  the p e rip h e ra l ta rg e t organs since no abnorm al u r in a ry  androgens have 

been found a fte r  in jec tions  o f labe lled  testosterone (F rench et aL  , 1965, 1966),

I t  seems th e re fo re  tha t the defect in  th is  disease is  due to  an in a b ility  of 

ta rg e t tissues to respond to  androgen. Decreased convers ion  of testosterone 

to  d ihydro testoste rone in  some tissues of patients su ffe rin g  fro m  th is  disease 

has been shown in  v it ro  by N o rthcu tt et a l. , 1969, In  v it ro  studies invo lv ing  

the sk in  of these patients prov ide  fu r th e r  support fo r  th is  theo ry  (H e in rick  et a l . , 

1969, W ilson  and W a lke r, 1969), In  v ivo  studies by M auva is -J a rv is  (1969) 

p rov ide  evidence tha t no rm a l sk in  has a Soj-redudase responsib le  fo r  the 

convers ion  of testosterone to  d ihydro -tes tos te rone  and tha t th is  enzyme is  

absent in  pa tien ts w ith  te s t ic u la r  fem in iza tion .

Sebum production  in  patients w ith  th is  disease is  m uch lo w e r than in  

no rm a l ind iv idu a ls  (Gwinup et a l . , 1966) and i t  would seem tha t the sebaceous 

gland re fle c ts  the genera l la c k  of response to androgen s tim u la tio n  which 

cha rac te rises  th is  condition.

R esu lts  are accum ulating fro m  recent w o rk  m entioned above, that 

the sk in  p lays an active  p a rt in  s te ro id  m etabo lism . So fa r  there  is  no agree­

m ent as to the p rec ise  s ite  o f a c tiv ity  of s te ro id  m etabo lism  in  the skin . 

H is to ch e m ica l/
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H is tochem ica l w o rk  beginning w ith  the observations repo rte d  by B a illie  

e t a l. , and the investiga tions c a rr ie d  on fro m  the re  by th is  group of co­

w o rke rs , points to  the sebaceous gland as being th is  active  s ite . Gallegos 

and B e r lin e r  (1967) however in  th e ir  w o rk  on tissue  cu ltu re  of the de rm is  

have dem onstrated the presence o f A -3 ^ -o l-s te ro id  dehydrogenase 

(3jS HSD) system  a c tiv ity  in  L  -  929 fib ro b la s ts  in  tissue  cu ltu re , and they 

s tre ss  the im portance of fib ro b la s ts  in  s te ro id  b io tra n s fo rm a tion s  in  the sk in .

E ndocrine fa c to rs  have been loiown since a long  tim e  to regu la te  the 

size and the sebum producing a c t iv ity  of sebaceous glands. V arious groups 

o f inves tiga to rs  have c a rr ie d  out studies on the e ffec t o f s te ro id a l horm ones 

on the sk in  of man (Strauss and Pochi, 1963) and ra t  (Ebling, 1957) -  

T e s tic u la r  androgen has been unequivocally im p lica te d  in  the d ire c t s tim u la tio n  

o f sebaceous gland a c tiv ity . O rch iectom y leads to  reduction  o f sebaceous gland 

a c tiv ity  (Pochi and S trauss, 1963).

I t  has been estab lished tha t increase in  the ra te  of sebum secre tion  

is  achieved by the androgens by -

1. an increase in  c e ll d iv is io n  of sebaceous glands

2. an increase in  sebum synthesis w ith in  each

sebaceous c e ll.

In  con tras t to th is  oestrogens are found to  suppress sebaceous glands 

(Bullough and Laurence, 1960) and decrease sebum production  perhaps by 

inc reas ing  the tu rn o ve r ra te  of ce lls  o f the sebaceous gland.

T h e /
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The a d m in is tra tio n  o f testosterone causes an enlargem ent of the 

sebaceous glands, w h ile  the a d m in is tra tio n  of o es trad io l causes the 

sebaceous gland to decrease in  s ize . Simultaneous a d m in is tra tio n  of 

testosterone and o es trad io l has no o ve ra ll e ffect on the sebaceous glands 

and i t  is  thought that the re  is  no d ire c t antagonism  between oestrogens 

and androgens as to  th e ir  p e rip h e ra l e ffect on sebaceous glands. (Strauss, 

K lig m a n  and Pochi, 1962).

The e ffec t o f androgens on the sebaceous gland is  thought to be d ire c t 

because to p ica l app lica tion  leads to  a lo ca l response (D orfm an, 1961), As 

evidenced by the enlargem ent o f the sebaceous gland in  the mouse sk in  

fo llo w in g  lo c a l app lica tion  of testosterone (Lap ie re , 1953) as w e ll as increased 

sebum production  in  areas o f sk in  subjected to  lo ca l app lica tion  of testosterone 

in  man (Strauss et a l . , 1962).

Both oestrogens and antiandrogenic substances have been found in 

experim enta l system s to  in h ib it sebaceous gland a c tiv ity  (Strauss et a l. , 1969, 

Saunders and E b ling , 1969). P rogesterone does not seem to  have any e ffect 

on the sebaceous gland i f  adm in is te red  in  phys io log ica l amounts (Strauss 

and K ligm an , 1961). I f  adm in is te red  in  la rg e  amounts i t  does lead to  en la rge­

ment of the sebaceous glands. Th is  is  thought to be due p oss ib ly  to some 

m etabo lic  convers ion  to  androgens (Haskin et a l . , 1953).

A d re n a l s te ro ids  a re  thought to  have an add itiona l function  in  m ediating 

sebaceous gland a c tiv ity . Sebum production  decreases a fte r adrenolectom y. 

C ortisone and hyd roco rtisone  therapy increase sebum production , DHA is 

the adrenal s te ro id  horm one thought to  be p r in c ip a lly  invo lved in  s tim u la ting  

sebaceous gland a c tiv ity  (Pochi et a l . , 1963). T h e /
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4
The a d m in is tra tio n  of A  -androstenedione also re su lts  in  sebaceous 

gland s tim u la tio n  (Pochi and S trauss, 1969). C ortisone and hydrocortisone 

the rapy  increase  sebum production . M oreover o ther horm ones than the 

s te ro id s  a re  thought to  p lay  a ro le  in  the con tro l o f sebaceous gland function .

Rem oval o f the p itu ita ry  fro m  overiec tom ized  ra ts  re su lts  in  the 

a trophy of sebaceous glands. (Lasher et a l. , 1954). I t  is  th e re fo re  c le a r 

th a t the sebaceous glands a re  affected by horm ones. They are s tim u la ted  

by androgens (though not in  the absence of the p itu ita ry )  and inh ib ited  

by oestrogens. Simultaneous a d m in is tra tio n  o f androgens and oestrogens 

ind ica tes tha t they do not antagonise each o th e r's  action  (Strauss et a l . , 1962) 

suggesting tha t they have d iffe re n t modes of action  on the sebaceous gland.

W h ile  the m ost im po rta n t e ffec t o f androgens is  to  increase  c e ll p ro life ra tio n  and 

the  s ize of sebaceous ce lls  as w e ll as to decrease tu rn o ve r tim e , oestrogens 

reduce sebaceous gland vo lum e, seem ing ly by inc reas ing  tu rn o ve r tim e , but 

not by any e ffec t on m ito tic  d iv is io n  ra te . Androgens show no e ffec t in  

hypophysectom ized ra ts  w h ile  oestrogens are equally e ffec tive  in  in tac t, 

hypophysectom ized o r adrenolectom ized ra ts : th e ir  e ffec t is  independent of 

m ed ia tion  through the p itu ita ry , gonads and adrenals (E b ling , 1957).

I f  i t  is  assumed that acne is  re la ted  to an increased a c tiv ity  of the 

sebaceous gland, then the a d m in is tra tio n  of la rge  doses of androgens would 

be thought to provoke the development of acne -  which i t  does (Strauss et a l. , 

1962) w h ile  oestrogen trea tm e n t would be expected to  give r is e  to an 

im provem ent in  acne -  w hich in  fa c t is  repo rted  to happen (Ebling, 1967). 

H a sk in /



H askin  et a l . , suggested in  1953 tha t adolescent seborrhoea and acne 

in  the male is  caused by an excessive p roduction  of te s t ic u la r  androgens 

and in  the fem ale by androgens fro m  the adrena ls, H am ilton  (1941) 

presented evidence tha t androgen is  an inc itan t o f puberta l acne as 

p repube rta l subjects to whom testosterone was adm in is te red  in  la rge  

doses, develop acneform  erup tions. N o rm a lly , however, in  ind iv idua ls  

su ffe rin g  fro m  acne, one does not fin d  h ighe r blood testosterone le ve ls .

In  cons ide ring  the in fluence o f s te ro id  horm ones on sebaceous glands and on 

acne Kalz^ (1958) recognised the s tim u la ting  effects of androgens on sebaceous 

gland (H am ilton , 1941) and at the same tim e  repo rted  the successfu l re su lts  

o f testosterone therapy in  acne. He also described the poor re su lts  

obtained in  oestrogen therapy in  sp ite  of the fa c t tha t oestrogens cause atrophy 

o f the sebaceous gland (Eb ling, 1948).

And so although i t  is  com ing on to  th ir ty  years since the im portan t 

w o rk  of H am ilton  in  describ ing  the p a rt which androgens p lay in  acne 

(H am ilton, 1941) i t  is  only w ith in  the la s t few years  tha t an explanation seems 

to  become ava ilab le . Since the e luc ida tion  of the m etabo lic  pathways of the 

vast ne tw ork  of s te ro id  substances in  the human body and the recogn ition  of 

the im po rta n t ro le  played by hydroxys te r  oid dehydrogenases have come to 

lig h t, the re a lis a tio n  has grown tha t i t  is  w ith in  the sebaceous gland that we 

m ust lo ok  fo r  the e luc ida tion  of many p rob lem s. The answers to  such 

questions as the p e rip h e ra l tra n s fo rm a tio ns  of androgenic substances in  the 

c o rre la tio n  between horm onal action  and m etabo lic  a c t iv ity  and the search fo r  

a sensitive  te s t po in t fo r  androgenic a c tiv ity , may be found in  the understanding 

of the sebaceous gland.

T h e /



The connection w hich Is established between androgenic hormones 

and acne does not im p ly  tha t acne is  caused d ire c tly  by an excess of 

androgens. The cause of acne is  unknown. A l l  tha t can be said is  tha t 

androgens in  the presence of the p itu ita ry  s tim u la te  the sebaceous gland 

a c t iv ity . Sebaceous glands seem to  be the m a jo r s ite  o f b a c te ria l grow th 

on the sk in . (Evans et a l . , 1950). There  exists a hypothesis tha t at 

puberty  the h ighe r leve ls  o f c irc u la tin g  androgens appear to  cause fo ll ic u la r  

h yp e rke ra to s is  w hich re s u lts  in  the pilosebaceous duct becom ing blocked.

T h is  blockage sets up in  the duct anaerobic conditions su itab le  fo r  b a c te ria l 

development and th is  gives r is e  to the development of the acnefo rm  e rup tion ,

Strauss and Pochi (1965) studied the e ffect o f in je c tin g  l ip id  m a te r ia l 

taken fro m  the sk in  surface and fro m  comedones in to  human sk in  of scalp 

o r  back. F ro m  th e ir  studies i t  appears tha t sebaceous lip id s  gain ing 

access to  the d e rm is  e l l ic i t  a response s im ila r  to  tha t in  acne and m oreover 

fre e  fa tty  acids p lay  a m a jo r ro le  in  th is  response. When these authors 

in jec ted  fre s h ly  fo rm ed  sebum in to  the sk in  they got no response. When, 

how ever, they in jec ted  fre sh  sebum + fre e  fa tty  ac ids, the response of the 

sk in  resem b led  acne. A lthough sebum fre s l i ly  fo rm ed  by the sebaceous gland 

contains no fre e  fa tty  ac ids, these are fo rm ed  by the action  of b a c te ria l 

lipases on the sebum and the in je c tio n  o f C orynobacte rium  acnes into 

ke ra tinous cysts  in it ia l ly  devoid of fre e  fa tty  acids, induces an in fla m m a to ry  

re a c tio n  (N ico la ides and W e lls , 1957, Strauss and K ligm an , 1960). I t  may 

be tha t th is  accounts fo r  the fo rm a tio n  of an acneform  e rup tion  which im p lies  an 

absence of d ire c t c o rre la tio n  between androgenic s tim u la tio n  and acne, 

and may exp la in  why acne does not appear before puberty  and yet why in  acne 

patien ts  tes tosterone  le ve ls  are not necessa rily  h igher than in  no rm a l pa tien ts .

In /



In  recogn is ing  the im po rta n t p a rt played by androgens in  the a c tiv ity  

of the sebaceous gland, on ly the f i r s t  step is  accom plished. I t  is  now 

necessary to elucidate the m anner of the processes invo lved. And here 

many hypothesis have been put fo rw a rd . A lre a d y  in  1948 L e d e re r and 

M e rc ie r  examined the constituents of sk in  surface fa ts  in  the sheep w ith  

the v iew  of e luc ida ting  the nature  of the substances synthesised in  the 

sebaceous gland. In  1955 N ico la ides and Rothman thought tha t the sebaceous 

gland is  the m ain  s ite  of squalene synthesis, Fentenste in  et a l . , (1955) 

fa ile d  to  show the presence of P ro v ita m in  D in  the sk in  but o ther w o rke rs  

(Kandutsch and R usse ll, 1960) presented a strong  case fo r  the function  of 

the sebaceous gland in  the synthesis of V ita m in  D . G aylor and Sault (1964) 

suggested the fo rm a tio n  of 7 -dehyd ro -cho les te ro l in  the sk in . Skin is  Imown 

to  synthesise squalene and the m a in  s ite  of th is  synthesis is  the sebaceous 

gland (N ico la ides and Rothman, 1955). A  ce rta in  amount of th is  squalene 

is  converted to  s te ro l es te rs .

Squalene was f i r s t  shown to be an in te rm ed ia te  in  cho les te ro l synthesis 

by N ico la ides et a l. , (1955) in  human scalp sk in . Squalene is  hydroxy la ted 

and cyc lized  to  fo rm  la n o s te ro l, the f i r s t  s te ro l in  the synthetic  chain. 

Lano s te ro l synthesis is  thought to  be the same in  a ll o rgan ism s and a ll tissues 

but fu r th e r  m etabo lism  o f la n os te ro l is  thought to proceed along two 

a lte rn a tive  pathways. Both pathways lead to  the synthesis of cho les te ro l, 

one invo lv ing  saturated and the o ther unsaturated in te rm ed ia tes .

1. The B loch pathway (Bloch 1959) is  the m ost im po rtan t

pathway of synthesis in  the m am m al.

L a n o s te ro l ► Zym ostero l ► Desm osterol ► Cholesterol

2./
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2. The Kandutsch-Rus se ll pathway (I960) invo lves a se ries  of

reac tions  lead ing to  the fo rm a tio n  of ch o le s te ro l. I t  is  not 

a w id e ly  d is tr ib u te d  pathway of cho les te ro l synthesis but is  

thought to  occur in  some tissues (Kandutsch and R usse ll,
7

1960). The pathway involves the compomid a  -ch o le s te ro l 

w h ich by a sh ift o f the double bond to  the 5 p o s itio n  gives 

r is e  to  cho les te ro l; I t  is  thought tha t 7-d eh yd ro -cho le s te ro l 

w h ich  is  P ro v ita m in  D is  an in te rm ed ia te  in  th is  reac tion
O

(Schroepfer and F ra n tz , 1961) and the pathway is  the re fo re  

thought to  be invo lved in  V ita m in  D synthesis. T h is  hypothesis 

has re cen tly  been co rrobo ra ted  by the find ings of Ranschlcolb 

et a l. , 1969)

A lthough a  and h yd roxys te ro id  dehydrogenases w ere  dem onstrated by 

M arcus and T a la la y  in  m ic ro -o rg a n is m  as fa r  back as 1956 and insp ite  of 

the fa c t tha t W attenberg developed in  1958 a h is tochem ica l method fo r  

dem onstra ting  3 -h yd ro xys te ro id  dehydrogenase (3/3 HSD) in  tissue  sections, 

i t  was not t i l l  1966 tha t B a ill ie  et a l . , f i r s t  showed th is  enzyme to be present 

in  the sebaceous glands of human sk in . T h is  brea ldhrough led  to a vast f ie ld  

o f investiga tions by th is  and o ther g i’oups on the sk in  o f man and sm a lle r 

an im a ls  and both h is to lo g ica l and b iochem ica l methods came to  be used in  

subsequent w o rk  on the sub ject.

The im portance  of S(3 HSD in  s te ro id  m etabo lism  can be observed fro m  

look ing  at F ig u re  3. M a ny /
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F igu re  3 3jS HSD In pregnenolone-progesterone m etabo lism

HO

Pregnenolone 
3/3 Hydroxy-5-Pregnen-20-One

17q ! Hydroxypregnenolone

17o: 21 Dihydroxypregnenolone----------

11/3, 17oi, 21 Trihydroxypregnenolone

CH.

C = O

Progesterone 
4-Pregnene-3, 20-Dlone

17 a Hydroxyprogesterone 

1
17o! 21 Dihydroxyproge sterone

----------- ► 11/3, 17qi, 21 Trihydroxyprogesterone

[•3^ HSD]
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M any essen tia l reactions in  the m etabo lic  pathways lin la n g  adrenal s te ro ids 

w ith  androgens and oestrogens, reactions involved in  the synthesis, the 

in te rcO livers ions and in  the breakdown of s te ro id  substances are reactions 

in vo lv in g  th is  enzyme, (Kahnt, 1961) both in  ta rg e t organs and at p e rip h e ra l 

s ite s . F o llow ing  the h is tochem ica l dem onstra tion  o f 3/S HSD in  the sk in  by 

B a il l ie  e t a l . , (1966) Cam eron et a l. , (1966) showed in  experim ents invo lv ing  the 

incubation  of sk in  in  the presence of labe lled  DHA tha t la b e lled  testosterone 

was fo rm e d  and about the same tim e  H orton  and T a it  (1966) put fo rw a rd  the 

hypothesis th a t the sk in  constitu tes the possib le  s ite  o f androstenedione 

p roduction  and in te r  convers ion  w ith  testosterone.

Since then b iochem ica l resea rch  has brought to  l ig h t the presence of 

many m ore  s te ro id  substances in  the skin , some of which are  active  m etabolites 

such as tes tosterone , DHA, androstenedione and o thers w hich are com para­

t iv e ly  in a c tive , b yp ro d u c ts  such as androstand io l, etiocholanolone, 

ep iandrosterone, androsterone which suggests tha t sk in  is  ac tive  in  both 

anabolic and ka tabo lic  pathways of s te ro id  m etabo lism . M oreove r the re  is  

now evidence (Gomez and H sia , 1968) that testosterone can be m etabolized 

in  v it ro  by the sk in  to  give r is e  to  (see F igure  1) the active  product 5 a -  

androstan-17/8- o l -3 -one to  be the active androgenic p roduct, ra th e r than 

tes tosterone , at the ta rg e t organ s ite . T h is  convers ion  ind icates the presence

o f 5a -reductase  in  the sk in . Neonatal fo re s k in  was found to  be m ost
dihydrotestosterone  ̂ ^

m e ta b o lica lly  active  ana was found in  a h ighe r concentration

than any o ther m etabo lite  o f testosterone .

S ince /
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Since DHA-SO^ is  quan tita tive ly  one of the p redom inan tly  

c irc u la tin g  (protein-bound) s te ro id  su lfa tes, whose ro le  is  unknown except 

du ring  pregnancy, i t  may be thought to  be involved in  a re gu la to ry  m echanism  

of horm onal requ irem ents  to  sensitive  tissues. The s ite  o f such b io log ica l 

synthesis w hich would serve th is  im po rtan t re g u la to ry  function  is  n a tu ra lly  

o f g rea t in te re s t. B e r lin e r  et a l . , (1968) have studied in  tissue  cu ltu re  

experim ents , the fo rm a tio n  of DHA sulfa te and androstenedio l su lfa te in  the 

sk in  and they have shown tha t sk in  p a rtic ipa te s  a c tiv e ly  in  s te ro id  b io tra n s ­

fo rm a tio n s . They consider these b io trans fo rm a tions  to  occur in  the fib ro b la s ts .

K im  and Herm ann have described in  v it ro  m etabo lism  of DHA-SO in  some, ^

sam ples o f sk in  and they consider th is  se c re to ry  p roduct o f adrenal glands and 

ovaries  to constitu te  the p re c u rs o r o f b io lo g ica lly  active  androgens. I t  is  

d e fin ite ly  known tha t m ost of the c irc u la tin g  DHA is  in  the w a te r soluble 

D H A -su lfa te  fo rm  bound s tro n g ly  to  p ro te ins . The s ign ificance  of th is  in  

re la tio n sh ip  to androgen m etabo lism  in  general is  however luilmown. DHA-SO^ 

seems to  p lay an im po rtan t ro le  only during  pregnancy. I t  is  thought that 

su lfa tase m igh t p lay  a p a rt in  the regu la tion  of the androgen m etabolism s in  

ta rg e t tissues  by changing the p ropo rtions  of fre e  and conjugated s te ro ids , 

W a rre n  et a l . , (1967) however, fin d  no s te ro id  su lfa tase a c tiv ity  in  the human 

sk in .

The im portance of androgens in  connections w ith  the sebaceous glands 

has been established, the fin d in g  tha t 3/3 HSD is  p resen t in  the sebaceous gland 

and consequent investiga tions in to  the m etabo lic  reac tions  which th is  enzyme 

con tro ls  has been shown. In te r  conve rs ion /
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In te rc o n v e rs io n  of hyd roxy l and ketone groups were among the f i r s t  

described m etabo lic  tra n s fo rm a tio n s  of s te ro ids in  an im al tissues and 

m ic ro -o rg a n is m s .

C hem ica lly  some HSD enzymes were iso la ted  and p u r if ie d  fro m  

m ic ro -o rg a n ism s  (Ta la lay , 1953, 1956) and k in e tic  studies were c a rr ie d  

out to  a sce rta in  the substra te  s p e c if ic ity , fa c to rs  in fluencing  reac tion  

e q u ilib ia  and the ve lo c ity  of the reac tion  as a function  of substra te  s tru c tu re  

and concentra tion  (Ta la lay, 1957),

F ro m  1958 when W attenberg made h is to lo g ica l lo ca liza tio n  of the 

reac tion  possib le  in  tissue  sections, as w i l l  be described  la te r ,  d is tr ib u tio n  

o f va rious h yd roxys te ro id  dehydrogenases in  an im al tissues was established. 

W attenberg (1958) showed the presence in  a tissue  section  of 3/3 HSD,

Pearson and Gros6 (1959) 3a and 17/3 HSD Balogh (1964) 20a HSD, B a illie  

et a l. , (1965, 1966) 6/3, 11/3, 12a, 16a, 16/3 and 20/3 HSD. C e rta in  of these 

enzymes have so fa r  p o o rly  defined b iochem ica l ro le s  and although th e ir  

lo ca liza tio n  in  a tissue  can be dem onstrated;the irpresence is  som etim es 

d if f ic u lt  to in te rp re t. Am ong the HSD enzymes lis te d  above some, such as 

3/3 HSD have a w e ll recognised pos itio n  in  an established b iochem ica l pathway 

(such as in  DHA m etabo lism  shown in  F igu re  4) and th e re fo re  the dem onstra tion 

of its  presence in  a p a r t ic u la r  tissue  leads to  possib le  in te rp re ta tio n  of its  

s ign ificance  the re . Reactions cata lysed by dehydrogenases in te r  converting  

hyd ro xy l and ketone groups of s te ro id  tra n s fo rm a tio n s  w ere among the 

e a r lie s t to be studied in  m ic ro -o rg a n ism s  and in  an im al tissues (L iebe rm ann  

and Te ich , 1953). 3/3 HSD/



F ig u re  4 3(3 HSD in  DHA m etabo lism

3p,np D l h y d r o 3 s y - 5 - A n d r o B t e n

OHH O

D H A

3 g  H y d r o x y - 5 - A n d r o B t e n - 1 7 - O n 0

S a  H y d r o g e n n a e

5 a - A n d r o B t a n - 3 , 1 7  D i o n e  

3  C a r b o n y l  H y d r o g e n a e e

4 - A n d r o B t e n - 3 , 1 7 - D l o n e

O HO H

HO'"'H O
T e s t o a t e r o n cAndroBtendiol A n d r o s t e r o n e
1 7 g  H y d r o x y - 4 - A n d r o 8 t e n - 3 - O n e  

[•3^  H S D ]

3 a - H y d r o x y - 5 a -  

A n d r o  Btan - 1 7  - O n e
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3/3 HSD was f i r s t  iso la ted  and p u r if ie d  in  m ic ro -o rg a n ism s  (Ta la lay and 

Dobson, 1953) „

T h is  re a c tio n  invo lves two separate enzym atic steps: a p r im a ry  

ox ida tion  of the hyd roxy l group by a p y rid in e  nucleotide United hyd ro xy­

s te ro id  dehydrogenase p ro p e r, fo llow ed by a rearrangem en t of the double 

bond, th is  iso m é risa tio n  being catalysed by an enzym atic p ro te in  d is tin c t 

f ro m  the ox id is in g  enzyme (see F igu re  5). The isom erase has been p u rifie d  

f ro m  m ic ro -o rg a n is m s . I t  is  a ve ry  active  enzyme, showing no spec ific  

CO-enzyme o r m eta l requ irem en t. I t  has a lso been id e n tifie d  in  m am m alian  

tis su e : adrena l, ovary, te s tis , l iv e r  and sk in . The re ac tio n  catalysed by 

the isom erase  is  thought to  consist of a d ire c t tra n s fe r o f hydrogen fro m

C4 to  C6 (T u r f i t t ,  1946). I t  is  a /re ve rs ib le  reac tio n  and th is  accounts fo r
4

the s ta b ility  o f the a  -3 -ke to  s te ro ids  which gives r is e  to  the o ve ra ll 

i r r e v e r s ib i l i t y  o f the two step oxidation. I t  is  a lso the lin ld n g  of the 3(3 HSD 

w ith  the isom erase  which causes the s p e c ific ity  of th is  enzyme to its  substrate, 

as com pared to  o ther dehydrogenases which are much less  sub s tra te - 

sp e c ific . (M arcus and T a la lay , 1955).

K in e tic  studies c a rr ie d  out on a  and /3 h yd ro xys te ro id  dehydrogenases 

to  de te rm ine  the substra te  s p e c ific ity  fa c to rs  in fluenc ing  reac tion  e q u ilib r ia  

and the v e lo c ity  o f oxida tion  as a function  o f substra te  s tru c tu re  and 

concen tra tion , have shown the M ichae lis  constants to  be among the low est 

fo r  any enzyme in  substra te  in te ra c tio n  and the a ff in it ie s  fo r  spec ific  s te ro ids 

to  be v e ry  h igh . T h u s /



F ig u re  5 Enzymes involved in  the h is tochem ica l method described

R

Formazan 
(Insoluble dye)NAD (NADP)

NAD oxide-reductaseHO

NADH(NADPH) Tétrazolium salt 
(Soluble)

Isomerase

O
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Thus the s treng th  o f in te ra c tio n  between s te ro ids  and the corresponding 

dehydrogenases is  ve ry  sens itive  to  sm a ll changes in  s te ro id  s tru c tu re  

(Ta la lay , 1957).

I t  appeared in  the e a rly  investiga tions of HSD reactions  tha t NAD 

is  invo lved . When NAD was added to HSD reactions the ra te  o f reac tion  

was m arked ly  increased. The addition of n ico tinam ide  as an in h ib ito r  of 

the nucleotidase produced the same e ffect. I t  was th e re fo re  ascerta ined 

tha t NAD is  invo lved in  the re ac tio n  and i t  is  now known tha t i t  is  an essentia l 

co-enzym e which is  invo lved in  the oxidation as H acceptor (Samuels et a l . , 

1951),

+
NAD(P) NAD(P)H

The H atoms are tra n s fe rre d  fro m  the oxida tion  reac tion  by the re s p ira to ry  

co-enzym e NAD, in  a stepwise process by a se ries  o f ox ida tive  reductions 

w ith  oxygen acting as the te rm in a l acceptor in  v ivo . Many o f the enzymes 

such as HSD which a re  involved in  b io lo g ica l oxidations a re  m itochon d ria l. 

S tero id  dehydrogenases are  lin ke d  w ith  NAD in  the ox ida tive  pathways, though 

some re q u ire  the phosphorylated nucleotide NADP. 3(3 HSD is  thought to  be 

NAD-dependant In  m ost cases.

T h e /
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The studies e luc ida ting  the nature and k in e tics  o f the enzyme are 

o f a b iochem ica l na ture . O ther considerations invo lved in  the e luc ida tion  

o f the m etabo lic  and b io lo g ica l s ign ificance  o f an enzyme can be approached 

by other means of observations and among them  h is tochem ica l techniques.

The recog n ition  of the presence and s ign ificance of 3j3 HSD in  the sk in  is  a 

good example of the way in  which severa l paths of investiga tions lead to  a 

w o rk ing  hypothesis .

V arious approaches to  h is tochem ica l investiga tions are  poss ib le .

There are  the c la ss ica l methods o f h is to lo g ica l techniques based on co lour 

reac tions , and s ta in ing  methods. These m ic ro scop ic  techniques em ploying 

chem ical methods depend on the d ire c t observation  of an inso lub le  product 

o f a m ic ro -c h e m ic a l reac tion  between the substance whose d is tr ib u tio n  is  

being investiga ted  and a su itab le  reagent. The reagent used m ust be spec ific  

and the re ac tio n  between i t  and the substance being investiga ted m ust re s u lt 

in  a stable p roduct which can be v isua lised  (G lick, 1949).

These techniques a lso re q u ire  the p re p a ra tio n  o f sections which can be 

studied under the m icroscope and which m ust be th in  and a llow  as l i t t le  

a lte ra tio n  o f the constituent investigated as is  poss ib le . The im portan t 

considera tions w hich a rise  in  these methods a re  th e re fo re  the p repa ra tion  

of su itab le expe rim en ta l m a te r ia l, the choice o f f ix a tiv e  and of reagent used. 

H o lt and O 'S u llivan  described in  1958 the p r in c ip le s  of cytochem ica l 

s ta in ing  methods and at the same tim e  an ana lys is o f frozen  section techniques 

was presented by T ho rnbu ry  (1957) in  the context of enzym ic h is to logy .

T h e /



The development of h is tochem ica l procedure is  re fle c te d  in  the change fro m  

fixe d  sections to fre sh  fro ze n  sections which has made possib le  fro m  the 

e a r l ie r  detection of a substance present in  a tissue , to  the m ore 

soph istica ted studies dem onstra ting  the presence of an enzyme. The 

development of the c ryos ta t fro m  a m icro tom e by L in d e rs tro m -L a n g  in  

the la te  th ir t ie s  led  to  the considerations of tem pera tu re  e ffect of tissue  

p repa ra tions  by Scott in  the e a r ly  fo r t ie s  (Scott, 1943), The technique of 

sudden cooling to low  tem pera tu res  by using so lid  carbon dioxide o r liq u id  

n itrogen , overcam e the fo rm a tio n  of c ry s ta llin e  ice  which m ight occur 

causing damage to c e llu la r  s tru c tu re . In the development of the best method 

fo r  p re p a rin g  sections to be used in  enzym ic studies by h is tochem ica l 

techniques, the im po rtan t c r i te r ia  were necessa rily  the m axim um  p rese rva tio n  

of in tac t c e ll s tru c tu re s  and the m in im um  chem ical change in  the tissue .

W ith  the development of m odern c ryos ta t equipment, these aim s are 

s a tis fa c to r ily  achieved.

W hereas c la ss ica l methods of h is to ch e m is try  based on sta in ing  

procedures a llowed the lo ca liza tio n  of va rious substra tes in  the c e ll (such as 

fa ts  by d iffe re n tia l s ta in ing  w ith  the Sudan dye) the m odern techniques of 

tissue  section p repara tions led  on to  enzym atic w o rk  and so a llowed 

b iochem ica l studies to  be undertaken by h is tochem ica l methods. These 

methods include h is tochem ica l investiga tions in  tissue  sections on m icroscope 

s lides (G lick , 1949) o r enzym atic de term inations on tissue  sections fo llow ed 

by e lu tion  in  v iew  of de te rm in ing  o r m easuring one of the p a rtic ip a n t products 

on the re ac tio n . I t  can a lso be extended to  the use of m odern iso top ic  

techniques and to autorad iography.

T h e /
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The trem endous p rog ress  achieved in  h is tochem ica l methods over 

the recen t yea rs  has made possib le  the vast developments as applied to 

c e ll b io logy. To m ention but a few of the techniques developed w ith in  

the la s t two decades, one m ay consider spectrophotom etry , e lec tron  

m ic ro sco py , fluorescence m ic roscopy, m anom etric  methods in  m easure­

m ent o f c e ll re s p ira tio n  (C hay en and Denby, 1968). L o w ry  (1954, 1957) 

described  genera l a n a ly tica l procedures and too ls  fo r  quantita tive  

h is toch e m ica l studies on the enzyme m easurem ents of the b ra in . The methods 

he developed a re  f lu o r im e tr ic  m easurem ents of p y rid in e  nucleotides and 

these w i l l  be considered m ore  fu l ly  under the specia l in tro d u c to ry  sub­

section .

Burstone (1960) used f lu o r im e tr ic  techniques fo r  the dem onstra tion 

o f enzymes and th is  h is tochem ica l method has also been applied to  the 

study o f sebaceous glands.

W ith in  recen t years  the re  has been an increased app lica tion  o f the 

techniques o f b io ch e m is try  and biophysics to  h is tochem ica l a lloca tion  of 

enzymes and re a c tive  groups w ith in  the in tra c e llu la r  fra m e w o rk . In  the 

a ttem pts to  lo ca liz e  en zym ica lly  active  s ites in  tissue  sections, the coupling 

o f the enzym ic re a c tio n  to  a v is ib le  in d ica to r system  has been adopted.

Since W attenberg in  1958 used a hydrogen acceptor to fo llo w  the course of 

hyd ro xys te ro id  dehydrogenations, a grea t deal of h is tochem ica l w o rk  has been 

done in  th is  f ie ld .  H is tochem ica l techniques w hich a llow  the lo ca liza tio n  

o f the s ite  to  enzym ic reac tion  in  a tissue  section depend on the fo rm a tio n  of 

a v is ib le  i .e .  co loured, inso lub le  product in  the course of the enzym ic 

incubation of a tissue  section. I f /
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I f  the section  Is Incubated under su itab le conditions (of pH, tem pera tu re ) 

in  the presence o f the substra te  spec ific  to the enzyme im der investiga tion , 

w ith  the add ition  of the necessary co -fa c to rs , (N icotinam ide Adenine 

D inucleotide) the enzym ic reac tion  can be so coupled to  an in d ica to r-sys te m  

tha t the presence of the p a r t ic u la r  enzyme in  the section  en ta ils  the 

deposition o f the in d ica to r dye at the s ite  of the re ac tio n . In  th is  way 

W attenberg (1958) coupled the oxidation of the 3/3 hydroxy group on the s te ro id  

m olecule to  the reduction  of a té tra zo liu m  sa lt, thus m aking the lo ca liza tio n  

o f the re a c tio n  possib le  in  tissue  sections.

HO V /  NAD %% jy  Form azan
(insoluble dye)

D iaphorase

NADH /  \  T é tra zo liu m  sa lt
(soluble)

The value o f té tra z o liu m  sa lts  as agents fo r  dem onstra ting  dehydro­

genase a c t iv ity  has been fu lly  established (B lack, 1953) and its  im p lica tio n s  

w i l l  be fu lly  described  under the specia l in troduction  subsection. Am ong 

th is  group of te tra zo le s , n itro  blue té tra zo liu m  (N itro  BT) was found to  be 

an idea l reagent fo r  h is tochem ica l purposes (Nachlas, 1957),
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The requ irem en ts  fo r  a su itab le h is tochem ica l in d ica to r include 

the ra p id  fo rm a tio n  of good p igm ent qua lity  w ith  low  s o lu b ility  in  aqueous 

so lu tions and these requ irem en ts  are  m et by N itro  B T .

The reduced fo rm  of N itro  BT has m arked subs ta n tiv ity  fo r  p ro te in  

(Dawson et a l . , 1969). I t  is  deposited in  d is tin c t d a rk  blue granu les, eas ily  

id e n tif ie d  on m ic ro sco p ic  exam ination. N itro  BT is  w id e ly  used fo r  the 

cy tochem ica l lo ca liza tio n  o f dehydrogenase system s (Naclilas et a l . , 1958).

In  p r in c ip a l its  function  in  the h is tochem ica l re ac tio n  is  dem onstrated in  

F ig u re  5. M ost dehydrogenase system s are  NAD-dependant and the reox ida tion  

o f the NADH re s u ltin g  f ro m  the dehydrogenase re a c tio n  in  the presence of the 

NADH diaphorase, is  coupled to  the reduction  of N itro  B T .

The m easurem ent of the 3j9 HSD a c tiv ity  o f a tissue  section could 

th e o re tic a lly  be approached fro m  two angles -

1, D ire c t m easurem ent of enzym ic re a c tio n  by de te rm in ing  

the amount of substra te  used, p roduct fo rm ed , o r co-enzym e reduced 

e .g . f lu o r im e tr ic  m easurem ents of p y rid in e  nucleotides (Low ry , 1954).

2. Coupling o f the enzym ic reac tion  th rough a diaphorase 

system  and de te rm in in g  the amount of fo rm azan produced. Th is  

could be done by e lu tio n  techniques fo llow ed by spectrophotom etric  

s tud ies. I t  could a lte rn a tiv e ly  be attem pted by co im ting procedures 

o f the g ra n u la r deposit o f fo rm azan in  the sections by such methods 

as m ic ro  dens itom etry  (Stuart and B itenslqr, 1969).

Both these methods w i l l  be considered m ore  fu lly  under the appropria te  sub­

sections.

I t /
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I t  is  th e re fo re  poss ib le  to  d iv ide the methods of approach to 

enzym ic stud ies on the sebaceous glands and the chem ica l processes which 

occu r in  sebum fo rm a tio n , in to  two m ain categories -

(a) Study o f su rface  l ip id  and sebum such as the g ra v im e tr ic  

m easurem ents of Strauss et a l. , (1961) o r the quantita tive  d e te r­

m ina tions  of surface l ip id  constituents (Rothman 1964) as w e ll as 

enzym atic  de te rm ina tions  of surface lip id s  (Cook and L o rin c z , 1963).

(b) Study o f sebum w ith in  the pilosebaceous s tru c tu re  and 

w ith in  the ce lls  of the sebaceous gland. T h is  approach would u tilis e  

h is to ch em ica l techniques to  lo ca lize  and id e n tify  d iffe re n t substances 

and enzym es.

Both these methods could also be considered fro m  the b iochem ica l angle 

and w ith  the use of active isotopes and m odern chrom atograph ic  techn iques, 

the id e n tif ica tio n  of compounds w ith in  the gland and on the surface o f the sk in  

could be achieved.

In  re a lity  a ll these methods of approach are  necessary to  elucidate the 

p ro b le m  of s te ro id  tra n s fo rm a tio n s  in  the sk in , and i t  m ust be rem em bered 

tha t in  developing a h is tochem ica l method fo r  the detection of 3^ HSD in  the 

sebaceous glands o f the sk in  one is  not so lv ing , but a t le a s t approaching the 

m ore  im p o rta n t cons ide ra tion  of s te ro id  m etabo lism  in  one o f the ta rg e t tissues.

Such studies in  man are lim ite d , on e th ica l grounds, to ve ry  general 

in q u ir ie s . The search fo r  an experim enta l an im al is  im p o rta n t as i t  would 

a llo w  m ore  advanced experim en ta l t r ia ls  on to p ica l and system ic  effects 

o f s te ro ids  on the m etabo lic  p a tte rn  in  a ta rge t organ. In /



I n  accordance w ith  the need fo r  such an experim enta l sub ject, investiga tions 

in to  th is  p o s s ib ility  are  de ta iled  in  the appropria te  section.

In  a ll cases h is tochem ica l investiga tions can at m ost ind icate an

approach to m ore  fundam ental studies of b iochem ica l na tu re , invo lv ing

iso top ic  tra c e rs  to e lucidate the exact na ture  of the products o f the enzym ic

reactions  s ited  in a given tissue , H is tochem ica l investiga tions do however

a llow  ra p id  screen ing  and p rov ide  a ready method fo r  s it in g  and es tim a ting

an enzym atic re ac tio n . They a lso a llow  survey ing  on a la rg e  scale, the

d is tr ib u tio n  o f such a reac tion  in  d iffe re n t tissues o r d iffe re n t ind iv idua ls ,

as w e ll as fo rm in g  a p re lim in a ry  in q u iry  in to  abnorm al s itua tions such as

occur under c e rta in  m etabo lic  d iso rd e rs . They p rov ide  a lso a suitable

screen ing method fo r  studying in  v it ro  substrates which are  suspected of

p a rtic ip a tin g  in  o r  on the co n tra ry  in h ib itin g  the enzym ic reaction , as fo r

example in  the investiga tions o f DHA-SO described at the end of these
4

expe rim en ta l stud ies, o r antiandrogens mentioned at the beginning. Such 

investiga tions as the screen ing of antiandrogens by h is tochem ica l methods, 

a re  o f course s t r ic t ly  l im ite d  to  the p o s s ib ilit ie s  of in  v it ro  experim ents as 

the on ly c e rta in  c r ite r io n  o f an ti-a n d rog e n ic ity , is  a bioassay.



PURPOSE OF RESEARCH

The a im  of the w o rk  described in  th is  thes is  was at the outset:

1. To im prove  and quantitate the h is tochem ica l technique 

used in  d e te rm in ing  HSD a c tiv ity  in  the sebaceous glands of skin , 

and to reduce the quantities of substances used in  the incubating 

m edium  in  such a way as to  a llow  fo r  a m ic ro -h is to ch e m ica l 

technique which i t  was hoped would lead to g rea te r p re c is io n ,

to  loss  of waste and to  reduction  of amounts of expensive s te ro id  

substra tes often used.

2. To fin d  a method of es tim a ting  the re s u lts  of the 

h is tochem ica l reac tion  and thus to a llow  quantita tive  com parisons 

o f HSD a c tiv ity  in  d iffe re n t sk in  sam ples,

3. To  co lle c t enough data on HSD a c tiv ity  in  the sebaceous 

glands of sk in  taken fro m  various s ites  in  ind iv idua ls  of both 

sexes and a ll age groups, to  enable a survey of HSD d is tr ib u tio n  

to  be established,

■ 4, To fin d  a su itab le experim enta l an im al showing HSD 

a c tiv ity  in  the sebaceous glands of sk in  o r specia l organs which 

would a llow  fu r th e r  h is tochem ica l and b iochem ica l studies 

invo lv in g  the use of s te ro ids  and isotopes tha t a re  im possib le  

to  c a r ry  out in  human subjects fo r  e th ica l and m ed ica l reasons.
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INTRO DUCTION TO THE EX P E R IM E N TA L WORK

H is to c lie m ica l Methods

H is tochem ica l methods w ere f i r s t  used to estab lish  the presence 

of 3/3 HSD in  m am m alian  tissues by Sammuels et a l . , (1951) and 

W attenberg (1958). T h is  same method which consists of coupling the 

oxida tion  re ac tio n  to  the reduction  of a té tra z o liu m  sa lt re s u ltin g  in  the 

fo rm a tio n  of a co loured insolub le fo rm azan which can be loca lised  in  a 

h is to lo g ica l section, was applied by B a illie  et a l. , (1965) to  sections of

human sldn in  which the presence of 3/3 HSD was shown to be loca lized  in  

the sebaceous glands.

In  the course of the w o rk  described in  th is  thes is  the purpose was 

to estab lish  the op tim um  conditions and m in im um  quantities in  the 

s tandard isa tion  of the h is tochem ica l technique, as w e ll as to in troduce 

some m ethod of quantita tion of the enzyme a c tiv ity  reac tio n .

P re incuba tion  Techniques

U nfixed frozen  sections were used fo r  enzyme h is to ch e m is try  because 

they w ere h ig h ly  active and re a d ily  p repared. The c ryo s ta t shown in  

F ig u re  6 consists o f a m ic ro tom e  enclosed in  a re fr ig e ra te d  cham ber. The 

c ryo s ta t was devised by L in d e rs tro m -L a n g , K . , and M orgensen, K . R . , 

(1938). A n /
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Figure 6 The cryostat, showing knife, slide and a

sample of skin mounted on chuck



An ana lys is  of frozen  section techniques was made by Thornburg , W , , 

and M engers, P . E , , (1957) who ascerta ined optim um  conditions fo r  

cu tting  th in  sections fro m  im fixed  frozen  tissues.

In  past w o rk  on s te ro id  dehydrogenase lo ca lisa tio n  i t  was noted 

by Fuhrm ann (1961) that hydroxy s te ro id  dehydrogenases are  sensitive  to 

many o f the w ide ly  used la b o ra to ry  fixa tive s  such as m e rc u r ic  ch lo ride  

and osm ium  te tro x id e . T he re fo re  B a illie  et a l . , (1965, 1966) used unfixed 

frozen  tissues and va rious methods of achieving ra p id  fre e z in g  were 

investiga ted. The one which was adopted was fre e z in g  of sm a ll sk in  blocks 

in  so lid  carbon d ioxide (dry ice ). Th is  method overcom es the r is k  of ice 

c ry s ta l a rte fa c t.

In  general, unfixed frozen  sections m ainta ined on s lides are favoured 

fo r  the dem onstra tion  of enzymes of the dehydrogenase system . The 

fre e z in g  and thaw ing encountered in  the p repa ra tion  of frozen  sections may 

however d is ru p t the m orpho log ica l in te g r ity  of the specim ens p a r t ic u la r ly  

when studied at the cy to log ica l le ve l, but th is  p rob lem  is  overcom e by using 

th in  tissue  sections and exposing them  to  ra p id  fre e z in g  procedure at low  

tem pera tu res in  liq u id  n itrogen  o r on so lid  carbon d ioxide (so lid  CO^ ) known 

as ’d ry  ic e ’ .

Incubation Techniques

The h is tochem ica l reac tion  depends on the hydrogen ion exchange 

illu s tra te d  in  F igu re  5. NAD acts as the in te rm ed ia te  hydrogen c a r r ie r  

and i t  is  an essentia l co -fa c to r (Beyer and Samuels, 1956). In  the presence 

o f the s te ro id  base, i f  the corresponding s te ro id  dehydrogenase is p resent 

in  the tissue  section, th e /



the hydrogen is  tra n s fe rre d  fro m  the hydroxy group on the s te ro id  

m olecule to  the NAD m olecule  causing the reduction  of the la t te r  to 

reduced n ico tinam ide  adenine d inucleotide (NADH), In  some cases 

NADP is  thought to be the in te rm ed ia te  hydrogen c a r r ie r  in  the ox ido- 

reduction  chain which is  set up ra th e r than NAD. Some HSD enzymes are 

NAD dependant, e .g . SjB HSD and 20/3 HSD. O ther HSD enzymes are 

NADP dependant such as 20a HSD, There are a lso some hydroxy s te ro id  

dehydrogenases which use e ith e r NAD o r NADP, fo r  example 3a or 

17/3 HSD (H urlock  and T a la lay , 1959, Jarabak et a l . , 1962, Balogh, 1964).

B io lo g ica l ox ida tion  reduction  reactions constitu te  the m echanism  

by which hydrogen atoms o r e lectrons are tra n s fe rre d  fro m  one m olecule 

to another in  a l iv in g  c e ll. Reactions of th is  type which are  catalysed by 

enzymes are  re la te d  to synthetic  and degradative p rocesses. M ost 

e nzym a tica lly  catalysed oxida tion  reactions are dehydrogenations o r 

tra n s fe rs  of e lec trons fro m  the substrate to the e lec tron  acceptor. The 

hydrogen atom s o r e lec trons are tra n s fe rre d  by means of in te rm ed ia te  

compoimds such as flav ine  adenine d inucleotide (FAD) and NAD (and NADP) 

(M eh le r, 1957).

S te ro id  dehydrogenases are NAD-United dehydrogenases. The 

enzyme cata lyses the d ire c t tra n s fe r fro m  substra te  to the f i r s t  hydrogen 

acceptor w hich is  NAD.

The m echanism  of action of th is  enzyme was f i r s t  studied by T a la lay , 

P . ,  and Wang, V .S . , (1955).

Two pathways were proposed (one by Slaunwhite and Samuels, 1956 

and the o the r by Neher and W ettste in , 1960) and are  illu s tra te d  in  F igure  7.
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F ig u re  7 The two pathways proposed fo r  the conversion
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of A -3 ke to -s te ro id s  to A -3j8 a lcohols
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Two enzymes are involved: a dehydrogenase (S^-dehydrogenase) 

and an isom erase , ca ta lys ing  the iso m é risa tio n  of keto s te ro id

to  the correspond ing  a ,  ^  -  nnsaturated ketone. W attenberg, L . W , , (1958) 

described a h is tochem ica l technique fo r  the dem onstra tion  of s te ro id  

3jS-ol dehydrogenase which em ploys NAD in  con jim ction w ith  e ith e r n it r o -  

te tra z o liu m  o r  n itro  blue té tra z o liu m  (N itro  BT). Subsequently the 

technique was m od ified  by A lle n , (1960) who used a substra te  so lu tion  

conta in ing the fo llo w in g :-

0. 01 M  DI-IA

10 m g, NAD

0.1 M  Phosphate bu ffe r pH 7 .5 , 8, 0 m l.

0.3 M K C N  pH 7 .5 , 5 .0 m l.

3. 5 mg. N itro  BT

and w a te r to  make a to ta l volum e of 30 m l.

B lue té tra z o liu m  and néo té trazo lium  were used by va rious w orkers  

(Nachlas, 1957, 1958, B a il l ie ,  1965, 1966) in  the h is tochem ica l dem onstra tion 

of s te ro id  dehydrogenases but n itro  BT was f in a lly  adopted by th is  group 

(B a illie  et a l . , 1966) as being m ost su itab le .

The fa c t tha t té tra z o liu m  sa lts  have a low  redox po ten tia l (-0 . 08 vo lts) 

makes them  sensitive  ind ica to rs  of reducing enzyme system s in  tissues. 

E sse n tia lly  the h is tochem ica l app lica tion  of té tra zo liu m  sa lts  depends on the 

fac t tha t in  the unreduced fo rm , the dye is  soluble and when reduced i t  

is  inso lub le  and co loured (F igure  5). The reduced dye is  deposited at the 

s ite  of the enzym ic reac tion  and makes lo ca lisa tio n  of the enzyme possib le .

A n /



An ideal te tra zo le  h is tochem ica l substrate should posses the 

fo llo w in g  c h a ra c te r is tic s  : -

1. Ready reduction  to the fo rinazan  and res is tance  

to  oxida tion  by m o lecu la r oxygen back to the te tra zo le .

2. Strong a ttra c tio n  fo r  hydrogen o r  e lectrons 

lib e ra te d  fro m  the substra te  so that a tm ospheric oxygen 

does not act as a s ig n ifica n t com pe tito r.

3. P roduction  of a fo rm azan of good p igm ent qua lity  

and low  s o lu b ility .

N itro  BT possesses the above qua lities  to  a gaeat extent and is  thus 

of g rea t value in  enzyme h is to ch e m is try .

Nachlas (1958) noted the s u p e rio r ity  of n itro  BT over o ther 

té tra z o liu m  sa lts , p rev io u s ly  used, in  that i t  a llow ed the cytochem ica l 

v isu a lisa tio n  of s ites on enzym atic a c tiv ity  in  the tissue  sections a fte r a 

re la tiv e ly  sh o rt incubation pe riod . N itro  B T : 2, 2’ d i-p -n it ro  pheny-5,

5 '"d ip hen y l-3 , 3 ’ -d ite tra z o liu m  ch lo ride .

N-N N -N

/ \ , f c r “ CI4: ,
— N __  ___ N—N

CH-OA ) (  V0CH3

y
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T h is  d ite tra zo le  was synthesised in  1956 by Tsou (Tsou et a l . , 1956).

The tra n s fo rm a tio n  of the te tra zo le  to  its  correspond ing fo rm azan occurs 

through a r in g  opening.

2 E - )  A
f 7 Ç N -!-H Cl'
N"™N"“R “(2H -h 2E ) |\j

+or ^

T h is  app lica tion  of té tra z o liu m  sa lts  as b iochem ica l reagents and 

m ore  de ta iled  considera tion  of the va rious aspects o f the enzym atic 

reduction  of té tra z o liu m  sa lts , were studied by B lack  et a l . , (1953). K iv y r  

Rosenberg et a l . , (1955) re po rte d  on the app lica tion  of té tra z o liu m  sa lts  

as in d ica to rs  of changes in  tissue  m etabo lism  du ring  functiona l a c tiv ity .

The reactions o ccu rr in g  during  a h is tochem ica l incubation in  which an 

e nzym a tica lly  active  tissue  section is  exposed to the incubating m edium  

conta in ing s te ro id  substra te , NAD co-enzym e and n itro  BT can be sub­

d iv ided in to  two p a rts  (See F igure  5 ):-

1./



1. Hydrogen tra n s fe r fro m  the hyd roxy l group of 

the s te ro id  to NAD m ediated by 3/3 HSD and re s u ltin g  in  the 

p roduction  of a keto group on the s te ro id  m olecule  and the 

fo rm a tio n  of NADH.

2. A fu r th e r  H tra n s fe r fro m  the NADH to  n itro  BT 

re s u ltin g  in  the a) reox ida tion  of NADH to NAD and b) the 

deposition  of blue d ifo rm azan granules.

T h is  reac tio n , the reduction  of the té tra z o liu m  sa lt to  its  insoluble 

co loured p roduct, w ith  the oxidation of NADH back to NAD is catalysed 

by a d iaphorase (See F ig u re  5). The diaphorase is  a w ide ly  d is tr ib u te d  

enzyme in  a ll tissues.

A lle n  (1959, 1960) studied the h is tochem ica l lo ca lisa tio n  of NAD 

diaphorase and also 3(3 HSD a c tiv ity  in  the adrenal co rtex  of the mouse. The 

dem onstra tion  of the presence of the diaphorase in  sk in  sections in  the 

presence of NADH and N itro  BT is  used as a genera l co n tro l in  the 

h is tochem ica l w o rk . Its  presence is an ind ica tion  tha t the la t te r  p a rt of the 

h is tochem ica l dem onstra tion  illu s tra te d  in  F igu re  5 is  poss ib le . NAD 

diaphorase is  found in  the sebaceous gland as w e ll as in  the surround ing 

connective tissu e  in  the sk in . Its  d is tr ib u tio n  in  a sk in  section is  illu s tra te d  

in  F ig u re  8 which shows the re s u lt of an incubation of a section in the 

presence of NADH and n itro  B T , by the h is tochem ica l method described 

in  the expe rim en ta l section. T h is /



Figure 8 Skin section showing diaphorase activity after

incubation with NADH
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T h is  w ide ly  d is tr ib u te d  enzyme a llows the h is tochem ica l dem onstra tion 

of other NAD linked  enzymes in  tissues as w e ll as the s te ro id  dehydro­

genases in  the sebaceous glands of skin. The use of the NADH con tro l 

is  th e re fo re  a check on the N A D H -N itro  BT hydrogen tra n s fe r  reac tion  

(Naclilas, 1958). I f  a te s t incubation in  the presence of a s te ro id  

substra te , NAD co-enzym e and n itro  BT as e lec tron  acceptor, gives a 

negative re s u lt i .e .  no reduction  of n itro  B T , has occu rred  and yet the 

diaphorase con tro l w ith  n itro  BT and NADH is  po s itive , one can be sure 

tha t the negative re s u lt in  the te s t incubation is  not due to  the absence of 

the diaphorase but to the absence of the HSD in  the tissue  section (see 

F ig u re  5).

The im po rtan t po in t is that the re  is  l i t t le  p o s s ib ility  tha t the a c tiv ity  

o f NAD-diaphorase is  a l im it in g  fa c to r in  the study of 3/3 HSD in  the sk in .

Quan tita tion

The p rob lem s encom itered in  a ttem pting to quantitate the h is tochem ica l 

method of es tim a ting  hyd roxys te ro id  dehydrogenase a re  m a in ly  : -

1. D iffe re n t size of d ifo rm azan granules deposited 

in  the sebaceous glands.

2. D iffe re n t foca l leve ls  at which the granules are 

deposited.

3. The uneven d is tr ib u tio n  of the granules in  the 

sebaceous glands.

T h e /
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The d iffe re n t size of granules is  probab ly due to th e ir  supe r-  

im po s ition  at one spot, o r to in tra c e llu la r  conditions a ffec ting  c ry s ta l 

grow th.

T h ree  types of dye stuffs are Imown to re s u lt fro m  h is tochem ica l 

reac tions  : -

1. Dyes amorphous in  appearance such as n itro  B T .

2. Dyes which are in it ia l ly  amorphous but 

subsequently c ry s ta llis e .

3. Dyes which are c ry s ta llin e  in  pa tte rn  such 

as the s im p le  fo rm azan dyes.

The fo rm a tio n  of a p re c ip ita te  occurs by the incep tion  of subm icroscop ic 

p a rtic le s  of the reac tion  product and the grow th of g ra ins  by aggregation 

o f these p a rt ic le s .

The dyes are  he ld  w ith in  the tissue  section by chem ica l com bination 

w ith  tissue  p ro te in s  by phys ica l fo rce s , such as hydrogen -  bondings o r 

by m echanica l means whereby the insolub le p igm ent p a rtic le s  are  held in  

the section.

A cco rd in g  to  H o lt and O 'Sullivan, an enzyme h is tochem ica l s ta in ing  

re ac tio n  may be ind icated as fo llow s -

enzym atic "cap tu re  re a c tio n " inso l.
Substrate --------------------- s ta in  p r e c u r s o r ----------------------------------s ta in , ppt.

re ac tion  w ith  developing o r dye
agent

T h e /



The sk in  sections a re  as th in  as i t  is  possib le  to cut them  w ithout 

b reak ing  them  up (about 8/i) and gTanule deposition occurs m a in ly  on 

the surface of the section in  contact w ith  the incubating m edium , but 

some granules a re  deposited deeper w ith in  the section, th is  becoming 

apparent when one focuses on the sebaceous gland w ith  the h igh power of 

the m icroscope. I t  makes granule counting d if f ic u lt  and constitu tes 

serious disadvantage in  quantita ting methods.

In  1967 when th is  section of the w o rk  was being c a rr ie d  out in  our 

la b o ra to ry  in  an e ffo rt to estab lish  a method of quantita ting  the h is to ­

chem ical re ac tio n  evolved fo r  HSD estim ations, the m ic rodens itom e te r 

apparatus ava ilab le  was inadequate fo r  the reasons stated p rev iou s ly . 

Since then how ever, a scanning and in teg ra ting  m icroscope has been 

b u ilt  sp e c ia lly  w ith  such an a im  in  view  by the group co m pris in g  of 

D r .  Chayen et a l. , (1969) who have used i t  to de te rm ine  the amount of

the inso lub le  co lou r reac tio n  produced by lysosom al and by m itochond ria l 

enzymes. The le ve l of detection which they have achieved by the method 

of m ic ro d e n s ito m e try  fo r  the detection of the inso lub le  co lou r reac tion  

produced by lysosom al and by m itochond ria l enzymes, is  of the o rde r of 

10 X 10 ^^g. o r le ss . Th is  new equipment overcom es the shortcom ings

w hich led us to abandon th is  method two years e a r l ie r  on the o lde r type of 

equipment, and m a in ly  the p rob lem  of inhomogeneous d ispe rs ion . W ith  

th is  im proved  scanning and in te g ra tin g  m icroscope, i t  would be possib le  

to  envisage qu ick and accurate estim ations of granule deposition in  the 

sebaceous glands of sk in  and com parisons of such estim ations between 

d iffe re n t sk in  sam ples. T h e /



The m ethod appears re lia b le  and its  great advantage is  independence 

fro m  the in d iv idu a l o b se rve r's  estim ation .

Chayen's group show good c o rre la tio n  between re la tiv e  absorption 

and section th ickness data w hich when p lo tted  give them  a lin e a r  increase 

o f re la tiv e  absorp tion  w ith  section th ic lm ess w h ile  re la tiv e  absorp tion  

p lo tted  against t im e  of incubation leve ls  o ff tow ards a m axim um  value of 

absorp tion .

G ranule deposition in  the sebaceous gland is  uneven as shown in  

F ig u re  9, Sebaceous glands show g rea te r a c tiv ity  around the pe rip h e ry  

than in  the centre  and hence depending on the le ve l a t w hich the gland is 

sectioned, the re la tiv e  density of the granules d if fe rs , h i the g landular 

a c in i, the c e lls  show a cen trip e ta l enlargem ent, those in  the centre being 

la rg e  and often m isshappen and m orib im d, w h ile  the ce lls  on the outer 

p e rip h e ry  are  und iffe ren tia ted  and resem ble those o f the ep ide rm is  in 

appearance. These ce lls  are  the m ost active  in  the sebaceous gland. 

Sebaceous d iffe re n tia tio n  denotes the accum ulation of l ip id  d rop le ts  in  ce lls . 

A t the com ple tion  o f d iffe re n tia tio n , the ce lls  at the centre  of the sebaceous 

gland become fragm ented and fo rm  the sebum. As i t  is  the ce lls  on the 

p e rip h e ry  o f the sebaceous gland which are m ost ac tive , the h is tochem ica l 

method fo r  dem onstra ting  enzym atic a c tiv ity  re su lts  in  g rea test granule 

deposition in  the area of these ce lls . To compare the a c tiv ity  of two 

d iffe re n t sk in  sam ples, one would e ithe r re q u ire  to take sections at exactly  

the same le ve l of the sebaceous gland in  both sk in  sam ples, which is  

im p ra c tic a l, o r one would need to make counts in  a la rge  number of sections 

o f sebaceous glands in  the areas considered and to subject these to 

s ta tis tic a l te s ts .

T h e /
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Figure 9 Diagrammatic representation of 3(3 HSD distribution in
the sebaceous gland 

(traced with the aid of Wild M20 microscope)
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The method (W ild  M20 m icroscope) used in  sem iquantita ting  

the h is tochem ica l reac tio n  is  th e re fo re  lim ite d  to  com parisons between 

counts of consecutive sections in  studies of the e ffect of co -fa c to rs  

(such as Mg) o r in h ib ito rs  (such as antiandrogens, cyproterone and 

cyproterone acetate) on the enzym ic reaction .

In  th is  l im ite d  capacity the method is usefu l, ra p id  and s im p le .

I t  p rov ides a functiona l system  fo r  screen ing la rg e  amounts of m a te r ia l 

as w e ll as constitu ting  an exce llen t p re lim in a ry  Investiga tion  in to  m ore 

de ta iled  b iochem ica l and phys ica l estim ations and m easurem ents of the 

f in a l p roducts of the enzyme reactions involved.

F lu o r im e tr ic  Studies

In  the 3/3 HSD dependant enzym ic reaction  in  which NAD is an 

essentia l c o -fa c to r, the amount of NADH produced (F ig u ré  5) is  p ro p o r­

tio n a l to  the amount of enzym ic change. I n  m easuring the amount of 

NADH fo rm ed  one may th e re fo re  determ ine the enzym ic a c tiv ity  of the 

tissue  sam ple (L o w ry , 1954), These experim ents cons is t in  m easuring 

the amount of NADH produced du ring  a two hour incubation of sk in  

sections in  the presence of a s te ro id  base and NAD. Of course other 

enzymes besides s te ro id  dehydrogenases w il l  be expected to be present in 

the tissue , many of which are NAD dependant also and would the re fo re  

a lso lead to  the fo rm a tio n  of NADH. I t  can be expected tha t a ce rta in  

amount of NADH w il l  be produced fro m  NAD n o rm a lly  p resent in  the 

tissue  and co m pe titive ly  used by other NAD dependant enzymes. T hese /



These fa c to rs  however can be accounted fo r  by the use of double con tro ls

(a) no s te ro id  (b) no NAD in  the incubation m edium , besides the basic 

con tro l of no rm a l incubation contain ing no skin  sections.

Th is  method of es tim a tion  of enzyme a c t iv ity  in  tissue  sections 

is  by no means fo o lp roo f. I t  is in  effect an in d ire c t es tim a tion , 

m easuring  only one of the products of the re ac tio n  and m oreove r a 

product which is not confined to  th is  reac tion  alone. NAD and NADH 

interchanges occur w ide ly  in  m etabolic processes and not only other 

enzymes but also back-reac tions  in  the s te ro id  processes can account 

fo r  e ith e r p roduction  o r disappearance of the NADH fo rm ed . The method 

can only be said to  be rough ly  ind ica tive  of the amount of s te ro id  dehydro­

genase a c tiv ity  pe r ce rta in  weight of skin , i f  one d iscom its the value of the 

co n tro ls . And even then i t  would re q u ire  a much g re a te r invo lvem ent 

in to  tissue  fra c tio n a tio n  and enzyme p u r ific a tio n  to estab lish  th is  

method as a quantita tive  too l in  HSD studies than can poss ib ly  be undertaken 

in  the lim ite d  conditions of equipment, m a te ria ls  and tim e  in  th is  p ro je c t.

I t  is  thought that m ore  elaborate studies in  th is  f ie ld  w ith in  the 

fu tu re  would give good quantita tive  re su lts  and so ju s t ify  the d ig ress ion  

fro m  the o therw ise  h is tochem ica l nature of these studies. A separate 

p ro je c t invo lv ing  tissue  fra c tio n a tio n , enzyme separation and p u rific a tio n  

by d ia lys is  and o ther methods, poss ib ly  preceded by d issection  of sebaceous 

glands leading to such w o rk  would appear to be w o rthw h ile .

S u rvey/



Survey of D istribution

A survey of the d is tr ib u tio n  of s te ro id  dehydrogenases in  sebaceous 

glands of human sk in  was c a rr ie d  out w ith  respect to 3(3, 16^ and 17/3 HSD, 

the find ings of th is  survey being repo rted  in  the enclosed pub lica tion  

(Hef: Caim an, M u ir ,  M ilne  and Young, In  press (1970) ), In  p a rt ic u la r  

the d is tr ib u tio n  of 3/3 HSD a c tiv ity  was considered in  the context of th is  

thes is .

Prewashing Technique

In  the course of the survey of 3(3 HSD in  the sk in , some sk in  

samples gave r is e  to pos itive  co n tro ls . I t  was thought tha t th is  may a rise  

due to the presence of endogenous s te ro ids in high enough concentrations 

to  give r is e  to  an enzym atic reac tion  in  the sebaceous gland ce lls  of the 

sections. In sk in  sam ples in  which th is  occu rred , the incubation was 

repeated (both te s t and con tro l) on fre sh  sections which were b r ie f ly  

r in se d  in  phosphate bu ffe r p r io r  to  being covered w ith  the incubation m edium . 

Th is  method was found to be successful in  g iv ing  r is e  to  c le a r negative 

con tro ls  w h ile  the te s t sections (incubated in  the presence of s te ro id  base in 

the incubating medium) s t i l l  gave pos itive  re s u lts .

In tro d u c tio n /
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Introduction to Animal Experim ents

In  studies lin k in g  the e ffects of androgenic substances w ith  sebaceous 

gland a c tiv ity , the a v a ila b ility  of a suitable experim enta l an im al would 

be of g rea t advantage. I t  is  fo r  th is  reason that in te re s t has been grow ing 

re ce n tly  in  the sk in  of ra t (Ebling, 1957) ham ster (Takayasu, 1969) and 

g e rb il (Thlessen, 1968) and other sm a ll la b o ra to ry  an im a ls . The 

investiga tions  w hich are described invo lv ing  a se ries  of sm a ll an im als 

(mouse, ra t,  guinea p ig , g e rb il and ham ster) w ere undertaken w ith  the 

purpose of f in d in g  su itab le  m a te r ia l fo r  h is tochem ica l studies on the e ffect 

o f androgenic and an ti-androgen ic  substances in  sebaceous glands. Besides 

the no rm a l sk in  of these an im als , specia l sebaceous s tru c tu re s  were 

considered whenever poss ib le . These included the p re im tia l gland of the 

ra t,  the te r r i to r ia l  m a rk in g  of the g e rb il and the co s to ve rte b ra l organ 

of the S yrian  ham ste r. Basic h is tochem ica l techniques p rev io u s ly  

described  fo r  human sk in  were applied. Where these fa ile d  to give good 

re s u lts , experim ents were designed to m odify the basic technique in  va ry in g  

the conditions of incubation in  an e ffo rt to  dem onstrate the presence of 

HSD in  the s im p le  sebaceous glands associated w ith  body h a irs  of the an im al 

skins as w e ll as in  specia l sebaceous s tru c tu re s  such as the te r r i to r ia l  

m a rk in g  in  the g e rb il, the p re p u tia l gland in  the ra t and the cos tove rteb ra l 

organ in  the ham ste r.

Special A n im a l Studies 
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65.

G e rb il

The M ongolian G erb il (M eriones im gulcu la tiis) is  a sm a ll rodent 

weighing about 70 -  90 g. and showing a m id ve n tra l, orange, fu s ifo rm  

pad constitu ting  the te r r i t o r ia l  m a rk ing  (F igure  10). T h is  pad consists 

of sk in  v e ry  r ic h  in  sebaceous gland. In  a shaved an im al i t  is  c le a r ly  

d is tingu ishab le  fro m  the su rround ing  area (see F igu re  10 ) in  the d iffe re n t 

co lou r and te x tu re  o f h a ir  fro m  that covering  the re s t of the a n im a l’ s 

body. The sebaceous gland pad is  about 0. 2 cm . th ic k  and 3 cm. long in  

an adult m a le , and about h a lf tha t size in  the fem ale .

Th lessen (1968) et a l. , have investigated the e ffects of testosterone 

on the sebaceous gland pad of the g e rb il w h ile  Glenn and Gray (1965) had 

studied the development of the sebaceous gland pad a fte r s tim u la tion  w ith  

seve ra l s te ro id  horm ones. M itc h e ll (1965) described  the effects of 

ca s tra tio n  on the te r r i to r ia l  gland pad of the g e rb il. A l l  these investiga tions 

a re  however m a in ly  concerned w ith  m orpho log ica l e ffects and the b io log ica l 

s ign ificance  of the sebaceous gland pad in the g e rb il.

In  th is  p ro je c t I  set out to  combine the phys io log ica l and m orpho log ica l 

observations w ith  h is tochem ica l studies in to the nature of the sebaceous gland 

pad and the e ffec t on i t  of androgens. The m orpho log ica l changes brought 

about by trea tm e n t of adult m ale g e rb ils  w ith  b io lo g ica lly  active  androgens 

is  considered in  th e ir  e ffect on the size and appearance on the sebaceous 

gland patch. A lso  the appearance and size of the ind iv idua l sebaceous glands 

in  re la tio n  to th e ir  p o s itio n  in  the de rm is  is  considered as w e ll as the 

h is tochem ica l a c tiv ity  and the presence of va rious s te ro id  dehydrogenases.

T h e /



Figure 10 The Mongolian gerbil (Meriones unguiculatus) with shaved

abdomen showing centrally situated glandular pad
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The g e rb il is  a sm a ll an im al and ve ry  su itab le  as an experim enta l 

sub ject. In  the even tua lity  of the sebaceous gland pad showing sk in  r ic h  

in  sebaceous glands and i f  in  h is tochem ica l w o rk  th is  sk in  proves su itab le , 

one can envisage a se ries  of in te re s tin g  experim ents w ith  the v iew  of 

e luc ida ting  the in te ra c tio n  between s te ro id  m etabo lism  and sebaceous 

gland a c tiv ity .

I f ,  as is  supposed, the re  is  a d ire c t c o rre la tio n  between the 

development of acne and the presence of g rea te r amounts of active  andro ­

gens at the onset of puberty , (in the human) then i t  would be of in te re s t 

to  observe the e ffec t on the sebaceous glands of an excess of active  

androgens. In  the event of a state resem b ling  acne being induced i t  would 

be of in te re s t to  apply possib le  counterm easures. These studies would 

also a llow  the com parison of the e ffec t of testosterone and oestrad io l on 

the sebaceous gland a c tiv ity .

I t  is  thought tha t the development of the g landu la r pad in  the g e rb il 

is  re la te d  to  the sexual m a tu r ity  o f the an im al. T h is  is  borne out by the fa c t 

tha t the sebaceous gland pad a tta ins its  g reatest s ize in  the adult m ale . In 

studies on the g e rb ils  actual size o r weight increase in  the gland pad is 

considered as m easurem ent of fim ctiona l a c tiv ity . I t  is  repo rte d  (M yles, 

Glenn and G rey, 1965) tha t response to testosterone is  dose re la ted , and 

not a lte re d  by sim ultaneous a d m in is tra tio n  of o ther s te ro id  horm ones. 

H yd rocortisone  and ACTH a d m in is tra tio n  shows no e ffec t w h ile  testosterone, 

oes trad io l and progesterone s tim u la te  the development o f the sebaceous 

gland pad.

In /



In  the experim ents c a rr ie d  out on the g e rb ils , i t  was the re fo re  

envisaged in it ia l ly  to  study the phys io log ica l and h is tochem ica l e ffects of 

the a d m in is tra tio n  of two s te ro id  horm ones: testosterone and o e s trad io l,

independently and s im u ltaneously .

The e ffect of androgenic s te ro ids  on the Syrian ham ste r sebaceous glands

The cos to ve rte b ra l glands of the S yrian  ham ste r p rov ide  suitable 

m a te r ia l fo r  investiga tions of the m etabo lism  of a m odel sebaceous gland. 

Both m ales and fem ales of the species possess a p a ir  of sym m e tr ica l 

d o r8a lly  s ituated glands d a rke r in  co lour and ea s ily  d iffe re n tia te d  fro m  

the surround ing  sk in . The an im als are  shaved to p rov ide  b e tte r exposure 

in  the area of these glands and in  top ica l app lica tion  of a substance, one of 

the glands can be used as te s t w h ile  the other is  kept im trea ted  as co n tro l. 

H am ilton  and Montagna (1950) and Takayasu and Ada ch i (1969) have studied 

horm ona l co n tro l of the m etabo lism  of ham ster sebaceous gland but, as in  

g e rb il studies by o ther inves tiga to rs , these re p o rts  concern m a in ly  the size 

and sebum secre tion  of the glands. In  the w o rk  undertaken in  th is  p ro je c t,

I  was concerned m ore  w ith  the e ffec t o f va rious androgenic s te ro ids  on the 

enzyme a c tiv ity  in  the sebaceous glands and in  p a r t ic u la r  3(3 HSD and the 

im p lica tio n s  of these e ffec ts .

lodoaceta te /
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lodoacetate T r ia ls

H a irs  show an in tense 'b lue fo rm azan s ta in  in  the bulbs of h a irs  

extending up to  the h a ir  shaft (F igu re  11). In  a ttem pting  to quantitate the 

h is tochem ica l reac tion  by means o f the m ic ro de n s itom e te r o r the use of 

spectropho tom etric  techniques, one comes up against the p rob lem  of the 

strong  co lou r development in  the h a ir  shaft of the pilosebaceous u n it.

Th is  co lou r development which occurs during  the h is tochem ica l incubation 

described e a r l ie r  is  not associated w ith  the enzym ic re ac tio n  studied. 

Reduction of n itro  BT to  fo rm azan is  caused by two separate reactions:

(1) Specific enzyme reduction  of n itro  BT m ediated by HSD and NADH 

diaphorase (2) Nonenzym atic reduction  of n itro  BT d ire c tly  by s u lf liy d ry l -  

r ic h  h a ir  ro o ts  can be shown to occur in con tro l solutions, conta in ing only 

n itro  BT and b u ffe r. Th is  non-enzym atic reduction  of n itro  BT can be 

blocked by p re tre a tm e n t o f h a irs  in  0,1 M . N -e th y l m a le im ide  and 0. 01 M . 

iodoacetate. (M u lle r and W inkelm ann, 1969).

I t  would be advantageous fo r  the purposes of h is tochem ica l in ve s t­

igations on the sk in , fo r  reasons described above, i f  the non-enzym ic 

s ta in ing  of the h a ir  shaft could be rem oved w ithout in h ib itin g  the HSD enzyme 

in  the sebaceous gland ce lls . F o r th is  purpose a se ries  of p re-incuba tions  

o f sk in  sections in  iodoacetate at d iffe re n t tim e  in te rv a ls  was set up in  

an a ttem pt to b lock  the non-enzym atic reac tion  of the h a ir  shaft w ithout 

in h ib itio n  of the HSD reac tion . Skin sections were given a b r ie f r in se  

a fte r  p re incubation  and they were then subjected to  the usual h is tochem ica l 

p rocedure fo r  detecting 3/3 HSD a c tiv ity .

A b n o rm a l/
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Figure 11 Deep staining of hair-shaft resulting from

histochemical incubation
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A bnorm a l Skins

So fa r  a ll the h is tochem ica l investiga tions undertaken in  th is  

p ro je c t w ere on no rm a l sk in  obtained fro m  patients in  the course of operative 

in c is ions  o r b iops ies. I t  was thought of in te re s t to com pare the re su lts  

thus obtained w ith  h is tochem ica l investiga tions of abnorm al sk ins . Id ea lly  

one would envisage a survey done on a number of cases in  which through 

m etabo lic  d iso rd e rs  such as acne o r through m edica l tre a tm en t such as 

s te ro id  the rapy, the s te ro id  m etabo lism  of the sebaceous gland m ight be 

thought to  be a lte re d . On e th ica l grounds however th is  is  ve ry  d if f ic u lt  

to  c a r ry  out. In  patients su ffe ring  fro m  sk in  d iso rde rs  such as acne, the 

rem ova l o f a sMn b iopsy m ay eas ily  give r is e  to com plica tions. As the 

people m ost seve re ly  su ffe rin g  fro m  acne are young people, the p rob lem  of 

s c a rr in g  is  one to be se rio u s ly  considered. Even m ore  so in  a ttem pting  to 

fo llo w  the e ffec t of trea tm en t where the re fo re  two b iopsies (one before and 

one fo llo w in g  the trea tm ent) would have to  be taken, do e th ica l considerations 

come in to  account. The sldns fo r  th is  p ro je c t m ust be obtained fro m  

patients only upon vo lun ta ry  agreem ent and in  spite of the months of dura tion  

o f th is  p ro je c t, only a few sk in  specimens were examined before and a fte r 

va rious  trea tm en ts  fo r  acne in  the D erm ato logy D epartm ent of the W estern 

In f irm a ry .
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a) Enzyme a c tiv ity  es tim ations between d iffe re n t sebaceous glands to

estab lish  whether a c tiv ity  is  a cyc lic  phenomenon.

Sebaceous glands in  a sk in  section are found in  d iffe re n t stages of 

developm ent. T he re  a re  budding sm a ll sebaceous glands w ith  densely 

packed ce lls  showing s trong  3/3 HSD a c tiv ity , there  are la rg e  m ature 

sebaceous glands w ith  ce lls  densely d is tr ib u te d  only on the p e riph e ry  of the 

gland and ve ry  loose ly  d is tr ib u te d  la rg e , d is in te g ra tin g  ce lls  in  the lum en 

of the gland, showing less intense 3/3 HSD a c tiv ity  as observed in  the 

h is tochem ica l stud ies. T h is  s itua tion  may be due to  the le ve l of section ing 

the sebaceous gland, some being cut at the edge of the gland w hile  others 

may be cut through the m idd le . In  studying the 3/3 HSD a c tiv ity  of a sebaceous 

gland in  one section, one cannot ascerta in  whether what appears as a sm a ll 

active  gland is  in  fa c t a budding developing sebaceous gland o r the edge of 

a m ature gland. However i f  one considers a sk in  sam ple r ic h  in  sebaceous 

glands such as a biopsy of the scalp in  which a few sebaceous glands can be 

exam ined side by side and i f  one examines not one but a hundred consecutive 

sections o f th is  biopsy a ll subjected s im ila r ly  and s im ultaneously to the 

usual h is tochem ica l investiga tion , one can then a sce rta in  whether in  the 

human sk in  the re  are in  fac t sebaceous glands showing d iffe r in g  degrees of 

enzym ic a c tiv ity  which would ind icate  a cyc lic  phenomenon associated perhaps 

w ith  the h a ir  g row th cyc le . On the other hand i t  may also be envisaged that 

the seem ing va r ia tio n  in  enzym ic a c tiv ity  between two sebaceous glands in  a 

sk in  section  are due to the d iffe re n t leve ls  o f the sebaceous gland at which the 

section  was taken. It  was w ith  a v iew  of estab lish ing  the possib le  existance 

of a c y c lic  a c tiv ity  in  the sebaceous glands that th is  experim enta l section 

was undertaken.
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b) W arm  stage experim en t

The fo rm a tio n  of p ink  m onoform azan and of blue d ifo rm azan 

through the reduction  of n itro  BT in  the course of h is tochem ica l inves tiga ­

tions  in to  HSD a c tiv ity  in  tissue  sections as repo rted  by B a illie  et a l. ,

(1966) may be due as envisaged by these inves tiga to rs  to  the d iffe re n t 

degrees of a c t iv ity  exh ib ited by d iffe re n t tissue  sections» I t  may however 

be thought to be the re s u lt o f two d iffe re n t enzym ic reactions  w hich 

becomes apparent in  d iffe re n t tissues o r in  the same tissue  under d iffe re n t 

conditions of incubation» W ith  the standard incubation techniques evolved 

in  th is  p ro je c t and described e a r l ie r  , sections showed a d is tin c t pos itive  

o r negative re s u lt so tha t e ith e r the deposition of blue d ifo rm azan  granules 

was c le a r ly  d is tingu ishab le  o r in  negative re su lts  the section was quite fre e  

o f a ll fo rm a  zan development. In  o rd e r to e lucidate the p rob lem  of m ono- 

fo rm a  zan fo rm a tio n  and also w ith  the v iew  of observ ing  the m anner of blue 

d ifo rm azan  fo rm a tio n , the w a rm  stage experim ent was undertaken in  which 

the section could be observed continuously on a m icroscope stage throughout 

the pe riod  of incubation under the usual conditions o f h is to  chem ical studies 

of 3(3 HSD a c tiv ity  in  sk in  sections. The method of incubation used fo r  th is  

experim ent was the hanging drop technique, described in  the section of 

’Methods of Incubation ’ ,

c) E xp e rim en t to  determ ine whether NADP can rep lace NAD as the

CO-enzyme of the steroid dehydrogenases

N ico tin a m id e /



N ico tinam ide  adenine dinncleotides are essentia l co -fa c to rs  in 

m ost dehydrogenase reactions (Samuels et a l. , 1951). Some dehydro­

genase system s are NAD dependent, w h ile  others are  NADP dependent 

(Beyer and Samuels, 1965, Hubener et a l . , 1956, H u rlo ck  and T a la lay , 

1959, Mahesh and U lr ic h , 1959).

3/3 HSD is  NAD dependent (Beyer and Samuels, 1956) but B a illie  

et a l . , (1966) repo rted  tha t in  some tissues a reac tion  w i l l  develop w ith  

NADP.

In  the experim enta l section dealing w ith  an im al sk ins , d if f ic u lty  

was encoim tered in  obta in ing a good h is tochem ica l re a c tio n  w ith  some 

sections e .g . g e rb il g landu lar pad and i t  was thought w o rthw h ile  to  rm i a 

t r ia l  experim ent w ith  NADP rep lac ing  NAD as co -fa c to r in  the incubation 

m edium . T h is  was th e re fo re  attem pted on both human and an im al skins in  

3/3 HSD stud ies.

d) DHA-SO^ as s te ro id  substra te  fo r  HSD a c tiv ity  de te rm ina tions

in  human sk in

DHA in  the p lasm a is  found in  th ree  fo rm s :

1. DHA-SO^ w hich accounts fo r  m ost of the c irc u la tin g  D flA , 

Th is  is  c leared  s lo w ly  and is  a lm ost c e rta in ly  an in te r ­

m ediate o r a source of DHA. No Imown ro le  can be 

a ttr ib u te d  to i t  in  non-pregnant ind iv idua ls . A lth o u g h /
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Although the m ost abundant s te ro id  in  the body, 

i t  is  androgen ioa lly  inac tive . In  pregnancy i t  

fo rm s  a source of p lacenta l oestrogens.

DHA-SO   s^l6 hydroxy  O e s trio l
. n , T • DHA-SO . in  them  foe ta l 4
adrenals in  foe ta l

l iv e r

placenta

2, DHA g lucuron ide, w hich is  c leared ra ix id ly  and can

a lm ost c e rta in ly  be regarded as a m etabo lic  end 

p roduct.

3, F ree  DHA represents the sm a lles t p ro p o rtio n  of

c irc u la tin g  DHA in  the body. I t  is  extensive ly  

bound to  a lbum in

T o ta l DHA in  p lasm a disappears at about 4 weeks a fte r b ir th  and 

reappears again at puberty  (Migeon, 1957)

V e ry  l i t t le  is  known about the function  of DHA in  s te ro id  m etabo lism  

and as DHA-SO constitu tes the g rea te r p a rt of c irc u la tin g  DHA i t  is  of 

in te re s t to consider its  ro le  in  the body and i t  was thought w orth  in v e s ti­

gating the p o s s ib ility  of its  being a substrate in the 3/3 HSD reaction , in  

the adult but even m ore  as a p o s s ib ility  in  the foetus where i t  is  thought to 

p lay  an im p o rta n t fm ic tion  in  p lacenta l interchanges of s te ro id s .

e)/



e) H is tochem ica l investiga tions on some o ther s te ro ids

In  the course of th is  w o rk , the enzyme im der specia l investiga tion
5

was A “ 3 /3 -hydroxy-s te ro id  dehydrogenase and the s te ro id  substrate 

p a r t ic u la r ly  used in  the h is tochem ica l investiga tions was DHA, ,

O ther s te ro ids however were also t r ie d  and assays invo lv ing  16(3 

and 17(3 enzymes have been described in  the course of th is  thes is .

Besides the enzymes a lready mentioned, in te re s t was also aroused 

by the p o s s ib ility  of h is tochem ica l investiga tions supporting  c u rre n tly  

obtained b iochem ica l data in to the s te ro id  m etabo lism  of the sk in  (Hodgins 

and Hay, unpublished data). In these b iochem ica l investiga tions , incubations 

of sk in  w ith  labe lled  s te ro id  substra tes are found to give r is e  to severa l 

labe lled  d e riva tive s , and the genera l pa tte rn  which em erges im p lica tes  

DHA and testosterone in  m u ltip le  tra n s fo rm a tio n s  of anabolic and k e rabolie 

na ture  in  the sk in . Am ong the s te ro id  products id e n tifie d  so fa r  a re  -  

androstened io l, androstenedione, androsterone, ep iandrosterone and 

etiocholanolone. Each of these was used in  h is tochem ica l incubations on 

severa l sk in  sam ples.

M oreo ve r in  repeating  some of the w o rk  p re v io u s ly  done by B a ill ie  

et a l , , (1965, 1966) w ith  the im proved h is tochem ica l p rocedure , the presence
5

of A -3/3 HSD in  areas o f the body (see Survey o f D is tr ib u tio n ) o r  an im al 

m a te r ia l (see 'r a t  p re p u tia l gland' in  A n im a l E xperim en ts) was con firm ed  

in  sp ite  of e a r l ie r  negative re su lts  and so i t  was considered w orthw h ile  to 

repeat some of the h is tochem ica l investiga tions using va rious s te ro id  

substra tes a lready t r ie d  by the p rev iou s ly  m entioned authors. In  th is  

ca tegory w ere ;

3/3 h y d ro xy -s te ro id  ; pregnenolone
6/3 h yd ro xy -s te ro id  : 6/3-h yd ro xy -4 -pregiient-3, 20-dione 

20/3 h y d ro x y -s te ro id  : 20/3-h yd roxy-4 -p regnen -3 -one
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(a) A im
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(c) P re incubation  techniques

(d) Incubation m edium

(e) Incubation techniques

(f) Post incubation techniques

(g) Counter s ta in ing  procedure

n  Sem iquantitation
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(a) P ro je c tio n  onto a screen

(b) Scanning and in teg ra ting  m icro d en s ito m e te r

(c) W ild  M20 m icroscope
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(b) S pec tropho to fluo rim e tric  experim ents

I I I  Survey of D is tr ib u tio n  

IV /



78.

IV  E xp e rim en ta l A n im a l Studies

(a) General

(b) G e rb il experim ents

(c) H am ste r experim ents

V  lodoacetate T r ia ls

V I A bno rm a l Skins

V II O ther E xperim ents

(a) Enzym e a c tiv ity  estim ations between d iffe re n t sebaceous 

glands to estab lish  whether a c tiv ity  is  a c y c lic  phenomenon.

(b) W arm  stage experim ent

(c) E xpe rim en t to  determ ine whether NADP can rep lace  NAD 

as the CO-enzyme of the s te ro id  dehydrogenase.

(i) in  human sk in

( ii)  in  an im al skins

(d) D H A -8 0 ^  as s te ro id  substra te  fo r  HSD a c tiv ity  de te rm ina tions 

in  human sk in .

(i) adult

(ii) pe rinea l

( i i i)  foe ta l

(e) H is tochem ica l assays on severa l o ther s te ro id  substrates
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I  H is tochem ica l Methods

M ost o f the w o rk  described  in  th is  thes is  deals w ith  a h is tochem ica l 

method, the development o f which constitu ted the f i r s t  p a rt o f the p ro je c t 

and the de ta ils  of w hich have been published in  two papers enclosed herew ith ,

A  m ore  de ta iled  re p o rt o f th is  method is  as fo llow s

(a) A im

F u rth e r investiga tions of the h is tochem ica l re ac tio n  used to determ ine 

the presence o f hydroxy s te ro id  dehydrogenases (B a illie  et a l , , 1965 and 1966) 

w ith  the purposes o f a) reducing  i t  to a m ic ro -techn ique  b) in troduc ing  

some fo rm  o f quantita tion  and to use th is  in  an a ttem pt to  cha rac te rise  the 

enzymes m ore  fu lly .

(b) M a te r ia ls  -  L is t  o f m ain  compounds used fo r  h is tochem ica l incubations -

S tero ids (S teralo ids) -  DHA(Dehydroepiandrosterone)

Pregnenolone

Epiandrosterone

Etiocholanolone

Androsterone

Testosterone

O estrad io l

5 “A nd r o st en- 3 jS -16/3 -d io l -  

3 M ethy l e ther 

A n ti-androgens fro m  Schering 

L ab o ra to rie s  

A n d rog e n ic /
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NAD

NADH

D M F 

N itro  BT 

B u ffe r

Androgenic compounds used in  

an im al experim ents p rov ided  

by Organon L a b o ra to rie s .

N ico tinam ide  adenine d inuc leo tide . Co­

enzyme I  (D5755 Sigma)

Reduced n ico tinam ide  adenine d inucleo tide  

(D7380 Sigma)

D im ethy I f  o r m amide -  BDH

N itro  blue té tra z o liu m  (N 6876 Sigma)

B u ffe r pH 7 .4  phosphate b u ffe r (Hopkin & W illia m s ) q

(c) P re incuba tion  techniques

F u ll th ickness sldn b iopsy specimens about 5 m m  in  size were 

obtained fro m  d ive rse  s ites  of m ale and fem ale subjects of d iffe re n t age 

groups. These sk in  specimens w ere frozen  on so lid  carbon d ioxide w ith in  

2 m ins . a fte r  in te rru p tio n  of th e ir  blood supply and sectioned at 8 -  IO/.1 on a 

c ryo s ta t m ain ta ined at -2 0 ^0 . The sections w ere attached on No. 1 glass 

cover s lip s  20 m m . in  d iam ete r, by m om entary thaw ing. The sections were 

s to red  in  sealed p la s tic  conta iners at -20^0  fo r  up to  2 weeks u n til re qu ired .

(d) Incubation m edium

The standard incubation m edium  was made up in  10 m l. and contained:

1 m g. n itro  BT (Sigma)

2 mg. NAD (Sigma)

0. 3 m g. s te ro id  d issolved in  0. 3 m l.

D M F Made up to  10 m l, w ith  

Phosphate B u ffe r pH 7 .4

C o n tro l/
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C on tro l incubations w ere  set up s im ultaneously and were the same 

as the standard incubation except tha t they did not conta in e ith e r a) s te ro id  

o r b) NAD» W ith  each se ries  of incubations an NADH t r ia l  was also 

s im u ltaneously  p e rfo rm ed . T h is  incubation m edium  was made up w ith  

NADH, n itro  BT , and bu ffe r only. The quantities w ere  based on those 

p rev io u s ly  described (B a illie  et a l . , 1966a). The amount of m edium  used 

fo r  each incubation was 0. 7 ml» Incubations w ere  c a rr ie d  out at 37^C 

(except in  the optim um  tem pera tu re  t r ia ls )  and they w ere rm i fo r  2 hours 

(except in  the tim e  curve experim ents).

O ther substances w ere used in  t r ia ls  designed to  te s t th e ir  action 

as CO-enzymes o r in h ib ito rs . These were as fo llow s  :-

M agnesium  sulphate (M & B) N icotinam ide (Sigma)

V ita m in  K  menadione (BDH) as poss ib le  co-enzym es 

and Q uinestrado l (V is te r, V ism ara  T e rapeu tics ,

Como) C yproterone (Schering, A» G ., B e rlin )

C yproterone acetate (Schering, A . G», B e rlin )

These substances w ere added to  the standard incubation m edium  in  va rious 

concentra tions (Haslinm oto et a l . , 1964, Kochakian.et a l . , 1957).

(e) In cubation Techniques

V arious  incubation teclm iques were tr ie d . They a re  shown d ia g ra m - 

m a tic a lly  in  F igu re  12.

( i ) /



Figure 12 Incubation techniques 1 -4
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(i) Cover s i ip  w ith  the attached section was covered w ith  the 

incubation, m edium  by means of a Pasteur p ipette  w ith  an 

attached rubbe r tea t by means of w hich one n o rm a lly  

co n tro ls  the ra te  of flow , drop by drop. About 0. 7 m l. 

o f m edium  were needed to  cover the section  and avoid 

evaporation to  dryness in 2 hours.

( ii)  A  sm a ll s tr ip  o f cover s lip  cut out w ith  a glass diamond, 

so as to  hold the sk in  section, was placed in  a sm a ll 

te s t tube ( 5 x  50 m m . ) f i l le d  w ith  incubating m edium . 

About 0 .4  m l. o f the m edium  were re q u ire d  fo r  th is  

method of incubation.

( i i i)  The c o ve rs lip  w ith  the attached sk in  section was inve rted  

over a hanging drop s lide  which contained the incubation 

m edium  (about 0. 2 m l. )  o r inve rted  over a watch g lass, 

enclosing 0. 5 m l, of m edium .

(iv) Sm all glass domes, made by cu tting  and g rin d in g  down 

the closed end of an o rd in a ry  glass te s t tube (1. 5 x  15 cm . ) 

The dome was f i l le d  w ith  incubation m edium  (0. 8 m l. )  

closed by the co ve rs lip  and inve rted  fo r  incubation on a 

sm a ll wooden base. T h is  is  Imown as the b e ll -  ja r  

method.

(v) The perspex cham ber -  A  m o d ifica tio n  of method (i) 

was devised in  our la b o ra to ry  w ith  the help o f the ch ie f 

techn ic ian  M r .  H. Young, who designed the tra y s  shown 

in  F ig u re  13. T h e /



Figure 13 Incubation technique No. 5 perspex chamber

84.
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The perspex tra y  12 in . sq. is  f itte d  w ith  an a ir - t ig h t  

l id  to  fo rm  a box 1 inch in  height thus constitu ting  a 

m o is t cham ber. The tra y  is  made in  such a way tha t 

a shal low  J inch w ide trough runs round at 1 inch 

distance fro m  the edge. Th is  trough can be f i l le d  

w ith  w ater o r wet swabs of cotton wool placed in  the 

co rne rs  of the tra y  before the l id  is  f it te d  on fo r  

incubation to  susta in  the hum id ity  le ve l in  the cham ber 

and reduce evaporation of the incubating flu id .

The co ve rs lip s  are  placed on a double la y e r of f i l t e r  

paper w hich causes ra p id  absorption over a sm a ll 

area of any incubating m edium 'w hich m igh t 

inadve rten tly  s p il l  f ro m  one of the co ve rs lip s .

W ithout such ra p id  absorption the o v e rs p ill of one 

co ve rs lip  m eniscus woidd eas ily  lead to a spread of 

over s p illin g  in  the adjacent co ve rs lip s . As the 

m eniscus of incubating m edium  is  he ld  on the co ve rs lip  

by surface tension  i t  would be easy to  provoke o v e rs p ill 

spreading throughout the tra y . The f i l t e r  paper also 

serves as a good background to  the cove rs lip s  fo r  

e as ie r v is ib i l i ty  in  the incubator when the incubating 

so lu tion  is dropped onto the cove rs lips  w ith  a Pasteur 

p ipe tte  by means of a rubber teat,

• , To fo llo w  the p rog ress  o f the reaction  w ith  tim e , two methods were 

used :-

(a )/
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(a) Sections were incubated on a p ro je c tio n  m icroscope w ith in  

an incubating oven at 37^C. The reac tion  was s ta rted  when 

a l l  the reactants  and equipment had reached the re qu ire d  

te m p e ra tu re . The reac tion  was fo llow ed throughout the 

incubation by p ro je c tin g  onto a screen in  the incubating 

cabinet and i t  was then possib le to coim t the num ber of 

granules w ith in  a s ing le  high power f ie ld  at set in te rva ls

o f tim e .

(b) The incubation was c a rr ie d  out on the w arm  stage of 

the m icroscope (at 37°C) where i t  could be examined 

continuously.

To study the e ffec t o f tem pera tu re  on enzyme a c tiv ity , sk in  sections 

w ere  heated in  a d ry  oven at 60^C, 80^C, lOO^C and 160^0 fo r  various 

in te rv a ls  o f tim e  up to h a lf an hou r. N orm a l incubations w ere then c a rr ie d  

out on these preheated sections.

To de te rm ine  whether the enzymes were soluble in  the bu ffe r o r not, 

tw o consecutive sections were assayed fo r  3/3 PISD. The f i r s t  con tro l was 

subjected to  the no rm a l rou tine  incubation, w h ile  the o ther was preincubated 

in  b u ffe r alone fo r  10 m ins . and then subjected to  n o rm a l incubation. The 

expe rim en t was repeated w ith  o e s trad io l, testosterone and 5-androsten$:3/3- 

16/3-d io l“ 3 -m e th y l e ther as substra tes.

( f ) /
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(f) P ost Incubation Techniques

A fte r  2 hours of incubation the reaction  was te rm in a te d  by dehy­

d ra tio n  w ith  a lcohol.

A  method of coun tersta in ing  was evolved to fa c ilita te  the observation 

o f the granule  deposition in  the sk in  sections.

Various sta ins w ere t r ie d  fo r  cy top lasm ic and nuc lea r countersta in ing  

of these.

C ytop lasm ic

a) T a rtra z in e  in  ce lloso lve  (ethoxyethanol -  BDH) -  ye llow

b) Saturated aqueous p ic r ic  acid -  ye llow

c) D ilu te  acid  carbo l fiich s in  -  p in li

d) 0. 5% aqueous eosin -  red

N uclear

a) 1% aqueous neu tra l red  -  red

b) G. T» G u rr 's  haem atoxylin  - r e d

The e ffec t o f these sta ins on b ring ing  out o f the de ta ils  of the section 

a fte r incubation as w e ll as on m aking th is  appearance la s tin g  was studied. 

Sections w ere moimted in  DePeX,

S tero ids were d isso lved in  D im e th y lf o r m am ide (DMF) in  concentra ­

tio n s : 1 mg. s te ro id /1  m l. D M F. These sjolutions w ere made up 10 m l. 

quantities and s to red  at 4°C fo r  up to  8 weeks.

Incubating so lu tions were made up fre s h ly  on the day of incubation, .

Incuba tion /
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Incubation solution

0. 3 mg. s te ro id  ( in  0. 3 m l. DM F)

2 m g. NAD (d isso lved  in  1 m l, bu ffe r)

1 m g. n itro  BT (dissolved in  1 m l. bu ffe r) 

M /lO  Phosphate b u ffe r  pH 7 .4  added to

to ta l volum e = 10 m l.

(F in a l concentration of s te ro id  = 0 . Ip 

m o le /m l. )

C on tro l so lu tion

0,3  m l. DM F (no ste ro id )

2 mg. NAD (in 1 m l, bu ffe r)

1 m g. n itro  BT (in 1 m l. bu ffe r)

B u ffe r added to  to ta l volume =10 m l. 

NADH so lu tion  (D iaphorase con tro l)

2 m g. NADH ( in  1 m l. bu ffe r)

1 mg. n itro  BT (in 1 m l. bu ffe r)

B u ffe r added to to ta l volum e =10 m l.

(g) /
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(g) C ounter s ta in ing  P rocedure

M a te r ia ls

Method

Xylene , pure and su lphur free  

Absolute a lcohol, 74 OP 

M ethyla ted s p ir its ,  66 OP 

M a ye r's  haem atoxylin  

D is t il le d  watei 

T a rtra z in e  

C ellos olve

DePeX (G u rr)  o r  H arleco synthetic re s in  (HSR) (IC^odak)

A fte r  incubation the cove rs lips  w ere placed in  sta in ing  racks 

and the fo llo w in g  s ta in ing  procedure was adopted;

B r ie f  r in s e  in  d is t ille d  w ater 

H aem atoxylin  blue -  2 m inutes 

B r ie f  r in s e  in  d is t il le d  w ater 

M ethylated s p ir its  -  1 m inute 

T a rtra z in e  -  2 m inutes 

M ethyla ted s p ir its  -  2 m inutes 

Absolute a lcohol 1 - 2  m inutes 

Absolute a lcohol I I  -  2 m inutes 

X y lo l 1 - 2  m inutes 

X y lo l I I  -  2 m inutes

The co ve rs lip s  were then moimted onto m icroscope slides 

(3" X 1", 0» 8 - 1 .0  m m . th ickness, prewashed) w ith  DePeX o r HSR»



90.

n  Semiquantitatxons

A . Methods of granule coim ting i

(a) P ro je c tio n  onto a screen. Granules were counted on a 

p ro je c tio n  screen at va ry in g  tim e  in te rva ls  du ring  the course of the reac tion . 

The section was incubated by the hanging drop method ( ( i i i)  in  F ig u re  12)

on a w a rm  stage (at 37^0) of a p ro je c tio n  m icroscope . A l l  reagents and 

equipment w ere at 37^0 at the s ta r t o f incubation. A t in te rv a ls  of 10, 15, 

o r 30 m in s . , the m icroscope lam p was sw itched on and the sebaceous gland 

image was p ro jec ted  onto a screen. The area of the sebaceous gland was 

m easured and the granules counted.

(b) Scanning and in te g ra tin g  m ic ro d e n s ito m e te r. An attem pt was 

made to  estim ate  the num ber of fo rm azan granules deposited in  the sebaceous 

glands o f sk in  by use of a B a rr  & Stroud scanning and in teg ra ting  m ic ro d e n s ito ­

m e te r (by courtesy of D r . Duguid of the Royal In f irm a ry  of Glasgow).

Skin sections are  subm itted to the n o rm a l h is tochem ica l p rocedure and 

then examined under th is  specia l m icroscope which scans the f ie ld  im der 

exam ination, re co rd in g  the num ber of tim es the lig h t beam h its  an o p tica lly  

dense p a r t ic le .

The shortcom ings of th is  method (which proved unsa tis fac to ry) a re  

fu r th e r  discussed in  Results but to  overcome some of its  disadvantages, a 

d iffe re n t type of scanning and in teg ra ting  m ic ro de n s itom e te r was assayed by 

courtesy of the M in ing  Departm ent of S trathclyde U n iv e rs ity . T h is /
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T h is  apparatus also scans the f ie ld  under exam ination and re co rd s  the 

num ber of p a rtic le s  in  the path of the lig h t beam, but a lso the equipment 

can be set to  re co rd  d iffe re n t p a rt ic le  s ize, so tha t i t  is  in  p r in c ip le  

possib le  to  count sm a ll, m edium  and la rg e  granules and to  add th is  up 

to  a grand to ta l of granules In a f ie ld . The settings however are  ve ry  

tim e  consum ing. T h is  method also was found to be u n sa tis fa c to ry  and 

was d iscarded. The method f in a lly  adopted was:

(c) A  W ild  M2Q M icroscope w ith  a draw ing tube attachm ent 

(F igu re  14) was used to examine the countersta ined and moimted sections 

and to  p ro je c t the image of the sebaceous gland at a su itab le  m agn ifica tion  

onto a sheet o f m m . type graph paper. The p r in c ip le  is  tha t of cam era 

obscura. The sebaceous gland being viewed at a h igh m agn ifica tion  ( x  400) 

the image is  superim posed on the graph paper where i t  can be quite eas ily  

tra ce d  out w ith  a penc il and the granules m arked in  i t .  The m easurem ent of 

the sebaceous gland area and the counting of the granules can then be done 

at a la te r  t im e . Two methods w ere used in  an attem pt to fin d  a ra p id  method 

o f granule deposition estim ations ;

1, Granules ly in g  exactly  on the in te rse c tio ns  of 5 m m .

sequences of the graph paper were drawn and coimted.

2. The num ber of granules w ith in  each 5 m m . square 

w ere  counted and scored as -

0 /



Figure 14 Wild M20 microscope with drawing tube attachment



0 -  i f  the re  were none

1 -  i f  the re  were 1 - 5  grannies

2 -  i f  the re  were m ore than 5 grannies

p e r 5 m m . square

The la t te r  method was f in a lly  adopted.

The fig u re s  w ere added up to give a to ta l estim ate  o f granules and 

the re su lts  expressed as granules estim ated /square  p.

The W ild  M20 m icroscope was ca lib ra te d  in  a ll cases w ith  a s lide  

m ic ro m e te r and the area o f sebaceous gland when counted, expressed in 

square m ic ro n s .

S ta tis tica l tes ts  w ere applied to  a ll the methods described.

B . O ther methods of quantita tion of the enzym ic re ac tio n

(a) Spectrophotom etric  t r ia ls

1. E lu tio n  method -  Assays using method ( ii)  of

incubation technique w ith  a s tr ip  of co ve rs lip  

ho ld ing  the sk in  section being incubated, in  a 

sm a ll test-tube (see F igu re  12). The contents of 

the tes t-tub e  was then tra n s fe rre d  in to  a 

spectz’ophotom eter c e ll and the read ing  com pared 

w ith  a co n tro l sample in  which the incubation 

proceeds w ithou t a s te ro id  base.

2./
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2p C o lo r im e tr ic  technique -  Skin sections w ere 

incubated by method (iv) on a co ve rs lip  (see 

F ig u re  12). A f te r  incubation the c o ve rs lip  

conta in ing the sk in  section is  r in se d  and 

mounted on another co ve rs lip . The s tr ip  

conta in ing the sk in  sections is  then cut out 

w ith  a glass diamond and p laced in  a 

spectropho tom etric  c e ll in  such a way tha t 

the lig h t can pass through the section .

Readings a re  taken of te s t incubated and 

co n tro l incubated sk in  sections.

(b) F lu o r im e tr ic  method fo r  quantita tive  estim ations  of 
3/3 -s te ro id  dehydrogenase a c tiv ity  in  human skin

T h is  method consists of m easuring  the convers ion  of NAD 

to  its  reduced fo rm  NADH th is  being p a rt o f the re a c tio n  w hich leads to  the 

ox ida tion  of the hyd roxy to  keto grouping on the s te ro id  m olecule  accord ing 

to  the re a c tio n .

OH NAD

0= ^^NADH

N icotinom ide  nucleotide is  an essentia l co-enzym e of the 

s te ro id  dehydrogenase and th is  assay is  based on the m ethod used by L o w ry , 

R oberts  and Kapplan (1957).

Method/
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Method of f lu o r  im e tr ic  es tim a tion  of s te ro id  dehydrogenase a c tiv ity  

in  human sk in  -  A m inco  Bowman Spectrophotofluorem eter was used 

(by courtesy of the B io ch e m is try  Departm ent of the U n iv e rs ity  of Glasgow).

T h is  apparatus (F igu re  15) consists of -

O p tica l U n it -  inc lud ing  an e le c tr ic a l panel, Xenon lam p 

w ith  housing and b low er, two m ono- 

flu o m e te rs , ce ll shu tte r, c e ll com partm ent, 

p h o to m u ltip lie r, shu tte r and p h o to m u ltip lie r 

tube housing. The im it operates on 115 vo lt,

a . c , , 60 cycles, s ingle phase pow er.

P h o to m u ltip lie r  m icropho tom ete r

D, C. Power supply fo r  an Xenon lam p and accessories . 

E xpe rim en ta l conditions and settings -

1. P h o to m u ltip lie r tube type and s e r ia l num ber: 1P28.

2. S lit a rrangem ent (se n s itiv ity  va rie s  w ith  s l i t

arrangem ent) num ber 4 used,

3. A c tiva tio n  and fluo rescen t wavelengths.

4. Type of a c tiva tio n  lam p.

5. M e te r m u lt ip lie r  setting.

6. S e ns itiv ity  se tting .

7. M e te r read ing

Method/



F ig u re  15 D iag ram m atic  representa tion  of the spectrophoto fluorem eter

(by courtesy of Am inco-Bowm an)
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Method -

Skin sam ples w ere frozen  on carbon dioxide ice in  the usual way. 

They w ere mounted on chucks and cut in  the c ryo s ta t but instead of 

m ounting ind iv idu a l sections on cove rs lips  (as fo r  h is tochem ica l incubation 

techniques) the cut sections w ere  co llected down a s lide  (F igu re  6) in to 

s m a ll g lass ja rs ,  30 sections o f 8 m icrons in  th ic lm ess, being co llected 

in  each ja r .  A pprox im ate  w e ight o f th ir ty  such sections, va ry in g  w ith  

the c ro ss -se c tio n  o f the sk in  sample = 20 mg.

Three  ja rs  conta in ing 30 sections each were p repa red  fro m  each 

sk in  sam ple.

As la rg e r  sk in  sam ples w ere needed fo r  th is  experim ent than is  

ava ilab le  in  n o rm a l sk in  b iops ies, the sk in  sam ples used fo r  these assays 

w ere obtained fro m  the th o ra c ic  un it operating thea tre  at the W estern 

In f irm a ry  o f Glasgow.

The th ree  ja rs  w ere labe lled  A , B, and C and they w ere incubated 

as fo llo w s :-

A . S tero id  base (DHA) 0. 3 mg.

d isso lved in  DM F 0, 3 m l.

NAD 2 mg.

Phosphate bu ffe r to
make up 10 m l.

B. S te ro id  base (DHA) 0 ,3  mg,

d isso lved in  DM F 0. 3 m l.

Phosphate bu ffe r to
make up ad 10 m l.

C . /
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C. NAD 2 m g.

Phosphate bu ffe r to
make up 10 m l.

3 m l. amounts of these incubating m edia w ere added to the 

correspond ing glass ja rs  w ith  the skin  sections and these w ere incubated at 

37^C fo r  two hours.

The contents of the ja rs  were then cen trifuged. Sm all M . S .E , 

cen trifuges at 2500 r .p .m ,  fo r  3 m inutes and the supernatant so lu tion 

read on the Am lnco Bowman Spectrophotofluom eter against standards of -

1. NAD so lu tion

2. NADH solution

against a b u ffe r blank.

U sing the h is tochem ica l technique described and assessing the re su lts  

by the sem i quantita tive  method by means of the W ild  M20 m icroscope, one 

hundred and e ighty sk in  b iopsies taken fro m  d iffe re n t s ites  of ind iv idua ls  

o f a l l ages and both sexes, were tested fo r  3j8 HSD a c tiv ity  and the re su lts  

published in  the paper enclosed. (Survey o f S tero id Dehydrogenase 

D is tr ib u tio n  in  Human Skin)

P a r t /
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P a rt of th is  survey was c a rr ie d  out in  tie  B ioch e m is try  

D epartm ent o f the A l l  Ind ia Ins titu te  of M edical Sciences (A. 1.1. M .S .)  

in  New D e lh i, India under the superv is ion  of P ro fe sso r G. P. T a lw a r.

Skin b iopsies were obtained fro m  the operating thea tres o f A .1 .1 ,M .S . , 

and equipment of the B iophysics Departm ent and of the Physio logy 

D epartm ent was used by courtesy of the heads of the departm ents of 

A . I . I .M .S .

The survey invo lved a se ries  of one hundred and e ighty biopsy 

specimens fro m  d iffe re n t reg ions o f the body su rface . These b iopsies were 

obtained fro m  d iffe re n t opera ting  thea tres in  the W estern  In f irm a ry ,

Glasgow and the A . I . I .M .S .  , New D e lh i, by the courtesy of the surgeons.

The specimens were taken fro m  patients of both sexes in  a ll age groups.

The sk in  sam ples were frozen  on Co^ ice  w ith in  seconds o f inc is ion . The 

sk in  sam ples were cut in  a c ryo s ta t in to lO^t sections which were mounted 

on cover s lip s  and stored at -20^C when storage was necessary. Incubations 

were c a rr ie d  out by the usual h is tochem ica l p rocedure described in  the 

p rev ious section.

The skin  samples were obtained over a pe riod  of th ree  years fro m  

va rious  opera ting  thea tres in  the Glasgow W estern In f irm a ry  and the A . I . I .M .S .  

u n it in  New D e lh i.

The p ro je c t was done in conjunction w ith  D r . Caim an of the Departm ent 

o f Surgery at the W estern  In f irm a ry , Glasgow.

T h e /
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The re s u lts  of the survey were analysed accord ing  to sex, age 

and s ite  of d is tr ib u tio n  and s ta tis tic a l tests were applied.

As the sk in  specimens were obtained s low ly  over a long pe riod  of 

t im e , i t  was not found possib le  to s to re  them  fo r  tes tin g  in  groups and 

the h is tochem ica l assay was c a rr ie d  out whenever sk in  sam ples were 

a va ilab le . I t  was th e re fo re  not foimd p ra c tic a l to com pare the in tens ity  

o f the re a c tio n  in  d iffe re n t sk in  specimens by the se m i quantita tive  method 

described  p re v io u s ly  and in  th is  section o f the w o rk  only the pos itive  o r 

negative re s u lts  of the h is tochem ica l reac tion  was re po rte d  and considered.

IV  E xpe rim en ta l A n im a l Studies

(a) General

In  an a ttem pt to  fin d  a su itab le experim enta l an im a l fo r  studies 

on s te ro id  dehydrogenases, the fo llo w in g  an im als were considered:

1. mouse -  sk in

2. ra t  -  sk in  fro m  body -  sk in  fro m  p rep u tia l gland

3. mongol ian g e rb il ~ sk in  fro m  body -  sk in  fro m
te r r i to r ia l  m a rk ing

4. guinea p ig  -  s k in  fro m  body -  sk in  fro m  l ip

5. Syrian ham ster -  sk in  fro m  body -  sk in  fro m
costove rteb ra l organs.

T h e /
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The an im als were k ille d  e ithe r by c e rv ic a l d is loca tion  (mouse, 

ra t) o r by nembutal (ge rb il, guinea p ig , ham ster) and the re qu ire d  tissue  

rem oved a fte r  shaving im m ed ia te ly  fo llo w in g  death, and frozen  on so lid  CO^. 

The techniques fo r  p rep a ra tion  of sections were the same as those 

described e a r l ie r  fo r  human skin . In  th is  section of the w o rk  o ther s te ro id  

bases besides DHA w ere used in  an e ffo rt to estab lish  the presence of 

va rious  HSD enzymes in  the samples studied. The s te ro ids  used w e re :-

1. Dehydroepiandrosterone (DHA) fo r  the

dem onstra tion  of 3/1 HSD a c tiv ity .

2. 5-androstene-3/3-16|3-diol-3 m ethy l e ther fo r  

the dem onstra tion  of 16j3 HSD a c tiv ity .

3. Testosterone
. _ ,  ̂ fo r  the dem onstra tion  o f 17B
4. Oestradiol activity

C ontro ls  were set up w ith  no s te ro id  base, D iaphorase a c tiv ity  

was checked using an incubating m edium  which consists of -

NADH 2 mg. (Sigma)

N itro  blue té tra z o liu m  1 mg.

Phosphate b u ffe r ad 10 m l.

In  v iew  of the fac t that the basic m edium  cons is ting  of -

S te ro id  0 .3  m g ./O . 3 m l, DM F

NAD 2 mg.

N itro  blue té tra z o liu m  1 mg.

Phosphate bu ffe r ad 10 m l.

in /



102

In  some cases d id  not show good re s u lts , a se ries  o f experim ents were 

c a rr ie d  out -

1„ V a ry ing  the above concentrations which had

been established to  be successfu l fo r  human skin ,

2o V a ry in g  the tim e  and tem pera tu re  of incubation.

3, U sing NADP as c o -fa c to r instead of NAD.

4. Due to  the fa c t that in  ce rta in  experim ents 

p os itive  re su lts  w ere obtained and even in  

the same experim ent ce rta in  sections would 

show pos itive  re s u lts  w hile  o thers d id  not and 

lin k in g  these d iscrepancies w ith  p rev ious re p o rts  

which fa ile d  to estab lish  the presence of HSD 

enzymes in  the same m a te r ia l (B a illie , Ferguson,

H a rt, 1966) i t  was considered poss ib le  tha t the 

enzymes although present in  the sebaceous 

m a te r ia l (as ind icated by some of the sections 

being s lig h tly  pos itive ) was of a m ore  d iffus  able 

nature than tha t in  human sebaceous glands.

D u rin g  the course of the incubation, the enzyme m ay d iffuse  out in to 

the surround ing  m edium  so tha t i t  is  washed away in  the course o f the b r ie f  

r in se  to  w hich the sections are subjected p r io r  to  countersta in ing  and 

m oim ting. To overcom e th is  e ffec t on enzyme d iffu s io n  i t  was then thought 

advisable to  add to  the incubating m edium , p o lyv in y lp y rro lid o n e , (PVP) 

an inactive  h ig h -m o le cu la r substance which is  w a te r soluble (Pearse, 1968, 

Burstone, 1969) and which would p rov ide  a s ta b ilis in g  fa c to r du ring  the 

h is tochem ica l incubation. T h is /
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T h is  was t r ie d  adding 0. 3 gm. P V P /lO  m l, incubation m edium . As w il l  

be described in  the Results section, the addition of PVP gave good re su lts .

In  some experim en ta l runs, i t  was found however tha t the addition of PVP 

w h ile  g iv ing  good pos itive  re su lts  in  the te s t sections, also gave r is e  to 

a new p rob lem  nam ely pos itive  co n tro ls . These had a lso som etim es been 

observed in  s tra ig h t runs on some human sk in  sam ples and as w ith  those 

cases , the p rob le m  was overcom e by re s o rtin g  to prew ashing. Th is  

s im p le  technique consists of subjecting a ll tes t and co n tro l sections in a 

given se ries  to  a b r ie f  r in se  in  phosphate bu ffe r p r io r  to incubation.

The an im al sk in  at va rious s ites was shaved and sk in  sam ples taken 

as fo r  b iops ies, and fro ze n  im m ed ia te ly  on so lid  carbon d iox ide.

Sections were cut on a c ryos ta t as fo r  human sk in  (see p re incubation  

techniques) and incubated by the norm a l h is tochem ica l p rocedure .

The d if f ic u lty  encountered in  an im al sk in  being the presence of many 

h a ir  fo ll ic le s  which give a ve ry  s trong  co lou r re ac tio n  (see Results and 

D iscussion) a gene tica lly  h a ir le s s  mouse was obtained by the courtesy of 

M i l l  H i l l  Research L a b o ra to rie s , T h is  sk in  however has no adequate sebaceous 

glands. V e ry  sm a ll ke ra tin ize d  sebaceous glands were foim d and these were 

not suitable fo r  the h is tochem ica l assay.

The M ongolian g e rb il (M eriones unguicu la tus) has a sebaceous gland 

patch on its  lo w e r ve n tra l abdomen. Th is  patch is  c le a r ly  d is tingu ishab le  fro m  

the surround ing  fu r  as i t  va rie s  fro m  it  in  co lou r and d ire c tio n  of h a ir  

g row th  (F igu re  10), T h e /
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The patch is  la rg e r  in  m ale than in  fem ale g e rb ils  and i t  a tta ins its  

fu l l  s ize only at m a tu r ity . F o r m ost of the experim ents on the g e rb ils  

m ature  male an im als were used. The sk in  of the g landu lar pad is 

shaved and taken fo r  section ing on the c ryo s ta t as described  in  the 

h is tochem ica l technique. Skin sections of the g landu la r pad, show an 

abundance o f sebaceous glands and a sparse d is tr ib u tio n  of h a ir  fo llic le s  

w h ich  do not th e re fo re  m ask the h is tochem ica l re su lts  o f the assay.

Owing to  the inconstancy of the re su lts  in  consecutive sections, incubation 

conditions w ere a lte re d  in  an e ffo r t to find  the optim um  conditions fo r  

the h is tochem ica l technique in  th is  animal» I t  was thought that e ith e r the 

tem pera tu re  at w h ich  the incubation is  c a rr ie d  out o r  the concentrations 

of one o r m ore  of the constituents of the incubating m edium  m igh t i f  

su itab ly  a lte re d  im prove  the re su lts  and give a m ore  consistent p ic tu re . 

These e ffo rts  failed» In  consequence of the po s itive  re su lts  rece ived  

in  some sk in  sections in  some of the incubations and in  v iew  of these re su lts  

being inconstant, i t  was thought tha t some o ther techn ica l fa c to r m ust be 

responsib le  fo r  the frequent fa ilu re  of the h is tochem ica l method in  th is  

p a r t ic u la r  an im al sk in  (C hay en et a l . , 1965, The meaning of a good 

h is tochem ica l re ac tio n ). The doubt was th e re fo re  ra ise d  rega rd ing  the 

g re a te r s o lu b ility  o f the s te ro id  dehydrogenases in  the g e rb il as com pared 

to  human sk in . I f  th is  susp ic ion was ju s tif ie d  then by using PVP to ra ise  

the v is c o c ity  of the incubating m edium  one should d im in ish  the loss of 

enzyme a c tiv ity  by d im in ish in g  d iffus ion  du ring  incubation. P o ly v in y l­

p y rro lid o n e  (PVP) (Sigma) 0 .3  gm s. were used p e r 10 m l. incubating 

m edium . The use of PVP was tr ie d  also on the o the r an im al skins and on 

human skin .
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As in  the an im al skins the m ain disadvantage is  the side e ffect 

of co lou r development in  the h a ir  shafts, areas of sk in  in  w hich th is  would 

not apply w ere  t r ie d  and among them  guinea p ig  l ip  w hich proved to be 

sa tis fa c to ry  m a te r ia l.

(b) G e rb il experim ents -  E ffe c t of androgens and antiandrogens on

the sebaceous glands o f the g landular 

pad in  the g e rb il.

G e rb ils  were subjected to a se ries  of experim ents designed to 

show the e ffec t of androgens and antiandrogens on s te ro id  dehydrogenases 

of the sebaceous glands in  the sebaceous gland patch of sk in ,

Gerbils (M eriones unguiculatus) as has been stated (F igure  10) 

show a w e ll m arked sebaceous gland patch about 1 cm , long and 3 - 4  m m , 

w ide on the lo w e r ve n tra l side.

Two se rie s  of a dozen an im als were used. Each se ries  was d iv ided 

in to  fo u r groups of th ree  an im a ls . In these experim ents system ic trea tm en t 

was considered throughout.

E xperim en t I

Group I  Testosterone (T. P rop ionate, Organon L a b o ra to rie s , 

in  a rach is  o il w ith  10% benzyl a lcohol) 5 m g ./d a y . 

G ro u p II O estrad io l (O. Benzoate, Organon L a b o ra to rie s )

1 m g. /day

Group H I DHA (Steroids d ry  powder p roduct, d isso lved  in  

a rach is  o il w ith  10% benzyl a lcohol) 1. 25 m g ./d a y  

G ro up IV  C on tro ls

fo r
two
weeks

A f te r /
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A fte r  one week one an im al was sa c rif ice d  fro m  each group and 

a sample of body sk in  and the skins of the sebaceous gland patch subjected 

to h is to lo g ica l and h is tochem ica l exam inations. A fte r  two weeks one of 

the Group I  an im als was changed fro m  testosterone to  oes trad io l trea tm ent. 

The fo rem entioned groups were continued as be fo re .

A fte r  th ree  weeks one an im al fro m  each group was sa c rifice d  and a 

sam ple o f body sk in  and the sk in  of the sebaceous gland patch, subjected to 

h is tochem ica l tes ts .

The rem a in in g  an im als i .e .  one of each of the groups:

Group I  (testosterone trea tm ent)

Group n  (oestrad io l trea tm ent)

Group I I I  (DHA trea tm ent)

Group IV  (contro l)

w ere put onto te tra cyc lin e  (5 mg. /day)

E xperim en t I I

The se rie s  was d iv ided in to  fo u r groups o f 3 g e rb ils  each,

Group I
Testosterone
Testosterone and te tra cyc lin e  
Testosterone and antiandrogen

Testosterone

Group I I
O estrad io l
O estrad io l and te tra cyc lin e  
O estrad io l and antiandrogen

D H A /
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DHA
Group I I I  DHA and te tra cyc lin e  

DHA and antiandrogen

Group IV T e tra cyc lin e
Antiandrogen

DHA

C on tro l

Testoste rone

O estrad io l

DHA

T e tra cy c lin e

1 m g. /d ay  

1 m g»/day 

1 mge/day

(dissolved in  water) 5 mg, /d a y

1 m g./day» I t  was d isso lved 
in  a rach is  o il w ith  10% 
benzyl a lcoho l.

The antiandrogens w ere prov ided  by Schering L a b o ra to rie s . 

They w ere -  6 chi o r-su b s titu te d  pregiienolones w hich have . . -, 

• ’ b io lo g ica l an tiandrogen ic ity  and show h is tochem ica l b locking .

Antiandrogen

T h is  experim ent was continued fo r  1 week before the an im als were 

s a c r ific e d  and examined as described p rev iou s ly .

A l l  the substances used in  these experim ents w ere in jec ted  sub- 

cutaneously. In tra m u scu la r incubations w ere f i r s t  t r ie d  but the an im als 

developed sores on the in je c tio n  s ite  and subcutaneous in jec tions  proved 

m ore  sa tis fa c to ry . The an im als were m o m e n ta rily  le f t  in  a glass ja r  in  an 

e the r atm osphere and in jec ted  w h ile  in  a sem i-com atose condition. When 

s a c r if ic e d  the an im als w ere in jec ted  w ith  1 m l, of nem butal.

(c)/
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(c) S yrian  ham ster experim ents -  T op ica l and system ic  action of s te ro id

compounds on the cos tove rteb ra l organs 

of the Syrian ham ste r.

S yrian  ham sters  have two c irc u la r  da rk  patches about 5 m m . in  

d iam ete r in  the m id  do rsa l pos ition , one on each side and about 2 cm . 

d is tan t fro m  the v e rte b ra l colum n. These are Imown as the costove rteb ra l 

organs (C .V . O .)

Unm edicated lo tio n  base of E fco rte lan  EPZ (c) lO / l l  spec ia lly  

p rov ided  by Glaxo L a b o ra to rie s  L t d . , G reenford, M idd lesex was used.

S te ro id  compomids tested were prov ided  by Organon L ab o ra to rie s .

1, 17/3-hydroxy “ 5a-androstan-3-one. (5ch- d ihydrotestosterone)

■ 2. 3 a :-Ï7i9-dihydrox^^ ' - * * ' *  y y ;  :

3. ôŒ-androstana^S, 17-dione

4. 3/3, 17/3-dihydroxy-5oi-androstan

5. 3/3-h yd ro xy “ 5a-androstan-17-one (Epiandrosterone)

6. 3o !-hyd roxy-5a -andros tan -17-one (Androsterone)

F o r the effects of top ica l app lica tion  of the s te ro id  compounds, 20pg. 

amoimts d isso lved  in  ethanol were incorpora ted  in  the lo tio n  base and 

rubbed d a ily  onto the shaved r ig h t C. V .O . of the an im a l, w h ile  the le f t  

side of the an im al was observed as con tro l. Both sides of the an im al were 

shaved p r io r  to the experim ent.

F o r /
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F o r the e ffects of system ic app lica tion , d a ily  in tra m u scu la r 

in jec tions  o f lO jiig/day of the s te ro id  compound d isso lved in  a tra ce  of 

ethanol and taken up in  a rach is  o il,  were given to  the ham ste rs . Ethanol 

was evaporated before in je c tion .

T rea tm en t was continued fo r  10 days.

T o p ica l app lica tion  (20/ig /dav) in  lo tio n  

A n im a ls  S tero ids applied

1. 17/3-h yd ro xy -5 a -androstan-3 -one (5a -d ihydro testoste rone)

2. 3a , 17 j8-d ihydroxy-5a-androstan

3. 5a -a n d ro s tan -3 , 17-dione

4. 3/3, 17/3-d ih yd ro xy -5 a -a n d r ostan

.* - Si" ■ 3/3-Hydroxy-5 à-andro'stantl7-onp •' . . /  ■ • ' * /* -

6. 3 a  -hydroxy -  5a -andr o stan -17 -one

7. base lo tio n  only -  con tro l

System ic app lica tion  (lOjUg/dav) in  a rach is  o il

8. 17j3-hydroxy-5a -androstan-3  -one

9. 3a , 17/3 -d ih y d ro x y -5a -androstan

10. 3/3, 17/3 -d ih yd ro xy -5 a  -andr ostan

11. a rach is  o il alone -  con tro l

12. no trea tm en t -  con tro l

V /
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V lodoacetate T r ia ls

Post m o rtem  skins fro m  the scalp reg ion  were used in  th is  

expe rim en t. The experim ent was repeated fo u r tim e s . Skin fro m  the 

scalp was used because of the abundance of h a irs  in  tha t reg ion . Post 

m o rte m  sk in  was re a d ily  ava ilab le  and th is  was taken usua lly  w ith in  

24 hours a fte r  death although sk in  rem oved even la te r  shows una lte red 

h is tochem ica l reac tion .

Skin sections were cut and prepared in  the usual way and p re -  

incubated at room  tem pera tu re  w ith

A ) iodoacetate (O.OIM) -  e thyl
' •'m aleim ide (O.IM) so lu tion .

B) phosphate bu ffe r

fo r  pe riods of 3, 5, 9, 12, 15 and 20 m inutes. The cove rs lip s  w ith  the

sections are  then b r ie f ly  r insed  in  bu ffe r and set up fo r  n o rm a l DHA and 

co n tro l incubations.

As co n tro ls , sections which have undergone no p re  incubation were 

a lso set up.

The DHA incubations were run  on one of each tim e  in te rv a l p re ­

incubated sections in  the A) and B) se rie s . And the con tro ls  like w ise .

A fte r  two hours of incubation at 37^0 the sections were countersta ined 

in  the usual m anner and examined fo r  fo rm azan deposition and fo r  h a ir-s h a ft 

co lo ra tion .

' -



VI Abnormal Skins

M ost o f the w o rk  so fa r  described has been c a rr ie d  out on 

n o rm a l sk ins , tha t is  to  say tha t the sk in  b iopsies taken fo r  techn ica l 

studies and fo r  the Survey o f S tero id  Dehydrogenase D is tr ib u tio n  in  Human 

Skins was taken fro m  healthy sk in  areas fro m  ind iv idua ls  not im dergoing 

tre a tm e n t fo r  any specia l sk in  condition.

I t  was thought of in te re s t to  tes t fo r  s te ro id  dehydrogenase a c tiv ity  

in  sk in  o f pa tien ts  su ffe rin g  fro m  sk in  conditions which m igh t be thought 

to  be associated w ith  s te ro id  m etabo lism  notably acne, as w e ll as patients 

undergoing some trea tm e n t (top ica l o r pa ren te ra l) w h ich m igh t be re flec ted  

in  an a lte re d  enzym atic state of the sebaceous gland, notably s te ro id  

tre a tm e n t. S u lfu r tre a tm e n t and te tra cyc lin e  trea tm e n t in  v iew  of th e ir  

Hniportahce ixX adné'aré of course of g rea t in te re s t in  such considerations...

Only a few  sk in  samples are  repo rted . These w ere co llected  

over a long p e rio d  of tim e  and un fo rtuna te ly  not m ore  than th is  h a lf a dozen 

can be re p o rte d  fo r  reasons dealt w ith  m ore  fu lly  under D iscuss ion .

B r ie f ly  however -  i t  is d if f ic u lt  fo r  e th ica l reasons to demand two sk in  

b iopsies fro m  a patien t and ye t two biopsies are re q u ire d  to  observe the 

e ffec t o f tre a tm e n t.

Skins exam ined/
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112.

P atien t Age

Case 1 
M ale

Site

24 Back,

Condition T reatm ent

Acne Pentovis 
(Quine s trado l) 
O estrad io l

D u ra tion  of 
T rea tm en t

10 days

Case 2 
M ale

Case 3 
Fem ale

Case 4 
Fem ale

Case 5 
M ale

22 Back, Acne
Scapular reg ion

18 Back, Acne
Scapular reg ion

16 Back, Àcne
Scapular reg ion

25 Back
Scapular reg ion

Acne

Sulphur -  
(top ica l) 

T e tra cyc lin e  
(ora l)

Q uinoderm  -  
(top ica l)

5% Sulphur -  
(topical)

Synalar 
F luocinolone 
acetonide 
o in tm ent -  

(top ica l)

Sulphur -  
(top ica l) 

T e tra cyc lin e  
(ora l)

1 week

8 days

10 days

1 week

Tw o sk in  b iopsies were taken : p re  and post -  tre a tm e n t, and these 
w ere  taken as near as possib le  fro m  the same s ite .

V H /
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VII Other Experim ents

(a) Enzym e a c tiv ity  es tim ations  between d iffe re n t sebaceous glands
to  estab lish  whether a c tiv ity  is  a cy c lic  phenomenon

S ixty consecutive sections of sk in  conta in ing a few sebaceous glands 

w ere  exam ined a fte r  a n o rm a l h is tochem ica l assay fo r  3j3 -  HSD a c tiv ity  

de te rm ina tions . Enzym e a c t iv ity  was estim ated by means of granule 

counting (W ild  M20 m icroscope ; sem iquantita tive  m ethod described 

p re v io u s ly ),

(b) W a rm  stage experim ent

A  sk in  section  fixe d  on a cover s i ip  was set on a m icroscope  s lide

•(hanging drop method) and placed on the w arm  stage of a m icroscope. The
•  ‘  • '  '  *  o  .

te m pera tu re  o f the w a rm  stage was m ainta ined at 33 -  34 C du ring  two

hours and the deposition o f blue fo rm azan co lou r was observed through the 

m icroscope under a su itab le  power to a llow  v iew ing  of a sebaceous gland 

and the su rround ing  area of the sk in  section.

(c) E xpe rim en t to  de te rm ine  whether NADP can rep lace  NAD as the
CO-enzyme of the s te ro id  dehydrogenase re ac tio n

(i) Th ree  d iffe re n t adu lt human sk in  biojpsies

( ii)  Skin of ra t,  g e rb il and ham ste r. P re p u tia l gland of ra t,  

te r r i t o r ia l  m a rk in g  o f g e rb il and cos tove rteb ra l organ of 

ham ste r.

T w o /
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Two sections of each tissue  sample were incubated w ith  each 

incubating m edium .

The m edia were made up as fo llow s : -

, 1 .  NAD, n itro  B T , bu ffe r
c o n tro l NADP, n itro  B T , bu ffe r

DHA /  NAD, DHA, n itro  B T , b u ffe r
4. NADP, DHA, n itro  B T , bu ffe r

- 5, NAD, 16/3, n it ro  B T , b u ffe r
^  ^  6. NADP, 16jS, n it ro  B T , b u ffe r

T es tos te rone , 7. NAD, testosterone, n it ro  B T , bu ffe r 
(17jS) , 8, NADP, testosterone, n it ro  B T , b u ffe r

O estrad io l , 9. NAD, oe s trad io l, n it ro  B T , bu ffe r 
.  ̂ (17/3) 10, NADP, o es trad io l, n itro  BT-, b u ffe r

(d) D H A -S ulfa te  as s te ro id  substrate fo r  HSD a c tiv ity  de term inations in  
human sk in

Incubation m edia were made up as fo r  no rm a l 3/3 HSD h is tochem ica l 

t r ia ls .

The so lutions used w ere:

1. C on tro l (no s te ro id  substrate)

2. DHA as s te ro id  substrate

3. DHA “ SO, as s te ro id  substra te
4

4. D iaphorase con tro l (NADH)

T h e /
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The sk ins tested w e re :-

(i) th ree  sk in  biopsies of adu lt human skin

( ii)  two sk in  biopsies o f pe rinea l sk in

( i i i )  two sk in  b iopsies of foe ta l sk in  (20 and 
26 weeks o ld respective ly )

(e) H is tochem ica l assays on severa l o ther s te ro id  substra tes

In  investiga tions of other s te ro id  bases, the h is tochem ica l methods 

used were in  a ll respects s im ila r  to  those a lready described.

The s te ro id  bases used :-

1. Pregnenolone

2. Epiandrosterone

3. Androstened io l

4. Androsterone

5. Androstenedione 

6„ Etiocholanolone

7, 6/3-hydroxyprogesterone

8, 20j3-hydroxyprogesterone

9, D ihydro testoste rone

10, 3/3,17/9 -D  ih yd r oxy -  5a -and r o stan

11, 3a, 17/3 -D ih yd r oxy -  5 a -and r ostan

12, 5a A ndrostan-3 , 17-dione

The skin  sam ples used in  these incubations were as fo llo w s :-  

Sam ple /
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Sample

1. Fem ale, 36 yea rs , ant. chest

2. M ale, 49 yea rs , upper abdomen

3. M ale, 38 yea rs , scalp

4. M ale , 63 ye a rs , post chest

5. Fem ale, 32 yea rs , post chest

6. M ale , 69 yea rs , lo w e r abdomen

7. Fem ale, 60 yea rs , b reast

8. M ale , 59 yea rs , chest

9o Fem ale, 26 years , scapular

10, Fem ale, 36 years , post, chest

11. Fem ale, 53 years , ant. chest

12. M ale, 18 ye a rs , lo w e r abdomen

13. M ale, 65 ye a rs , lo w e r abdomen

14. Fem ale, 54 yea rs , ant. chest

15. Fem ale, 26 yea rs , ant, chest

16. Fem ale, 30 yea rs , post, chest

17. M ale, 47 yea rs , post, chest

18. Fem ale, 30 yea rs , lo w e r abdomen

A l l  the skins used in  th is  experim ent were ones p re v io u s ly  ascerta ined 

to  be active  fo r  3/3 HSD w ith  DHA as s te ro id  substra te .
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RESULTS

I  H is tochem ica l Methods

The re su lts  a re  shown g ra p h ica lly  in  F igu res  16 -  22 and in  

Tables 1 and 2.

F ig u re

16. E ffe c t of NAD concentra tion  on HSD a c tiv ity

17. E ffe c t of DHA concentra tion  on HSD a c tiv ity

18. E ffe c t of M g on HSD a c tiv ity

19. E ffec t of n ico tinam ide  on HSD a c tiv ity

20. E ffe c t of V ita m in  K  on HSD a c tiv ity

21. T im e  course of HSD a c tiv ity

22. Longer tim e  course of HSD a c tiv ity

(i) C oncentra tion curves c a rr ie d  out on severa l sk in  sam ples were set 

up to  estab lish  the optim um  concentra tion of NAD and DHA in  the 

incubation m edium  fo r  h is tochem ica l studies on 3/3 HSD (F igures 12 

and 14).

The granu les w ere counted by means of the W ild  M20 m icroscope 

in  the method described and the re su lts  p lo tted  against concentra tion 

of the one var^dng constituent in  the o therw ise  constant incubation 

m edium .

(ii/
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Figure 16 NAD concentration curve
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Figure 17 DKA concentration curve
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Figure 18 Effect of magnesium
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Figure 19 Effect of Nicotinamide
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Figure 20 Effect of Vitamin K
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Figure 21 Time course of reaction (a)
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Figure 22 Time course of reaction (b)
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( ii)  The e ffec t o f substances thought to be poss ib le  c o -fa c to rs  in  

the s te ro id  dehydrogenase reac tion  is  shown in  F ig u re  18 

(Magnesium) F ig u re  19 (N icotinam ide) and F ig u re  20 (V itam in  

K ), These re su lts  w ere obtained a lso by the m ethod em ploying 

the W ild  M20 m icroscope .

( ii i)  The tim e  course of the incubation reaction  is  shown in  the graphs

a) and b) dep ic ting  T o ta l num ber of granules
____________ (F igu res 21

T im e  of incubation (in m ln s . )

To investiga te  the p rog re ss  of the re ac tio n  w ith  t im e , sections were 

incubated on a p ro je c tio n  m icroscope w ith in  an incubating  oven at 

37^C and the num ber of granules w ith in  a h igh power f ie ld  were 

counted at set in te rva ls  of tim e .

T h is  method was found to be p ra c tic a l fo r  a l im ite d  tim e  of incubation 

im til a fte r a pp rox im a te ly  45 m inutes of incubation i t  becomes 

d if f ic u lt  due to the b lo ttin g  out e ffect of the granules (F igu re  21). 

Longer te rm s  of incubation were c a rr ie d  out in  another se ries  of 

experim en ts  by the rou tine  method, the reac tion  being stopped at 

set in te rv a ls  of tim e  and the in te n s ity  of re ac tio n  estim ated  by the 

W ild  M20 method. The tim es of incubation w ere 30, 60, 120, 150, 

and 180 m inu tes. The e ffec t is  shown in  F ig u re  22. The reac tion  

le ve ls  o ff at 2 hours .

( iv /



(iv) The e ffec t of tem pera tu re  was studied by -

(a) c a rry in g  out the incubations s im u ltaneously  on 

consecutive sections on sk in  in  fo u r d iffe re n t 

ovens (20°C, 30°C, 37 C, 50°C)

(b) the e ffec t o f tem pera tu re  on the 3/5 HSD enzyme 

was also studied by preheating  consecutive sk in  

sections fo r  15, 20 o r 30 m inutes in  ovens set at 

60^C, 80^C, lOO^C and 160^C fo llow ed  by rou tine  

incubation fo r  3/5 HSD.

The re su lts  ind ica te  tha t -

1. the course of the enzyme reac tion  is  ve ry  l i t t le  

a ffected by the tem jperature of incubation, the 

a c t iv ity  being approx im ate ly  the same at the 

va rious  tem pera tu res of incubation in  the case 

o f th ree  sk in  samples studied.

2. the enzyme is  ve ry  heat -  stab le . A fte r  preheating 

fo r  30 m inutes at 160*^C the h is tochem ica l reac tion

is  s t i l l  p o s itive . T h is  heat -  res is tance , in  d ry  heat, 

was noted fo r  3/3, 16jS and 17^ s te ro id  dehydrogenase 

w h ich  were studied in  d iffe re n t sk in  sam ples.

(v /
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(v) The e ffects of some substances thought to  be poss ib le  in h ib ito rs  

a re  shown in  Table 1.

Q u inestrado l appears to have no in liib ito ry  e ffec t on the s te ro id  

dehydrogenases except in  some of the skins studied when i t  does 

in li ib it  3/5 HSD.

The antiandrogens, cyproterone and cyproterone acetate which 

a re  among the m ost potent o f the anti androgens so fa r  produced, 

show a s trong  in liib ito ry  e ffec t on 3jS and 16/5 HSD enzymes in  aH 

the sk in  sam ples tested, but not in  a ll cases on the 17/3 HSD.

(vi) E ffe c t of p re incuba tion  in  bu ffe r on severa l h yd ro xys te ro id  

dehydrogenases is  summed up in  Table 2.

To de te rm ine  the extent to which the HSD enzymes are  extracted  

out o f the tissue  section in to  a bu ffe r so lu tion , two consecutive 

sections were assayed fo r  3/5 HSD. The f i r s t  co n tro l was subject 

to  the rou tine  incubation o f 3/5 HSD but the second was pre incubated 

in  the b u ffe r fo r  ten m inutes. The experim en t was repeated w ith  

o e s tra d io l, testosterone and androsten -  3/9-16/5 d io l-3  m ethy l e ther 

as substra tes.

The re s u lts  (shown in  Table 2) ind icate tha t a ll the s te ro id  

dehydrogenases stud ied w ith  the exception of 16/5-dehydrogenase, 

re a d ily  d iffuse out fro m  tissue  sections.



Tab le  1 H is tochem ica l assays using in h ib ito rs  in  the

incubation m edium

Cyproterone
C o n tro l Q uinestradol C ypro terone Acetate

Testosterone

16/3

O estrad io l

DHA

C on tro l

+

+

+

+

4"

+

+ +

+

(+) granules present (-) granules absent

Tab le  2 E ffe c t of p re incubation  in  B u ffe r on seve ra l HSDs

C on tro l
(no s te ro id ) DHA O estrad io l T e stosterone 16/3

No p re incuba tion  

P re  incubât ion

+ + +

+

(+) granu les present (-) granules absent



Methods of incubation

The fo u r methods of incubation described a re  il lu s tra te d  d ia g ra m - 

m a tic a lly  in  F ig u re  12.

The advantages and disadvantages of these va rious  techniques are 

lis te d  in  Tab le  3.

The m ethod f in a lly  adopted, method 5 (see F ig u re  13) consisted of 

an adaptation of method ( i). The cove rs lip s  w ith  attached tissue  sections 

w ere  placed on a double la y e r of f i l t e r  paper on a perspex tra y  f it te d  w ith  

an a ir  t ig h t l id .  The co ve rs lip s  a re  covered w ith  a m eniscus of incubating 

so lu tion  and the l id  of the box rep laced gently. W et swabs o f cotton wool 

a re  placed in  the box. The evaporation of the incubating  m edium  is  thus 

reduced to a m in im um .

The m ethod is  easy to  use, qu ick to set up and a llow s fo r  c le a r 

la b e llin g  of a la rg e  num ber o f sections incubated -  w ith  penc il on the f i l t e r - 

paper, as illu s tra te d  in  F ig u re  13.

C ounter sta In ing

D iffe re n t methods o f s ta in ing  were assessed fo r  q u a lity  o f tissue  

d e fin itio n  and fo r  the e ffec t on the d ifo rm azan granu les. The sta in ing  

method f in a lly  adopted is  shown in  F ig u re  23,

U s ing  the sem iquant i t  a tive  method fo r  granule es tim a tio n , the e ffect 

o f fad ing  o r re m o va l o f d ifo rm azan  p a rtic le s  was examined.

C onsecu tive /

\



Tab le  3 Advantages and disadvantages associated 

w ith  va rious  methods of incubation

M ethod

1

Advantages

E as ies t to  use

Sm all amount of 

incubation m edium  

used

Ease of use, sm a ll 

amount of re ac tion  

m ix tu re

Reaction conditions 

s ta b ilise d . Easy to 

re cove r reac tion  

m edium

Easy to  use, o ve r­

comes p rob lem  of 

evaporation

Disadvantages

Inaccura te  because of loss 

by evapora tion  of solvent

D if f ic u lty  in  cu tting  co ve r-  

s lip s

D if f ic u lty  in  re co ve rin g  

re a c tio n  m edium

In it ia l p rep a ra tio n  of te s t-  

tube ends
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Figure 23 Skin section counterstained following incubation 

showing the deposition of diformazan granules 

in the sebaceous gland
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Consecutive sk in  sections which were -

(a) unstained

(b) sta ined by the method described and
exam ined im m ed ia te ly

(c) stained and examined a fte r a few  days

w ere subjected to  the sem iquan tita tive  es tim a tion  (using the W ild  M20 

m icroscope) to  com pare the granule deposition. S ta tis tica l ana lys is of 

the re s u lts  in  Tab le  4 shows tha t the s ta in ing  d id not cause any ex trac tio n  

of the granui.es, and the counter sta in ing  teclin ique enhances the ease w ith  

w hich the granules can be observed and counted.

I I  Sem iquantitation

Two m ain  types of methods of es tim a ting  enzyme a c tiv ity  of sk in  

sam ples w ere  considered -  A . H is tochem ica l method of granule counting

B . B lu o r im e tr ic  method of es tim a tion  of

re a c tio n  p roduct (by m easuring  NADH 

form ed)

A . Granule Com iting

The p rep a ra tio n  of sk in  sections by h is tochem ica l methods invo lv in g  

the deposition  of d ifo rm azan  granules in  the sebaceous glands has been 

described . Methods of es tim a ting  the enzym ic a c t iv ity  by th is  p rocedure  

invo lve  granule  -  counting. F ou r methods of granule counting were attem pted 

and these attem pts w ere  described in  the methods section .

(a )/
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Table 4 Comparison of numbers of graniiles/sq. |t/, in 
stained and unstained sections

Unstained Stained
section section

1. 1.18 1,33
2. 1.70 2.20
3. 0.84 1.02
4. 3.39 3.48
5. 3.1 5.6
6. 4.96 5.06
7. 2.13 3.18
8. 1.70 1.73
9. 2.50 2.67

10. 0.96 1.8



(a) The counting of granules on a p ro je c tio n  screen  was fomid 

to  be unsuccessful because -

1. on ly a few consecutive sections can
be considered

2. the method is  com plica ted and labo rious

3. the p ro jec te d  p ic tu re  is  not c le a r, granules
and p a rtic le s  of d ir t  are  ind is tingu ishab le

4. granule deposition  a fte r m ore  than 30 m ins .
o f incubation appears b lo tted , granu le  
super im p o s itio n  m aking the read ing  of 
re s u lts  u n re lia b le . Thus granu le  e s t i­
m ation  at the optim um  tim e  of incubation 
when the granule deposition c u rv e /tim e  
begins to  le ve l o ff, is  im poss ib le  to 
achieve by th is  method. T h is  method was 
th e re fo re  abandoned.

(b) Scanning m ic ro d e n s ito m e te r -  T h is  m ethod does not:

a) d is tingu ish  between granules of d iffe re n t sizes

b) re c o rd  in  depth but only in  the m ic ro sco p ic
f ie ld  set in  focus.

c) d is tingu ish  between fo rm azan granu les, d ir t
p a rtic le s  o r  the dense nuc le i of c e lls , 
c e ll p a rtit io n s  etc.

W



In  the case of the m ore  sophistica ted scanning and in te g ra tin g  

m ic ro d e n s ito m e te r which was tr ie d  in  these investiga tions , the f i r s t  of 

the above p rob lem s a), is  overcom e, m a in ly  the apparatus can be set 

to  read grannies of d iffe re n t s izes. A t the tim e  these assays were 

done (1966-1967) the re  was no o ther apparatus o f th is  s o rt which could 

get over the o ther two shortcom ings of the method ( b) and c) ). Th is  

method was th e re fo re  found to  be un sa tis fa c to ry  and was abandoned, 

( fu rth e r developments in  th is  f ie ld  are  described in  D iscuss ion ).

(c) The W ild  M20 m icroscope method gave good re s u lts . The 

fo llo w in g  experim ents w ere c a rr ie d  out to ensure th a t the method is  

s ta t is t ic a lly  va lid .

(i) To  estab lish  v a lid ity  of one obse rve r counting, one 

m ic ro sco p ic  f ie ld , ten d iffe re n t m ic roscop ic  f ie ld s , (a -  j) 

w ere  counted anything fro m  seven to ten tim e s . These counts 

w ere  not c a rr ie d  out successive ly  a t the one t im e , but were 

done at random  at va rious  tim e s . Thus on one day fie ld s  a, c, 

f ,  g and h m igh t be com itéd, on the next day b, d, e, i  and j,  

the fo llo w in g  day b, c, e and f  being counted fo r  the second 

t im e  and so on u n til su ffic ie n t data could be c a rr ie d  out to 

draw  up Table  5 in  w hich the values rep resen t g ran u le s /sq . p.

U sing  the B a r t le tt te s t of hom ogeneity of va riance , 

th e re  is  evidence fo r  s ig n ifica n t heterogene ity at the 5% leve l 

o f s ign ificance . T h is /
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Table  5 Table  of v a r ia tio n  of one f ie ld  counted by one

observer te n  tim e s

(a) (b) (c) (d) (e) (f) (g) (b) (i) (j)

2 .05 1.96 1.75 3.10 2 .7 1.2 6 .9 4 .9 6 .6 6 .3

2. OS 1.73 1. 72 3.60 2,62 1.42 6 ,9 4 .2 6.68 6. 54

2,02 1.87 1.84 3.75 2.80 1.42 6.5 4 ,7 6.88 6 .6

2.05 2.05 1.10 3.84 2,97 1.48 6.3 4 .3 6 .0 6 .5

1. 98 2.02 1,60 3,85 2.89 1.37 6 ,9 4 .6 6 .8 6.15

1.97 2.06 1,38 3.75 3.00 1.38 6 .6 4 ,5 6,45 6.7

1.85 1.89 1,67 3, 95 3.10 1.42 6.2 4 .57 6.56 6.18

2.14 1.82 1,50 “ 3 .07 1.44 6. 5 4 ,25 6.25 6.45

2.19 1.88 1.76 - ■— 1.24 6. 5 4 .67 6. 64 6 .37

2.28 1.50 1.74 —* 1.46 6.8 4 .48 6 ,4 6 .5



T h is  evidence of v a r ia b il i ty  of de te rm ina tions fro m  

fie ld  to  f ie ld  means tha t some care m ust be taken in  

spec ify ing  the d iffe rences in  de te rm ina tions w hich 

m igh t be regarded as rep resen ting  a s ig n ifica n t 

d iffe ren ce  in  a c tiv ity . I t  is  s ta t is t ic a lly  acceptable 

to  use the h ighest sam ple variance  (0. 07985) instead 

of the pooled variances o f the samples (0, 04162). On 

th is  basis a d iffe rence  of 0. 80 in  two de te rm ina tions  

w ould be regarded as evidence of s ig n ifica n t d iffe rence  

in  the two a c tiv it ie s . (The corresponding d iffe rence  

based on the pooled variance  is  0. 58)

(ii)  V a r ia tio n  between two observers  counting 

one f ie ld  -  Two obse rve rs  X  and Y  were invo lved.

F ive  d iffe re n t fie ld s  (A ~ E) w ere considered, each one 

being counted th ree  tim e s  by each obse rve r. The re su lts  

a re  shown in  Table  6,

By a standard analys is o f variance  th e re  is  

evidence of s ig n ifice n t obse rve r -  f ie ld  in te ra c tio n  at the 

5% le v e l. T h is  ind icates tha t w ith  the p resen t technique 

i t  is  c e rta in ly  inadvisab le  to  a llow  com parisons o f fie ld s  

made by d iffe re n t observe rs ,

( i i i)  V a ria tio n  between s e r ia l sections of the same 

gland -  A n a ly s is /



T ab le  6 Table  of v a r ia tio n  between two observe rs  (X and Y )

2L X
1.98 2 .68

A  1.87 2 .66

1.86 2.68

1.22 1.65

B 1.40 1.57

1.20 1.68

1.16 1.14

Ç 1.11 1.23

1.21 1.14

1.27 1.57

D 1.35 1.65

1.46 1.45

0.98 0 .79

E 0.90 0.93

0.99 0 .75



A n a lys is  of variance  on 5 se ries  of read ings of 

10 consecutive sections of sebaceous gland shows no 

s ig n ifica n t d iffe ren ce .

The evidence fo r  th is  ana lys is was ex tracted  fro m  

the 3 skins considered in  the Table "V a r ia tio n  in  co im t- 

ing  one m icroscope f ie ld  by one ob se rve r" (Table 5)

F ro m  a ll these s ta tis t ic a l ana lys is in  the data accum m ulated by means 

of the W ild  M20 m icroscope es tim a tion  technique, i t  can be concluded 

th a t the m ethod is  sa tis fa c to ry  on ly -

(1) as p ra c tice d  by a s ing le  observe r in  a set
of read ings

(2) i f  g rea t care is  taken by the person who
c a rr ie s  out these estim ations.

The method re lie s  ve ry  m uch on the ind iv idua l us ing  i t .  T h is  is  in  

fa c t its  g rea test drawback. E y e -s tra in  on the p a rt o f the obse rve r, 

tire dn ess  o r h u rry  can give u n re lia b le  re s u lts .

D is tr ib u tio n  of d ifo rm azan  granules in  the sebaceous gland can be 

tra ce d  fro m  the p ro je c tio n  in  the W ild  m icroscope tecln iique and such 

a d iag i’am m atic  rep resen ta tion  is  shown in  F igu re  9. T h is  granule 

deposition re fle c ts  enzyme d is tr ib u tio n  in  the sebaceous gland as p rev iou s ly  

expla ined in  the In troduc tion ,

T h e /
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The d is tr ib u tio n  of granules shown in  F ig u re  9 is  c h a ra c te r is tic  

o f 3/3 PISD d is tr ib u tio n  in  a sebaceous gland. I t  was found tha t the 

d is tr ib u tio n  of 3(3 HSD and 16(3 HSD enzymes in  the gland v a rie s  fro m  

the d is tr ib u tio n  of 17/3 HSD in  the sebaceous gland and th is  is  illu s tra te d  

in  F ig u re  24 and F ig u re  25. Two photographs are  shown. These 

rep resen t consecutive sections incubated by the usual h is tochem ica l 

m ethod w ith  a) DHA to show the d is tr ib u tio n  of 3(3 HSD (F igure  24) and

b) Testosterone to show the d is tr ib u tio n  of 17/3 HSD (F igure  25) in  the 

sebaceous gland of human sk in . As w i l l  be seen 3/3 and 16/3 HSD appear 

to  be d is tr ib u te d  throughout the sebaceous gland m ore  in tense ly  aroim d 

the p e rip h e ry . 17/3 HSD shows sm a ll pockets of a c t iv ity  w ith in  the sebaceous 

gland.

B. O ther methods of quantita tion  of the enzym ic re ac tio n

(a) S pectrophotom etric  t r ia ls  -  Spectrophotom etric  methods were 

assayed w ith  the purpose of quantita ting  dehydrogenase a c tiv ity  in  sk in  

sections. Two methods of approach were considered:

(i) e lu tions

(ii)  spectropho tom etric  read ing (c o lo r im e tr ic  
estim ation) of co lou r development in  
sk in  sections incubated by the usual 
m ethod and placed d ire c tly  in  the lig h t 
beam of a spectrophotom eter.

In  both these assays the re  was no m easurable d iffe rence  in  co lou r 

in te n s ity  between te s t and co n tro l.

A s /



Figure 24 Distribution of 3/3 HSD in the sebaceous

gland of human skin

i f t i .

Figure 25 Distribution of 17/3 HSD in the sebaceous

gland of human skin

 ̂240^
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As a p o s itive  con tro l la c tic  dehydrogenase in  l iv e r  sections 

gave read ings of su ffic ie n t value to  be s ign ifica n t.

Spectrophotom etric  assays of th is  nature m easure in  p r in c ip le  

the in te n s ity  o f co lou r fo rm ed . H is tochem ica l studies on sk in  sections 

revea l however two d is tin c t and d iffe re n t co lour re ac tio ns . The one we 

a re  in te res ted  in  m easuring is  the deposition of blue d ifo rm azan p a rtic le s  

in  the sebaceous gland of sk in  in  the presence of in tr in s ic  s te ro id  

dehydrogenase and added s te ro id . Th is  co lour reac tion  is  masked in 

spectropho tom etric  m easurem ents by the s tronge r non-enzym ic reduction  

of n itro  BT in  the h a ir -s h a ft of the skin sections. T h is  in te rfe ren ce  of 

the h a ir -s h a ft re ac tio n  makes spectrophotom etric  es tim ations  on whole 

sections of sk in  im poss ib le . To overcom e th is  e ffec t, one would need to  be 

r id  of the s ta in ing  of the ha im shaft o r d issect out the sebaceous gland fro m  

the sk in  section  p r io r  to  incubation.

F u rth e r  experim enta l w o rk  was im dertaken (see lodoacetate 

Assays) in  an e ffo r t to overcom e th is  p rob lem .

(b) F lu o r im e tr ic  estim ations -  Three  d iffe re n t sk in  samples were 

assayed by means of the Am ineo Bowman spectrophotoH uorem eter (shown in 

F ig u re  16). The re su lts  are shown on Table 7„

In  each of the th ree  experim ents the re su lts  give at leas t 100% 

h igher read ings in  the tes t than in  e ith e r of the co n tro ls ,

(T e s t/
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Table  7 F lu o r im e tr ic  es tim ations o f NADH

F lu o r im e tr ic  readings
Skin 

Sample 1 I I 111

1. N orm a l 3/3 HSD + sk in  incubation 0.085 0,089 0.21

2. C on tro l A  (no s te ro id ) + sk in 0.045 0.040 0.05

3. C on tro l B (no NAD) + sk in 0. 045 0. 045 0. 07

4. N orm a l incubation m edium  no sk in 0.015 0. 02 0. 018

5. NAD so lu tion  (5 m g ,/lO  m l. bu ffe r) 0. 015 0.02 0.01

6. NADH so lu tion  (0 ,5  m g ./lO  m l. bu ffe r) 0.65 0.64 0.62

7. NADH so lu tion  (0. 05 m g ./lO  m l. bu ffe r) 0.095 0.09 0. 092

8. NADH so lu tion  (0. 005 m g ./lO  m l. bu ffe r) 0. 02 0.02 0. 02

9. NADH so lu tion  (0. 0005 m g ./lO  m l. bu ffe r) 0.005 0.005 0.005

10. NADH so lu tion  (0. 00005 m g ./lO  m l. bu ffe r) 0.005 0. 005 0.005
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(Test: sk in  sections 4- no rm a l 3/3 HSD incubating 

m edium  -  C on tro l A : sk in  sections + incubating 

m edium  lack in g  s te ro id  base -  C on tro l B; sk in  

sections + incubating m edium  lack ing  NAD)

A n add itiona l co n tro l in  which no rm a l 3/3 HSD incubating m edium  is  

incubated w ithou t sk in  and read on the f lu o r im e te r gives even lo w e r re su lts  

than the p re v io u s ly  described con tro ls  A  and B.

NAD so lu tion  alone (in  bu ffe r) gives equally low  read ings. NADH 

so lu tion  alone (in  bu ffe r) gives readings h igher than the sk in  te s t incubation 

fo r  h igh concentra tion  o f NADH (0, 5 m g ./lO  m l. b u ffe r), and approx im ate ly  

the same read ings fo r  concentra tion  of 0, 05 mg. NADH/lO  m l. b u ffe r.

I l l  Survey of D is tr ib u tio n

The re su lts  of the su rvey a re  sum m arised  in  Tables 8 ~ 12.

Tab le  8 shows the d is tr ib u tio n  of the sk in  sam ples among male and 

fem ale  subjects and age grouping. In  a ll 136 patien ts a re  lis te d . The survey 

as m entioned invo lved 180 sk in  sam ples. The d iscrepancy in  the num bers 

is  due to  the fa c t tha t in  some cases two skin  b iopsies w ere taken fro m  the 

one pa tien t, as fo r  example du ring  th o ra c ic  su rg e ry  when s ldn samples fro m  

the a n te r io r  th o ra c ic  and fro m  the upper abdominal reg ions w ere  obtained. 

O n ly /



Table 8 Age and s ex distribution of specim ens

T o ta l num ber of specim ens 136 ~ M ales 81, Fem ales 55

Age 

0“10 years

11-20

31-40

41-50

51-60

61 +

M ale

7

6

14

16

13

14 

11

Fem ale

1

6

9

19

6

10

4

T o ta l

8

12

23 

35 

19

24 

15
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Tab le  9 D is tr ib u tio n  of sebaceous glands in  d iffe re n t

regions of the body

T o ta l num ber of specim ens 180

Sebaceous Sebaceous
glands present glands absent To ta l %

Face and neck 17 1 18 95

Scalp 13 1 14 93

A n te r io r  chest 25 12 37 68

P o s te r io r  chest 23 10 33 70

Upper abdomen 10 9 19 53

L o w e r abdomen 10 6 16 63

Leg 13 13 26 50

A rm 12 5 17 71

X  s ta tis t ic a l ana lys is  shows a s ig n ifica n t d iffe rence  at the 

1% le ve l in  the d is tr ib u tio n  of sebaceous glands.



Table 10 Age d istribution of 3^ HSD activity

14%

M b
T o ta l num ber 
 o f skins %

0-10 years  

11-20 

21-30 

31-40 

41-50 

51-60 

61 +

5

9

23

26

26

17

11

8

12

23

35

35

19

15

63

75

100

74

74

90

73



Table 11 Sex distribution

Num ber of T o ta l num ber of
active  skins skins tested %

M ale 64 81 79

Fem ale 42 55 77

2
X  te s t shows no s ig n ifica n t d iffe rence



Table 12 Enzyme activity associated  with body a rea  of skin

141:

Num ber of 
ac tive  skins

T o ta l num ber of 
skins tested %

Face and neck 

Scalp

A n te r io r  chest 

P o s te r io r  chest 

U pper abdomen 

L o w e r abdomen 

Leg 

A rm

16

12

19

16

9

8

10

7

17

13

25

23

10

10

12

12

94

83 

76 

70 

90 

80

84 

58
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O nly one pa tien t is  lis te d  in  the fem ale cases of 0-10 yea rs  age group, 

but in  the o ther groups, num bers su ffic ie n t to constitu te  the basis of 

s ta t is t ic a l enqu iries  w ere assem bled over a p e riod  of two yea rs .

Tab le  9 sets out the d is tr ib u tio n  of sebaceous glands in  d iffe re n t 

reg ions  of the body. Each sk in  sample was h is to lo g ic a lly  exam ined fo r  

the  presence o f sebaceous glands. When these w ere  not fo im d on in it ia l 

exam ina tion  the sk in  sam ple was cut fu r th e r  in , i f  necessary r ig h t through 

the sam ple and every  10 th  section  examined a fte r a b r ie f  haem atoxy lin  -

eosin  s ta in ing  to  fa c ilita te  m ic ro sco p ic  exam ination of the sk in  sections.
2

X  s ta t is t ic a l ana lys is shows a s ig n ifica n t d iffe rence  at the 1% le ve l in  the 

d is tr ib u t io n  o f sebaceous glands. I t  appears fro m  th is  Tab le  tha t sebaceous 

glands a re  m ost densely d is tr ib u te d  in  the face and neck reg ion  (were over 

95% of sk in  sam ples show the presence of sebaceous glands) as w e ll as in  the 

sca lp  reg ion . I t  is  in  fa c t in  the sk in  of the head tha t the la rg e  fo ll ic u la r  

a c in i o f sebaceous glands a re  Imown to be foim d. Only two sk in  sam ples fro m  

th is  reg ion  showed a to ta l absence of sebaceous glands and in  those two cases 

the b iopsies ava ilab le  were ve ry  sm a ll, being of the o rd e r of a few square m m . 

N ext in  the o rd e r o f sebaceous gland d is tr ib u tio n  is  the sk in  of the chest 

(a n te r io r  and p o s te rio r)  and tha t of the a rm . The low est fig u re s  (in the reg ion  

o f 50-60%) w ere obtained fo r  the skin  of the abdom inal re g io n  (upper and 

lo w e r) and the sk in  covering  the le g s .

Tab le  10 sets out enzyme a c tiv ity  re la te d  to age and the re su lts  are  

re p re s e n te d /



represen ted  as a percentage of the num ber of ac tive  skins over the to ta l

num ber of skins tested. I t  is  noted that a ll the skins in  the 2 1 - 3 0  year

age group are  p o s itive  fo r  3/3 HSD a c tiv ity  w ith  lo w e r fig u re s  in  the

other age groups.

Tab le  11 com pares the num ber of active skins p e r to ta l num ber of

skins tested  in  m ales and fem ales « There  is  no s ig n ifica n t d iffe rence  in
2

3j5 HSD a c tiv ity  in  m ales and fem ales as tested s ta t is t ic a lly  by the X 

te s t f ro m  these re s u lts .

F in a lly  in  Table 12 a re  represented  the fig u re s  fo r  enzyme a c tiv ity  

in  the sebaceous glands of sk in  fro m  d iffe re n t areas of the body, these 

being given as percentages of the num ber of ac tive  skins p e r to ta l num ber 

of skins tested.

F ro m  th is  Tab le  i t  appears tha t the area of h ighest 3/3 HSD a c tiv ity  

(g iv ing  the num ber o f active  skins over the to ta l num ber o f skins tested as 

94% ) is  the face and neck reg ion .

IV  E xp e rim en ta l A n im a l Studies

(1. ) Mouse sk in  d id  not give ve ry  good re s u lts . The sebaceous 

glands do not show a s trong  HSD re ac tio n  fo r  any of the fo u r s te ro id  bases 

used, the glands a re  s m a ll and the dark  s ta in ing  of the h a ir  shafts m asks 

the weak re a c tio n  of the glands.

G e n e tica lly /



G enetica lly  h a ir le s s  m ice  w ere used in  an a ttem pt to 

overcom e the p rob le m  of the h a ir -s h a ft reac tion . I t  was found however 

tha t in  the sk in  of the h a ir le s s  mouse the sebaceous glands are s tro ng ly  

ke ra tin ize d  and quite in s ig n ifica n t fo r  h is tochem ica l inves tiga tions .

(2c ) Rat sk in  shows sm a ll but d is tin c t sebaceous glands (F igure  

26) w hich give good pos itive  re ac tio n  fo r  3/3 and 16̂ 8 HSD. 17/3 HSD can 

be shown when O estrad io l is  used as the s te ro id  base but ve ry  weak 

re ac tio n  appears when Testosterone is  used. The presence of HSD in  

the ra t  was f i r s t  made obvious in  the presence of F VP in  the incubating 

m edium . A fte r  repeated experim enta tion  on an im a l sk in  m a te r ia l which 

i t  was found needs much m ore  ca re fu l handling than human sk in , i t  was 

possib le  to  get cons is ten tly  good re su lts  even in  the absence of PVP.

Rat p rep u tia l gland showed ve ry  good p o s itive  re su lts  fo r  3/3 

and IQ(3 HSD (F igu re  27). Only some samples showed 17/3 HSD a c tiv ity .

Aga in  as w ith  ra t sk in  these re s u lts  were f i r s t  obtained in  the presence of 

PVP and la te r ,  a lm ost as s tro n g ly , in  the absence of PVP.

(3 .) G e rb il sk in  does not p rov ide  good h is to lo g ica l m a te r ia l fo r  

sebaceous gland stud ies. The sebaceous glands are s m a ll, and the presence 

of h a ir  causes a p rob le m  as described p re v io u s ly . No re ac tio n  was 

observed. G e rb il te r r i t o r ia l  m a rk in g  p rov ides ve ry  good m a te r ia l w ith  

la rg e  w e ll-d e fin e d  and num erous sebaceous glands. However, i t  was found 

tha t on ly one out of 6 -  8 sebaceous glands showed a po s itive  HSD re ac tio n , 

s tro n g e r fo r  and 16/3 than fo r  17/3 HSD. A /



Figure 26 Rat skin showing 3/3 HSD activity in

sebaceous glands

103 ,



Figure 27 Rat preputial gland showing 3/3 HSD activity

8  n s )



A  se rie s  of experim en ts  w ere  designed to overcom e th is  d isappoin ting 

p ic tu re . I t  was fe lt  tha t g e rb il t e r r i t o r ia l  m a rk ing  would constitu te  

exce llen t w o rk in g  m a te r ia l in  androgen assays re la te d  to  sebaceous gland 

a c t iv ity .  The te r r i to r ia l  m a rk in g  is  so w e ll defined and la rg e , espec ia lly  

in  the m a le . The g e rb il is  one of the m ore agreeable la b o ra to ry  an im als 

and m any weeks w ere spent in  a ttem pting  to  overcom e the inexp licab le  

fa ilu re  to  achieve a c le a r cut re s u lt.  But ne ithe r the v a r ia tio n  of tim e  o r 

te m p e ra tu re  o f incubation, no r the va r ia tio n  of the concentra tion  of d iffe re n t 

constituents of m edium , no r ye t the addition of PVP changed in  any degree, 

the basic  observa tion  tha t only one of 6 -  8 sebaceous glands are  p o s itive , 

and even tha t not cons is ten tly  so in  a ll an im als exam ined. However, even 

these re s u lts  w ere  at the tim e  considered of value and a se rie s  of e x p e ri­

m ents w ere  c a rr ie d  out us ing  the te r r i to r ia l  m a rk in g  o f g e rb il in  an 

a ttem pt to fo llo w  the e ffec t o f d iffe re n t androgenic s te ro id s  on sebaceous 

glands HSD a c tiv ity  (see G e rb il E xperim en ts  section)

(4 .) Guinea p ig  sk in  does not show v e ry  good re s u lts . The sebaceous 

glands a re  sm a ll and only ve ry  weak a c tiv ity  was noted w ith in .

Guinea p ig  l ip  was found to p rov ide  ve ry  su itab le  h is to lo g ica l 

m a te r ia l showing w e ll d iffe re n tia te d  sebaceous glands and good a c tiv ity  fo r  

a l l  the s te ro id s  tested (F igu re  28).

(5 .) S yrian  ham ste r sk in  sections show sm a ll sebaceous glands of 

in d iffe re n t HSD a c tiv ity  and s im ila r ly  to the skins of mouse, guinea p ig  and 

g e rb il described  above w ere not thought to  constitu te  su itab le  m a te r ia l fo r  

fu r th e r  h is to  chem ica l investiga tions.

S y r ia n /
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Figure 28 Guinea pig lip skin section showing 3/3 HSD

activity in the sebaceous glands



JLU ( ,

S yrian  ham ste r co s to ve rte b ria l organs a re  r ic h  in  la rg e  

w e ll defined sebaceous glands, which show grannie deposition w ith  PVP.

I t  was observed however tha t in  incubations w ith  P V P , co n tro ls  came 

up p o s itive  as w e ll.  In  PVP prewashed runs, the con tro ls  a re  negative 

but the te s t granu le  deposition is  ve ry  weak, so as to  be a lm ost in s ig n i­

fic a n t, T h is  p rob lem  is  fu r th e r  considered in  the spec ia l section on Syrian  

ham ste r as the co s tove rteb ra l organ was adopted as expe rim en ta l m a te r ia l 

in  a se rie s  of fu r th e r  experim ents.

A  se rie s  o f experim ents c a rr ie d  out w ith  the a im  of im p ro v in g  the 

h is to  chem ica l dem onstra tion  of HSD a c tiv ity  in  an im a l tissue s , gave the 

fo llo w in g  re s u lts  -

1. V a ria tio n s  of concentrations of s te ro id  substra te  
o r NAD CO-factors d id not a lte r  the re s u lts ,

2. V a ry in g  the tim e  and tem pera tu re  of incubation 
d id  not im prove  the re su lts .

3. U sing  NADP instead of NAD ad co -fa c to rs  d id  not 
a lte r  the re s u lts . (Table 16)

4. The use of PVP in  the incubating m edium  gave r is e  
to  the f i r s t  p os itive  h is to  chem ical re s u lts  in  an im al 
tissues (ra t skin) and th e re a fte r w ith  ca re fiü

■ a tten tion  to  d e ta il the technique was successfu l 
even in  the absence of PVP.

G e rb il experim ents w ere im dertaken before  the fin d in g  o f m ore  s u it­

able expe rim en ta l an im als  (ra t and ham ster) came to  lig h t.

T h e /
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The on ly r e s u l ts  w h ich  can be im h e s ita t in g ly  g iven fro m  these 

two se rie s  of experim ents a re :-

1. The s iz e  of the g landu la r pad increases in  th e
a n im a ls  which have undergone tre a tm e n t w ith  
androgens.

2o The re la tiv e  s ize of the sebaceous glands in  
th e  g landu la r pad increases g re a tly  in  an im als 
which have undergone trea tm e n t w ith  androgens.
(F ig u re s  29 and 30)

T here  appears to be s trong  HSD a c tiv ity  in  h is tochem ica l assays on 

and ro ge n -trea te d  an im als but as th is  a c tiv ity  continues to  show the pa tte rn  

described  e a r l ie r ,  nam ely tha t only one in  6 -  8 sebaceous glands shows 

a c tiv ity  and as a fte r  trea tm e n t the appearance of the g landu la r pad sections 

is  so a lte re d  tha t com para tive  quantita tion is  d if f ic u lt ,  th is  se ries  of 

experim ents  is  m ifo rtuna te ly  inconclusive .

R esu lts  of S yrian  h a m s te r experim ents are shown in  Table 13. These 

re s u lts  show :-

L  The e ffec t on C. V. O. size

2. The e ffec t on ind iv idua l sebaceous gland s ize  in  the C. V .O .

■ 3. The e ffec t on HSD a c tiv ity

( 1 . ) /



Figure 29 Gerbil glandular pad section before

lO U ,

Figure 30 and after treatment of animal with testosterone

(y mo')
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(1. ) T o p ica l trea tm e n t was applied on on ly the r ig h t side of 

the an im als but where increase in  s ize of the C. V. O. was observed 

(anim als 1, 2 , 5 and 6 on Table 13) such an increase in  s ize occu rred  in  

both C. V. O. Increase in  the size of C. V. O. was caused by trea tm en t 

of the an im a ls  w ith  :

a) 17/3 “hydroxy “ 5 a' -androstan-3-one
(considerable effect)

b) 3a “17^ “ d ih yd ro xy ” 5a -androstan
(s lig h t e ffect)

both in  to p ica l and system ic app lica tion .

(2 . ) Increase in  the size of the ind iv idua l sebaceous glands w ith in  

the d e rm a l la y e r  in  sk in  sections of the C. V. O. was observed (F igures 31 

and 32) in  an im als tre a ted  w ith  1 7 ^-h yd ro xy -5 a “ androstan“ 3-one.

Unfortvm ately in  these e a rly  experim ents the technique of cu tting  the soft 

w rin ld e d  w a r t - l ik e  sk in  of the C. V, O. was as yet in  the experim en ta l stages 

and a lo t  o f the an im als in  the o ther groups are  not lis te d  in  the Table as these 

C. V. O. skins w ere fa u lt i ly  cut and cannot be considered.

The only negative re su lts  which are le f t  to  re p o rt in  th is  sub­

section  are  an im als 3, 4 and 6 and a ll the con tro ls  (which were done la s t, 

by which tim e  the p re incuba tion  technique was im proved).

(3. ) The same observations apply to  th is  subsection. Of the C. V. O. 

skins ava ilab le  fo r  HSD studies those of group 1 (17;3-hydroxy -  5a -an d r os ta n -  

3-one trea ted ) gave pos itive  re su lts  w h ile  those in  groups 3, 4, 6 and the 

con tro ls  gave negative re s u lts .

R e s u lts /
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Figure 31 Hamster costovertebral organ section before

11 W!

&
Figure 32 and after treatment of animal with androgens
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R esu lts were considered po s itive  in  es tim a tin g  HSD a c tiv ity  

when the te s t showed much s tronge r fo rm azan deposition than the con tro l 

incubated section . The p rob lem  of po s itive  co n tro ls  is  fu r th e r  considered 

in  the D iscuss ion , HSD a c tiv ity  was tested fo r  3̂ 3 HSD enzyme. In an im als 

of group 1 HSD a c tiv ity  a fte r tre a tm en t was found to be much g rea te r than 

in  co n tro l, untreated an im als.

V  lodoacetate T r ia ls

The assay was repeated on 5 d iffe re n t sk in  sam ples. A l l  the sk in  

sam ples w ere  human, scalp, p o s t-m o rte m  sk in  sam ples taken w ith in  24 

hours a fte r  death.

A l l  the sk in  sam ples gave the re su lts  set out in  Table 14.

P re incuba tion  w ith  phosphate bu ffe r of up to  15 m inutes rem oves 

n e ith e r enzyme a c t iv ity  n o r s ta in ing  of the h a ir -s h a ft.

P re incuba tion  w ith  lodoacetate -  e thyl m a le im ide  so lu tion  fo r  m ore  

than 3 m inutes fo llow ed  by n o rm a l rou tine  incubation fo r  3^ HSD a c tiv ity  

shows -

(a) enzyme ina c tiva tio n

(b) gradual rem ova l of s ta in ing  in  the h a ir -
shaft which becomes s ta in -fre e  a fte r 
15 m inutes of p re incubation .

P re  incuba tion /



Table 14 lodoacetate tr ia ls

164,

P re incuba tion  
■with b u ffe r 
(in  m inutes)

3/3 HSD 
Incubation re su lts

C on tro l T es t

P re incuba tion  
w ith  so lu tion  of 

iodoacetate -  
m a le im ide  
(in  m inutes)

3j3 HSD 
Incubation re su lts

C on tro l Test

+

+

+

+

5

7

9

12

15

+

+

+

+

5

7

9

12

15
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P re incuba tion  In iodoacetate-e th y l m a len iide  so lu tion  fo r  periods 

of up to 3 m inutes in  some cases does not cause com plete deactiva tion  of 

the dehydrogenase enzyme and granules may be found to be deposited in  

the course o f the rou tine  te s t run  fo r  S(S HSD w hich fo llo w s  the p re in cu ­

bation . The s ta in ing  of the h a ir -s h a ft however is  a lso s t i l l  in  evidence 

a fte r  such sh o rt p re incuba tion  runs.

I t  is  th e re fo re  im poss ib le  by th is  method to get r id  o f the non- 

enzym ic h a ir -s h a ft s ta in ing  e ffec t w ithout in a c tiva tin g  the s te ro id  dehy­

drogenase enzymes in  sk in .

V  A bnorm a l Skins

The re su lts  of h is tochem ica l investiga tions on 5 acne skins before 

and a fte r tre a tm e n t by va rious  c lin ic a lly  used the rapeu tic  drugs are shown 

in  Tab le  15. I t  was noted tha t sk in  b iopsies fro m  acne patien ts show strong  

h is tochem ica l a c tiv ity  fo r  3j3 HSD , 16^ HSD and 17/3 HSD (both w ith  

tes toste rone  and o es trad io l as s te ro id  substrate)

B iopsies taken a fte r tre a tm e n t w ith  P en tov i^  Quinoderm  and 

Synalar showed no m arked decrease in  HSD a c tiv ity  in  h is tochem ica l t r ia ls ,  

com pared to HSD a c tiv ity  re su lts  fro m  h is tochem ica l assays done on the f i r s t  

p re tre a tm e n t b iopsies.

T o p ic a l/
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T o p ica l Sulphur and o ra l T e tra cyc lin e  trea tm e n t re su lte d  in  some 

decrease in  HSD a c tiv ity  in  both subjects investiga ted. In  one case 3/3 

and 16jS HSD a c tiv ity  p e rs is te d  a fte r 10 days of tre a tm e n t w h ile  17/3 HSD 

disappeared. In  the second case the f i r s t  sk in  b iopsy which was taken 

before  tre a tm e n t was began, showed strong a c tiv ity  fo r  a ll HSD's tested, 

w h ile  the second b iopsy taken 10  days a fte r trea tm e n t was began, was 

active  on ly when testosterone was used as s te ro id  substra te  (i, e, only 

p a r t ia l l7jS HSD a c tiv ity  was re ta ined).

C lin ic a lly  i t  was re po rte d  tha t the patients on T e tra cyc lin e  -  

Sulphur tre a tm e n t showed m arked im provem ent in  the acne cond ition  w h ile  

the patients on Quinoderm  and on Synalar trea tm en t d id  not show a 

com parable im provem ent.

V II O ther E xperim ents

(a) Enzyme a c tiv ity  es tim ations between d iffe re n t sebaceous glands to 

_______ estab lish  whether a c tiv ity  is  a c y c lic  phenomenon __ _

In  human sk in  the re  appears to be no c y c lic  p a tte rn  in  sebaceous

gland a c tiv ity . 

T h e /



The exam ination of a hundred consecutive sections of a sk in  

sam ple fro m  the sca lp , r ic h  in  sebaceous glands and showing s trong  S(3 

HSD a c tiv ity  and the cons ide ra tion  of each sebaceous gland in  th is  section 

throughout the se rie s  of sections examined re fle c ts  the fo llo w in g  d is t r i ­

bu tion of a c t iv ity  : -

1. The p e rip h e ry  of the sebaceous gland consists of s m a ll, 

densely packed ce lls  showing s trong  HSD a c tiv ity . Sebaceous glands 

sectioned a t the p e rip h e ry  give the appearance o f s trong  d ifo rm azan 

deposition and a re  th e re fo re  considered to be ve ry  active  in  respect of 

3j3 HSD enzyme investiga ted.

2, The lum en of the sebaceous gland consists of la rg e  loose ly  

packed, d is in te g ra tin g  ce lls  w hich do not show s trong  3j3 HSD a c tiv ity , in  

fa c t som etim es show the absence of any 3/3 HSD a c tiv ity . Sebaceous glands 

cut at o r near the m idd le  tend th e re fo re  to show l i t t le  o r no d ifo rm azan 

deposition in  h is tochem ica l investiga tions and m ay e a s ily  be thought as la c k ­

ing  3/9 HSD a c tiv ity  im less one happens to  have exam ined such a sebaceous 

gland throughout a se rie s  of sections and to have observed the increase of 

3/9 HSD a c tiv ity  tow ards the p e rip h e ry  of the gland.

This d is tr ib u tio n  is  seen in  3/3 and a lso in  16/3 HSD in  sebaceous 

glands of human sk in  (F igu re  24).

17/3 HSD however shows another p a tte rn  of d is tr ib u tio n  in  the 

sebaceous gland . H is tochem ica l incubations us ing  17/3 hyd roxy s te ro ids 

such as testosterone o r o e s tra d io l re s u lt in  d ifo rm azan  d is tr ib u tio n  in  sm a ll 

pockets throughout the gland (F igu re  25) „

T h e /



The se ries  of consecutive sections exam ined to  estab lish  

whether a c t iv ity  is  a c y c lic  phenonemon between d iffe re n t sebaceous 

glands was assayed by the usual h is tochem ica l method fo r  3(3 HSD a c tiv ity . 

A lthough in  exam in ing any one section which contains a num ber of sebaceous 

glands i t  appears as though some of these sebaceous glands are m ore  

ac tive  than o thers , in  s e r ia l studies of each sebaceous gland, i t  becomes 

obvious tha t the apparent a c tiv ity  of a sebaceous gland depends on the 

le ve l a t which i t  has been cut.

In  an im al skins on the o ther hand such a p a tte rn  ex is ts . In  

g e rb il sk in  on ly one among a few  adjacent sebaceous glands in  the sk in  

fro m  the sebaceous gland patch of the body shows a c tiv ity . The p o s s ib ility  

ex is ts  th e re fo re  in  an im al sk in  of sebaceous glands being in  an active  o r 

re s tin g  phase, th is  being perhaps associated w ith  h a ir  g row th  cyc les.

(b) W a rm  stage experim ent

In  the course of a rou tine  tes t incubation fo r  3(3 HSD c a rr ie d  out on 

a w a rm  stage of a m icroscope  a m icroscope f ie ld  conta in ing a sebaceous 

gland w ith  su rround ing  ce lls  was observed at h igh pow er. In it ia l ly  the 

sebaceous gland appears b r ie f ly  to be p ink. W ith in  15 m inutes fro m  the s ta rt 

o f incubation blue co lou ra tion  is  noted in  the sebaceous gland. A fte r  45 

m inutes fro m  the s ta r t of incubation th is  general blue s ta in  w hich is  d iffused 

over the surface of the sebaceous gland, re su lts  in  agg lom arations of m ore  

intense co lo u r, re s u ltin g  in  a d a rke r g ran u la r appearance which consists at 

f i r s t  o f v e ry  sm a ll p a rt ic le s . T hese /



170

These p a rtic le s  grow , p resum ab ly, by super im p o s itio n  of a num ber of 

sm a ll p a rtic le s  into la rg e r , be tte r defined gTanules. The d iffuse  blue 

co lou ra tion  of the sebaceous gland c lea rs  and a fte r  an hour fro m  the 

sta iT of incubation  the p ic tu re  is  tha t of a c le a r sebaceous gland w ith  

w e ll defined d a rk  blue granu les. Throughout the course of the incubation, 

no co lou r developm ent was noted in  any ce lls  outside the sebaceous 

gland.

(c) NAD and NADP in  h is tochem ica l investiga tions of human sk in  HSD a c tiv ity

The re su lts  a re  shown in Tables 16 and 17.

(i) The re s u lts  are noted in  te rm s  of in te n s ity  of reac tion .

V e ry  heavy granules deposition is  ind icated as (+++), w h ile  

weak re a c tio n  is  denoted by (+), In  cases where some of the 

sebaceous glands show no granule deposition, the re s u lt  is  

noted as (-t—) . In  the case of the enzymes considered on 

the th ree  sk in  sam ples w hich were t r ie d , i t  appears tha t 

the HSD is  fa r  m ore  active  in  the presence of NAD than in  

the presence of NADP,

NADH and NAD PH were used in  d iaphorase co n tro l

incubations fo r  experim ents in  which NAD and NADP 

re sp e c tive ly  were co -fa c to rs .
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Table 16 NAD and NADP in hisLocliemical incubations of human

sk in  sections

Skin Sample 

I  11 I I I

3(3

16/3

17j6

17/3

{

1. NAD, n itro  B T , bu ffe r

2. NADP, n itro  B T , bu ffe r

3. NAD, DHA, n itro  B T , b u ffe r ++

4. NADP, DHA, n itro  B T , bu ffe r +

5. NAD, 16(3 s te ro id  base, n it ro
I B T , b u ffe r +++

6 . NADP, 16(3 s te ro id  base,
n itro  B T , bu ffe r ++

. 7. NAD, testosterone  + n itro
' BT + b u ffe r

8 . NADP, testosterone + n itro
BT + b u ffe r + -

, 9, NAD, o e s tra d io l + n itro  BT
' + b u ffe r ++

TO. NADP, oe s trad io l + n itro  BT
+ b u ffe r + “

11. NADH + n itro  BT + b u ffe r +

12. NADPH + n itro  BT f

+

-h++ 

+4“ 

4—h 

■4-~ 

4" 4"

4-

4-

4-4-4-

4-+

4-4-

4-

-H4-

4-

4-

4-



Table 17 NAD and NADP in histochem ical incubations of animal

sk in  sections

Rat Skin

G e rb il 
T e r r i to r ia l  
Pad Skin

H am ster 
C ostove rteb ra l 

Organ Skin

3/3

16/3

17(3

1. NAD, n itro  B T , bu ffe r

2. NADH, n itro  B T , bu ffe r

3. NAD, DHA, n itro  B T ,
b u ffe r

4. NADH, DHA, n itro  B T ,
b u ffe r

5. NAD, 16(3 s te ro id , n it ro
B T , b u ffe r base

6 . NADH, 16/3 s te ro id ,
n itro  B T , b u ffe r base

7. NAD, tes toste rone ,
n itro  B T , bu ffe r

8 o NADH, testoerone, 
n it ro  B T , bu ffe r

9. NAD, o e s tra d io l, n itro  
B T , b u ffe r

10. NADH, o e s tra d io l, n itro
B T , bu ffe r

11. NADH, n itro  B T , bu ffe r

12. NADPH, n itro  B T , bu ffe r

+

+

+

+

+“

4—

4- ■

4-

4-

+

4-

+

+

4-



( ii)  S im ila r ly  i t  was found tha t in  an im al skins those 

sam ples tha t g ive good pos itive  re su lts  w ith  NAD as 

c o -fa c to r (such as ra t skin) give good re su lts  w ith  

NADP w hile  those which give poor re su lts  v /ith  NAD 

(such as g e rb il g landu lar pad o r ham ster C, V. O, ) 

g ive poor re su lts  when NADP is used as c o -fa c to r 

(Table 17). I t  is  thought th e re fo re  tha t NADP does 

not constitu te  a m ore  su itab le co -fa c to r than NAD 

in  the HSD reactions  studied (3jS, 16(3 and 17/3) in  

e ith e r the human skins no r the an im al skins w hich 

w ere  investiga ted.

(d) Three  d iffe re n t sk in  samples fro m  adu lt sub jects , two p e rinea l 

sk in  sam ples and two foe ta l sk in  samples a ll showing p o s itive  3^ HSD 

reactions  using D liA  as s te ro id  substra te  in  h is tochem ica l incubations 

w ere used in  th is  experim en t. S imultaneous incubations w ere run  on consec­

u tive  sections of a ll seven sk in  sam ples.

1. C on tro l (no s te ro id  substrate)

2. DHA as s te ro id  substra te

3. DHA-SO  ̂ s te ro id  substrate
4

4. NADH (diaphorase con tro l)

R esults are  shown in  Table 18. N e ithe r adu lt sk in  (surface o r 

pe rinea l) no r foe ta l sk in  was found able to  u t ilis e  DHA-SO^ as s te ro id  

substra te  although 3p HSD and diaphorase enzymes w ere found to be present.

(e)/



Tab le  18 D H A -SO  ̂ as s te ro id  substra te  in  h is tochem ica l tests -------------  4

of 3/3 HSD a c tiv ity  in  human skin

Skin

A d u lt

A d u lt

A d u lt

Age

35 years  Chest

42 yea rs  Back

43 years  Scalp

C on tro l DHA DHA-SO ------------     i

“  + -

-  + -

-  + -

NADH
Diaphorase

C ontro l

+

+

+

P e rin e a l

P e rin e a l

34 years  

23 years

+

+

- j .

4-

Foeta l

Foeta l

2 0  weeks 

26 weeks

+

+

+

+



(e) The re su lts  of h is tochem ica l assays fo r  HSD a c tiv ity  in  human 

sk in  using seve ra l s te ro id  substra tes in  the incubation  m edium  are  re po rte d  

in  Table  19.

Pregnenolone gave s tro n g ly  pos itive  re su lts  in  a ll sk in  sam ples 

used, ind ica tin g  the s u ita b ility  of th is  compound as a base fo r  3/3 HSD 

a c tiv ity . T h is  re s u lt is  in  agreem ent w ith  the find ings repo rted  by B a ill ie  

et a l. , (1965).

E p iandrosterone  like w ise  gave good pos itive  re su lts  in  a ll sk in  

sam ples exam ined. The im p lica tio n s  of th is  observa tion  are fu r th e r  

considered in  the D iscuss ion .

A ndrostened io l gave p os itive  re su lts  w hich is  to  be expected w ith  

the two h yd ro xy l groups in  the m olecule  in  3/3 and 17/3 p os ition .

A ndroste rone  and etiocholanolone both gave negative re su lts  in  a ll 

human sk in  sam ples exam ined. L ikew ise  20/3-hydroxyprogeste rone  which 

was re p o rte d  by B a il l ie  et a l. , (1965) as g iv ing  a tra ce  re ac tio n  was foim d 

in  th is  se rie s  of experim ents to be negative.

6/3 hydroxyprogesterone also p rev iou s ly  exam ined by B a ill ie  et a l . , 

(1965) and repo rted  as showing a tra ce  reac tion , was found to give r is e  to 

an im usual re ac tio n . T h is  re a c tio n  (F igure  33) consis ts  of d ifo rm azan  

deposition in  the sebaceous gland duct w h ile  sebaceous gland ce lls  rem a in  

p e rfe c tly  c le a r, showing no g ranu la r depos it Cf the tw enty o r so sk in  

sam ples exam ined fo r  6/3 HSD a c tiv ity , only two (sample 3 and sam ple 6 , see 

Methods) sections showed the presence of sebaceous ducts and in  both of 

these the same unusual re ac tio n  occu rred . T h e /
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T able 19 H is tochem ica l assays using va rious s te ro id  substra tes

in  human and in  ra t sk in  sections

1. Pregnenolone

2. Ep iandrosterone

3. A nd ros tend io l

4. A ndroste rone

5. Androstenedione

6 . E tiocholanolone

7. 6/3-H ydroxyprogeste rone

8 . 20/3 -H ydroxyprogeste rone

9. D ihydros tes tos te rone  

10. A nd ros tand io l (3/3, I7j3)

IL  A nd ros tand io l (3a, 17jS)

Human Skin

+

+

+

Rat Skin

+

+

+

+

* (particu l a r  fo rm  of 
granule deposition)

+

d is tr ib u tio n  in  
sebaceous gland)

12. Androstandione

13. DI-IA

14. Testosterone

15, C on tro l

16. NADH

6j3-Hydroxyprogesterone gives r is e  to 
g ra n u la r deposition in  sebaceous ducts only

++ (very s trong  3/3 type 
of enzyme d is t r i ­
bution in  sebaceous 
gland)

+ (17/3 type of enzyme +

+ 

— [.

+
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Figure 33 Section of human scalp skin showing 6/3 HSD

activity only in the sebaceous gland duct

A
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The poss ib le  s ign ificance  of th is  find ing  is  examined in  the D iscuss ion , 

U n like  human sk in , ra t sk in  h is tochem ica l assays on -

a) androsterone, give ve ry  s trong  pos itive
re a c tio n

b) d ihydro testoste rone , shows no a c tiv ity .

O ther s te ro ids  assayed show s im ila r  re su lts  to those found in  

human sk in .
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DISCUSSION

Histochem ical Techniques

U sing  the sem i quantita tive  method (described jDreviously) of 

e s tim a tio n  of enzym ic a c tiv ity  in  sk in  samples, i t  was fo im d possib le  

to  es tab lish  op tim um  conditions of enzym ic incubations w hich va rie d  a 

l i t t le  fro m  those p re v io u s ly  used (by B a il l ie ,  Caim an and M iln e , 19G6) 

in  th is  w o rk . The optim um  concentrations of NAD and DHA were found 

to  be h ig he r than those p re v io u s ly  used, being 0. 3 mg. N A D /m l. fo r  co facto r 

and 0,1 mg, D H A /m l. fo r  s te ro id  base.

In  the experim ents de te rm in ing  the e ffect of substances as 

CO- fa c to rs  o r in li ib ito rs  o f the enzym ic reaction , the fo llo w in g  re su lts  

e m erged :-

No d e fin ite  e ffec t was noted w ith  the add ition  of m agnesium . 

V ita m in  K  i f  added in  ve ry  sm a ll quantities enhances 

g ranu le  deposition, but w ith  increased concentra tion  of 

V ita m in  K  the e ffec t le ve ls  o ff. T h is  e ffec t has been noted 

p re v io u s ly  in  h is tochem ica l w o rk  by Hashim oto et a l. , (1964). 

N ico tinam ide , w h ich  acts as an in h ib ito r  of d iphospho- 

p y r id in e  nucleotidase produces, when added in  ve ry  sm a ll 

concen tra tions, an increase in  granule deposition, 

s tre ss in g  once m ore  the invo lvem ent of NAD in  the 

re a c tio n . In  h ighe r concentrations the e ffec t of n ico tinam ide  

on the re ac tio n  fa lls  o ff.

O f/
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- Of the substances investigated as in h ib ito rs , the antiandrogens 

studied showed an in liib ito ry  e ffec t (see Table 1) and the method a ffo rds 

a s im p le  technique fo r  screen ing ra p id ly , substances suspected of having 

such a c tiv ity . Such p re lim in a ry  screening of antiandrogenic a c tiv ity  by 

h is tochem ica l methods m ust of course be considered only w ith in  the 

l im its  of the s ign ificance  of the h is tochem ica l re ac tio n . B ioassays of the 

k ind  described in  the ra t sebaceous gland by Shuster (1969) prov ide  the 

c r ite r ia  necessary in  estab lish ing  e ith e r androgenic o r antiandrogenic 

p ro p e rtie s  of a s te ro id  substance. Q u inestrad io l showed no e ffect in  our 

investiga tions nor did Ubiquinone (Coenzyme Q^) although Ogawa and 

Hashim oto (1961) describe  the e ffec t of Coenzyme and its  substitu tes in  

the e lec tron  tra n s fe r  system  of succ in ic  dehydrogenase and diaphorases by 

observations on the s ta in ing  reactions of frozen  sections in  conjunction 

w ith  n itro  BT as a substra te .

The tim e  course of the enzym atic re ac tio n  shows a lin e a r  c o r re ­

la tio n  between the granule deposition and tim e , th is  e ffec t le v e llin g  o ff a fte r 

2 - 3  hou rs . In  some sk in  samples there  is  an in it ia l p e riod  of about 30 m ins. 

before  granules can be dem onstrated. In  the observations c a rr ie d  out on the 

w a rm  stage of a m icroscope i t  was apparent tha t granu les may be deposited 

a fte r a va ry in g  pe riod  of tim e  du ring  which a d iffuse p in k  s ta in  (monoformazan) 

is  found throughout the sebaceous gland area, eventually  changing in  co lou r 

to  l ig h t blue and depositing out in  m inute da rk  blue granules (of d iform azan) 

w hich increase  in  s ize  and in ten s ity  over the next hour o r so. T hese /
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The variation between different skin samples in the tim e  

course of the histochemical reaction is not surprising when one 

considers the complexity of the multienzyme system involved in 

these kinetic studies.

The physiochemical properties of the enzymes which have 

been considered have given us information about heat stability  

and solubility. The steroid dehydrogenases seem to be very

stable at least in dry heat, resisting temperatures of up to 160*^C.

The enzymes studied, with the exception of 16]3 HSD, diffuse out 

of tissue sections.

The fact that 16g HSD activity is s till found in skin sections 

after preincubation in buffer may be due to the presence of this 

enzyme in greater amounts in the human skin as compared to the 

other HSD enzymes.

Human/



Human sk in  sections repeated ly  show s tronge r 16(3 HSD a c tiv ity  than 

e ith e r 3(3 o r 17/3 HSD a c tiv ity  in  the sebaceous glands, but the s ign ificance  

o f 16j3 HSD in the sk in  and poss ib ly  in  s te ro id  m etabo lism  is  unlmown.

. The e ffec t of h igh enzyme s o lu b ility  was esp ec ia lly  m arked in  

an im a l sk in  sam ples and fo r  th is  reason the se ries  of experim ents was 

designed in  which an inac tive  high m o lecu la r weight substance, p o lyv in y l 

p y r ro lid in e  was included in  the re ac tio n  m edium  in  an a ttem pt to reduce 

enzyme d iffu s io n .

Post Incubation Techniques

C ounter s ta in ing  a llow s fo r  a c le a r d iffe re n tia tio n  of the blue 

d ifo rm a zan  granules fro m  the backgroim d of the sebaceous gland ce lls  and 

n u c le i w h ich  are  countersta ined (see F ig u re  23)o The m ethod a llow s fo r  a 

good d e fin itio n  of the sebaceous gland and its  m easurem ent as w e ll as 

fa c il ita t in g  the counting of the granules in  a given a rea . As seen fro m  the 

R esults (Table 4) the s ta in ing  procedure does not re s u lt in  any loss of granules 

but seems on the co n tra ry  to make the granules m ore  e a s ily  seen and 

th e re fo re  counted. The m ethod of coun tersta in ing  was th e re fo re  adoi^ted in  

com bination  w ith  granule counting fo r  es tim a ting  the a c t iv ity  o f 3/3 HSD.

Q uantita tion  Teclm iques

T h e /
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The m ethod adopted fo r  granule counting was an extension of 

the s te re o log ic  techniques used in  m easurem ents of tissue  section 

constituents described among o thers by Freese and W eibe l (1967).

In  adopting th is  method an assessment of the num ber of granules 

p e r  u n it area rep laces a te s t system  of po in ts , lin e s  o r a i’eas. An auto­

m a tic  scanning counting device fo r  the m echanica l es tim a tion  of the num ber 

o f granules fo rm ed  in  a sk in  section would o f course give g rea te r r e ­

p ro d u c ib ility  of techn ique .

The use of a s e m i quantita tive  counting technique l im its  the accuracy 

of h is to che m ica l investiga tions of enzyme a c tiv ity  fo r  reasons shown in  

the R esu lts .

The use of a scanning and in te g ra tin g  m ic ro d e n s ito m e te r would o v e r­

come the obse rve r d iffe rence  in  sco ring  as w e ll as e ffects  o f fa tigue e tc . , 

but w ith  the B a r r  and Stroud m odel w hich was tr ie d ,  th re e  obstacles v/ere 

encountered

L  p rob le m  of granules deposition at d iffe re n t 
foca l leve ls

2. Inliomogeneous granule d is tr ib u tio n  in .d iffe re n t 
areas o f the sebaceous gland.

3, va ry in g  size  granules

A l l /



J.84.

A l l  these d iff ic u lt ie s  have however been overcom e by the group 

o f Chayen and Bitenslcy (1969) who using the new type GN2 of B a r r  and 

Stroud m ic ro d e n s ito m e te r have successfu lly  assess<=‘d the amount of 

fo rm azan  p resen t and have established reproduc ib le  a c tiv ity  -  tim e  

cu rves.

Q uantita tion

The p rob lem s encoim tered in  a ttem pting  to quantitate the h is to ­

chem ica l method of es tim a ting  h yd roxys te ro id  dehydrogenase are  m a in ly

1. d iffe re n t s ize of d ifo rm azan granules
deposited in  the sebaceous glands,

2. d iffe re n t foca l leve ls  at which the
granules a re  deposited.

3. the uneven d is tr ib u tio n  of the granules
in  the sebaceous glands.

The d iffe re n t s ize of granules is p robab ly  due to  th e ir  supe rim pos ition  

at one spot, o r to  in tra c e llu la r  conditions a ffec ting  c ry s ta l grow th.

Three  types of dye s tu ffs  a re  known to re s u lt fro m  h is tochem ica l 

re a c tio n s :-

1. Dyes amorphous in  appearance such as
n itro  BT.

2. Dyes which a re  in it ia l ly  amorphous but
subsequently c ry s ta llis e .

3. Dyes which are  c ry s ta llin e  in  p a tte rn  such
as the s im p le  fo rm azan dyes.

T h e /
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The fo rm a tio n  of a p re c ip ita te  occurs by the incep tion  of 

subm icros copie p a rtic le s  of the re ac tion  product and the grow th of g ra ins 

by aggregation o f these p a rt ic le s .

The dyes are  held w ith in  the tissue  section by chem ica l com bination 

w ith  tissue  p ro te in s , by phys ica l fo rces  such as hydrogen -  bondings o r by 

m echanica l means whereby the inso lub le  p igm ent p a rtic le s  are  held in  

the section.

A cco rd in g  to  H olt and O 'S u llivan  (1958) an enzyme h is tochem ica l 

s ta in ing  re a c tio n  may be ind ica ted  as fo llo w s :-

enzym atic  "cap tu re  re a c tio n " , inso l, \
S u b s tra te ------------------ tî>- s ta in  p re c u rs o r   ^  s ta in  [ ppt. )

re a c tio n  w ith  developing \  o r dye '
agent

The sk in  sections a re  as th in  as i t  is  poss ib le  to  cut them  w ithout 

b reak ing  them  up (about 8g) and granule deposition occurs m a in ly  on the surface 

o f the section  in contact w ith  the incubating m edium , but some granules are 

deposited deeper w ith in  the section, th is  becom ing apparent when one 

focuses on the sebaceous gland w ith  the high power of the m icroscope. I t  

makes granule counting d if f ic u lt  and constitu tes se rious  disadvantage in  

methods such as the m ic ro de n s ito m e te r.

In /  .
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In  1967 when th is  section  of the w o rk  was being c a rr ie d  out in  an 

e ffo r t to  estab lish  a method of quantita ting the h is tochem ica l re ac tion  

evolved fo r  HSD e s tim a tio n s , the m ic ro  densitom eter apparatus ava ilab le  

was inadequate fo r  reasons set out in  the Results section. Since then 

however, a scanning and in te g ra tin g  m icroscope has been b u ilt  spec ia lly  

w ith  such an a im  in  v iew  by th e  giroup com pris ing  of D r . J. Chayen et  a l. , 

(1969) who have used i t  to de term ine the amount o f the inso lub le  co lour 

re ac tio n  produced by lysosom a l and by m itro ch o n d ria l enzymes. The leve l 

of detection w hich they have achieved by the method of m ic rod e ns itom e try
j|2

is  of the o rd e r of 10 x 10 g, o r less . Th is  ve ry  su p e rio r piece of new 

equipment, which is  the f i r s t  o f its  k ind to be used, overcom es the s h o rt­

com ings w hich led  us to abandon th is  method two years e a r l ie r  on the o lde r 

type of equipm ent, and m a in ly  the p rob lem  of inliomogeneous d ispers ion .

W ith  th is  im proved , and so fa r  unique scanning and in te g ra tin g  m icroscope 

i t  would be poss ib le  to envisage qu ick and accurate estim ations of gnanule 

deposition in  the sebaceous glands of sk in  and com parisons of such estim ations 

between d iffe re n t sk in  sam ples. The method appears re lia b le  and its  g reat 

advantage is  indépendance fro m  the ind iv idua l o b se rve r's  estim ation .

The Chayen group show ve ry  good c o rre la tio n  between re la tiv e  

absorp tion  and section th ic lm ess.

G ran u le /
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Granule deposition in  the sebaceous gland is  uneven as shown in  

F ig u re  9, Sebaceous glands show g i’ea ter 3jS HSD a c tiv ity  around the 

p e rip h e ry  than In the centre  and hence depending on the le ve l at which the 

gland is  sectioned the re la tiv e  density  of the granules d if fe rs .  In  the 

g landu la r a c in i the ce lls  show a ce n trip e ta l en largem ent, those in  the 

cen tre  being la rg e  and often m isshapen and m oribund, w h ile  the ce lls  on 

the ou te r p e rip h e ry  a re  und iffe ren tia ted  and resem ble  those of the ep ide rm is  

in  appearance. These ce lls  a re  the m ost ac tive  in  the sebaceous gland. 

Sebaceous d iffe re n tia tio n  denotes the accum m ulation of l ip id  d rop le ts  in  

c e lls . A t the com ple tion  of d iffe re n tia tio n  the ce lls  at the centre  of the 

sebaceous gland become fragm ented and fo rm  the sebum. A s i t  is  the ce lls  

on the p e rip h e ry  of the sebaceous gland which are m ost ac tive , the 

h is to ch e m ica l m ethod fo r  dem onstra ting  enzym ic a c t iv ity  re su lts  in  g rea test 

g ranu le  deposition  in  the area of these ce lls . T h e re fo re  to com pare the 

a c t iv ity  of two d iffe re n t sk in  samples, one would e ith e r re q u ire  to  take 

sections at exactly  the same le ve l of the sebaceous gland in  both sk in  sam ples, 

w h ich  is  im p ra c tic a l o r one would need to make counts in  a la rg e  num ber 

o f sections o f sebaceous glands in  the areas considered and to subject these 

to  s ta t is t ic a l te s ts .

The m ethod (W ild M20 m icroscope) used in  sem iquan tita ting  the 

h is to che m ica l re a c tio n  is  th e re fo re  lim ite d  to com parisons between counts 

of consecutive sections in  studies of the effect on the enzym ic re ac tio n  of co ­

fa c to rs  (such as Mg) o r in h ib ito rs  (such as antiandrogens).

In /
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In  th is  l im ite d  capacity the method is  use fu l, ra p id  and s im p le .

I t  makes a good too l fo r  screen ing  la rg e  amounts of m a te r ia l as w e ll 

as cons titu ting  an exce llen t p re lim in a ry  investiga tion  in to  m ore deta iled 

b iochem ica l and phys ica l es tim ations and m easurem ents of the fin a l 

p roducts of the enzym ic reactions  involved.

Survey of D is tr ib u tio n

The s ig n ifica n t re su lts  to  appear fro m  the survey concerns the 

d is tr ib u tio n  of sebaceous glands in d iffe re n t areas of the human sk in  and 

the va ry in g  amount of 3/3 HSD a c tiv ity  in  these d iffe re n t areas as w e ll as in  

d iffe re n t age groups.

F o r  the purpose of the survey the body was considered sub-d iv ided  

in to  d iffe re n t areas (as in  Table 9) and sk in  sam ples fro m  a ll  these areas 

w ere  studied. I t  was found tha t in  the face, neck and scalp the re  is  a grea t 

abimdance of sebaceous glands and these are la rg e  and w e ll defined, w ith  many 

a c in i. Even w ith in  a s ing le  section  of sk in , num erous glands can be seen.

In  con tra s t to  th is  the sebaceous glands of o ther body areas are sm a lle r 

and fe w e r, so tha t often in  a sm a ll sk in  b iopsy no sebaceous glands can be 

found. These re s u lts  c o n firm  prev ious find ings (Montagna 1963) and they 

a re  of im portance  in  the in te rp re ta tio n  of the h is tochem ica l find ings .

The su rvey ind ica tes tha t the re  is  a s ig n ifica n t d iffe rence  in  3jS HSD 

a c tiv ity  between d iffe re n t age groups (as sho^vn in  Table  10) as w e ll as in  

d iffe re n t s ite s  of the body (Table 12) but the re  appears to  be no s ig n ifica n t 

d iffe rence  between m ale and fem ales in  3(3 HSD a c tiv ity  (Table 11),

I t /



I t  woiüd seem tha t 3/3 HSD is  p resent m ore  re a d ily  in  the sebaceous 

glands of the head reg ion  and the upper abdomen tha t at o ther s ites  o f the 

body. The reg ions where HSD a c tiv ity  is  m ost re a d ily  found corresponds 

to  those reg ions of the sk in  where the sebaceous glands are  la rg e  and 

w e ll defined s tru c tu re s  of obvious phys io log ica l im portance . The 3/3 HSD 

a c tiv ity  o f the sebaceous glands in  the chest re g ion  is  however lo w e r than 

in  the upper abdomen although the sebaceous glands in  the chest reg ion  

a re  im p o rta n t both in  size and num ber. However also in  reg ions where 

the sebaceous glands are s m a lle r  and less  s ig n ifica n t in  s ize and num ber 

such as a rm  and leg , one does fin d  fro m  the su rvey (Table 12) tha t th e re  is 

considerab le  3/3 HSD a c tiv ity , a fa c t which can be e a s ily  overlooked in  

p re lim in a ry  investiga tions where one m igh t ove rlook  the g rea te r num ber 

o f sections having no sebaceous glands as being negative. In  th is  survey 

on ly sk in  sections showing w e ll developed and yet c le a r ly  inactive  sebaceous 

glands w ere  considered negative,

I t  appears fro m  Table  10 tha t 3(3 HSD a c tiv ity  can be found in  any 

age group as p o s itive  re su lts  w ere obtained w ith  the youngest (4 years old) 

case as w e ll as the o ldest (81 years  o ld). H ighest a c t iv ity  however was 

found in  the 20 -  30 age group a fa c t w hich m ay be thought to  be associated 

w ith  the func tiona l a c t iv ity  o f the sebaceous glands at th is  age. I t  is  

in te re s tin g  to note tha t the sebum secre tion  ra te  when re la te d  to  age, m ir r o rs  

ve ry  c lo se ly  the re s u lts  described above, C un liffe  and Shuster (1969) have 

m easured the sebaceous secre tion  ra te  in  subjects w ith  and w ithout p rev ious 

evidence o f acne v u lg a ris . T h e y /
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They fo im d tha t in  pa tien ts w ith  acne, the h ighest se c re tio n  ra te  was in  

the 20 -  30 age group, the ra te  fa llin g  o ff a fte r th is  but rem a in in g  steady 

at about 50% of the m axim um . T h is  pa tte rn  is  s im ila r  to  tha t found in  

th is  su rvey although no a ttem pt has been made to separate subjects w ith  

o r w ithou t acne v u lg a ris .

E xp e rim en ta l A n im a l Studies

In  th is  section of the w o rk  which aim ed at find in g  a su itab le 

expe rim en ta l an im al fo r  h is tochem ica l investiga tions in vo lv in g  s te ro id  

dehydrogenases, severa l in te re s tin g  find ings w ere  observed. A n im a l 

sebaceous m a te r ia l, both in  sk in  and in  specia lised  s tru c tu re s  p rov ides m ore  

d if f ic u lt  tissu e  fo r  h is tochem ica l w o rk  than human sk in . The negative re s u lts  

p re v io u s ly  re po rte d  in ra t  sk in  o r p rep u tia l gland (B a illie  et ah, 1966) is  

thought to  be due to th is  d if f ic u lty .  The teclm iques app lied to  an im al sk in  

studies m ust be ve ry  ca re fu l and p re c ise . The use of PVP in  f i r s t  co n firm in g  

the presence of HSD in  an im al sebaceous glands led  to m ore  in tens ified  

studies in  the section and, as w i l l  be observed fro m  the Piesults seve ra l 

su itab le  expe rim en ta l system s w ere  eventually estab lished. W hereas so 

fa r  3/3 HSD a c tiv ity  (w ith pregnenolone as s te ro id  substra te) and 17^ HSD 

(w ith  tes tosterone  as s te ro id  substrate) were dem onstra ted in  h is tochem ica l 

studies on avian preen gland by B a ill ie  et a l . , (1966), one now has as an outcome 

of the p resen t in ves tiga tion  (M u ir et a l. , 1970) ra t  sk in , ra t  p re p u tia l gland, 

guinea p ig  l ip  sk in , and to  some extent S yrian  ham ste r co s to ve rta b ra l 

organ a ll  showing h is tochem ica l a c tiv ity  of SfS HSD , 16/3 HSD, and w ith  

oe s tra d io l as s te ro id  substra te  17/3 HSD. A new p rob lem  which a rise s  f r o m /
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f ro m  the re s u lts  of the studies on ra t sk in  and ra t  p re p u tia l gland tissue , 

is  the poor u til is a t io n  of testosterone as 17/3 hydroxy s te ro id  substra te .

The m etabo lism  of testosterone by ta rg e t organs is  at p resent of g reat 

in te re s t since i t  was found tha t testosterone is  converted to  5a -d ih y d ro -  

testosterone in  the ra t p ros ta te  (Anderson and L ia o , 1968) and by sk in  

s lice s  (W ilson and W a lke r, 1969) and that d ihydro testoste rone is  a m ore  

pow erfu l androgen in  ce rta in  bioassay studies (Dorfm an and D orfm an, 1962).

T h is  convers ion  is  accom plished by the action  of a 5a -reductase  and • 

i t  is  thought to occur in  the c e ll nuc le i. I t  may be considered possib le  that 

HSD a c tiv ity  in  the sk in  is  c lose ly  associated w ith  the action  of androgens 

and oestrogens on sebaceous gland a c tiv ity , Dubovyi (1967) showed tha t 

some s te ro ids  a re  excreted in  sebum through, the sk in  and i t  is  possib le  

tha t HSD enzymes are  invo lved in  such active  e xc re tio n  p rocess. An 

experim enta l an im a l, espec ia lly  one as sm a ll as a ra t  o r ham ster would be 

ve ry  su itab le  fo r  fu r th e r  studies in  th is  d ire c tio n  and now tha t pos itive  

h is tochem ica l re su lts  can be dem onstrated in  using these la b o ra to ry  an im als 

one can envisage a new development in  these inves tiga tions .

Two se rie s  of experim ents c u rre n tly  began have, as fa r  as they have 

given re s u lts  up to date, been repo rted  in  the specia l an im al stud ies.

The g e rb il was used before good re su lts  were obtained fro m  h is tochem ica l 

w o rk  on o ther an im a l skins and i t  was thought tha t the g e rb il though showing 

poor h is tochem ica l re s u lts , was the only la b o ra to ry  an im al g iv ing  any re su lts  

at a ll.  W o rk  on these an im als continues however and i t  is  hoped that the 

techn ica l d if f ic u lt ie s  which have a rise n  w i l l  be overcom e.

T h e /



The same re m a rks  apply to  the experim enta l section  on the 

S yrian  ham ste r. The presence of two C. V. O. in  th is  an im al was consid­

e red ve ry  su itab le  in  to p ica l assays where i t  was thought one C, V. O. would 

act as te s t and the o ther as co n tro l in  the same an im a l. T h is  however 

proved not to  be so. T o p ica l app lica tion  of s te ro id  substances which show 

androgenic p ro p e rtie s  in  th is  b ioassay system  in  tha t they cause a 

considerab le  g row th  in  s ize of the C. V. O., a ffect both the te s t and the co n tro l 

C. V. Oc of the an im a l. I t  seems th e re fo re  tha t these androgenic substances 

e xh ib it at le a s t a cer la in  amount of s o lu b ility  in  v iv o .

The s u ita b ility  of the ham ster as an experim enta l an im al in  

h is tochem ica l investiga tions is  al-so lim ite d  by pos itive  co n tro ls . The amount 

of fo rm azan  deposited in  these p o s itive  co n tro l sections va r ie s , and i t  is  

thought to  re f le c t enzym atic re ac tio n  o ccu rr in g  w ith  endogenous substrate 

w ith in  the c e ll.  Chayen and Bitensl^y (1969) described the s im ila r ity  of the 

in it ia l v e lo c ity  o f the a c tiv ity  t im e  curves in  the presence and absence of 

added exogenous substra te  w ith in  the f i r s t  20-30 m inutes before incubation,

i .e .  before the exogenous substra te  can rep lace endogenous substra te  in  the 

reac tion .

A lthough fo r  the purposes of the h is tochem ica l technique, attem pts 

were made to rem ove th is  endogenous a c tiv ity  in  o rd e r to achieve negative 

co n tro ls  by prew ash ing of sections in  bu ffe r before incubation, (M u ir et a l . , 

1970) in  fa c t an assessm ent of the re s tin g  o r endogenous c e ll enzym ic 

a c tiv ity  m ay be as im p o rta n t as the m ax im a l exogenous a c t iv ity  achieved 

when the excess of substra te  is  p resent in  the c e ll (as described  in  the 

ham ste r C. V. O. )

T h e /



19Q

The f i r s t  p re lim in a ry  experim ent of which the re s u lts  a re  shown 

in  Tab le  13 is  incom plete  because of d iff ic u lt ie s  experienced in  cu tting  

sections of the ve ry  so ft w r in k le d  tissue  which makes up the C. V. O. 

U n fo rtuna te ly  some of these sections were so bad tha t the re su lts  could 

not be in te rp re te d , w hich accounts fo r  the incom plete Tab le .

The in te re s tin g  observation, which is  illu s tra te d  in  F igures 31 and 

32 applies to  th is  experim ent, is  the fac t of g re a tly  enlianced HSD a c tiv ity  

in  the sebaceous glands of the C. V, O, of those an im als tre a te d  w ith  

s te ro id  compomids which m ay be sa id to possess androgenic p ro p e rtie s  such 

as d ihydro tes tos te rone . Such increased p o s t-tre a tm e n t a c t iv ity  p a ra lle ls  

an increase  in  the s ize of the C. V. O. and also of the in d iv id u a l sebaceous 

gland as observed in  the sections under the m icroscope . Such th re e fo ld  

e ffec t o f androgenic s te ro ids  causing:

1. increase in  the specia l sebaceous organ s ize

2. increase in  in d iv idua l sebaceous gland size
w ith in  th is  specia l s tru c tu re .

3. increase in  HSD a c tiv ity  in  the sebaceous gland

has been noted in  the C, V. O. o f the ham ster (anim al 1 in  Table 13) as w e ll 

as in  the p rev ious experim ents repo rted  in  the g e rb il.

Both these se ries  of experim ents constitu te  p re lim in a ry  studies. 

W o rk  is  now in  p rog re ss  on both these groups of an im als in  an e ffo r t to 

overcom e the techn ica l d iff ic u lt ie s  and to fu r th e r  the investiga tions on e ffect 

o f tre a tm e n t (top ica l and pa ren te ra l) of s te ro id  compoimds (androgens and 

an tiandrogens).

lodoacetate/



lodoacetate T ria ls

I t  was hoped in  th is  section of the w ork  to get r id  o f the non- 

enzym ic re ac tio n  w hich occurs in  the h a ir -s h a ft du ring  the h is tochem ica l 

method of HSD stud ies. T h is  a im  was not achieved. The method of 

des troy ing  the non-enzym ic reduction  of n itro  BT in  the h a ir -s h a ft re q u ire s  

a long  p e riod  of action  by iodoacetate and th is  constitu tes a p re incubation  

was long enough to  cause a loss of the HSD enzym ic re ac tio n  in  the sebaceous 

gland c e lls . No in te rm ed ia te  was found between re ta in in g  the HSD enzym ic 

re ac tio n  in  the sebaceous glands + the non-enzym ic re ac tion  in  the h a ir -  

shaft and the disappearance of the HSD a c tiv ity  + the disappearance of the 

h a ir-sh a ft reac tion .

The d ifo rm azan  deposition which.causes ve ry  s trong  co lo ra tio n  of 

the h a ir -s h a ft in  the sk in  sections does not In te rfe re  in  the counting method 

described  us ing  the W ild  M20 m icroscope which is  used in  the sem i quantita tion  

of the HSD a c tiv ity  of the tissu e . I t  does however in te r fe re  in  sp e c tro - 

pho tom e tric  studies w hich w ere undertaken in  connection w ith  the h is tochem ica l 

method.

A bnorm a l Skins

T h is  section of the w o rk  which was planned in  con jim ction  w ith  the 

survey of d is tr ib u tio n  of HSD a c tiv ity  in  skins to  constitu te  a la rg e  p a rt of 

the considera tions in  th is  thes is  has, as w i l l  be apprecia ted fro m  the re su lts  

(Table 15) been lim ite d  by the la c k  of sk in  biopsy specim ens. I t /
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I t  was hoped to have many m ore  cases of sk in  d is o rd e rs , inc lud ing  m a in ly , 

but not n e ce ssa rily  on ly, acne and to study HSD a c tiv ity  before and a fte r 

tre a tm e n t, bo tli to p ica l and sys tem ic , by va rious  c lin ic a l d rugs. In  th is  

fo rm  i t  was supposed to constitu te  a secto r of com parison  w ith  HSD 

a c tiv ity  in  n o rm a l sk ins, which i t  was hoped would im p a rt some in fo rm a tio n  

on the sub ject of inves tiga tive  derm atology^

When i t  was re a lise d  th a t m ost of the patients su ffe rin g  fro m  acne 

severe enough to  be subject to  specia l supervised tre a tm e n t o r h o s p ita li­

zation, w ere ve ry  young people and, tha t rem oving  b iopsies in  th e ir  condition 

was r is k in g  scars and b lem ishes fo r  l i fe ,  i t  was considered lu ie th ica l to 

take such b iopsies even when these were v o lu n ta r ily  o ffe red  fo r  the purpose 

of a re sea rch  p ro je c t which subsequently may not p rove  w o rthy  enough of 

such m easures. I t  is  hoped that experim ents on la b o ra to ry  an im als w i l l  

soon y ie ld  answers to  many of the questions now a r is in g  in  the f ie ld  of 

c lin ic a l derm ato logy and s te ro id  b io ch e m is try .

O ther E xperim en ts

a) HSD a c tiv ity  in  the sebaceous gland o f human sk in  does not appear 

to  be c y c lic  phenonemon. The observation that in  one sk in  section severa l 

sebaceous glands o f seem ing ly  d iffe r in g  degree of a c t iv ity  a re  foim d, is  

thought to  be associated w ith  the d iffe re n t leve ls  at which these glands are  

cut in  section ing  of the tissue . I f /
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I f  the sebaceous gland is  considered as an ir re g u la r  sphere, the areas 

around the p e rip h e ry  of th is  sphere consists of ac tive  g row ing  ce lls , 

showing s trong  HSD a c tiv ity , w h ile  the lum en of the sphere contains 

d is in te g ra tin g  sebaceous ce lls  and sebum and shows le ss  intense 

d ifo rm azan  deposition  i.e» less  HSD a c tiv ity  (See F ig u re  24). T h is  is 

tru e  at le a s t fo r  3(3 HSD w hich  is  shown in  the F ig u re  24 m entioned, and 

app lies a lso to  16̂ 8 HSD . 17(3 HSD however shows a d iffe re n t pa tte rn  of

enzyme d is tr ib u tio n  ( illu s tra te d  h i F igu re  25) in  pockets of a c tiv ity  

throughout the gland, 3(3 HSD was considered in  th is  expe rim en ta l section and 

in  s tudying th is  enzyme a c tiv ity  at d iffe re n t le ve ls  o f the sebaceous gland, 

i t  is  evident tha t in  sections cut at o r near the m idd le  of the sebaceous gland, 

the a c t iv ity  w i l l  be le sse r than in  those sections of the same sebaceous gland, 

w h ich  have been cut n e a re r the edge. The appearance o f va ry in g  a c tiv ity  

in  a num ber of sebaceous glands w ith in  one sk in  section and poss ib ly  even 

the presence o f a sebaceous gland showing no HSD a c t iv ity  among other quite 

ac tive  sebaceous glands in  the section, is  not a re fle c tio n  of any c y c lic  

phenonemon of enzyme a c tiv ity  in  the sebaceous glands of human sk in .

A n im a l skins on the o ther hand do appear to show a cy c lic  pa tte rn  

o f HSD enzym ic a c tiv ity . Th is  is  perhaps associated w ith  the h a ir  cycle  

w h ich  would be understandable considering  the close associa tion  of the p ilo -  

sebaceous u n it. I t  m ay be considered to be responsib le  fo r  the observation 

re co rde d  in  a p rev ious section o f th is  thes is , that on ly one in  s ix  sebaceous 

glands in  sections o f the g landu la r pad of the g e rb il shows HSD a c tiv ity , 

b )/
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b) The h iv S to chem ical incubation procedure  fo r  HSD a c tiv ity  

fo llow ed and examined throughout on the w arm  stage of the m icroscope, 

shows a d iffuse  appearance of p ink m onoform azan w hich g radua lly  

strengthens, darkens and con tracts  into d is tin c t deposition of blue 

d ifo rm azan  granules in  the sebaceous glands of sk in . The tra ce  and 

m onoform azan reactions re po rted  by e a r l ie r  w o rke rs  (B a illie  et a l . , 1965) 

a re  thought th e re fo re  to be due to an incom plete re ac tio n , o ccu rr in g  e ith e r 

due to  incom plete t im e  of incubation o r due to the la ck  of the necessary 

amounts of constituents in  the incubation m edium . In  the con tro lled  

quantita tive  method established and applied in  th is  w o rk , the p rob lem  of 

in te rm ed ia te  re ac tio n  re su lts  has been overcom e. A  p o s itive  reac tion  

im p lie s  a deposition of d is tin c t da rk  blue d ifo rm azan granules a fte r two 

hours of incubation under conditions described p re v io u s ly  in  th is  thes is . 

The course o f the h is tochem ica l reac tion  invo lved in  these observations 

has been m ore  fu lly  described in  the e a r lie r  section  of the D iscussion  

dealing w ith  ’h is tochem ica l techniques’ .

c) The use of NAD and NADP in  h is tochem ica l incubations of 

human sk in  sections (Table 16) shows that in  the sldn sam ples studied NAD 

is  an essentia l c o -fa c to r fo r  3/3, 16/3 and 17/3 HSD enzymes and that th is  

essentia l c o -fa c to r function  cannot be served by NADP. 3/3 and 16/3 HSD 

enzymes are  accepted by va rious authors as being indeed NAD dependant 

although 3/3 HSD is  repo rted  to  be active also in  the presence of NADP in  

some tissues (B a illie  et a l. , 1966). 17/3/
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17/? HSD however is  repo rted  by the p rev iou s ly  m entioned group to u t il is e  

w e ll, both NAD and NADP, a fac t which is  not borne out in  the experim ents 

c a rr ie d  out w ith in  the context of th is  thes is .

I t  was found tha t an im al skins which show HSD a c tiv ity  w ith  NAD 

w i l l  show a lm ost as good a c tiv ity  w ith  NADP (Table 17) fo r  3̂ 3, 16/? and 

17j3 HSD w hich were investigated. Thus ra t sk in  which shows good HSD 

a c tiv ity  w ith  NAD, espec ia lly  in  the case of Z(3 and 16/? HSD, shows also 

good a c tiv ity  w ith  NAD P. There  seems acco rd ing ly  to be a d iffe rence  in 

the co-enzym e requ irem en ts  in  skins of human and of an im a l o r ig in  and the 

s ign ificance  of th is  d iffe rence  is  not c le a r, A c o rre la tio n  between 

h is tochem ica l w o rk  and b iochem ica l methods in  the e luc ida tion  of th is  

problem, would be of in te re s t.

d) D H A -8 0 , as s te ro id  substrate in  h is tochem ica l tests of SB HSD 
4

a c tiv ity  in  human sk in , gave negative re su lts  fo r  a ll th ree  types of sk in  

specim ens assayed: adult sk in  (from  back and chest), p e rine a l sk in  (non­

pregnant) and foe ta l sk in  (23 and 26 weeks old, sam ple taken fro m  scalp skin). 

A l l  the sam ples assayed showed strong  3/? HSD a c tiv ity  in  the sebaceous 

glands when DBA was used as the s te ro id  substra te . The absence of 

enzym ic a c tiv ity  found when DHA-SO^ is  used as s te ro id  substra te  in  the 

same tissue  , may ind icate  the absence of the spe c ific  enzyme fo r  tha t sub­

s tra te  o r the absence of a sulphatase which m ay in  v i vo cause a re lease of 

fre e  DHA fro m  DHA-SO^ w ith  subsequent a c tiv ity  of the n o rm a l HSD 

on the fre e  DHA. Such/
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Such sulphatase is  lu iow ii to  be p resent in  some tissu e s , fo r  instance 

in  the l iv e r  and i f  the la rg e  amounts of D H A -8 0 ^  in  the adu lt a re  to  be 

considered involved in s te ro id  m etabo lism  in  a re g u la to ry  capacity the 

existance of a) the spe c ific  sulphatase and b) the 3j3 HSD in  d iffe re n t 

tissues of the body, may account fo r  the m echanism  of such a regu la tion ,

DHA “ SO is  genera lly  thought to p lay an im po rtan t ro le  in  pregnancy and 

fo r  th is  reason i t  was thought o f in te re s t to subject pe rine a l and foe ta l sk in  

sam ples to  the h is tochem ica l assay but as seen in  Table  18, these also 

gave negative re s u lts .

These re su lts  suggest tha t a) i f  a spec ific  3(3 HSD fo r  DI-IA-SO^ 

ex is ts  in  the body, the p re lim in a ry  h is tochem ica l tes ts  based on the 

usual techniques used in  these investiga tions, does not constitu te  conditions 

favourab le  fo r  the dem onstra tion  of such an enzyme. In  such a case, the 

conditions of incubation, the incubating m edium , the co -fa c to r used could 

a ll be va rie d  in  a fu r th e r  a ttem pt to dem onstrate th is  new enzyme a c tiv ity  

in  the sebaceous glands o f sk in , and at the same tim e  b iochem ica l tests  

in  w hich DHA-SO^ is  used as s te ro id  base in  tra c e r  study experim en ta l 

incubations

o r, b) i f  DHA.“ 8 0 ^  is  f i r s t  hydro lysed  and then DHA 

is  oxid ised by the usual 3(3 HSD shown to  be p resent in  the sebaceous glands 

of sk in , then the sulphatase responsib le  fo r  th is  re lease  of fre e  DHA is  

not fo iu id  in  the sk in  o r is  inactive  under the conditions of incubation described. 

In  which case fu r th e r  investiga tions could be envisaged as suggested above, 

both by h is tochem ica l and by b iochem ica l m ethods.

e)/
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e) B a ill ie  (1965) re po rte d  a se ries  of experim ents on Investigations 

of sebaceous gland a c tiv ity  w ith  d iffe re n t s te ro ids . He subdivided h is 

re a c t iv ity  re a c tio n  into th ree  categories:

1. T r  -  T race  deposition fo r  fo rm azan

2. M -  M onoform azan deposition

3. MD Mono and d ifo rm azan deposition

He considered both epiandrosterone and etiocholanolone, both 

of which he c la ss ifie s  in  the M  se ries  of re s u lts . W ith  the h is tochem ica l 

techniques developed in  the course of th is  w o rk , the necessity  fo r  c lass ­

ify in g  of enzyme a c tiv ity  o f the sk in  into these categories has been overcome, 

We need no longer consider T race  reactions o r M onoform azan deposition.

In  a po s itive  re ac tio n  s trong  deposition o f blue d ifo rm azan  granules is 

obtained, and where th is  is  not found the re  is  no deposition at a ll and clean 

negatives a re  obtained. In  repeating  these assays on severa l sk in  samples 

using ep iandrosterone and etiocholanolone, i t  was found repeated ly and 

d is t in c tly  th a t epiandrosterone gives pos itive  re s u lts  and etiocholanolone 

gives negative re s u lts  (in about 30 sk in  samples assayed).

I t  m igh t be assumed tha t epiandrosterone undergoes conversion 

to  5a-androstand ione in  the sk in

H

O

HO

O

H

and/
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and tha t the 3/3 HSD enzyme re q u ire d  fo r  th is  conversion is  presen t in  the

sebaceous glands which would account fo r  the d ifo rm azan  deposition in

the h is to ch em ica l re a c tio n .

I t  m ust be s tressed  that th is  enzyme is a s ing le  enzyme, not
5

associated as in  the case of the A  ^(3 HSD considered in  the bu lk  of

th is  th e s is , w ith  an is  orneras e. Ep iandrosterone u n like  DHA does not
5 4

have a double bond in  the m olecu le  and the p rob lem  of A  -  A 

convers ion  in  the course of the oxida tion  p rocess, does not a r is e .

W lie reas the A -3(3 HSD is  a double enzyme system  and consequently 

v e ry  substra te  -  sp e c ific , the 3/3 HSD envisaged in  the convers ion  of 

ep iandrosterone is  a to ta lly  d iffe re n t enzyme, a s ing le -enzym e-sys tem , 

and not to  be confused w ith  the fo rm e r. The m etabo lic  tra n s fo rm a tio n s  

o f eiDiandrosterone have not so fa r  rece ived  ve ry  much a tten tion  in  

b iochem ica l s tud ies. Ep iandrosterone is  thought to  be found in  the sk in  

as a p roduct of s te ro id  breakdown m etabo lism  fro m  5a-androstand ione.

I f  the 3jS HSD capable of converting  i t  back to 5 a andro standi one, as the 

h is to ch em ica l re s u lt ind ica tes is  in  fac t p resen t in  the sk in , th is  reac tion  

is  a re v e rs ib le  in te rco n ve rs io n . So fa r  the re ac tio n  has not been thought 

to  be re v e rs ib le  as products lik e  epiandrosterone, etiocholanolone (form ed 

fro m  5/3-androstandione) androsterone (F igu re  1) w ere considered to be end 

products  of androgen m etabo lism  in  the sk in . The re v e rs ib i l i ty  of the 

re a c tio n  -

5a/
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5a androstandione ■*' ep iandrosterone m ay th ro w  new

lig h t on the p rob le m  of androgen 

m etabo lism , co n tro l and re ten tion  

in  the sebaceous gland.

The o ther 3(3 hydroxy s te ro id  substrate used was pregnenolone 

w hich as p re v io u s ly  repo rted  by B a ill ie  (1965) gives r is e  to  s trong  

d ifo rm azan  deposition.

A ndrostened io l a lso, as repo rted  by B a il l ie  in  the same paper, 

g ives r is e  to  a good h is tochem ica l reac tion , w h ich  is  not s u rp r is in g .

6j9 hydroxy s te ro id  however (B a illie  used 6/3 -hydroxyprogeste rone  

and the same was used in  these assays) was re po rte d  as showing a T race  

re a c tio n . In  the p resen t se ries  of experim ents i t  was found tha t 6/3 

hy d r oxypro geste rone used as s te ro id  base in  h is tochem ica l incubations 

w ith  d iffe re n t sk in  sam ples gave e ith e r no re ac tio n  at a ll,  o r  in  a few of 

the skins examined gave r is e  to  a m ost unusual dye deposition  in  the section. 

The d ifo rm azan  was not deposited in  the sebaceous c e lls  as is  n o rm a lly  

the case in  pos itive  re s u lts  but the re  occu rred  a d is tin c t deposition in  the 

sebaceous duct. T h is  would suggest tha t the 3(3 HSD i f  p resent is  not found 

in  the sebaceous gland ce lls  as the HSD enzymes described  so fa r  but in  the 

sebum. Is i t  poss ib le  tha t the 3(3 HSD a c tiv ity  shown in  F ig u re  33 is  the 

p ro p e rty  of a m ic ro -o rg a n is m  p resen t in  the sebum? I f  th is  were so, and 

fu r th e r  studies a re  in  p rogress to  investiga te  th is  p o s s ib ility ,  i t  m igh t exp la in  

the unusual s ite  of 6̂ 3 HSD a c tiv ity  in  the sk in  and its  presence in  only 

some of the sk in  sam ples examined in  which perhaps b a c te ria l contam ination 

o f the sk in  surface by a p a r t ic u la r  m ic ro -o rg a n is m  has occu rred .

A ndrostened ione /



Androstenedione and androsterone gave negative re su lts  in. h is to ­

chem ica l assays on the skins so fa r  examined.

A cco rd in g  to these p re lim in a ry  h is tochem ica l find ings and,subject 

o f course to  fu r th e r  b iochem ica l studies which w i l l  be undertaken in  th is  

la b o ra to ry  as a re s u lt of these find ings, a p o rtio n  o f Table 1 w hich 

rep resen ts  (in the le f t  hand co rne r of the Table) the accepted views on 

the breakdown of androgenic s te ro id s , m igh t be a lte re d  w ith  respect to 

some re a c tio n  e q u ilib r ia .

I t  would appear fro m  the pos itive  re su lts  of HSD a c tiv ity  obtained 

w ith  ep iandrosterone as s te ro id  substra te  in  the h is tochem ica l assay, and 

the negative re s u lts  obtained w ith  etiocholanolone and androsterone 

re sp e c tive ly , tha t the Table should re a d :-

Androstandione (5a and 5^) F o rm s 
A

A ndroste rone 
(3 a -H yd roxy  “ Sa -  
andr o st an -17 -one )

Ep iandrosterone 
(3/5-H yd ro xy --5 a -  
androstan-17-one)

Etiocholanolone 
(3 a “ H ydroxy -  -  
andro stan -17 -  one)
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SUMM ARY

The purpose of resea rch  outlined in  the course of th is  thes is  was 

a t the out s e t:-

1, To estab lish  a p rec ise  m icro techn ique su itab le  fo r  

h is tochem ica l investiga tions of h yd ro xys te ro id  dehydi’ogenase 

(HSD) in  the sebaceous gland of sk in .

2. To a ttem pt to  develop a method of quantita tion  which 

could be applied to the re su lts  obtained fro m  such a study.

3, To co lle c t enough data to  enable a su rvey of the 

d is tr ib u tio n  of HSD a c tiv ity  in  the sebaceous glands o f human 

sk in .

4. To fin d  a su itab le  la b o ra to ry  an im al in  w h ich  HSD 

a c t iv ity  can be dem onstrated by the h is tochem ica l techniques 

in  the sebaceous glands of sk in  and specia l sebaceous 

s tru c tu re s  of sk in  which would enable fu r th e r  investiga tions 

to  be c a rr ie d  out in to  the p rob lem s of s te ro id  m e tabo lism

in  ta rg e t o rgans.

In /
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In  the course of the w o rk  fo r  reasons stated in  the In troduction , 

i t  was decided to concentrate on one p a rt ic u la r  enzym e, the 8/5-h yd ro xy -  

A "  s te ro id  dehydrogenase and w ith  dehydroepiandrosterone (DHA) 

as s te ro id  substra te , the h is tochem ica l method was im proved , quantitated 

and a m icro techn ique  estab lished in  the dem onstra tion  of 3(3 HSD a c tiv ity .

In  try in g  to estim ate  the degree of enzym ic a c t iv ity  in  the sebaceous 

glands of a sk in  specim en, va rious  methods w ere applied. The re s u lt 

was a sem iquan titive  method v/hich consists of counting the d ifo rm azan 

granules deposited in  the sebaceous gland of sk in  showing HSD a c tiv ity , 

by means of the W ild  M20 m icroscope. Th is  is described  and discussed.

The search fo r  an experim enta l an im al su itab le in  h is tochem ica l 

investiga tions re su lte d  in  es tab lish ing  the presence of HSD a c tiv ity  in  

the sebaceous glands of sk in  and in  specia lised  sebaceous organs inc lud ing  

the sebaceous glands in  the sk in  of ra t, the p re p u tia l gland of the ra t,  the 

sebaceous glands in  the l ip  of the guinea p ig  and the co s tove rte b ra l organ of 

the S yrian  ham ste r.

In  the course of the w o rk  described many new p rob lem s were revea led, 

some o f w h ich  w ere investigated and a re  described in  th is  the s is . O thers 

a re  s t i l l  in  the course of investiga tion .

The close connection between the p rob lem  investiga ted  and the 

b io ch e m is try  of s te ro id  m etabo lism  and its  re la tio n sh ip  to the p rob lem  of 

acne v u lg a ris  have been taken in to  account and the im p lica tio n s  of th e ir  

in te ra c tio n  has been considered.



205

B IB LIO G R A PHY

A lle n , J, M . , (1960), A H is tochem ica l Study of 3/5-Steroid Dehydrogenase 

in  the A drena l C ortex of the Developing Mouse.

A na t. Rec, 137, 57,

Anderson, K . M , , and L iao , S ., (1968), Selective Retention of 

D ihydro testoste rone  by P ro s ta tic  N ucle i,

Nature  219, 277,

B a il l ie ,  A . H . , and G r il l ’ith s , K , , (1964), 3 ^ -H yd ro xys te ro id  D ehydro­

genase A c t iv ity  in  the Mouse Ley d ig C e ll,

J. E n d o c r ., 2^, 9

B a il l ie ,  A . H . , Caim an, K . C . ,  and M iln e , J . A . ,  (1965), H is tochem ica l 

D is tr ib u tio n  of H yd ro xys te ro id  Dehydrogenases in  Human Skin. 

B r i t .  J, D e rm . , %7, 610.

BftttUe, A .H ., Caïman, K .C ., Ferguaoa, M .M ., and».MoKHart,
; - , (1965), H is tochem ica l D em onstra tion  of 20/5 HSD

J. E n d o c r ., ^2, 337

,B .n il., A.H..

J. E n d o c r ., 119

B a il l ie ,  A . H . , Thom son, J . , and M ilne , J . A . ,  (1966), The D is tr ib u tio n  

of H yd ro xys te ro id  Dehydrogenase in  Human Sebaceous Glands 

B r i t .  J. D e rm , , _78, 451.

B a i l l ie /



B a il l ie ,  A . H . ,  Ferguson, M . M , ,  and H a rt, D .M c K . , (1966), 

Developm ents in  S tero id  H is to ch em is try .

Acad, P ress (London & N .Y . )

Balogh, K . , (1964), A  H is tochem ica l Method fo r  the D em onstra tion  

o f 2 0 a -H yd ro xys te ro id  Dehydrogenase A c t iv ity  in  Rat O varies. 

J . H istochem . Cytochem. , 12̂ , 670.

B a rd in , C .W . , and L ip  sett, M . B. , (1967), Testosterone and

Androstenedione Blood P roduction  Rates in  N o rm a l Women 

and Women w ith  Id iopa th ic  H irs u tis m  o r P o lycys tic  O varies.

J. c lin .  Invest. , 891.

B a rd in , C .W , ,  Hem bree, W . C . ,  and L ips  e tt, M . B . , (1968), Suppre­

ssion o f Testosterone and Androstenedione P roduction  Rates 

w ith  Dexamethesone in  Women w ith  Id iopa th ic  H irs u tis m  and 

P o lycys tic  O varies .

J, d in .  E n d o c r,, 1300.

Benfenati, A . ,  and B r i l la n t i ,  F . , (1939), Sulla D is tr ib u z io n e  D e lle  

Ghiandole Sebacee N ella  Cute Del Corpo Umano.

A rc h . I ta l,  de rm a to l. s if i lo g . et venero l, 15, 33.

B e r lin e r ,  D . L . ,  P asqua lin i, J. R . , and Gallegos, A , J . , (1968), The

F o rm a tio n  of W ater Soluble S teroids by Human Skin,

J, invest. D e rm . , 220.

B e y e r/



207,

B oyer, K . F . ,  and Samuels, L . T . ,  (1956), D is tr ib u tio n  o f S tero id

“ 3^~ol Dehydrogenase in  C e llu la r S tructu res of the A drena l Gland, 

J. b io l. C h e m ,, 219, 69,

Blftolc, M .M ., Iwelfaoh. B.W ., andSpeep, F .D .,
_  , (1953), T é tra zo liu m  Salts.

A m e r. J. c lin . Path. , 332.

Boch, K , , (1959), B iogenesis and T ransfo rm a tions  of Squalene 

B iosynthesis of Terpenes and S tero ls.

L it t le ,  B row n and C o ., Boston, p. 4.

B riichovs l^q  N. , and W ilson , J . D . , (1968), Evidence tha t D ih yd ro - 

testosterone is the A c tive  F o rm  of Testosterone.

C lin , Res. 14, 74.

B ruchovsky, N. , and W ilson , J . D . , (1968), The C onversion of T e s to ­

sterone to 5a-Androsten-17jS“ Ol“ 3-one by Rat P rosta te  in  v ivo  

and in  v itro

J, b io l. C h e m ., 243, 2012

Bullough, W .S . , and Laurence, E . B , , (1960), E xpe rim en ta l Sebaceous 

Gland Suppression in  the A du lt M ale Mouse.

J. invest. D e rm . , 37.

B u r stone, M .S .,  (1960), Post Coupling, Noncoupling and F luorescence 

Techniques fo r  the D em onstra tion  of A lka lin e  Phosphatase.

J. N a tl. Cancer I n s t . , 1199,.

B u rs to n e /



208,

B urstone , M .S .,  (1962), Enzyme H is to ch e m is try .

Acad. P ress .

Caim an, K . C ,,  M u ir ,  A . V . , M ilne , J .A . , and Young, H , , (1970), 

Survey of the D is tr ib u tio n  o f S teroid Dehydrogenases in  the 

Sebaceous Glands of Human Skin.
M .B r i t .  J, D e rm . .

Camemm, E B a k u : # *  J.IC** Miino* , and
" Thom son » (1966), T ra n s fo rm a tio n  in  v it ro  of (7a "H )-

3
D ehydroepiandrosterone to H -  testosterone.

J. Endocr in , 35, X IX , (A b s tr.)

C ava lle ro , C. , and O fner, P . ,  (1967), R ela tive  E ffectiveness of Various 

S tero ids in  an Androgen Assay Using the E x o rb ita l L a c rym a l 

Gland of the C astra ted Rat, I I  C l9 -  S teroids of the 5a-A ndrostene 

S eries.

A cta  E ndocr. (Kbh) 131,

Chayen, J . , and D erby, E .F . ,  (1968), B iophysica l Teclm iques as Applied

to  C e ll B io logy.

Methuen M o n o g r., London.
Chayen. 3, ,  Bitonelty. L ,, Butohar, R.O., Ponlter, L .W .. and

’ tlbht» 0 *6 » * d^G9), Methods fo r  the D ire c t M easurem ent of A n t i-  

In fla m m a to ry  A c tion  on Human T issue M ainta ined in  v i t r o .

Syntex Symposium, Cam bridge.

C ook/



209,

Cook, T .J .  , and L o r  inc z, A . L . ,  (1963), Enzym atic D e te rm ina tion  

o f H ydroxys te ro ids  in  Human Skin Surface L ip id s .

J. invest. D e rm . , 41, 265.

C ru ickshan ii, C. N .D . , (1965), M etabolic Processes in  Sldn.

. B r i t .  J . D e rm ., J77, 603.

CwdlKe. W .J., amater. S.. andGRawle 8m # A .J .,
(1969), The E ffe c t o f T op ica l Cyproterone Acetate

on Sebum Secretion in  Patients w ith  Acne.

B r i t .  J. D e rm ., 81̂  200,

C u n liff e , W. J . , and Shuster, S ., (1969), Pathogenesis of Acne.

Lancet (i), 685,

Bawacm* IL M X - ,  Blllatt*
D : a l. , (1969), Data lor Diocliemicai Kesearcn p. 441

2nd etition,

O xford  P ress

Deeley, E . M . , (1955), A n  In teg ra ting  M ic rodens itom e te r fo r  B io log ica l 

C e lls .

J. Sci. Instum . 263.

D ie tschy, J. M . , and W ilson , J .D , ,  (1968), C ho leste ro l Synthesis in  the 

S q u irre l Monkey: R e la tive  Rates of Synthesis in  V arious T issues 

and M echanism s of C on tro l,

J. d in .  In v e s t. , 12a.

D orfm an, R . I . , and Ungar, L . , (1953), M e tabo lism  of S tero id  Hormones.

Burgess P ub lish . C o ., M inneapolis.

D o rfm a n /



210,

D orfm an, E . L ,  and S liip ley, E . A . , (1956), Androgens B ioch e m is try , 

Physio logy and C lin ic a l S ignificance.

W ile y , N .Y .

D orfm an, E . I . , (1961), M echanism  of A c tion  of S tero id  Horm ones: 

Androgens in  ’ 'M echanism  of A ction  of S tero id  H orm ones"

(C .A . V ille e  and L . L .  Engle eds.)

Pergam on P ress , N .Y .

D orfm an, E . I , , and D orfm an, A . S ., (1962), Assay of Subcutaneously 

A d m in is te re d  Androgens on the Chicks Comb.

A cta  E n d o c r ., J l ,  101.

Dubovyi, M . I .  , (1967), Androgenic Steroids in  Sebum.

Vestn, D e rm . V e n e r ., d ,  14.

Sulumnle. A ., Coghlau, Wtotour, M ., and Hudson, B .
D L  , (1964), The E stim ations o l Testosterone in  B io log ica l

F lu id s  I I  Testosterone in  U rin e .

A u s t. J, E x p . , B io l. Med. Sci. , 42, 385.

E b ling , F . J . , (1948), Sebaceous Glands I, The E ffe c t of Sex Hormones 

on the Sebaceous Glands of the Fem ale A lb ino  Rat.

J. E ndocr. , ^  297.

E b ling , F. J . , (1957), The A c tio n  of Testosterone and O estrad io l on the 

Sebaceous Glands and E p ide rm is  of the Rat.

J , E m b ryo l, exp. M orph, , 5, 74,

E b lin g /



211.

E b ling , F . J. , (1957), The A ction  of Testosterone on the Sebaceous 

Glands and E p id e rm is  in  C astrated and Hypophyse eternized 

M ale Rats.

J. Endocr. IR, 297.

E b ling , F . J . , (1964), Androgens of the Skin.

J. E n d o c r ,, 29, P roc . V III.

E b ling , F . J . , (1967), The A c tio n  of an A n ti-A n d ro  genic S tero id  17a- 

Me~B N ortestosterone on Sebum Secretion b i Rats T rea ted  w ith  

Testosterone.

J. E n d o c r ., _38, 181.

E b ling , F . J . , and Skinner, J . , (1967), The M easurem ent of Sebum 

P roduction  in  Rats T rea ted  w ith  Testosterone and O estrad io l.

B r ,  J, D e rm ., %9, 386,

E ng lish , R .S . , and W ithow ski, J. A . , (1964), E tio lo g ica l F acto rs  in  Acne. 

W. V irg . Med. J. , 60 (7), 178.

Bvam# e.J., Bmm, WM*, Jotmntoa* B.A,, mâmhhm, 1*B*,
E (1950), B a c te ria l F lo ra  ol tne iNormai Human Skin.

J. invest. D e rm ., J^ , 305.

Fa rad in , I . , Webb, J .L .  , and Ju lesz, M . , (1967), The in  v it ro  M etabo lism  
14

of 4 -  C -D ehydroepiandrosterone by Human Pubic Skin.

E urop . J. S tero ids, 2, 223.

F a rad in , I . , Webb, J, L . , and Ju lesz, M . , (1967), The in  v it ro  M etabo lism  

of DHA in  Human Skin,

A cta  med. Acad. Sci. h u n g ., _23, 169.

F a ra d in /



F arad in , J, , Fazekas, A .G . , Toth , I . ,  Kokai, K . , and Julesz, M . ,
14

(1969). T ran s fo rm a tio n  in  v it ro  of 4 -  C -  D ehydro­

epiandrosterone in to  7-Oxygenated D e riva tive s  by N orm al 

Human M ale and Fem ale Skin T issue.

J. invest. D e rm . , 357.

Fentenste in, G. N . , and M orton , R .A . , (1955), P ro v ita m in  D in  

A n im a l T issues.

B ioch. J. , 60, 22.

F ie  sell, P. , (1948), Physio logy and B io ch e m is try  of the Skin.

S. R othm aned. U n iv . Chicago P ress , C hap., X V I, pp. 601. 

F re e re , R .H . ,  and W eibel, E .R . , (1967), S tereolog ic Teclm iques 

in  M icroscopy.

J. Roy. m ic r .  S o c ., 87, 25.

French, F . S . , Baggett, B . , Van Wyk, J. J . , T a lb e rt, L . M . ,

Hubbard, W .R .,  Johnston, F .R . ,  W eaver, R. P . ,  F o rc h ie lli,  E . 

Rao, G. S ., and Sarda, I. R. , (1965), T e s tic u la r  Fem in iza tion : 

C lin ic a l, M orpho log ica l and B iochem ica l Studies.

J. d in .  E n d o c r ., 661.

F rench, F .S . ,  Van Wyk, J. J. , Baggett, B. , E a s te rlin g , W .E .,

T a lb e rt, L . M . ,  Johnston, F .R . , F o rc h ie lli,  E . , and Dey, A .C . 

(1966), F u rth e r Evidence of a Targe t Organ Defect in  the 

Syndrome of T e s ticu la r Fém in isa tion .

J. d in .  Endocr. , 26, 493.

F u tte rw e it, W . , M cN iven, N .L . ,  G ue rra -G arc ia , R. , G ibree, N. ,

D rosdovsky, M . , Siegel, G .L . ,  S o fte r, L .J .  , Rosenthal, I .M , , 

and D orfm an, R . , (1964), Testosterone in Human U rin e . 

S tero ids, 4, 137,

Gallegos, A . J . , and B e r lin e r , D .L . ,  (1967), T ra n s fo rm a tio n  and 

Conjugation of DHA by Human Skin,

J. d in .  E n d o c r., 27, 1214.

G a y lo r/



G aylor, J. L . ,  and Sault, F .M . ,  (1964), Loca lisa tion  and B iosynthesis 

of 7-D ehydrocho lestero l in Rat Skin.

J. L ip id  Res. , 5, 422.

Glen, E , M y les , and Gray, J. , (1965), E ffec t of Various Hormones

on the Growth and H isto logy of the G erb il (M erlones 

im giiicu la tns) Abdom inal Sebaceous Gland Patch.

Endocrino logy, 76, 1115.

G lick , D. , (1949), Teclm iques of H isto -  and C ytochem is try  

In te rsc ience  Pub lishers In c . , N. Y . ,

G oldzieher, J .S .,  and A ce lrod , L .R . ,  (1962), The P o lycys tic  

O vary. I I  U r in a ry  S tero id E xcre tion .

J. d in .  E n d o c r ., 2̂ 2, 425.

Gomez, E .G . ,  and Hsia, S .L . ,  (1968), In v it ro  M etabo lism  of
14 4 14

Testosterone 4 -  C and -  Androstene-3, 17-D ione-4- C

in  Human Skin.

B ioch e m is try , 7j 24.

De Graaf, H. J . , (1943), De Invloed Van Geslachtshor Monen Op De

Sm eerld ieren.

Ned. T ijd s c h r. Geneeslmnde, ^  1450.

G r iff ith , S .K . , G rant, J .K . ,  and Whyte, W. G ,, (1963), S tero id 

B iosynthesis in  v it ro  by C ryp to rch id  Testes fro m  a Case 

of T e s tic u la r  Fem in iza tion .

J. d in .  Endocr. 2 ^  1044.

Gwinup, G. , W ieland, R. G. , Besch, P .K . , Ham wi, G. J . , (1966),

Studies on the M echanism  of the P roduction  of the T e s ticu la r 

F em in iza tion  Syndrome.

A m o r. J. Med. 41^ 448.

H a m ilto n /



H am ilton , J. B. , (1941), Male Hormone Substance; A P r im e  F a c to r in  Acne, 

J, d in .  E n d o c r., 1̂, 570.

H am ilton , J. B , , (1947), Growth Changes Induced by Androgens in  the 

Connective T issues, Sebaceous Glands, H a irs , M uscle and 

M elanoblasts in  the Skin.

Anat. Hec. , _97, 340 (a).

H am ilton , J. B . , and Montagna, W . , (1950), The Sebaceous Gland of the 

H am ster. I  M orpho log ica l E ffects  of Androgens on Integum entary 

S truc tu res .

A m e r. J. A nat. 86̂ , 191.

Ha skin , D . , Lashe r, N . , and Rothman, S ., (1953), Some E ffects  of

AC TH , C ortisone , P rogesterone and Testosterone on Sebaceous

Glands in the W hite Rat.

J. invest. D e rm . , 20, 207. 
lleiaptohs» KareaaW. B ., Wy#$, B .. and Heyrmmm, W .B..

■ . (1969), T e s tic u la r F e m in iza tion : An Apparent

Enzyme D efect.

C lin . Res. JY, 143.
L ,, Nfttedà, F ., KumeK, B ., FuteUihlnta, 0,K.,Braâlow,

bt b*. _ ^  L968), U p  HSD Studied in  v ivo  in  Man w ith  C o r t is o l-
m â  I L  F». * -----------

4 -  C-11- H.

Advances in the B iosciences p .17, Schering W orkshop on S tero id  

M etabo lism  " In  v ivo versus in  v it ro ”

B e r lin , Pergam on P ress .

H o lt /



215,

H o lt, S .J . , and O 'Sullivan, D. G. , (1958), Studies in  Enzyme

C ytochem is try , I  P rin c ip le s  of Cytochem ica l S ta in ing Methods. 

P ro c . Roy, S o c ,, B148, 465,

Hooker, C .W . , and P fe iffe r , C .A . , (1943), E ffec ts  of Sex Hormones 

Upon Body Growth, Skin, H a ir  and Sebaceous Glands in  the Rat. 

Endocr. 32, 69.

H orton , R. , and T a it, J. F. , (1966), Androstenedione P roduction  and

In te r  convers ion Rates Measured in  P e rip h e ra l Blood and Studies 

on the Possib le  Site of its  Conversion to  Testosterone,

J . d in , In ve s t. , 45, 301.

Hubener, H .J , ,  Fukushlm a, D . , and Gallagher, T . F . ,  (1956)  ̂ Substrate 

S p e c ific ity  of Enzymes Reducing the 11 -  and 20 -  Keto Groups 

o f S tero ids.

J. B io l. C h e m ,, 220, 499.
Hudson. B ., CogUan. J ,, Dtdnants. Wintouv, M ., andBMwl. X

(1963), The E s tim a tion  of Testoste rone in  B io log ica l 

F lu ids  I. Testosterone in  P lasm a.

A nst. J. Exp. B io l. Med. Sci. , 41, 235.

H u rlock , B . , and T a la lay , P . ,  (1959), M ic ro so m a l 3a and 11/5“ H ydroxy­

s te ro id  Dehydrogenases,

A rch . B iochem . B io p h y s ., 468.
Xntamuna. S., Poohi, P .E .. Strauss, J.S., andMoCates, W .B.,

(1969), The Loca liza tio n  and D is tr ib u tio n  of

C orynobacte rium  acnes and its  Antigens in  N orm a l Skin and in  

Les ions of Acne V u lg a ris .

J, invest. D e rm . , (2), 143,

Is m a i l/



216,

Is m a il,  A . A . A . ,  and L o ra in e , J . A . , (1969), H irs u tis m : A D is o rd e r 

F requen tly  Associa ted  w ith  M enstrua l A b n o rm a lit ie s .

C lin . O bste tr, and Gynecol. , 12  ̂ (3), 800.

ÏUPAC C om m iss ion  on the Nom enclature of O rganic C h e m is try  and 

lU P AC  “ lU B  C om m iss ion  on B iochem ica l Nom enclature 

Revised Tenta tive  Rules fo r  Nom enclature of S tero ids.

B ioch . J . , 113, (1), 5.

Jarabak, J. , Adam s, J .A . ,  and T a la lay , P . ,  (1962), P u r if ic a tio n  of a 

lV /3 -H ydroxyste ro id  Dehydrogenase of Human P lacenta.

J. B io l. C h e m ., 237, 345.

J a r re tt ,  A . , (1959), E ffec ts  of P rogesterone and Testosterone on Surface 

Sebum and Acne V u lg a ris .

B r .  J, D e rm . , _71, 102.
Brooks* London» * Pmnty#

(1968), Secretion of C ,„  -  s te ro id s  and Oestrogens 
msd Rhodes* F * , 19

In  the P o lycys tic  O vary Syndrome: O varian Studies i n v ivo  and in  v it ro  

(Inc lud ing  Studies in  v it ro  on a C oincidenta l G ranulosa C e ll Tum our)

J. E n d o c r ., 42, 229.

Ju lesz, M . , F a rad in , I , ,  and To th , I . ,  (1966), S tero ids in  Human Skin and 

H a irs  I .  Z im m erm ann Chromogens in  the Skin of N orm a l and of 

H irsu te  Women.

A cta  Med. Acad. Sci. Hung. , 25.

Ju le s z /



Zi I

Ju lesz, M . , (1968), New Advances in  the F ie ld  of Androgenic

Steroidogenesis o f the Human Skin.

A cta  med. Acad. Sci. H u n g ,, 2 ^  273.

KaW , F.W ., Netor. B .. Sohmid, K .. andW«ttatoia, A ., 5
: , ' (1961), B i ldung von lYa-i-iyciroxy- a  “Pregnenolon

5
und 3/3-H yd ro xy -17-Keto  A -A nd r os ten (DHA) in  Nehem iieren -  und 

Testes “ Gewebbe.

E xpe rim en t la  (Basel) F7, 19.

K a lz , F , , (1958), H orm onal Influences on Sebaceous Gland A c tiv ity  

and on Acne V u lg a ris .

Can. Med. Assoc. , %9, 852.

Kandutsh, A . A . ,  and R usse ll, A .E . ,  (1960), In te rm ed ia tes in  a Pathway 

fro m  La n os te ro l to C ho leste ro l.

Federatn . P ro c . ,J H , 237.

Kandutsh, A . A . ,  and R usse ll, A .E . ,  (1960), P re p u tia l Gland Tum our S tero ls 

I I I .  A  M etabo lic  Pathway fro m  Lanoste ro l to  C ho les te ro l,

J. B io l. C h e m ., 235, 2256.

Kase, N . , and Kow al, J . , (1962), In  v itro  P roduction  of Testosterone in  a 

Human A drena l Homogenate.

J. d in .  E n d o c r ., 22, 925.

K ivy-R osenberg , E. , Cascarano, J . , and Zweifach, B .W . , (1955),

T é tra zo liu m  Salts as Ind ica to rs  of Changes in  T issue  M etabo lism  

D u rin g  F im ctiona l A c tiv ity .

T ra n s . N .Y , Acad. S c i. , 17, 402.

K lig m a n /



Ziü,

K ligm a n , A .M . ,  and Shelley, W„ B . , (1958), An Investiga tion  of the 

B io logy  of the Human Sebaceous Gland.

J. invest. D e rm . , JO, 99.

Kovenman, S. G . , and L ip s e tt, M . B. , (1965), P e rip h e ra l Conversion

of DHA to  Testosterone G lucur one side.

S tero ids J, 509,
Kpant, M,3, ,  Bwmdrup, e .B ,, Greene, R.B., Pochi, P.E.

. ^  1968), Sebaceous Gland A c t iv ity  in  B reas t Cancer.

Nature 217, 463.
Lfttob, E .J ., Dlgnftm, W .J., Pton, H .J ., Simmer, H .H .,

" ' , (1964), P lasm a Androgens in  Women: I  N orm a l

and Non “ H irsu te  Fem ales, Oophore eternized and Adrenale  atom ized 

P atien ts .

A cta  E n d o c r ,, 243.

L a p ie re , C . , (1953), M od ifica tions  Des Glandes Sebacees P a r Des

Horm ones Sexuelles Appliquées Loca lem ent Sur La  Peau De Souris 

C .B . Soc. b io l. , 147, 1302.

L ash e r, N . , L o r in c z , A . L . , and Rothman, S ., (1954), H orm onal E ffec ts  

on Sebaceous Glands in  the W hite Rat I I .  The E ffe c t of the P itu ita ry  

A d rena l A x is ,

J. invest. D e rm . , _22, 25.

L e d e re r, E . , M e rc ie r , D . , (1948), Sur Les Constituants De La G raisse 

De La La ine . La  Peau De Moutons Comme Organe De La 

B iosynthèse Des A lcoo ls  T rite rp e n iq u e s .

B ioch im , et B iophys, Acta_2, 91

L ie b e rm a n /



L iebe rm an , S ., and T e ic li, S ., (1953), Recent T rends in  the 

B ioch e m is try  of the  S tero id  Horm ones.

P harm aco l. Revs. J, 285.

L in d e rs to m -L o n g , K . , and Morgensen, K .R . , (1963), Enzym ic 

H is to logy X X X I H is to log ica l C ontro l of H is tochem ica l 

Investiga tions.

Com pt. rend. tra v . lab. C a iT sbergser, C him , 27.

L iso n , H . , (1936), H is toch im ie  An im ale  Méthodes E t Problèm es 

P a ris  Gauthier -  V i l la rs .

L o w ry , O .H .,  R oberts, N .R .,  L e in e r, K .Y . , Wu, M .L . ,  and 

F a r r ,  A . L . , (1954), The Q uantitative H is to ch e m is try  of

B ra in . I  C hem ical Methods.

J. b io l, Chem. , J07, 1,

L o w ry , O .H . , R oberts, N .R .,  Wu, M .L . ,  HiXon, W .S . , and

C raw fo rd , E . J . , (1954), The Q uantitative H is to che m is try  

of B ra in . I I  Enzyme M easurem ents.

J. b io l. Chem, , 207, 19.

L o w ry , O .H . , R oberts, N .R .,  and Kapphalm, J . I . , (1957), The 

F lu o r im e tr ie  M easurem ent of P y rid in e  N ucleotides.

J. b io l. Chem. , 224, 1047.

Mahesh, V .B . , and U lr ic h , F , , (1959), D is tr ib u tio n  of Enzyme 

Systems Reponsible fo r  S tero id M etabo lism  in  D iffe re n t 

T issues and Subcellu lar F rac tions .

Nature 184, 1147.

M ahesh/



Mahesh, Vo P . ,  and Greenblatt, R .B . ,  (1964), S teroid Secretions of 

the N orm al and P o lycys tic  Ovary.

Recent P ro g r. Hormone R e s ., 20, 341.

M arcus, P . I . ,  and T a la lay , P . ,  (1955), One the M o lecu la r S pec ific ity  

of S tero id  -  Enzyme Com binations. The K ine tics  of p~  

H ydroxys te ro id  Dehydrogenase.

P roc . Roy. S o c ., London S .B . , 144, 116.

M arcus, P . I . ,  and Ta la lay , P . ,  (1956), Induction and P u rific a tio n  of 

a  -  and j8 -H ydroxystero id  dehydrogenases.

J. b io l. Chem. , 218, 661.

M arian , J . , and P rice , D , , (1967), Com parative Responsiveness of 

Supracadudal and other Sebaceous Glands in  M ale and Fem ale 

Guinea Pigs to Hormones.

J. M orph. , 121, 209,

M auva is-J a rv is , P . ,  B e rco v ic i, J .P . ,  and G auth ier, F . , (1969),

In_yryo Studies on Testosterone M etabo lism  by Skin of N orm al 

M ales and Patients w ith  the Syndrome of T e s tic u la r Fem in iza tion . 

J. C lin . E n d o c r ., 29, 417.

M e h le r, A .H o , (1957), In troduction  to Enzym ology.

N .Y . Acad. P ress.

M igeon, C .J . , G ardner, L . I . ,  C r ig le r ,  J .F . ,  J r . ,  W ilk in s , L . , (1952), 

E ffe c t of cortisone trea tm ent fo r  28 days on rad io -iod in e  

m etabo lism  in  norm a l ra ts  and adrenolectom ized ra ts  m a in ­

tained w ith  desoxycorticosterone. Endocrino logy 5k, 117.

M iln e /



ZZi,

M iln e , J .A . , (1969), The M etabo lism  of Androgens by Sebaceous Glands 

B r i t .  J. D e rm . ,_81 (2), 23.

M itc h e ll,  O. G . , (1965), E ffe c t of C astra tion  and T ransp lan ta tion  on the 

V e n tra l Gland of the G e rb il.

P ro c . Soc. E x p ., B io l. M:ed. (N .Y .)  119̂  953.

M itc h e ll,  O. G . , and B u tcher, E .O . , (1966), G row th of H a ir  in  the 

V e n tra l Glands of C astra te  G erb ils  F o llow ing  Testosterone 

A d m in is tra tio n .

A na t. Rec, 156, 11.

Montagna, W . , and Noback, C .R . , (1946), The H is to logy  o f the P re p u tia l 

Gland of the Rat.

A nat. Rec. 9J, 41.

Montagna, W . , and Noback, C .R . , (1946), The H is to ch e m is try  o f the 

P re p u tia l Gland of the Rat.

A nat. Rec. 96  ̂ 111.

Montagna, W . , and H am ilton , J. B . , (1947), H is tochem ica l A na lys is  of the 

Sebaceous Glands of the H am ster.

Federa tion  P ro c . 6, 166.

Montagna, W . , (1947), H is to ch e m is try  of the Sebaceous Gland of the Rat. 

A nat, Rec. 97, 356.

Montagna, W . , and Noback, C .R . , (1947), H is tochem ica l O bservations 

on the Sebaceous Glands of the Rat,

A m . J. Anat. 81̂  39.

M ontagna/



Montagna, W. , and Kenyon, P. , (<949). Growth P ro te n tia ls  and 

M ito tic  D iv is io n  in  the Sebaceous Glands of the Rabbit.

Anat, Rec. , 103, 365,

Montagna, W. , E l l is ,  R . A . ,  and S ilve r, A . F . ,  (1963), Advances 

in  B io logy of Skin Vo l. IV  The Sebaceous Gland 

Pergam on P ress.

Montagna, W. , (1963), Advances in  B io logy of the Skin V o l. 4. Ed. 

Montagna, E ll is  and S ilve r

M o r r is ,  J. M . , and Mahesh, V. B . , (1963), F u rth e r Observations on 

the Syndrome "T e s tic u la r  F em in iza tio n ".

A m e r. J. Obstet. C yn e c ., 87, 731.

M u ir , A . V. , Caiman, K . C . ,  Thomson, J. , MacSween, M . P . ,

M iln e , J .A . , C hakraborty , J. , and G rant, J . K . ,  (1968). 

H yd roxys te ro id  Dehydrogenase A c t iv ity  in  Human Skin 

I  H is tochem ica l Techniques and a Method fo r  Q uantitation,

B r i t .  J. D e rm . , 8h, 594.

M u ir , A . V. , Caiman, K . C . ,  Thomson, J . , MacSween, M . P . ,

M iln e , J .A .  , C hakraborty, J . , and G rant, J . K . ,  (1968). 

H yd roxys te ro id  Dehydrogenase A c t iv ity  in  Human Skin 

n  F ac to rs  InHuencing HSD A c t iv ity  in  Sebaceous Glands of 

Human Skin.

B r i t .  J. D erm . , 8̂ 0, 652

M u ir , A . V . , Hodgins, M .B .  , M ilne , J . A . ,  and Young, H. , (1970)

The Presence of HSD A c t iv ity  in  M am m alian Sebaceous S tructures, 

B r i t ,  J. D e r m . , 291

M u lle r /



M u lle r , M . D . ,  and W iiilœ lm am i, R .K .  , (1969), O xidative  Enzymes in  

P lucked Human Scalp H a irs .

J. inves t. D e r m . , 400,

M yles Glenn, E. , and Gray, J . , (1965), Ef fect  of V arious Hormones

- on the Growth and H is to logy of the G erb il (M e rlones im guicu la tus)

Abdom inal Sebaceous Gland Pad.

E ndocr. 76, 1115.
Haohlfts, M .M .. Teou, K,C.,  âeSouza. ! . .  (Dheng, C .8 ., and

A M  C ytochem ical D em onstra tion  of Succinic

Dehydrogenase by the Use of a'New p -  N itropheny l Substituted 

D ite tra zo le .

J. H istochern. Cytochem. , 5, 420.

Nachlas, M . M . , W a lke r, D .G . , and Seligman, A . M . ,  (1958), A

H is tochem ica l Method fo r  the D em onstra tion  of D iphosphopyrid ine 

N ucleotide D iaphorase.

J. b iophys. biochem . C yto l. 4, 29.

Neher, R . , and W etts te in , A . ,  (1960), O ccurrence of ^-3 j3-hydroxy s te ro id  

Dehydrogenases in  A drena l and T e s tic u la r  T issue .

A cta  Endocr. 1.

N ico lo ides, N. , and Rothman, S ., (1955), The Site of S te ro l and Squalene 

Synthesis in the Human Skin.

J. invest. D e r m . , 24, 125.

N ico lo ides , N . , Reiss, O . K . ,  and Langdon, R. G . , (1955), Studies of the 

In  v it ro  L ip id  M etabo lism  of the Human Skin. I  B iosynthesis in  

Scalp Skin.

J. A m . Chem. S o c . , J71, 1535.

N ico lo id e s /



N ico lo ides , N. , and W e lls , G .C . ,  (1957), On the B iogenesis of the 

F ree  F a tty  A c ids  in  Human Skin Surface Fat.

J, invest. D e rm . , 423.

N ildcari, T . , and Valavaara, M . , (1969), The P roduction  of Sebum in

. Young Hats. E ffec ts  of Age, Sex, Hypophysectomy and T rea tm ent 

w ith  Som atotrophic Horm one and Sex Horm ones.

J,. E n d o c r ., 113.

N orthcu tt, B . C . ,  Is land, D . P , , and B idd le , G . W . , (1969), An Explanation 

fo r  the T a rge t Organ Unresponsiveness to  Testosterone in the 

T e s tic u la r  F e m in iza tion  Syndrome.

J. d in .  E n d o c r ., 29, 422.

Ogawa, K . , and Hashim oto, K , , (1961), Co-enzym es Q7 and its  Substitutes 

in  the E lec tro n  T ra n sp o rt System of the Succinic Dehydrogenase 

System and D iphosphopyrid ine Nucleotide D iaphorase 

J, h istochern. C y tochem ., 9̂, 635.

Owens, D . W . , and Knox, J, M . , (1967), The Ef fec t  of Hormones on the 

Sebaceous Gland

Acta  d e rm ., V e iie reo l, (Stocldiolm) 363.

Pearse, A . G .E . ,  (1968), H is toche m is try ,

C h u rch ill L t d . , E d . , 3rd  ed.

Pearson, B . , and Grose, F . , (1959)(a), H is tochem ica l Study of Some 

DPNH and DPN Dependent Dehydrogenases.

Federa tion  P ro c . 1 ^  499.

P ea rson /



Pearson, B . , and Grose, F . , (1959) (b), H is tochem ica l D em onstra tion

of 17jS-Hydroxysteroid Dehydrogenase by Use of a T é tra zo liu m  Salt. 

P ro c . E xp tl. B io l. Med. , ITJ), 636.

P ie w ig , G . , and K ligm an , A . M . , (1969), E stab lishm ent of Acne in  

the Mouse by T op ica l C o rtico s te ro id s .

J. invest. D e rm . , 4, 392.

Pochi, P . E . ,  S trauss, J, A . , and Mes con, H . , (1963), The Role of

A d re n o co rtica l S teroids in the C ontro l of Human Sebaceous Gland 

A c t iv ity .

J. invest. D e rm . , 41, 391.

Pochi, P . E . ,  and S trauss, J . A . , (1963), Sebaceous Gland Function

B e fo re  and A fte r  B ila te ra l O rch iectom y.

A rc h . D erm at. (Chicago) 729.
P ogM » * Sairdfti L B * #  F o r o M t lll#  B##

' P lasm a Testosterone and Oestrogen Leve ls , 

U rin e  Testosterone E xcre tio n  and Sebum P roduction  in  M ales w ith  

Acne V u lg a ris .

J. d in .  E n d o c r,, ^  1660.

Pochi, P . E . ,  and S trauss, J . S . , (1969), Sebaceous Gland Response in  Man
4

to the A d m in is tra tio n  of Testosterone, A -Androstenedione and 

D ehydroep iandrosterone.

J. invest. D e r m . , 32.

Bausohîsoîb, E .W ., DavlB* H.W ., Fenimote, D.C.» Mftote, H.S..
r  %.L (1969), Id e n tifica tion  of V ita m in  D^ in Human Skin

W  Fahm# 3
J, invest. D e r m . , ^  (4), 289.

R o b e rts /



R oberts , S .. and Szrego, C . M . , (1955), The Im portance of D P N -L lnked

Deliyclrogenases in  the In te rconvers ions of Sfceroicls in  the Body.

Ann. Rev, B io ch. 543.

Rongone, E . L . , (1966), Testosterone M etabo lism  by Human Male 

M am m ary Skin.

S tero ids J ,  489.

Rongone, E . L . ,  H il l ,  M . , and/Burns, R . , (1967), Testosterone M etabo lism  

by Chicken U ropyg ia l Gland 

S tero ids 10  ̂ 425.

Rony, H . R . ,  and Zakon, S. J . , (1943), E ffects  of Androgen on the Sebaceous 

Glands of Human Skin.

A rc h . D e rm a to l, & S yph ., 9.

Samuels, L . T , , and Gordon, E . S . , (1950), A  Symposium on S tero id  

Horm ones.

M adison, 241.

SamuelB, L.T. ,  Kelsoreieh. M .L ., Mgater, M .B ., {tad Hetch, H .,
(1951), An Enzyme in  Endocrine T issues which

O xid izes . ^ -8 -H yd roxys te ro ids  to  a ,  /3 Unsatura ted Ketones.

Science H ^, 490.

Samuels, L . T . , H e lm re ich , M . L . , and L a sa te r, M . D . ,  (1951), A bs trac ts  

12th In te rn a tion a l, Congr. Pure and App l. C h e m ., 108, N. Y .

Saunders, H . L . ,  and E b ling , F . J . , (196.9), The Antiandrogen ic and

Sebaceous Gland In h ib ito ry  A c tiv ity  of On, 6jS-Ethylene 17a-M e-  

/3-N ortestosterone.

J. invest. D e rm . , 52, (2), 163.

S avard /



227.

Savard, K . , M arsh , J .M . , and P r ice ,  B . F . ,  (1965), Gonadotropins 

and O varian Steroidogenesis.

Recent P rog . Hormone Res. 285.

7
Schroepfer, G . J . , and F ran tz , I . D . ,  (1961), C onversion of A -C ho iestenol 

-4 -  ^^C and 7-D ehydrocho leste ro l -4 -  ^^C to C ho leste ro l.

J. b io l. Chem. 3137

Shuster, S . , (1969), B ioassay of Androgens and A n ti-A ndrogens in  the 

Rat Sebaceous Gland.

In  Assay Methods in  Invest. D e r m . , Syntex Symposium.

Sih, C . J , , and W h itlock , H .W . , (1968), B ioch e m is try  of S tero ids.

Ann. Rev. B io  ch. , 32, 661.

Slam iwhite, W . R . ,  and Samuels, L . T . ,  (1956), P rogesterone as a 

P recu rson  o f T e s tic u la r  Androgens 

J. b io l, Chem. , 220, 341.

Sm ith, M .A .  , and W ate rw orth , P . M . , (1961), B ac te rio logy  of Acne 

V u lga ris  in  R e la tion  to its  T rea tm ent w ith  A n tib io tic s .

B r i t .  J. D e rm . , 2 3 ,  152.

Sobel, H . , (1949), Squalene in  Sebum and Sebum -L ike M a te r ia ls .

J. invest. D e r m . , 333.

Tocshlmoto# 8#» Carm W y, K *,
, (1965), P lasm a P roduction  Rates o f Testosterone

In N orm a l A d u lt Men and Women and in  Patien ts w ith  the Syndrome 

of T e s tic u la r  F em in iza tion .

J. d in .  E n d o c r., _2§ j 1441.

S tra u ss /



S trauss, J. S . , and ICLigman, A„ M . , (1960), The P atho log ica l Dynam ics 

o f Acne V u lg a ris ,

A rc h . D e r m . , Chicago 779.

S trauss, J . S . , and K ligm an , A . M .  (1961), The E ffe c t of P rogesterone 

and P rogesterone “ L ik e  Compounds of Human Sebaceous Glands,

J. invest. D e r m . , 36, 309.

S trauss, J. S . , and Pochi, P . E . ,  (1961), The Q uantita tive  G ra v im e tr ic  

D e te rm in a tio n  of Sebum P roduction .

J. inves t. D e r m . , ^ 6 , 293.

S trauss, J . S . , K ligm a n , A . M . ,  and Pochi, P . E . ,  (1962), The E ffec t 

o f Androgens and Oestrogens on Human Sebaceous Glands.

J . invest, d e r m . , 139.

S trauss, J . S . , and Pochi, P . E . ,  (1963), The Human Sebaceous Gland:

I ts  Regulation by S tero ida l Hormones and its  Use as an End Organ 

fo r  Assaying  A nd rogen ic ity  in  v iv o .

Rec, P rog . H orm . Res. 385.

S trauss, J . S . , and Pochi, P . E . , (1964), E ffec t o f C yc lic  P rogestin  Oestrogen 

Therapy on Sebum and Acne in  Women.

J . A . M . A . , J90,  815.

J.S# # PwM# F*E. # WotW# H.ll*#
g ’ . (1969), E ffec t of O ra l and T op ica l 17- a “ Me~/5“

N ortestoste rone on Sebum Production  and P lasm a Testosterone.

J. invest. D e r m , , _52, 95,

S tra u ss /



Strauss, J. S ., and Pochi, P . E , ,  (1969), Recent Advances in  Androgen 

M etabo lism  and T h e ir  R e la tion  to the Skin, (Review a rtic le )

A rch , D e r m . , 100, 621,

S tuart, J. , B itensky, L . , and Chayen, J . , (1969), Q uantita tive  Enzyme 

C ytochem is try  of Leukem ic C e lls .

J. Clin. P a th ., 563.

Susskind, R . R . , (1951), The C hem is try  of the Human Sebaceous Gland 

J, invest. D e r m . , P/, 37*.

Takayasu, S. , and Ada ch i, K . , (1969), H orm onal C on tro l of the M etabo lism  

of H am ster Sebaceous Gland.

J. invest. D e rm . , 371.

T a la lay , P . , and Dobson, M . M , , (1953), P u r if ic a tio n  and P ro p e rtie s  of 

a /?-H yd ro xys te ro id  Dehydrogenase 

J. b io l. Chem. , 205, 823.

5
T a la lay , P . ,  and Wang, V. S ., (1955), Enzym ic Iso m é risa tio n  of A  -3 -  

Keto S tero ids,

B iochem . B iophys. Acta  l^ ,  300.

T a la la y , P . ,  and M arcus, P . I , ,  (1956), S pec ific ity , K in e tics  and 

In h ib itio n  of a  and -H yd ro xys te ro id  Dehydrogenases.

J, b io l. Chem. , 218, 675.

T a la lay , P . , (1957), E nzym ic M echanism s in  S tero id  M etabo lism .

P hys io l. Revs. 362.

T a la la y /



j ^ o U  t

T a la la y , P. , (I960), E nzym ic A na lys is  of S tero id  Horm ones in  Methods 

of B iochem ica l A na lys is  _8, 119.

Th iessen, D . D . ,  F r ie n d , H . C . ,  and L indzey, G. , (1968), Androgen 

C on tro l of T e r ito r ia l M a rk in g  in  the M ongolian G e rb il 

Science 180, (3826), 432.

T hornburg , W . , and M ongers, P . E . ,  (1957), An A na lys is  of F rozen 

Section Techniques I  Sectioning of F re sh  F rozen  T issue .

J. h istochern. Cytochem. _5i. 47.
T bou, K.C, Cheng, C .S., NiMsMiia, M .M .. and Seltgnrnn, A.M

' ' (1956), Syntheses of Some p -N itro p h e n y l Substituted

T é tra z o liu m  Salts as E lec tro n  A cceptors fo r  the D em onstra tion  

o f Dehydrogenases.

J, A m , Chem. Soc. TRj 6139.

T u r f i t f ,  G .E . ,  (1946), The m ic ro b io lo g ica l Deg^'adation of S tero ids 3.

O xidation of H ydroxy s te ro id s  to K e to -D e riva tive s  by P roactinom yces 

spp.

B ioch . J. 40, 79.

Vadasz, E. , and D ebreczen i, M . , (1966), B e itrage  Zum  Horm onalen 

H in te rg ru nd  D e r A k re .

Z tsch ft. f .  Haut u, Geschl, 40, (2), 34,

W arren , J, C ,,  and French, A . P . ,  (1967), D is tr ib u tio n  o f S tero id SuHatase 

in  Human Skin.

J . d in .  Endocr. ^  278.

W a ttenberg /



W attenberg, L . W .  , (1958), M ic roscop ic  H is to chem ical D em onstra tion  

of S te ro id  -  3/3-01-Dehydrogenase in  T issue  Sections 

J. h istochern. Cytochem. _6, 225.

W heatley, V. R. , The Chem ical Compositoon of Sebum L iv re .  Jubila iae 

1901 -  1951 De La Soc. Beige De D erm at.

Syphil. pp. 90-102.

W heatley, V. R . , (1953), Some Aspects of the Nature and Function of Sebum 

St. Bartho lom ew ’ s H o s p ., J . , _5I> 5.

W ilde , P . F . ,  and E b ling , F . J . , (1969), P re lim in a ry  Observations on the

C om position of Skin Surface Fat fro m  Rats T rea ted  w ith  Testosterone 

and O estrad io l.

J. invest. D e r m . , 362,

W ilson, J . D . ,  and W a lke r, J . D . ,  (1969), The C onversion of Testosterone 

to 5a-Androstan-17j8-01-3-O ne (D ihydrotestosterone) by Skin S lices 

of Man.

J. c lin . In v e s t. , 371.

Zackheim , H.S. , (1968), E ffec t of Prolonged A d m in is tra tio n  of Testosterone 

. on the E p id e rm is  o f Fem ale Rats.

J, invest. D e r m . , JO, 401.


