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a suppor t  is not coated uniformly,  the particles with 
more s ta t ionary  phase may  accumulate in a part ic-  
u lar  pa r t  of the column due to the increased weight. 
A non-uniform distribution of the s ta t ionary  phase 
causes a non-uniform solute band velocity. 

The rate  of heat t r ans fe r  to the center of a col- 
umn decreases with larger  column diameters. A tem- 
pera ture  gradient  between the center and the wall 
creates a solute band velocity gradient.  Both gas 
velocity and solute par t i t ion  coefficient va ry  with 
temperature .  The two effects oppose, but  not nec- 
essarily cancel, each other. A radial  t empera ture  
gradient  occurs when a large diameter  column is 
tempera ture-programmed.  With  isothermal condi- 
tions, an axial t empera ture  gradient  along a column 
will produce a radial  t empera tu re  gradient .  I f  the 
carr ier  gas enters the column at  a t empera tu re  above 
or below the column temperature ,  a radia l  tempera-  
ture gradient  will be set up in the first pa r t  of the 
column. 

Another  factor  which is impor tan t  in large diam- 
eter columns and with the use of large sample sizes 
is t ransient  t empera ture  changes caused by the sol- 
utes themselves passing through the column. Such 
tempera ture  changes are due to la tent  heats of va- 
porization of the solutes. As a solute band enters a 
plate or section of a column, a net condensation proc- 
ess occurs accompanied by the evolution of heat. Af te r  
the band maximim passes, the net process is tha t  of 
vaporization, and heat is absorbed by the solute• I f  
a column were adiabatic with no heat  loss to or gain 
f rom the surroundings,  heat would be t rans fe r red  
to the packing as the solute band condensed in a sec- 
tion, and the packing t empera tu re  would rise. As 
the solute band evaporates f rom the section, the same 
amount  of heat is t r ans fe r red  f rom the packing and 
its t empera ture  re turns  to the base level. Assuming 
a symmetr ical  solute band, a t empera tu re  curve of 
the type shown in F igure  9A is expected. In  an 
actual  column, with finite rates of heat  loss and gain, 
as the t empera tu re  rises, some of the heat  evolved 

upon solute condensation is lost to the carr ier  gas and 
to the surroundings.  As the solute is revaporized 
f rom the packing, all of the heat originally evolved 
is not available in the packing and the t empera ture  
falls below its base value before re turn ing  to s teady 
state as shown in F igure  9B. Scott (19) has calcu- 
lated, f rom theory, t empera tu re  curves of the types  
shown in F igure  9 and has experimental ly  measured 
tempera ture  changes of the order  of one degree in 
an analytical  column. The experimental  curves were 
of the type shown in F igure  9B. 

These tempera ture  changes due to the sohltes them- 
selves cause the band max imum to move fas ter  than  
the rear  of the band, thereby producing a tail ing 
effect and band spreading. 
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Isolation and Characterization of Insect Attractant Lipids 
MARTIN JACOBSON, Entomology Research Division, U.S. Department of Agriculture, Beltsville, Maryland 

Abstract 

Isolation and characterizat ion of the na tura l ly  
occurring sex a t t rae tants  of the silkworm moth 
( Bombyx mori) , gypsy  moth ( Porthetria dispar ) , 
cotton leafworm (Prodenia litura), American 
cockroach (Periplaneta americana), an introduced 
pine sawfly (Diprion similis), and mat ing at t rae-  
tants  of the honey bee (Apis mellifera) and 
bumblebee (Bombus terrestris) are discussed. 

M OST I N V E S T I G A T I O N S  O f  i n s e c t  a t t r a c t a n t  lipids 
have been concerned with insect sex at t ractants .  

Other insect a t t rac tan t  lipids will therefore be t reated 
in this presentat ion in only a minor way. The sex 
a t t rae tan ts  of only two insect species have thus f a r  
been identified, namely those of the silkworm moth 
and gypsy  moth. The sex a t t rae tan t  of the American 
cockroach has not as yet  been prepared  synthetically.  

The Sex Attractants 
S i l k w o r m  M o t h  ( B o m b y x  m o r i )  

Isolation. Isolation of the silkworm moth sex at- 
t rae tan t  was begun by Butenandt  (7) in 1941 and 
completed 19 years later  (18,9). The early work 
was done with a benzene extract  of the last two ab- 
dominal segments f rom 7,000 virgin female moths;  
the 1.5 g of extract  obtained was freed of acidic and 
basic substances, esterified with succinic acid, and 
the result ing esters saponified. Sublimation at 60- 
70C of the neut ra l  product  obtained gave 100 mg 
of an impure,  waxy, crystalline substance reported 
to be a diol of approx  composition C16H3o02. 

In  1956, Makino ct al. (30) described a purification 
procedure, including eolum~ and paper  chromato- 
graphy,  that  gave a substance designated as "bom-  
b ix in . "  An ethanolic extract  of the abdomens of 
60,000 females tha t  had previously mated was evapo- 
rated to a small volume, t reated with sodium hy- 
droxide at below 40C, freed of solvent, extracted with 
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ether, and the extract dissolved in benzene and passed 
through a column of alumina. Evaporation of the 
eluate at below 60C gave 4.5 g of an orange wax 
that was freed of sterols ("bombicesterol") by re- 
peated treatment with methanol; the methanol-soluble 
brown syrup was distilled at 100-110C (0.06 mm) 
to a thick, faintly yellow oil. Paper chromatography 
of the latter showed an active spot (bombixin) with 
R~ 1.0, 0.98, and 0.82 when the chromatogram was de- 
veloped with n-butanol-acetic acid-water, 85% phenol, 
and benzene-methanol (6:4), respectively. Although 
bombixin contained 86.41% carbon and 12.05% hy- 
drogen, showed no UV absorption, and appeared to 
contain a primary alcohol group according to its IR 
spectrum, it was later shown to contain less than 
0.1% of the pure attraetant (29). 

Although Anders and Bayer (2,3), as a result of 
an independent investigation of the gas chromato- 
graphy of the female silkworm extract, reported 
the presence of three materials attractive to males, 
only one of these was highly active. Schneider and 
Hecker (35) had previously shown that several un- 
saturated alcohols were attractive to males in varying 
degree, but the most potent of these was only 1/106 
times as strong as the natural attractant. 

Isolation of the pure sex attractant, designated 
"bombykol,"  was successfully accomplished by the 
use of an ethanol-ether (3:1) extract of the abdominal 
glands of 500,000 virgin female moths (19,9). The 
crude extract (280 g) was separated into 42 g of 
free acids and 125 g of neutral portion; saponification 
of the latter with methanolic KOH gave 73 g of 
combined acids and 33.6 g of unsaponifiables. The 
unsaponifiable fraction was freed of 12 g of crude 
cholesterol by recrystallization from methanol and 
the methanol-soluble portion was treated with suceinic 
anhydride. Saponification of the resulting acid suc- 
cinate gave 3.4 g of an alcohol that was then esterified 
with 4'-nitroazobenzene-earboxylic acid chloride; di- 
gestion of the resulting ester with petroleum ether 
gave 650 mg of fraction A, 500 mg of fraction B, and 
200 mg of fraction C. Thrice-repeated partition chro- 
matography of these fractions on hydrophobic silica 
gel, with paraffin oil as the stationary phase and 85 
and 90% acetone as mobile phases, gave 12 mg of 
active derivative, mp 95-96C, hm~. 230, 331 m~ (11). 

Characterization. The molecular formula (C29HaT- 
Na04) and tool wt (491.6) of the attraetant derivative 
indicated that the pure attraetant was a doubly un- 
saturated alcohol having the formula C~6HaoO; its 
UV absorption at 230 m~ showed these double bonds 
to be conjugated. The IR spectrum of the free alcohol 
(obtained by saponification of the derivative with 
alkaline glycol monomethyl ether in benzene) showed 
it to possess a primary hydroxyl group (9.50-9.75 /~) 
and two conjugated double bonds indicative of cis, 
trans unsaturation. Catalytic hydrogenation of 2 mg 
of bombykol with platinum oxide gave pahnityl 
alcohol, and permanganate oxidation of 1 mg of the 
bombykol derivative gave acid moieties which were 
identified by paper chromatography of their methyl 
esters (9,10). By means of this brilliant investigation, 
bombykol was shown to be 10,12-hexadecadien-l-ol 
(structure I).  Although the configuration of the con- 
jugation in bombykol was at first thought to be cis, 
trans (11), subsequent synthesis of the four possible 
geometrical isomers of structure I showed it to possess 
the trans-lO,cis-12 form (19,13,40). 

I t  had been observed that the sexual attraction of 
the neutral fraction, separated from free acids, in- 
creased following alkaline saponification, leading to 

the hypothesis that bombyko], or a portion of it, oc- 
curred in the insect in the form of a waxy ester. 
This belief was strengthened when it was found that 
lithium aluminum hydride reduction of the free and 
combined acids to the corresponding alcohols gave a 
mixture attractive to male silkworm nioths (8). An 
attempt was therefore made to isolate and identify 
the attractive acid (14). The fat ty acid mixture was 
separated into saturated acids (laurie, myristic, pal- 
mitic, and stearic) and unsaturated acids (oleic, lin- 
oleie, and 14-methyl-9,12-pentadeeadienoie) by low- 
temp acetone crystallization, followed by partition 
chromatography on hydrophobic silicic acid and by 
paper chromatography. The ].4-methyl-9,12-pentadee- 
adienoie acid showed only slight sex attractant activity, 
attributed to traces of bombykol present as impurities, 
and the other acids were inactive. 
CHa ( CH~ ) ~C I- I :  OH CH----CH (CH~) sGH20 I t  ( I ) 

The four geometrical isomers of I (19) showed 
the following attractiveness to male silkworm moths 
(~g/ml) in laboratory tests (12): cis-lO,cis-12, 1; 
cis-lO,trans-12, 10 a ; trans-19,cis-12 ( bombykol ), 10 -le ; 
trans-lO,trans-12, 10. 

Gypsy Moth (Porthetria dispar) 

Isolation. The pioneering detailed chemical studies 
on this problem were conducted by Haller and Acree 
(18,1), who soon determined that the active material 
was a lipid residing in the unsaponifiable neutral 
fraction of a benzene extract of the virgin female 
abdominal segments. I t  was partially volatile with 
steam, reacted with phthalic anhydride, and could be 
recovered from the phthalic acid ester upon sapon- 
ification. Considerable concn of the attractant was 
obtained by chromatography of the neutral fraction 
in sequence on columns of magnesium carbonate and 
magnesium oxide. These fractions gave definite in- 
dications of the presence of more than one substance 
attractive to males. From the abdominal glands of 
100,000 female moths, Acree obtained about 12 mg 
of an active impure fraction which he designated 
" g y p t o l . "  Saponification of c,gyptol,, with potas- 
sium hydroxide in diethylene glycol at 120-130C 
gave a few miligrams of pahnitic acid (25) and an 
unidentified alcohol fraction. 

Stefanovie (36,37), working with a hydrogenated 
benzene extract of the female abdominal tips, obtained 
by countercurrent extraction a bright yellow oil that 
was highly attractive to males. A crystalline solid, 
mp 61.0-61.5C, isolated in large amt from the crude 
extract, was identified as a triglyceride a-palmito- 
distearate. 

The sex attractants of this insect were isolated in 
pure form in 1960 by Jacobson, et al. (24). Chroma- 
tography of the unsaponifiab]e fraction from 200,000 
female moth abdomens on successive columns of mag- 
nesium carbonate and magnesium oxide by Acree's 
method (1), with absorbancy ratios at 249 and 285 
m~, gave a yellow oil which was highly attractive to 
males. Subsequent investigations showed that these 
time-consuming operations (at least 3 days per column 
per 20,000 tips) could be avoided and approx equal 
fraetionation obtained by repeatedly dissolving the 
crude, unsaponifiable fraction from 300,000 tips in 
acetone and filtering off the large amt of inactive solid 
(pigments, cholesterol, heptacosane, nonacosane, and 
hentriacontane) that separated at room temp, 5C, and 
-5C. In this way a total of 75 mg of attractive oil 
was obtained from 500,000 female moths. Reversed- 
phase chromatography of this oil by the ascending 
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technique on silicone- or polyethylene-impregnated 
filter paper sheets, with methanol-benzene-water 
(5:1:1) as developing solvent, gave five spots (Rf 0.0, 
0.2, 0.34, 0.73, and 1.0), only one of which (Rt 0.0) 
was attractive to male moths. Successive extraction of 
this zone with cold ethanol and with Skellysolve B 
gave 3.4 mg of white, waxy crystals, mp 37.0-37.5C, 
soluble in ethanol, and 20 mg of colorless, hydro- 
carbon-soluble liquid that solidified in the cold but 
remelted at room temp. The crystals were attractive 
to male moths in the field at 10 -~ gg, where as the 
liquid attracted males at 10 -7 p.g/trap. 

Characterization. Gas chromatography of the major 
attractant showed it to be a pure material, and its 
analysis indicated the formula ClstIa~O3. Its IR 
spectrum showed the presence of a primary hydroxyl 
and ester carbonyl groups, a cis double bond, and an 
unbroken chain of at least four methylene groups. 
Microhydrogenation of 2 mg of the attractant showed 
the presence of only one double bond and a tool wt of 
298. Saponification of the hydrogenated material 
with potassium hydroxide in diethylene glycol at 120- 
125C (failure to saponify this material with alcoholic 
KOtt  indicated that the ester group was secondary) 
gave acetic acid and a diol in excellent yields. Lack 
of absorption in the UV precluded the 2-position for 
the attractant double bond, and its optical activity 
showed that the acetoxyl group did not lie on an un- 
saturated carbon atom, since an asymmetric carbon 
atom would not then exist. Stability of the attractant 
to high-temp vapor phase chromatography on Craig 
polyester succinate indicated the probability that at 
least one methylene group separated the aeetoxyl 
group from the double bond, since Stoffel et al. (39) 
have shown that the common methylene-interrupted 
polyunsaturated esters may be safely analyzed by gas 
chromatography. (This has since been substantiated 
for unsaturated hydroxy acetates by Morris et al. 
(31), who found that hydroxy esters not vicinally un- 
saturated are stable under gas chromatography on 
polyester resins at high temp whereas vicinally un- 
saturated hydroxy esters are dehydrated under these 
conditions). 

Oxidation of 4 mg of the attraetant with periodate- 
permanganate reagent cleaved the double bond only, 
leaving the hydroxyl and acetoxyl groups intact. A 
92% yield of 3-acetoxy-l-nonanoic acid was obtained 
together with an ~-hyd:roxy acid which was further 
oxidized in 71% yield with alkaline permanganate to 
pimelic acid. The only structure for the attractant 
consistent with the data was (+)-lO-acetoxy-cis-7-hex- 
adecen-l-ol (II) .  

CHa ( OH2 ) 5 OH CH2OH e--OH ( OH2 ) ~ CH~0H ( I I  ) 
J 
OCCtta 

l] 
O 

The d/-form of II, identical in all respects save opti- 
cal activity with the natural attraetant, was synthe- 
sized in 0.2% over-all yield (25) ; this form was suc- 
cessfully resolved by treating its acid succinate with 
L-brucine, separating the brucine salts by fractional 
crystallization from acetone, decomposing the salts, 
and saponifying the acid suceinates with ethanolie 
alkali (21). 

Characterization of the natural attractant resulted 
in the synthesis of an active homolog, (÷)-12-aeetoxy- 
cis-9-oetadecen-l-ol ( I I I ) ,  which has been designated 
"gyplure" (20,22,27). 

CHa (CHe) 5CHCH~CH~CH (CHe) 7CH'~0H ( I I I )  
I 
OCCHa 

II 
o 

The comparative attractancy of the natural and 
synthetic materials to male gypsy moths is shown in 
Table I (27). 

It was found that the activity of cis-gyplure could 
be masked by the presence of varying amts of struc- 
turally related compounds, and adsorption and gas 
chromatographic methods were developed for deter- 
mining the cis-gyplure content of its mixtures, as well 
as for separating the cis isomer from its contaminants 
(28). 

Cotton Leafworm (Prodenia l i t u r a )  

Although the sex attraetant produced by the lateral 
abdominal segments of the female leafworm has not 
yet been obtained in pure form, a highly active frac- 
tion has been isolated by the following procedure (44). 
A homogenized and lyophilized ethanol-ethyl ether 
(3:1) extract of 23,000 female abdomens was sepa- 
rated into free and combined acids and 2.7 g of an 
active neutral fraction; the latter was freed of car- 
bonyl-containing substances by treatment with Girard 
P-reagent, freed of sterols by methanol treatment, and 
esterified with succinic anhydride. The half-ester 
formed was saponified, the alcohol obtained was esteri- 
fled with 4'-nitroazobenzene-4-carboxylic acid chloride, 
and the derivative (100 mg) was saponified. The hy- 
droxylic material thus obtained elicited a sexual re- 
sponse in males at a concn of 10 -5 tLg/ml. The at- 
tractant appears to be an alcohol. 

American Cockroach (Periplaneta americana) 

Isolation. Roth and Willis (34) had shown that, al- 
though the female roach produces a highly potent at- 
tractant for males, active extracts could not be ob- 
tained from any part  of the female's body with 
organic solvents. However, the attractant adheres to 
paper with which the virgin female comes in contact, 
and this was the basis of a collection procedure de- 
scribed by Wharton et al. (41) which utilizes a petro- 
leum ether extract of filter papers exposed to such 
females. Nevertheless, aqueous extracts of such papers 
were used by these investigators to isolate an attract- 
ant which elicits a sexual response in the male at 10 -11 
~g or less (42). These extracts were made 0.1 N with 
NaOH, acidified after 15 rain to pH 5.0-5.5 with 
H2SO4, and 60% of the solution was distilled. The dis- 
tillate was treated with lead nitrate to remove fat ty 
acids, redistilled, and the process repeated several 
times to obtain a small volume of active distillate. The 
attractant was extracted with isopentane, and the 
extract was subjected either to successive chromatog- 
raphy on columns of alumina, Florisil, silieic-acid- 
Celite, Florisil, and alumina (developing with increas- 
ing amts of ether in i sopentane)  and then to 
preparative gas chromatography, or to successive chro- 
matography on the first two columns and then to pre- 
parative gas chromatography; the column packing 

TABLE I 

Comparative Attractancy of Gyplure and Its i~Iomologs to 
Male Gypsy Moths 

Compound 

d-I (natural)  ............................... 
d-I (synthetic) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

l-I (synthetic) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

d l - I  (synthetic) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

d-I I  (c/s-gyplure) . . . . . . . . . . . . . . . . . . . . . . . .  

T r a n s - g y p l u r e  .............................. 

Attractancy, /tg 

10 TM 10 -7 
10 -12 10 7 
10-12 10-6 
10-12 10 -s 
10-12 10-s 
10~ 2.5 × 105 

Laboratory Field (28) 
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used for gas chromatography was 5% Apiezon M on 
Chromosorb-W (4 f t )  at 130C, argon flow rate 110 
ml/min. In  this way a total yield of 28 ~g of pure 
a t t rac tant  was reported having retention times of 100- 
110 or 140-160 rain. With this small aint of material 
the investigators could determine only that  it was an 
aliphatic compound containing ester carbonyl. 

The pure a t t ractant  was obtained in much higher 
yield by Jacobson et al. (26) utilizing a method of 
condensing the a t t rac tant  from air passed over female 
roaches confined in a large container (43). The vapors 
were condensed in a Dry  Ice-cooled flask containing a 
little 0.1% HC1, the condensate was extracted with 
hexane, and the extract  was chromatographed on a 
column of silicic acid, eluting successively with hexane, 
3% ether in hexane, and 10% ether in hexane. The 
latter solvent removed the a t t ractant  completely and it 
was obtained in pure form by steam distillation. A 
total of 12.2 mg of liquid a t t rac tant  was obtained by 
continuous collection from 10,000 females over a 9- 
month period; it elicited a sexual response from males 
at levels below 10 -14 /~g. In contrast  to the retention 
times reported by Wharton,  this a t t rae tant  showed a 
retention time of 6 rain under  the same conditions. 
Gas chromatography on several other column packings 
verified the pur i ty  of the material (23). 

C h a r a c t e r i z a t i o n  

The a t t rac tant  analyzed for CllH1302 and its IR 
spectrum showed the presence of ester carbonyl (26). 
Catalytic hydrogenation of 2.2 mg showed it to have 
one double bond, and alkaline saponification of the 
saturated compound gave 1.5 mg of a secondary alco- 
hol and 0.85 mg of propionic acid. Oxidation of 4 mg 
of the a t t ractant  with HIO4-KMn04 reagent gave 
propionic acid, acetone, and 2.2 mg of a neutral  sub- 
stance, mp 55C, that  yielded dimethylmalonic acid on 
fur ther  oxidation with t t I04.  The only s t ructure  for  
the a t t raetant  consistent with the foregoing data was 
2,2-dimethyl-3-isopropyl:idenecyelopropyl p r o p i o n a t e  
(IV) ; the s t ructure  V was proposed for  the neutral  
substance of mp 55C. 1 

HaC CH~ 
\ / 0 

C = = C - - C  \ \  

H ,C  / \ ' j \ C H ~  i \ C / C H '  

/\ ~ I / \CH, 
t t  OCCH~CtIa O--C 

H I 
o H 

(iv) (v) 

Introduce4 Pine S a w f l y  (Dil)rion similis)  

In 1960, Coppel et al. (16) reported that  virgin fe- 
males in the field were capable of at t ract ing excep- 
tionally large numbers of males; one caged female at- 
t racted well over 11,000 males. An at tempt  to t rap  
the a t t rac tant  by passing air rapidly  over virgin fe- 
males was unsuccessful, but  the crude a t t rac tant  was 
obtained by extracting crushed whole females with 
acetone or benzene and by rinsing, with ether, glass- 
ware that  had contained the live or dead females. 
Column chromatography of the extracts on Florisil 
yielded a substance which, though impure, in amts as 
small as 0.004 ~g. a t t racted 500-1000 males over a dis- 
tance of 100-200 feet within 5 rain (15). Although 
the activity was sometimes masked in some types of 
solvent extracts, chromatography resulted in active 
fractions. 

1 S t ruc ture  I V  has recently been shown [Day, A. C., and  ~ .  C. 
Whit ing,  Proc.  Chem. Soc. 1964, 368;  Jacobson,  M., and  M. Beroza. 
Science 147, 748 ( 1 9 6 5 ) ]  to be incorTec~ for the natural attractant, 
and the ~trueture remains to be determined. 

O t h e r  I n s e c t  A t t r a c t a n t s  

H o n e y  B e e  ( A p i s  m e l l i f e r a )  

Gary (17) has demonstrated the existence of vola- 
tile chemicals functioning as mating at t ractants  in 
queen honey bees, and this has recently been substan- 
tiated by Pain  and Rut tner  (33). Drones in flight are 
at t racted to the flying queen by substances present 
on or in her mandibular glands. Fract ionat ion of the 
gland lipids, obtained by extraction with ether, on 
silicic acid yielded "queen substance" (trans-9-oxo- 
dec-2-enoie acid) (VI) ,  attractive to drones at 0.1 mg 
per assay tube, and at least two other substances (phos- 
pholipid fract ion) with some attractiveness. However, 
reconstitution of the lipid complex resulted in con- 
siderably more attractiveness than was shown by indi- 
vidual fractions. Since sex lures are usually much 
more potent, the "queen substance" may not be the 
true honeybee sex lure. 

CH3C (CH2) ~ C H = C H C - - O H  (VI)  
II ]l 
0 0 

Attract ion of worker bees to queens in the hive is 
also due to a mixture of volatile acids (containing 
"queen substance")  extracted from queen mandib- 
ular glands; a t t ract ivi ty  is lost by chromatography 
and can be recovered by remixing fractions (32). 

The Nassanoff gland of honey bees produces a scent. 
which at tracts  large nmnbers of these insects. Boch 
and Shearer (5) obtained the crude pheromone by 
wiping the exposed glands with small pieces of filter 
paper  and then extracting these papers with ether. 
Geraniol isolated from this extract,  although attrac- 
tive, was much less attractive to bees than was the com- 
plete scent (6). The acidic portion of the ether extract  
yielded nerolic and geranic acids, identified by gas 
chromatography of their methyl esters; this acid mix- 
ture  was slightly more attractive to bees than geraniol. 
( I t  may be that  geranic acid is not produced by the 
bee but  is formed by isomerization of nerolic acid dur- 
ing extraction and methylation.) 

B u m b l e  B e e  ( B o m b u s  t e r r e s t r i s )  

The swarming of male bumble bees in the summer 
is due to an odorous material ;  during this swarming 
mating w i t h  the females occurs. The a t t rac tant  is 
found in the male mandibular  glands and may be ob- 
tained by extracting the male heads with pentane (38). 
The extract  was subjected to thin-layer chromatog- 
raphy on silica gel, with petroleum ether-ethyl ether 
(1:1) as developing solvent; plates sprayed with an- 
t imony pentachloride solution showed the a t t rac tant  
as a brown spot of R~ 0.45. I t  was identified as farnesol 
by its Rr and IR spectrum. (Farnesol is present in 
the flower oils of many plants, and it is possible that  
the males take up this compound with their food and 
feed it into their  mandibular  glands.) 
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Skin Lipids. 
Appendages 

I. Sampling Problems of the Skin and Its 

N. NICOLAIDES 1 and R. E. KELLUM, Department of Biochemistry and the Division of Dermatology, 
University of Oregon Medical School, Portland, Oregon 

Abstract 
A review of the problems of sampling various 

skin tissues for study of lipids is presented follow- 
ing a survey of the anatomy and physiology of 
skin and its appendages. 

Anatomy and Physiology of the Skin (1,2) 

T HE SKIN SERVES a variety of functions which in- 
clude regulation of body temperature, sensory 

contact to the external environment, and production 
of Vitamin D. The primary function of the skin, how- 
ever, is that of the protection of the body from the 
external physical and chemical environment. This is 
accomplished by the continuous proliferation of liv- 
ing epidermal cells whose ultimate fate is to die and 
become the outermost horny layer (stratum corneum, 
keratin) (3). 

The skin has three layers : the epidermis, the dermis, 
and the subcutaneous or adipose tissues (Fig. 1). 
Overlying the subcutaneous tissue is the dermis (ce- 
rium) which functions as the physical and nutritional 
support of the epidermis. The dermis consists mainly 
of connective tissue fibers (collagen, retieulum and 
e]astin) between which pass the blood vessels and 
nerves of the skin. The ground substance, an amor- 
phous, viscous, semisolid gel, fills the remaining dermal 
spaces between the fibers, vessels and nerves. Fibre- 
blasts, the precursors of collagen fibers, are present 
as well as wandering cells of the blood and reticule- 
endothelial system. 

The epidermis is composed of four layers: the basal 
or germinative layer, the prickle or 2vIalpighian layer, 
the granular layer and the outermost horny layer 
(Fig. 2). Fine nerve fibers terminate in the lower 
epidermis. No blood vessels, however, are found in 
epidermis which is nourished by diffusion of nutrients 
from the underlying dermis. The epidermis varies in 
thickness from 0.1 to 0.3 mm. That portion of the epi- 
dermis which extends from the basal layer through 
the granular layer is considered as the living epi- 
dermis, and the outermost horny layer of keratin, the 
dead epidermis. 

1 Present  address :  Univers i ty  of Southern  California  ~,ledical School, 
2025 Zonal Ave., Los Angeles, Cal i fornia  (90033) .  

As the epidermal cells move upward in a pattern 
of continuous regeneration and enter the upper Mal- 
pighian layer, they undergo a process of enzymatic 
dissolution, become dehydrated and flattened to form 
the dead, horny layer. The lower horny layer is com- 
pact and tightly adherent, while in the upper horny 
layer, the dead cells lose this adherence and slough as 
microscopically fine scales. In normal human skin, 27 
days are required for the transition from the basal 
layer to shedding stratum eorneum. 

The epidermal appendages are three in number: 
the pilosebaceous apparatus, the eccrine sweat gland, 
and the apocrine sweat gland. The pilosebaeeous ap- 
paratus consists of the hair follicle and the multi- 
Iobulated sebaceous gland (4). The sebaceous gland 
is connected by a short duct to the follicular canal 
about midway along the follicle (Figs. 1 and 3). The 
sebaceous gland cells mature as they grow from the 
periphery toward the center of the gland, become fat- 
laden, and disintegrate in the central portion of the 
gland as is characteristic of holoerine excretion. This 
is not a secretory function. This mass of lipid and 
cellular debris discharges into the sebaceous duct and 
is called sebum. Sebaceous glands have a variabIe dis- 
tribution over the surface of the body. In the human 
being, they are most numerous on the scalp and fore- 
head , and occur with decreasing frequency on the 
chest, back, axillae, genitoerural area, abdomen, arm 
and leg. They are not found on the palms or soles. 

Variants of tile sebaceous gland exist in man. Large 
sebaceous glands (often on the nose and cheeks) may 
be associated with tiny vellus hairs, the size of the 
gland being inversely proportional to the size of the 
associated hair structure. These glands, with large, 
dilated, patulous ducts and rudimentary hairs, have 
been called sebaceous follicles (5). Sebaceous glands 
may occur independent of hairs and excrete directly 
onto the skin surface. In the human eyelid, Meibomian 
glands, a modified sebaceous gland, empty their con- 
tents at the margin of the eyelids. The eerumenous 
glands of the human external ear canal are also modi- 
fied sebaceous glands. Typical sebaceous glands are 
aiso found in the external ear canal as well as eccrine 
and apocrine sweat glands. Thus, cerumen, or ear 


