
15. 11. 1969 

Free and conjugated C19-steroids in plasma protein fractions 
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Steroid fraction Cpm in protein fraction 
Albumin cq-globulin ms-globulin /~-globulin y-globulin 

Free 2,144 3,556 2,201 1,336 2,861 

Sulphoconjugates 36,520 20,350 4,810 214 82 
Dehydroepiandrosterone 26,190 14,650 1',040 - - 
Arldrosterone 4,850 3,230 410 - - 
Etiocholanolone 2,090 1,230 221 - - 
Androstenedione 870 312 108 - - 
Androstandione } 
Etiocholandione 631 358 76 - - 
Androstenediol 1,078 834 146 - - 
Androstenetriol 311 148 18 - - 

Glucuronosides 839 2,692 172 29 36 
Dehydroepiandrosterone 69 241 - - - 
Androsterone 352 1,110 - - - 
Etiocholanolone 109 817 - 

Androstenedione = 4-androstene-3,17-dione. Androstandione = 5at-androstan-3,17-dione. Etiocholandione ~ 5/~-androstan-3,17-dione. 
Androstenediol = 5-androstene-3~, 17/3-diol. Androstenetriol ~ 5-androstene-3/~, 16cr 17/~-triol. 

hyd razones  4 or ace ta tes  and  r e c h r o m a t o g r a p h e d  in 
su i table  so lvent  sys tems,  aI-t-activity of ind iv idua l  com- 
pounds  was d e t e r m i n e d  in a Packa rd  Tr icarb  Spect ro-  
me te r  Mod. 3310. F ina l  ident i f ica t ion  of compounds  was 
achieved by  pur i f ica t ion  to  cons t an t  specific ac t iv i ty ,  
even tua l ly  af ter  reverse  i so tope  di lu t ion wi th  s t a n d a r d  
mater ia l .  

As ind ica ted  by  the  Table,  free C~9-steroids were  ran-  
d o m l y  d i s t r ibu ted  over  t he  var ious  p r o t e i n  fract ions,  
whereas  t he  su lphocon juga tes  prevai led  in t he  a lbumin  
and  cq-globulin f rac t ions  as observed  in earl ier  experi-  
m e n t s  t. On the  o the r  hand ,  a lmos t  70% of 3H-labelled 
C19-steroid glucuronosides  could be isolated f rom the  
f rac t ion  of el-globulins.  On the  basis  of these  f indings and  
previous  d a t a  i t  is sugges ted  t h a t  endogenous  l ipophi le  
C19-steroid su lphocon juga tes  are t r a n s p o r t e d  pre fe rab ly  
b y  a pos t -a lbumin .  C~9-steroid glucuronosides,  however ,  
which  in th is  e x p e r i m e n t  were  formed t h rough  me ta -  
bol i sm of free dehydroep iandros te rone ,  appear  to  be 
associa ted  r a the r  w i th  an cq-globulin. The  compos i t ion  
of t he  d i f fe ren t  con juga te  f rac t ions  is qui te  comparab le  
to  t h a t  de t ec t ed  in o the r  inves t iga t ions  5. In  con t r a s t  to  
t he  f rac t ion  of su lphoconjugates ,  where  dehydroep i -  
and ros t e rone  represen ted  the  p r e d o m i n a n t  C~-steroid,  
the  f rac t ion  of glueuronosides  con ta ined  p r imar i ly  3e- 
hydroxy-5e -andros tan - : t7 -one  (androsterone)  and 3a- 
hydroxy-5f l -andros tan-17-one  (etiocholanolone) as the  
ma jo r  me tabo l i t e s  of t he  a fo remen t ioned  subs t ra te .  

Zusammen/assung. Nach  i,.v. Gabe von  7ct-3H-Dehydro - 
ep iandros te ron  wurde  menschl iches  P l a s ma  einer pr/t- 
pa ra t iven  Zonene lek t rophorese  un te rwor fen  und  in 
Albumine,  ~1-, e2-, f l - u n d  y-Globuline zerlegt.  Aus den 
einzelnen P ro t e in f r ak t ionen  t r e n n t e  m a n  freie Steroide,  
S te ro id-Sul fokonjugate  und  -Glukuronoside  ab und  un te r -  
such te  le tz tere  F rak t i onen  auI ihren Gehal t  an mark i e r t en  
C19-Steroiden. Es  zeigte sich, dass  d ie  Steroid-Sulfo-  
kon juga te  vo rnehml ich  in der  P ro t e in f r ak t ion  der  
Albumine,  die Stero id-Glukuronoside  dagegen bevorzug t  
in der  P ro te in f rak t ion  der  cq-Globuline auf t ra ten .  
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Interact ions  Be tween  a - M S H  and Sex  Steroids  on the Preputial  Glands of Female  Rats  

The prepu t ia l  glands,  which  can be regarded  as g ian t  
sebaceous glands,  are s t ruc tures  of ep idermic  origin whose 
precise biological s ignif icance has  still  no t  been  clarified. 
Various s tudies  have  been  pub l i shed  showing t h a t  the i r  
d e v e l o p m e n t  and  the i r  secre tory  func t ion  are d e p e n d e n t  
upon  cer ta in  sex steroids1, ~ and  po lypep t ides  such as 
STH, LTH,  and  ACTH 3, 4. Since me lanocy te - s t imu la t ing  
ho rmone  (MSH) exer t s  effects which  are essent ia l ly  of an 
ep ide rmot rop ic  charac ter ,  i t  was  felt  t h a t  i t  would  be 
in te res t ing  to  de t e rmine  to w h a t  ex t en t  and  unde r  w h a t  
condi t ions  th is  ho rm one  m i g h t  also be capable  of s t imula t -  

�9 ing g rowth  of t he  p repu t ia l  glands.  

Method. Sprague-Dawley  ra ts  of female  sex, weighing 
180 g, were given t r e a t m e n t  w i t h  syn the t i c  e -MSH and 
sex s teroids  by  the  s.c. rou te  for 2 weeks;  the  t r e a t m e n t  

1 V. I{ORENCHEVSKY, Ergebn. Vitamin- u. Hormon-Forsch. 2, 420 
(1939). 

2 j .  j .  FREEMAN, R. HILF, A. J. IOVlNO and I. MICHEL, Endo- 
crinology 7d, 990 (1964). 

3 R. W. BATES, S. MILKOVIC and M. M. GARRISON, Endocrinology 
74, 714 (1964). 

4 B. JACOT and H. SELYE, Endocrinology 50, 254 (1952). 



1194 Specialia EXPERIENTIA 25/11 

was commenced 2 weeks after the animals had been 
castrated and immediately after they had undergone 
adrenalectomy or hypophysectomy. The c~-MSH was in- 
jected twice daily in aqueous solution, and the sex 
steroids once a day in oily solution. At autopsy, which 
took place the day after the last injection, the preputial 
glands were removed and their fresh weight determined. 

Results.  When given in daffy doses of between 0.01 and 
1.0 mg/kg, e-MSH produces changes in the weight of the 
preputial glands, these changes varying depending upon 
the endocrine conditions prevailing in the animal (Figure 
1). In the intact female rat, a steady and progressive in- 
crease in the weight of these glands is observed when the 
doses are raised; this increase, which is statistically 
significant, amounts to + 45 mg (p < 0.05) in response to 
0.03 mg/kg daily and rises to +78  mg (p<0.01)  in 
response to a dose of 1.0 mg/kg daily. Following castra- 
tion, which produces only a slight decrease in the weight 
of the preputial glands in control animals, c~-MSH 
exerts little effect, the weight of the glands increasing 
only very slightly as the dose is raised; even daily doses 
of c~-MSH as high as 1 mg/kg elicit an increase in weigh~c 
(+ 34 rag) which is only just significant.�9 

When castration is followed by adrenalectomy, the 
weight of the preputial glands in the controls decreases a 
little, whereas after castration and hypophysectomy it 
shows a marked decrease; in both instances, however, 
0r - in the doses employed - no longer exerts any 
perceptible influence on growth of the preputial glands. 

I t  would therefore appear that, to produce a stimulant 
action on this receptor, ~-MSH requires an endocrine 
balance different from that  in which STH and ACTH are 
able to exert t he i r  effects, since STIt  proves active in 
castrated and hypophysectomized male rats a and ACTH 
is active in castrated and adrenMectomized female 
rats ~. 

The difference observed in this ini t ial  experiment be- 
tween the results obtained with c~-MSIK in intact as 
compared with castrated animals prompted us to examine 
the effect of this peptide when administered in combina- 
tion with sex steroids. I t  was known that  certain of the 
sex steroids are in themselves capable of stimulating 
growth of the preputial glands : testosterone, for example, 
has a very marked effect in this respect, and progesterone 
a weaker one, whereas oestradiol displays no such 
activity ~, 5. 

In the castrated animal, a dose of progesterone (10 mg/ 
kg daily) which alone would exert only a subliminal 
action, produces considerable growth of the preputial 
glands when combined with varying doses of cr 
(Figure 2). The resultant increase in the weight of the 
glands is statistically significant, amounting to + 60 mg 
when a-MSH is given in a daily dose of 0.01 mg/kg and 
rising to + 186 mg when the dose of ~-MSH is raised to 
0.3 mg/kg d&ily ; the dose-effect curve thus becomes much 
steeper, i.e. it rises far more sharply than the dose-effect 
curve for c~-MSH alone, both in the castrated and in 
the intact animal. A comparable response can be 
obtained by administering testosterone (1 mg/kg daily) 
together with ~-MSH, although here the degree of 
potentiation is not quite so great as with progesterone, 
the increase in weight at the 0.3 mg/kg level being 
+ 100 rag. When on the other hand, c~-MSH is given in 
combination with oestradiol (0.1 mg/kg daily), the in- 
crease in the weight of the glands is barmy perceptibIe 
and is not even statistically significant when the dose of 
e-MSH is raised to the 0.3 mg/kg level. 

Progesterone, given in the same daily dose of 10 mg/kg, 
is also capable of enhancing the response to c~-MSH in 
castrated animals foUowing adrenalectomy and hypo- 
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Fig. 1. Action of ~-MSH alone on the weight of the preputial glands 
in various endocrine conditions. 
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Fig. 2. Action of c~-MSH and sex steroids, administered alone and in 
combination, on the weight of the preputial  glands in the castrated 
animal. Difference as compared with controls. 0 - - - -  c~-lXlSH 
alone; �9 c r  + Progesterone (10 mg/kg daily); � 9  
~-MSH + Testosterone (! mg/kg daily); �9 . . . . . .  ot-MSH + 
Oestradiol (0.1 mg/kg daily). 

Increase in weight of the preputiaI glands produced by addition of 
progesterone (10 mg/kg daily) to ~-MSH in various endocrine 
conditions 

Doses of Animals Animals Animals 
c~-MSH castrated castrated and castrated and 
mg/kg/ adrenalectomized hypophyseetomized 
daily ing~ O/o~ mg~, %b mg~ %b 

Controls + 7 + 8 4 7 4 9 0 0 
0.01 + 44~ 4 42 4 1 7  4 2 1  + 7 4 14 
0.03 4104  a 4 94 431  4 3 8  422  + 55 
0.1 4117a  4100 448  ~ +61 +440 4 90 
0.3 4156  a 4135 4 8 4  a +99 4 8 4  a 4150  

Difference of the weight obtained with each dose of c~-MSH com- 
bined with progesterone and the weight obtained with the same dose 
of cr alone, b Difference expressed in relation to the weight 
recorded at the corresponding dosage level of ct-MSH. Stat ist ically 
significant increase, o p < 0.05. a p < 0.01. 

5 C. HIJGGINS, F. M. PARSONS and E. V. JENSENS, Endocrinology 
57, 25 (1955). 
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p h y s e c t o m y  (Table). But  the  differences in the  absolute  
weights  recorded at  each dosage level  of e -MSH wi th  and 
wi thou t  progesterone appear  to be a l i t t le  less marked  
t h a n  in the  case of the  animals  which had undergone 
cas t ra t ion  only;  the  re la t ive  differences, however,  i.e. the  
differences expressed in percentages  of the  weight  of the  
gland recorded wi th  e -MSH alone, are much  the  same 
following cas t ra t ion  as fol lowing cas t ra t ion  and hypo-  
physec tomy.  

Discussion. The results out l ined above deserve com- 
par ison wi th  those publ ished by  LORINCZ and LAN- 
CASTER 6, who demons t ra t ed  t h a t  a synergist ic  effect on 
the  preput ia l  glands was exer ted  by  progesterone and a 
p i tu i t a ry  ex t rac t  f rom which the  STH,  ACTH,  and T S H  
fractions had been el iminated,  bu t  whose hormona l  com- 
posi t ion had not  been defined. As regards its influence on 
the  preput ia l  glands, i t  could seem t h a t  ST}I, while no t  
displaying any  synergist ic  effect wi th  progesterone 6, does 
exer t  a synergist ic  act ion wi th  tes tos terone  ~. This  t y p e  
of action,  moreover ,  is not  confined to the  preput ia l  
glands, and a recent  s tudy  has shown tha t  the  ven t ra l  
pros ta te  can also be s t imula ted  by  adminis te r ing  pro- 
gesterone in combina t ion  wi th  L T H  ~. 

The  da t a  obta ined  in the  present  series of, exper iments ,  
coupled wi th  the  findings quoted  above, serve to high- 

l ight  the  role which pept ide  hormones  m a y  p lay  in 
modula t ing  the  response of cer ta in  per ipheral  receptors  
to the  steroids. 

Rdsumd. L ' a - M S H  st imule  la croissance des glandes 
pr6putiales de la ra te  intacte ,  cet  effet  est moins inarqu6 
apr~s l ' ab la t ion  des ovaires et  s ' a t t6nue encore apr~s 
cas t ra t ion et surr6nalectomie ou cas t ra t ion et hypo-  
physectomie.  Chez l ' an imat  eastr6, en doses l iminaires,  la 
progest6rone accrolt  consid6rablement  la s t imula t ion  
produi te  par  I ' e -MSH tandis  que  ia tes tost6rone exerce 
un effet comparab le  mais  moins accentu6. Le synergisme 
de la progest6rone et de I '~-MSH est encore observ6, mais  
16g~rement r6duit, chez l ' an ima l  castr6 et surr6nalecto- 
mis6 ou castr6 et hypophysectomis6.  
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s A. L. LORINCZ and G. LANCASTER, Science 126, 124 (1957). 
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Administration by Nasal Spray of an 18 Amino Acid Synthetic Polypeptide with Corticotropic Action 

The clinical use of A C T H  has h i ther to  been l imi ted by  
the  fact  t h a t  i t  could only be given by  in t ramuscula r  or 
in t ravenous  inject ion.  A t t e m p t s  to adminis te r  the  hor- 
mone  oral ly have  proved  unsuccessful, since, like o ther  
proteins,  i t  is dena tured  by  the  proteoly t ic  enzymes of the  
in tes t inal  t ract .  

For  a long number  of years, the  ant id iure t ic  hormone  
of t h e  poster ior  p i tu i t a ry  has been adminis tered  by  the  
nasal  route.  I n  1952, SMITI~ et  al. 1 described observat ions  
on the  effect iveness of nasal  insuff lat ion of ex t rac t ive  
ACTH.  In  these invest igat ions,  the  cor t icotropic  act ion of 
A C T H  given in powder  form was measured indirect ly  on 
the  basis of the  eosinopenic response of the  blood. 

In  the  s tudy  r~ported here, a new synthe t ic  poly-  
pept ide  der ived f rom the  A C T H  molecule, CIBA 41,795- 
Ba, was given by  nasal  spray to normal  volunteers ,  and its 
cor t icotropic  act ion was measured direct ly  by  reference 
to the  rise in p lasma corit icosteroids.  

Material and methods. The synthet ic  polypept ide  
C I B A  41,795-Ba [D-Ser 1, LyslT, lS]-/?-corticotropin-(1-18) - 
oc tadecapept ide  amide, was synthesized by  IRINII~ER and 
I~ITTEL z. I t  contains  the  amino acid sequence of the  
18 N- te rmina l  amino-acids  of ACTH,  wi th  the  following 
changes:  the  first  amino acid, serine, is in the  D-form 
instead of the  L-form, arginine in positions 17 and 18 is 
replaced by  lysine, and an amide  group is present  at  the  
ca rboxyl  end of arginine in posit ion 18. 

The  pharmaco logy  of this po lypept ide  has been s tudied 
by  DESAULLES et  alY, 4. I ts  act ion when given by  inject ion 
to h u m a n  subjects  has been described by  WALSER 5' 6; i.m. 
adminis t ra t ion  of 1 mg leads to an increase in p lasma 
cort icosteroids last ing 24 h. 

T h e  subjects  t ak ing  par t  in these exper iments  were 
normal  volunteers ,  aged be tween  20-30 years. They  had 
rested for 1 h before the  beginning of the  tests. In  all 
cases the  dose was given a t  08.00 h. 

The polypept ide  adminis tered  as a l iquid suspension by  
means of a nebulizing flask which au tomat i ca l ly  control led 
the  dose. 6 subjects received a single dose of 0.1 mg. The  
effect on p lasma cort icosteroids was followed over  a 
period of 8 h. 5 subjects received 0.3 mg  and p lasma 
cort icosteroids were subsequent ly  followed over  a 6-h 
period. 12 subjects were t rea ted  wi th  a dose of 1 mg. In  
this group plasma cort icosteroids were followed for 4 h 
in 6 cases and for 12 h in the  o ther  6. 

Blood was removed  under  rest ing conditions,  before 
and a t  var ious  in tervals  af ter  the  adminis t ra t ion  of the  
product .  P lasma cort icosteroids were measured  according 
to the  me thod  described by  P~TERSON, KARR~R and 
GUERRA 7. 

Results. The means  of the  p lasma cort icosteroid levels 
de termined in these subjects  af ter  the  adminis t ra t ion  of 
the  var ious doses are shown in the  Table.  In  the  F igure  
these values  are compared  wi th  the  results obta ined  in 
subjects  in the  same age group receiving no t rea tment ,  

As can be seen f rom these curves, the  nasal  adminis t ra-  
t ion of the  1-18 po lypept ide  was followed by  rise in 
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