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recovery sleep. The main SWS delta activity increase was for 
stage 3 during the first half of the night following afternoon 
exercise, and this seems to be partially counterbalanced by a 
non-significant decrease during the second half of the night , 
resulting in no significant overall changes. If SWS reflects 
enhanced protein synthesis and body restitution1, then in view 
of the high workload imposed, more substantial changes in 
SWS might have been expected. It must be concluded that if a 
heavy, but tolerable, workload is imposed early in the day then 
ensuing wakefulness is sufficient for recovery. If this exercise 
is given later in the day, however, then ensuing wakefulness 
may not be adequate for recovery, and some of the recovery 
process may intrude into the earlier part of sleep and be reflected 
in the sleep EEG. 
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Dihydroactinidiolide in the supracaudal 
scent gland secretion of the red fox 
IN spite of growing interest in the function of skin glands in 
mammalian chemical communicationL 2, little is known of 
either the chemical nature or the behavioural significance of the 
secretion of the supracaudal (tail) scent gland of the red fox 
( Vulpes vulpes) . A recent paper3 reports observations concerning 
the histology and histochemistry of this gland, including 
findings of unusual fluorescent sebum constituents. In this 
paper, preliminary gas chromatographic- mass spectrometric 
data are presented indicating the presence of dihydro
actinidiolide (I) and related compounds in this secretion and the 
significance of this finding is discussed. 

I n Ill 

Particles of waxy yellow-brown stale secretion were 
separated manually from the hair and skin surface of the 
supracaudal gland region of eleven male red fox (taken wild, 
February 14, 1974-April 19, 1974, Wales), bulked (67 mg) and 
distilled (at 170 oc, air bath temperature, 0.02 mmHg). The dis
tillate was examined by combined gas chromatography- mass 
spectrometry (AEl MS30 mass spectrometer (24 eV) with a 
Pye-Unicam 104 gas chromatograph fitted with a 2m x 2 mm 
internal diameter glass column of 2 % SE-33 on 80-100 mesh 
Gas Chrom Q ; column temperature 116 oc to 280 "C at 
5 "C min-1 ; injector temperature 170 oc; separator temperature 
200 T) following treatment with diazomethane. 

A number of volatile components exhibiting mass spectra 
suggesting monoterpenes or related compounds were observed 
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in advance of the range of saturated carboxylic acids (starting 
at C- 14, observed as methyl esters) and related compounds 
expected in a distillate of skin lipids. These more volatile 
compounds included substances possessing the following 
observed mass spectra (five most intense ions, plus other 
significant ions) indicating dihydroactinidiolide (1)4 m/e 180 
(M +, 22), 165 (7), 152 (II), 137 (30), Ill (100), 109 (30), 43 (25); 
6-hydroxy-2,2,6-trimethylcyclohexanone (Il)5 m/e I 56 (M +,6), 
128 (31), 110 (35), 95 (39), 71 (100), 58 (34), 43 (36); and 
trans-4-keto-13-ionone (lll)6 m/e 206 (M +,47), 191 (I 5), 177 (6), 
164 (38), 163 (91), 121 (53), 43 (100), 41 (38). Other major 
volatile terpenoid constituents of the secretion distillate are 
under investigation. 

The identity of dihydroactinidiolide was confirmed by gas 
chromatographic coinjection with authentic material, m.p. 
42--43 oc (retention time 4. I min , I .5 m x 2 mm internal 
diameter glass column of 5% Dexsil 300cGC on 80-100 mesh 
Chromosorb W, A W ; column temperature 172 oc, isothermal). 
A peak of the same retention time was also noted when a 
thin-layer chromatography fraction (acetone pre-eluted silica 
gel G (Merck type 60), Rr 0.06 to 0.2 with diethyl 
ether- petroleum spmt (60-80 °C), 30/70, v/v) of a 
methanol-chloroform extract of stale secretion was examined 
by gas chromatography (dihydroactinidiolide, Rr 0.08). The 
level of dihydroactinidiolide in this sample of stale secretion 
was < 50 p.p.m. 

This is the first report of volatile terpenes in an external 
mammalian glandular secretion, although it was expected that 
such compounds might be involved in mammalian com
munication following the elucidation of the olfactory response 
of certain Felidae to cis-trans-nepetalactone, a major constituent 
of the essential oil of the catnip plant, Nepeta cataria7

• The 
early description of the supracaudal gland as the 'violet gland' 
on account of its odour also suggested such a finding. A number 
of terpenoid constituents of the plant Actinidia polygama, 
including dihydroactinidiolide, are also reported to have 
behavioural effects on certain Felidae8• 

The presence of photo labile fluorescent compounds has been 
reported in the red fox supracaudal gland sebum, and 
fluorescence and ultraviolet spectra have been described3

• 

Field desorption mass spectrometry of the major non-polar 
fluorescent fraction (Varian CH5D, source temperature 80 oc, 
emitter current 8 rnA) revealed major ions at m /e 524, 525, 
550 and 552 (no ions in range m/e 554-1 ,200) indicating the 
presence of compounds in the carotenoid mass range. If 
carotenoids are present, their occurrence could be related to 
the presence of volatile terpenes in the secretion9

• 
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