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A b s tra c t .

The cu t ic u la r  u ltra s tru c tu re  and su rfa ce  topography o f  the 

human body lou se , Pediculus humanus humanus, were examined. Under 

l ig h t  m icroscopy , pore canals were r e a d ily  observed in  unstained, 

cryos ta t s e c t io n s  o f c u t ic le  from various lo ca t ion s  on the in sec t, 

p a r t ic u la r ly  those areas composed o f smooth, s c le r o t is e d  c u t ic le .  

Transm ission e lectron  m icroscopy (TEM) s tu d ies  revea led  th a t, a fte r  

attachment a t  the ep iderm is, the canals appeared to  pass unbranched 

through th e  endocu ticle  (avera ge  th ickness 4 .5 ji) w ith  diameters 

around IOOOÁ. Branching occurred in  the e x o cu tic le  (th ickness l.O fi) 

and f i n a l l y  in  the e p ic u t ic le  (th ickness 2000A) to  form wax canals 

with d iam eters  around 100A. Pores o r  openings w ith  diameters 

around lOOA were found during scanning e le c tro n  m icroscop ic (SEM) 

studies o f  the e p icu ticu la r  surface and corresponded w ith  the wax 

canals n o te d  in  the TEM exam inations.

A chem ica l an a lys is  o f  the c u ticu la r  l ip id s  o f the louse was 

conducted using th in - la y e r  chromatography (TLC ), g a s -liq u id  

chromatography (GLC) and gaschromatography/mass spectroscopy (GC/MS) 

and the hydrocarbons were found to be the most abundant c lass 

(alm ost 75 per c en t). C h o les te ry l e s te r s ,  t r ig ly c e r id e s ,

1,3 -d ig ly c e r id e s , ch o le s te ro l and fa t t y  acids were a ls o  present in  

that o rd e r  o f  abundance. C u ticu lar hydrocarbons were comprised o f 

over 43 components which contained from 21 to  35 t o ta l  carbons per 

m olecu le. Four homologous s e r ie s  were p resent and con sisted  o f 

n-alkanes (51 .8  per cen t o f  to ta l cu ticu la r  hydrocarbons), 

n-a lkenes (26 .4  per c e n t ) ,  in te rn a lly  branched monomethylalkanes 

(12.1 p e r  cen t) and a t e n ta t iv e ly  id e n t i f ie d  s e r ie s  comprising 

d im ethyla lkanes (4 .7  per c e n t ).

The e f fe c t  o f in s e c t ic id e  so lven ts  upon the cu ticu la r  wax 

la yer  was in ves tig a ted  in  v i t r o  by comparing the s o lu b i l i t y  o f a 

s im u lated  cu ticu la r  wax m ixture in a s e r ie s  o f ten p o ten tia l s o lv e n ts . 

Resu lts a r e  discussed a lo n g  w ith those from to x ic i t y  te s ts  performed 

with th e so lven ts  on a d u lt female l i c e  and in d ica te  a re la tion sh ip  

between cu t ic u la r  wax s o lu b i l i t y  and louse m o r ta lity . Studies w ith



a f lu o r e s c e n t  dye, demonstrated th a t w a x -d isso lv in g  solven ts  

e n te r e d  the in sec t v ia  a t  leas t two rou tes , i . e .  c u t ic le  and 

s p i r a c l e s .

The resu lts  a re  compared w ith  the published work on other 

in s e c t  cu ticu la r  systems and the im p lica t ion s  in vo lv in g  p o te n t ia l 

in s e c t ic id e  c a r r ie r s  d iscussed.
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In trodu ction  and L ite ra tu re  Review .

1 .1 . S tructure o f  arth ropod  c u t ic le .

Arthropod c u t ic le  i s  a remarkably complex, composite m ateria l 

which acts no t on ly  aa the in te r fa c e  o r  b a r r ie r  between l i v in g  

animal and environment but a lso  as an exoskeleton . E arly  in 

v e s t ig a to rs  could no t have envisaged the true ex ten t o f  th e ir  

task in  attem pting to  d e fin e  the nature o f  arthropod c u t ic le  

and i t s  in t r in s ic  fu n c t io n s . Although i t  i s  g en e ra lly  recog 

n ised  that modern s tu d ie s  on c u t ic le  began w ith Kttnhelt (1928 a, 

b , c ) and V igg lesw orth  ( 1933)  , s ig n if ic a n t  advances were made 

throughout the n in e teen th  century in  the reco gn ition  and reco rd in g  

o f  basic aspects o f  c u t i c l e  a r c h ite c tu re . With the continuous 

refinem ent o f  techn iques since th is  p e r io d  (and becoming h igh ly  

in te n s if ie d  ove r  the p a s t  th ree decades) the study o f  arthropod 

c u t ic le  has been, and rem ains, a r ich  f i e l d  fo r  s c ie n t i f i c  re 

search, in v o lv in g  many d is c ip l in e s .  Numerous pu b lica tion s  have 

been presented through the yea rs , e i th e r  els papers on s p e c i f ic  

to p ic s  r e la te d  to  arth ropod  c u t ic le ,  o r  as short g en era l rev iew s 

(V igg lesw orth , 1948, 1957, 1965* Hackman, 1971* Locke, 1974)* 

bu t, remarkably, on ly  two books devoted e n t ir e ly  to  the compre

hensive rev iew  o f  c u t i c l e  b io lo gy  (R ich ards, 1951* N e v i l le ,  1975) 

have been produced. I n  recen t years the widespread in te r e s t  in  

the f i e ld  has been r e f l e c t e d  in  the appearance o f  c o l le c t io n s  o f  

monographs in  book form  on various aspects  o f  arthropod c u t ic le  

(Hepburn, 1976* G ilb y , 1980; Locke and Smith, 1980).
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Perhaps the e a r l i e s t  evidence o f  th e composite nature o f  

arthropod c u t ic le  was p ro v id e d  by Odier (1823) who d iscovered  

and named ch i t in  in  the e l y t r a  o f  the May b e e t le  and a lso  

recogn ised  the presence o f  p ro te in . In  the same pu b lica tion , 

he noted that the ou term ost la y e r  o f  the c u t ic le  was composed 

o f  a th in  sheet o f  h ig h ly  r e f r a c t i le  m a te ria l and th is  corres 

ponds to  the structure now  known as the e p ic u t ic le .  Thick 

c u t ic le  from arthropods such as b e e t les  was p a r t ic u la r ly  usefu l 

f o r  examination w ith  th e  m icroscopes o f  the period . Observations 

by Meyer (1842) on the e l y t r a  o f  the s ta g  b e e t le  Luc anus revea led  

the lam e lla te  a r c h ite c tu r e  o f  the en d ocu tic le  and the ex istence 

o f  la t e r a l  strands (b a lk e n ) embedded w ith in  the homogeneous 

m atrix o f  the la y e r . A lth ou gh  th is  f ib ro u s  c ro ss-p ly  structure 

i s  r e s tr ic te d  to  a r th rop ods  such as b e e t le s  and crustaceans, 

M eyer's d iscovery  h e lp ed  t o  es tab lish  the concept o f  f ib r e s  as 

be ing the basic c o n s tru c t io n a l un its o f  c u t ic le  in  gen era l. As 

microscopy improved and w ith  the development o f  techniques in

v o lv in g  flu orescence and p o la r is ed  l i g h t ,  th is  concept was 

con so lidated . The phenomenon o f  form b ire fr in g en ce  observed 

in  p u r ifie d  ch i t in  (C la rk  and Smith, 1936) was b e lieved  to 

demonstrate the p resence o f  p a ra lle l m ic ro fib res  o r  m ice lle s  

which formed the la r g e r  f i b r e s .  Much h igh e r  reso lu tion  was 

achieved w ith  the developm ent o f  the e le c t ro n  microscope and 

Richards and Korda (1 9 4 8 , 1950) were ab le  to  observe c h it in  

m icro fib res  which they presumed to be the basic  s tru c tu ra l un its 

(c h it in  m ic e lle s ).  X - r a y  d i f fr a c t io n  s tu d ies  to determine the 

m olecular conformation and structure o f  c h it in  (Praenkel and
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Rudall, 1940, 1947; Lotmar and Picken, 1950) were a lso undertaken 

during th is  p e rio d , but in  many cases samples o f  is o la ted  c h it in  

were contaminated by res id u a l, p ro te in  which caused r e s u lts  to  

be m isin terpreted .

o
Using Crustacean c u t i c l e ,  Bouligand (1965 ) demonstrated 250 A

diam eter f ib rou s  components which he regarded as the basic

stru ctu ra l u n its  o f  c h i t in .  However, Rudall (1965» 1967)

observed even sm a ller components (now termed m ic r o f ib r i ls  o r
o

c r y s t a l l i t e s )  w ith  d iam eters  from 25- 6O A in  th e o v ip o s ito rs  o f  

adu lt S irex and la r v a l and p u p a r ia l c u t ic le  o f  Sarcophaga. An 

e a r ly  model (Praenkel and R u d a ll ,  1947) which proposed th a t c u t ic le  

i s  constructed o f  a l t e r n a t in g  monomolecular la y e rs  o f  c h i t in  and 

y/ -  extended p ro te in  was l a t e r  challenged by Jensen and Weis-Fogh 

( 1962)  who concluded th a t su ch  a system would be c o -c ry s ta ll in e  

in  structure and extrem ely  b r i t t l e  w h ils t the c h it in  concen tra tion  

in  the model would be uncommonly high. In s tea d , they regarded 

c u t ic le  as a composite in  v ie w  o f  th e ir  r e s u lt s  from mechanical 

experiments w ith  locu st c u t i c l e .  This in te rp re ta t io n  was 

supported by Rudall (1967)  who suggested th a t the basic c u t ic le  

system con sisted  o f  c h i t in  m ic r o f ib r i ls  embedded in  a p ro te in  

m atrix. Using an im proved s ta in in g  techn ique which took advantage 

o f  the d i f fe r e n t  rea c t ion s  o f  c h it in  and p ro te in  with potassium 

permanganate and lead  c i t r a t e ,  N e v i l le  and Luke (1969b) were 

ab le  to  ach ieve, using th e  e le c t ro n  m icroscope, a very  h igh  

con trast between the two c u t i c l e  components. N e v i l le  (1970) and 

Weis-Fogh (1970) su bsequ en tly  demonstrated th a t  m ic r o f ib r i ls  in
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the lo cu s t p rea la r  arm lig a m en t are composed o f  ch i t in  and l i e  

in  a p ro te in  m atrix. On th e  basis  o f  X-ray d i f fr a c t io n  s tu d ie s t 

Rudall and K ench ington  ( 1 9 7 3 )  estimated th a t the chi t in  m olecule 

chains in  each m ic r o f ib r i l  a xe  arranged in  3 la y e rs  w ith 7 

chains per la y e r .  This was la t e r  rev ised  to  3 la ye rs  o f  6

chains by N e v i l le  (1975) who used an average m ic r o f ib r i l  d iam eter 
o

o f  28 A (N e v i l le ,  Parry , and Woodhead-Galloway, 1976) in  c a l 

c u la tin g  numbers o f  m olecu le  chains per ch i t in  m ic r o f ib r i l .  In  

seve ra l instances, o p t ic a l d i f f r a c t io n  pa ttern s  from e le c tro n  

micrographs o f  m ic r o f ib r il/ m a tr ix  systems have ind ica ted  th a t  the 

m ic r o f ib r i ls  are them selves arranged hexagonally  in  the p ro te in  

m atrix (N e v i l le  e t  a l , 1 9 7 6 ).

The lam ella te  appearance o f  arthropod c u t ic le  has been the 

sub ject o f  considerable d is cu ss io n  over the y ea rs  and, w h ils t  

the suggestion th a t la m e lla e  a llo w  fo r  f l e x i b i l i t y  and s tr e tch in g  

o f  the c u t ic le  by s l id in g  o v e r  one another (Ahrens, 1930) found 

wide acceptance (W igg lesw oxth , 1965)» i t  was s tro n g ly  r e je c te d  

elsewhere (R ichards, 1951). Richards (1951) in t e r p r e t e d  the 

lam ellae  o f  in sec t p r o c u t ic le  as represen ting a lte rn a t in g  la y e rs  

o f  dense and le s s  dense m a te r ia l .  Examination o f  ob liqu e sections 

o f  in sec t c u t ic le  in  the e le c t r o n  microscope revea led , however, 

that parabolic  pa ttern in g  e x i s t s  between the lam ellae  (L ocke ,

1960) s im ila r  to that seen i n  l i g h t  m icroscope observations on 

Crustacean c u t ic le  (Drach, 1939» 1953} D onnell, 1960) which 

gen era lly  possesses th ick e r  f ib ro u s  components. The th eo ry  that 

such pa ttern in g  resu lts  fro m  continuous arcs between the lam e lla e
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(Drach, 1953* D ennell, 1960, Locke, 1974 ) was disproved  by 

Bouligand ( 1965» 1972) who proposed in s te a d , that h e l ic o id a l  

arch itec tu re  o f  the c u t ic le  i s  r e s p o n s ib le .  Bouligand (1965,1972) 

concluded that lam e lla te  c u t ic le  i s  form ed  by success ive  m icro- 

f i b r i l  planes which are para] l e i  t o  on e  another and to  th e 

c u t ic le  su rface. The d ire c t io n  o f  m ic r o f ib r i l  o r ie n ta t io n  in  

each plane d i f fe r s  from the p re c ed in g  one by a small an gle  and 

always in  the same d ire c t io n . Such a  formation had been 

suggested much e a r l ie r  by N ichelson  ( 1 9 1 1 )  whose ob se rva tion  

that the c u t ic le s  o f  some arthropods r e f l e c t  c ir c u la r ly  p o la r is ed  

l i g h t  prompted him to  speculate th a t  a  screw-type o f  s tru ctu re  

might be invo lved .

As pore canals traverse  the c h it in / p ro te in  complex o f  the 

o u t io le ,  th e ir  shapes (a s  seen from  -the surface) r e f l e c t  the 

o r ien ta tio n  o f  the successive m ic r o f i b r i l  la y e rs . Pore canals 

were w idely  b e lieved  to  fo llo w  a h e l i c a l  course (R ichards and 

Andersen, 1942; W igglesworth, 1933* 1948; Locke, 1957) but la t e r  

observations w ith  both the l i g h t  ( N e v i l l e  e t  a l ,  1969) and e le c tro n  

microscope (N e v i l le  and Luke, 1969a) rev ea led  that th ey behave in  

a r ibb o n -lik e  manner by r o ta t in g  in  h e l ic o id a l  la y e rs  and re

maining untwisted in  la y e rs  o f  u n id ir e c t io n a l m ic r o f ib r i ls .  On 

the basis o f  pore canal shapes and o r ie n ta t io n  in  lo c u s t  c u t ic le  

s ection s , N e v i l le  and Luke (1969a, b )  formulated a two-system  

model f o r  c u t ic le  arch itec tu re  in  a rth rop ods  whereby la y e rs  con

s is t  o f  c h it in  m ic r o f ib r ils  arranged e i t h e r  h e l ic o id a l ly  in  the 

p ro te in  matrix o r  om nidirectionally t o  form a p re fe rred  la y e r .
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1 .2 . C u ticu lar l ip id s  o f  a rth ropods.

Most t e r r e s t r ia l  arthropods exam ined to  date possess a wax 

1 ayer on the e p ic u t ic le  which is  c o n s id e red  to  be p r im a r ily  respon s ib le  

f o r  m inim ising the tran sp ira tion a l w a te r  lo s s  through the integument 

(E b elin g , 1974; Jackson and Baker, 1970; Edney, 1974)» The ro le  

o f  c u ticu la r  waxes in  the w a terp ro o fin g  o f  arthropods was f i r s t  

reported  by Ramsay (1935) when he o b s e rv e d  that a rap id  increase 

in  water lo s s  from the cockroach o c cu rred  above a c r i t i c a l  

temperature (about 35°C f o r  the c o c k ro a c h ). La ter , W igglesworth 

( 1945)  obta ined  s im ila r  resu lts  u sing  a  w ider range o f  in s e c ts ; 

w h ils t Beament (1945) showed that th e r e  was general agreement 

between the c r i t i c a l  temperatures r e c o rd e d  by W igglesworth from 

whole in sec ts  and those produced by w axes extrac ted  from the same 

in sec ts  and deposited on a r t i f i c i a l  membranes. Chemical analyses 

o f  c u ticu la r  waxes during th is  p eriod  w e re , a t b est, rudimentary; 

however, the advent o f  g a s - liq u id  chromatography (GLC) in  the 

e a r ly  1950s fo llow ed  by th in - la y e r  chrom atography(TLC) a t  a  la t e r  

stage revo lu tion ised  organ ic  a n a ly t ic a l  chem istry in  th a t i t  became 

p oss ib le  to  reso lve  l i p i d  mixtures in t o  t h e i r  in d iv id u a l components 

using small (subm illigram ) amounts o f  sam ple . C u rren tly , the 

h ighest l e v e ls  o f  performance in  terms o f  reso lu tion  and id e n t i

f ic a t io n  o f  l ip id s  i s  achieved by u s in g  a  c a p illa r y  column GLC 

and a mass spectrom eter (MS) in  an in t e g r a te d  system (GC-MS) 

lin ked  to  a  data p rocess ing  u n it.
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The e a r l i e s t  rep o rts  on arth ropod  c u t ic u la r  l ip id s ,  which 

invo lved  the use o f  chromatographic tech n iqu es , were published 

in  the 1960s and include d e sc r ip t io n s  o f  l ip id s  from the Mormon 

c r ic k e t  Anabrus simplex (Baker e t  a l , i 960) ,  the cockroach 

P e rip lan eta  americana (Baker e t  1963; G ilb y  and Cox, 1963) 

and la rvae  o f  the silkworm Samia c y n th ia  r i c in i  (Bowers and 

Thomson, 1965). Since then the c u t ic u la r  l i p id  compositions o f  

many arthropod species  have been exam ined and the resu lts  com

preh en s ive ly  reviewed by various a u th ors  (Jackson and Baker, 1970; 

Hackman, 1974; N e v i l le ,  1975; Jackson and B lom quist, 1976;

Blomquist and Jackson, 1979; H ad ley, 1981)» In  a d d ition , s p e c i f ic  

groups o f  l ip id s  such as the c u t ic u la r  hydrocarbons (Lockey, 1980a) 

and long-chain  methyl-branched hydrocarbons (N elson , 1978) have 

a lso  formed the basis  o f  d e ta iled  r e v ie w s .  Extensive  accounts 

o f  recent techniques in  in sec t l i p i d  an a lys is  have been provided 

by Jackson and Aimold (1977) and G i lb y  (19®0).

Among the most common components o f  arthropod cu ticu la r  l ip id s  

are hydrocarbons, fr e e  fa t t y  a c id s , t r ig ly c e r id e s ,  and s te ro ls  

w h ils t wax e s te rs ,  a lcoh ols  and a ld eh yd es  sire a ls o  occas ion a lly  

presen t. Because hydrocarbons have been id e n t i f ie d  in  a l l  

cu ticu la r  e x tra c ts  in ves tig a ted  to  d a te  and o fte n  comprise the 

most abundant l ip id  c la s s  (Jackson and B lom quist, 1976; Lockey, 

1976), they are assumed to  p lay  an e s s e n t ia l  r o le  in  the water

p ro o fin g  o f  arthropods (Hadley, 1 9 7 8 ). C u ticu la r  hydrocarbon
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content in  each o f  f i v e  spec ies  o f  d e s e r t  tenebrionid  b e e t le s  

exceeds 90# o f  t o ta l  l ip id s  (Hadley, 1978 ) and s im ila r  l e v e ls  

have been reported  in  seven cockroach sp ec ie s  (Jackson, 1970,

1972; T a r t iv i ta  and Jackson, 1970). Consequently, many o f  the 

in ves tig a tion s  ca rr ied  out on c u t ic u la r  l ip id s  have been concerned 

on ly  with the composition o f  the hydrocarbon fra c t io n . There are 

numerous excep tion s, however, where th e  hydrocarbon co n ten t o f  

cu ticu la r  l ip id s  i s  su bstan tia lly  lo w e r  than the le v e ls  (50  -  7996) 

suggested by Nelson £ t í ¿ ,  (1971) and In c lu d e  s ix  s p ec ie s  o f  

tenebrionid  b e e t le s  ( <  1096) which in f e s t  stored  products 

(L o c k e y ,  1978a, b, 1979).

Although arthropod cu ticu la r  hydrocarbons represen t a vast 

and complex s e r ie s  o f  compounds, they may be c la s s i f ie d  according 

to  the fo llo w in g  ca tego r ies ; n -  a lk a n es , alkenes, monomethyl alkanes 

w ith  term inal branching, monomethyl a lk a n es  w ith  in te rn a l branching, 

dimethyl alkanes and trim ethyla lkanes. n -  Alkanes, p a r t ic u la r ly  

those with an odd number o f  carbon atom s, ere always p resen t in  

arthropod c u ticu la r  hydrocarbons and n  — tr icosan e , n — pentacosane, 

n -  heptacosane and n -  nonacosane a re  o fte n  the most abundant
5

(Lockey, 1980a). Exceptions include th e  term ite  Zooterm opis 

a n gu 8 tico llis  and the la r v a l  c ig a re t te  b e e t le  Lasioderma se rr icom e  

in  which the major n -  alkanes are n — heneicosane (B lom quist e t a l . 

1979a) and n -  tr itr ia con ta n e  (Baker e_t a l ,  1979b) r e s p e c t iv e ly .  

Hadley (1978* 1981) has proposed th a t maximum cu ticu la r  im

perm eab ility  i s  most l ik e ly  to  be a ch ie v ed  w ith  a wax con ta in in g
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a high proportion  o f  saturated , lo n g -ch a in  compounds. S in ce  i t  

appears that arthropods in  gen era l are u n ab le  to  syn thesise  n  -  

alkanes g rea te r  than 33-55 carbons (Jackson  and Blomquist, 1976), 

Toolson and Hadley (1977) have suggested  th  that an in c rease  in  

the concen tration  o f  branched methyl a lk a n es  con ta in ing more than 

55 carbons might produce an o v e r a l l  d e c rea s e  in  p e rm ea b ility ; 

a lb e i t  le s s  e f f e c t i v e ly  than th a t ex p ec ted  from comparable 

n -  alkanes.

Research in to  the b iosyn th esis  o f  c u t ic u la r  hydrocarbons has 

been ra th er l im ite d  when compared w ith  s tu d ie s  on com position  o f 

c u ticu la r  hydrocarbons in  arthropods. N eve rth e less , N elson  e t  a l . 

(1971) noted a p oss ib le  c o r re la t io n  betw een  d ie ta ry  n -  a lkan es 

and integumentary n -  alkanes o f  the to b a cco  horn worm Manduca sexta 

which was la t e r  supported by the f in d in g s  o f  Blomquist and Jackson 

(1973) who included la b e lle d  n -  a lkanes in  the d ie t  o f  the 

grasshopper Mel ano pus sanguinipes to  dem onstrate that a s ig n i f ic a n t  

p roportion  o f  cu ticu la r  n -  alkanes c o u ld  be derived  from th e  d ie t .  

There is  a lso  evidence in d ica tin g  th a t n  — alkanes are p roducts 

o f  b iosyn th es is . Labelled  ace ta te  was r e a d i ly  incorpora ted  in to

a l l  cu ticu la r  hydrocarbons o f  the cock roach  P e rip lan eta  fu l ig in o s a
a

(B lomquist and Kearney, 1976) and the te r m ite  Zootermopis 

a n gu s t ic o llis  (B lomquist e t  a l . 1979b) w h i ls t  la b e lle d  p a lm ita te  

was p re fe r e n t ia l ly  incorporated  in to  th e  n -  alkanes o f  Z . a n g u s t ic o ll i i  

(B lom quist e t  a l ,  1979b). R esu lts o f  experim ents with cockroaches
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a h igh  p rop ortion  o f  saturated , lon g1—ch a in  compounds. S ince i t  

appears that arthropods in  general a r e  unable to  syn th es ise  n -  

alkanes g re a te r  than 33-35 carbons (Jackson  and B lom quist, 1976),

Toolson and Hadley (1977) have su gges ted  th  that an in c rease  in  

the con cen tra tion  o f  branched methyl a lkan es  con ta in in g  more than 

35 carbons m ight produce an o v e r a l l  d ecrease  in  p e rm ea b ility ; 

a lb e i t  le s s  e f f e c t i v e l y  than that e x p ec ted  from comparable 

n -  alkanes.

Research in to  the b iosyn th esis  o f  c u ticu la r  hydrocarbons has 

been ra th er  l im ite d  when compared w ith  s tu d ies  on com position  o f  

cu t ic u la r  hydrocarbons in  arthropods. N everth e less, N elson  e t  a l . 

( 19 7 1 )  noted a p oss ib le  c o r re la t io n  betw een d ie ta ry  n -  alkanes 

and integumentary n -  alkanes o f  th e tobacco horn worm Manduca sexta 

which was l a t e r  supported by the f in d in g s  o f  Blomquist and Jackson 

( 1973 )  who included  la b e lle d  n -  a lk an es  in  the d ie t  o f  the 

grasshopper Melanopus sanguinipes to  demonstrate th a t a s ig n if ic a n t  

p roportion  o f  cu t ic u la r  n -  alkanes c o u ld  be d erived  from the d ie t .

There i s  a ls o  evidence in d ica tin g  th a t  n -  alkanes are products 

o f  b io syn th es is . Labelled  ace ta te  was r ea d ily  in co rpora ted  in to  

a l l  c u t ic u la r  hydrocarbons o f  the cock roach  P e rlp lan eta  fu lig in o s a  

(Blom quist and Kearney, 1976) and th e  te rm ite  Zootennopis 

a n g u s t ic o ll is  (B lomquist e t  a l ,  1979t>) w h ils t la b e lle d  pa lm ita te  

was p r e fe r e n t ia l ly  incorporated  in to  th e  n -  alkanes o f  Z . a n gu s tlc o llis  

(B lom quist e t  a l ,  1979b). Resu lts o f  experiments w ith  cockroaches
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(M ajor and Blomquist, 1978) In d ic a te  th a t b iosynthesis o f  

cu ticu la r  hydrocarbons occurs v ia  an elon gation  -  d eca rboxyla tion  

pathway whereby 16 and 18 carbon f a t t y  acids are the p recursors 

o f  lon ger chain fa t t y  acids which a r e  converted to  alkanes by 

a decarboxylation  step.

Although unsaturated hydrocarbons, mainly n -  alkernes and

n -  a lkadienes, occur ex ten s ive ly  throughout arthropod cu t ic u la r

l ip id s ,  they are usually on ly  m inor con stitu en ts  (Jackson and

Blomquist, 1978). Unsaturated c u t ic u la r  hydrocarbons fea tu re

predominantly in  fou r o f  the seven cockroach species in v e s tig a ted

to  date (Jackson, 1972). C is -  9 — nonacosene and c is ,  c is -6 , 9-

nonacosadiene are the major c u t ic u la r  hydrocarbons o f  P e r ip la n eta  
cis,

.japónica (Jackson, 1972) whereas c i s —6, 9-heptacosadiene 

accounts f o r  h a lf  the to ta l  c u t ic u la r  l ip id s  o f  P. americana 

(G ilb y  and Cox, 1963» Beatty and G i lb y ,  1969? Jackson, 1972).

C is -  9 -  tr icosen e  is  the major c u t ic u la r  hydrocarbon o f  P. 

australaaiaie and P. fu lig in o sa  a d u lt m ales, but i s  on ly  a ve ry  

minor component o f  adult female c u t ic u la r  hydrocarbons (Jackson, 

1970) and a s im ila r  d isp a rity  occurs in  the case o f  c i s - 9- 

heptacosene f o r  adults o f  P. .japón ica (Jackson, 1972). Pew 

reports on biosynthesis o f  unsaturated  cu ticu la r  hydrocarbons have 

been published; however, c is ,  c is —6 , 9-heptacosadiene, the major 

cu ticu la r  l ip id  o f  P. americana, i s  thought to  be produced in  

p ost-ecd ys ia l adults v ia  a condensation  -  decarboxyla tion  pathway 

in  which lin o le a te  is  a precursor ( Jawskson and Baker, 1970;

Conrad and Jackson, 1971).
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Long-chain methyl-branched hydrocarbons have been detected  

on ly  com paratively r ec en t ly  in  arthropod c u t ic u la r  l ip id s  s in ce  

th e ir  id e n t i f ic a t io n  u su a lly  r e q u ir e s  the use o f  a GC-MS system. 

Monomethylalkanes may be d iv id e d  in t o  two groups; te rm in a lly  

branched monomethylalkanes com p ris in g  2 -  m ethyl, 3 -  methyl and 

4 -  methyl alkanes and in t e r n a l ly  branched monomethylalkanes in  

which the methyl branched is  p o s it io n e d  c e n tr a l ly  on the carbon 

chain. As a c lass  o f  hydrocarbons, monomethylalkanes ocour 

almost u n ive rsa lly  throughout th e  c u ticu la r  l i p id s  o f  arthropods 

and in  some instances, such as th e  adu lt c ig a r e t t e  b ee t le  

Lasioderma s e r r lc o m e  (Baker e_t a l ,  1979b) and the desert 

teneb rion id  b e e t le  Eleodes armata (Hadley, 1977)» account fo r  

as much as 8396 and 92.396 r e s p e c t iv e ly  o f  the t o t a l  cu ticu la r  

hydrocarbons. O ve ra ll,  3-m ethyl alkanes have been reported  in  

ove r  tw ice as many c u ticu la r  l i p i d  m ixtures as 2 -  methyl alkanes 

and 4 -  methyl alkanes have been id e n t i f i e d  on ly  in  the adult 

c ig a re t te  b e e t le  Lasioderma s e r r ic o m e  (Baker et. a l . 1979b). 

Although 2 -  methyl alkane s are u s u a lly  on ly  m inor hydrocarbon

components when presen t, the c r ic k e t s  Acheta dom estlcus. G ry llu s  
o

pennsylvanicus and Nembius fa s c la tu s  (Blomquist e t  a l ,  1976) and 

the b ee t le  Phyllob lus m a cu lico ra is  (Jacob, 1977) a re  uncommon in  

each having a 2 -  methyl alkane s e r ie s  which accounts fo r  20-3096 

o f  th e ir  resp ec tiv e  c u ticu la r  hydrocarbons. When present in  

c u ticu la r  l ip id s ,  3 -  methyl a lk a n es  u sually  com prise a reasonable 

percentage o f  the hydrocarbons. The f i r e  ants Solenopsis in v ic t a
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and Ŝ . r lo h t e r i  have l e v e ls  o f  3 -  methyl a lkanes in  th e ir  c u t ic u la r  

hydrocarbons which, a t 3996 and 3496 r e s p e c t iv e ly  (Lok et  ̂ a l . 1975)» 

are among the h ighest r e p o r te d  f o r  arthropods.

In te rn a lly  branched monomethyl alkanes have been id e n t i f ie d  

in  the m a jo r ity  o f  c u t ic u la r  hydrocarbon m ixtu res in v e s tig a ted  and 

u su a lly  form an apprec iab le  p ro p ortion  o f  the t o t a l .  The 

cockroaches P e rip lan eta  bru nnea. P. fu l ig in o s a  (Jackson, 1970 ), 

Leucophaea maderae and B1 a t t a  o r ie n ta l ls  ( T a r t i v i t a  and Jackson, 

1970) have p a r t ic u la r ly  h ig h  concen tra tions o f  in te rn a lly  branched 

monomethyl alkanes com pris ing o v e r  h a lf  o f  each cu ticu la r  hydrocarbon 

mixture whereas these monomethyl alkanes are absent in  P. americana 

(Jackson, 1972). In  g e n e ra l ,  in te rn a lly  branched monomethyl alkanes 

con ta in in g  even numbers o f  carbon  atoms are more p reva len t than 

those w ith  odd carbon numbers and the methyl branch is  u su a lly  

loca ted  on an odd-numbered carbon  atom (N elson , 1978). They 

o ften  occur as members o f  is o m e r ic  m ixtures in  which carbon numbers 

are id e n t ic a l and the m ethyl branch is  lo ca ted  on d i f fe r e n t  odd- 

numbered carbon atoms. A d v ilts  o f  the c ig a r e t t e  b ee t le  Lasioderma 

a e rr ic o m e  (Baker e t  a l . 1979t>) have unusual cu ticu la r  hydrocarbons 

which con ta in  in te rn a lly  branched monomethylalkanes o f  odd and 

even carbon numbers as w e l l  a s  m ixtures o f  isom ers with methyl 

branches on odd- and even — numbered carbon atoms as in  m ixtures 

o f  10-, 11-, 12- and 13-m ethylhexacosanes. S im ila r  s itu a t io n s  

have been observed in  s u r fa ce  hydrocarbons from  severa l s p ec ie s  o f  

ten eb rion id  b e e t le s  (L ockey, 1978b, 1979* 1980b).
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Although dimethyl a lkanes occur less  fre q u en tly  in  cu ticu la r  

l ip id s  than monome thy 1 alkane s , they gen era lly  have the lon ge r  cha in  

lengths (Hadley, 1981). Iso m er ic  mixtures o f  in t e rn a l ly  branched 

dimethyl alkanes are common and are usually composed o f  molecules 

w ith  methyl branches on odd-numbered carbon atoms separated by 

three carbon atoms r e fe r re d  t o  as isoprenoid spac in g  (Lockey, 1980a). 

The c r ic k e t  Gryllus pennsylvanicus has a r e la t i v e l y  high p ro p ortion  

o f  in te rn a lly  branched d im eth yl alkanes ( 3496)  w ith  ty p ica l 

structu res con ta in ing odd carbon  numbers from 33 to  39 in c lu s ive  

(Blomquist e t  a l . 1976). A number o f  unusual d im ethyl alkanes 

have been id e n t if ie d  in c lu d in g  a se r ie s  o f  11, 12- isomers from 

the la r v a l c ig a re tte  b e e t le  Lasioderma s e r r ic o m e  which contain  

33» 34» 35 and 37 carbon atoms (Baker e t  a l .  1979b). Blomquist 

©t elL» (1979a) detected  a un ique cu ticu la r  d im ethyl alkane, 5»

17- dimethylheneicosane, in  a l l  castes o f  the te rm ite  Zootermopis 

a n gu s tic o llis  which comprised about one qu arter o f  the hydrocarbons.

In  comparison w ith  o th e r  cu t ic u la r  hydrocarbons, trim ethyl alkanes 

are extrem ely ra re . A l l  o f  th ose  id e n t i f ie d  so f a r  have shown 

isoprenoid  spacing o f  the m eth y l branches such as 11, 15 , 1 9 -  and 

13» 17» 21 -  tr im eth ylp en ta tr iacon tanes from the grasshopper 

Sch isto c e rca  vaga (Nelson and Sukkestad, 1975). Martin and 

MacConnell (1970) id e n t i f ie d  two homologous s e r ie s  based on 3» 7»

11- and 4» 8, 12 -  tr im eth yl a lkanes in  the whole body hydrocarbons 

o f  the ant A tta  colombica. C o l le c t iv e ly ,  the t  rime thy la lkanes 

formed the la rge s t fr a c t io n  w ith in  the ex trac ted  hydrocarbons which
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were considered to  be m o s t ly  cu ticu la r  in  o r ig in .

A number o f  s tu d ies  on the b iosyn th es is  o f  branched cu ticu la r  

hydrocarbons have been conducted based on the in co rp ora tion  o f

la b e lle d  substrates in  s u r fa c e  hydrocarbons. Resu lts from 
o

experiments using the c r i c k e t  Nembius fa s c ia tu s  in d ica te  that v a lin e  

i s  incorporated  in to  2 -  m ethyl alkane s w ith  odd numbers o f  carbon 

atoms a f t e r  conversion t o  is ob u ty r ic  a c id  (B la ilo c k  e t  a j ,

1976). S im ila r ly , le u c in e  i s  incorporated  in to  the cu t ic u la r  

2-methyl alkane s w ith  even  carbon numbers o f  the c r ic k e t  G ryllus 

pennsalvanicus fo l lo w in g  con vers ion  to  is o v a le r ic  ac id  (B la ilo c k  

e t  a l . 1976). Lab e lled  p rop ion a te  was p r e fe r e n t ia l ly  incorporated  

in to  the 3 -  methyl a lkan es  o f  the cockroaches P e rip la n eta  americana 

and P. fu lig in osa  as w e l l  as the in t e rn a l ly  branched monomethyl a lkanes 

o f  the la t t e r  (B lom quist e t  1976} Blomquist and Kearney, 1976). 

Data from t r ia ls  on the te rm ite  Zootermopis a n g u s t ic o ll is  in d ica te  

th a t the methyl branches o f  mono -  and dim ethyl alkanes a re  derived  

from incorporation  o f  p ro p ion a te  in  p lace o f  acetate  d u rin g  chain 

e lon gation . (B lomquist e t  1979b).

Although t r ig ly c e r id e s ,  fr e e  fa t t y  a c id s , and s te r o ls  are seldom 

major components o f ,  a rth rop od  c u ticu la r  l i p id s ,  th e ir  presence in  

the m a jo r ity  o f  those s u r fa c e  l ip id s  in v e s tig a ted  so f a r  suggests 

that they (a lo n g  w ith  hydrocarbons) are in  some way in vo lved  in  the 

w aterproofing  process.
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The surface l i p i d s  o f  th e na iad  b ig  s to n e fly  P teronarcys 

c a l i f o m ic a  c o n ta in  an e x c e p t io n a lly  h igh p ro p o rtion  o f  t r ig ly c e r id e s  

(78J6) re s u lt in g  in  a  low er m e lt in g  m ixture than th a t o f  the a d u lt 

which has a g r e a t ly  reduced t r ig ly c e r id e  con tent (796) (Arnold  et. a l . 

1969). Q u a lit a t iv e  and q u a n tita t iv e  d i f fe r e n c e s  in  the su rfa ce  

l ip id s  o f  the a q u a tic  naiad and t e r r e s t r ia l  a d u lt forms o f  P. 

c a l i f o m ic a  appear to  vary  w ith  environmental need f o r  water 

conservation  (Arm old  e t  a l .  1969) .

P a lm itic  a c id  (1 6 »0 ) and o l e i c  a c id ( l8 s l )  a re  u su a lly  the 

predominant fr e e  f a t t y  acids in  arthropod c u t ic u la r  l ip id s  

(Jackson and B lom qu ist, 1976) but changes in  f r e e  fa t t y  ac id  

com position w ith  s ta g e s  in  in s e c t  development have been rep o rted . 

W hilst fr e e  f a t t y  a c id  con tent o f  the c u ticu la r  l ip id s  from the 

la r v a l  and adu lt b la c k  carpet b e e t le  Attagenus megatoma remained 

f a i r l y  constant d u r in g  developm ent, a s ig n if ic a n t  increase in  un

satu ration  accompanied by a gen era l reduction  in  chain len g th  was 

observed in  adu lt f a t t y  ac id s (Baker e t  a l . 1979a). In  compearing 

cu ticu la r  p e rm e a b ility  and c u t ic u la r  l ip id  com position o f  two 

scorpions Hadrurus a . a r izon en s is  and Uroctonus apacheanus.

Toolson and Hadley (1977) recogn ised  among fr e e  f a t t y  ac id s in ve rse  

c o r re la t io n s  between p e rm ea b ility  and exten t o f  sa tu ra tio n  and 

between p e rm e a b ility  and m olecu le s iz e .

C h o les tero l i s  u sually  the s in g le  most abundant component 

(>7996) in  c u t ic u la r  s te ro ls  a lthough i t s  con cen tra tion  in  t o t a l
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cu ticu la r  l ip id s  i s  g en era lly  low . The s te ro id  nucleus cannot 

be synthesised in  surthropods (G i lb e r t ,  1967) and s in ce  ch o les te ro l 

is  e s sen tia l f o r  development in  many insect sp ec ies  (Vroman e t  a l . 

1964)* i t  (o r  p re cu rso rs ) must be acquired through the d ie t .

Involvement o f  cu ticu la r l i p id s  in  various fu n ction s  apart 

from m aintaining th e  water balance in  arthropods has been reported  

in  numerous s p ec ie s  (N e v i l le ,  1975* Jackson and B lom quist, 1976; 

Nelson, 1978). On the basis o f  t h e i r  e f fe c ts  on coil tures o f  

A sperg illu s  f la v u a . surface l ip id s  from larvae o f  the silkworm 

Bombyx morl have s ig n if ic a n t  a n tifu n ga l p ro p er tie s , w ith  satu rated , 

medium-chain f r e e  f a t t y  acids b e in g  the most po ten t components 

(Koidsumi, 1957)» Examples o f  su r fa ce  l ip id  components from 

insects  a c tin g  as kairomones and sex attrac tan ts  are widespread 

and include many lon g-ch a in  alkanes which are e i th e r  unsaturated 

o r  have methyl branches (Nelson, 1978).
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1 .3 » The p e n e tra t io n  o f  arthropod o u t ic le .

Studies on the perm eab ility  o f  arthropod c u t ic le  to  chemicals 

have become in c r e a s in g ly  s ig n i f ic a n t  in  recen t years  in  v iew  o f  

the widespread use o f  chemical to x ic a n ts  in  the c o n tro l o f  in sec ts  

which pose a th r e a t  to  man. D esp ite  in ten s ive  research  during the 

past few decades however, the mechanics o f  c u t ic u la r  penetration  

are s t i l l  no t c l e a r l y  defin ed . E a r ly  researchers such as Richards 

(1951) reco gn ised  the com plexity o f  the f i e l d  and the need fo r  

unambiguous q u a n t ita t iv e  data in  attem pting to  understand the 

phenomenon, b u t many in v e s t ig a t io n s  have been q u a lita t iv e  in  

approach and c o n f l i c t in g  ob se rva t ion s  have been published. In  

a d d ition , experim en ta l data from  s tu d ies  in  which the exis ten ce  o f  

a d ir e c t  r e la t io n s h ip  between r a te s  o f  in to x ic a t io n  and penetration  

was assumed a r e  o f  lim ited  value s in ce  various p h y s io lo g ic a l 

in tera c tio n s  h a ve  been found to  occu r when chem ical m ixtures are 

used (B ra t ts te n  and Wilkinson, 1977 )« In  s p ite  o f  the considerab le 

in te r e s t  in  th e  f i e l d ,  on ly two m a jor review s have appeared to  da te . 

E b elin g  (1974) pub lished  a comprehensive rev iew  o f  work ca rr ied  out 

up u n t i l  1974 w h i ls t  Lewis (i9 6 0 ) has compiled a d e ta ile d  account 

o f  the various techn iques which may be used in  studying cu ticu la r  

p enetra tion  w ith  an emphasis on producing q u a n tita t iv e  data.

While th e  e f fe c t iv e n e s s  o f  th e  ep icu t ic u la r  wax in  m inim ising 

w ater losses fro m  arthropods i s  w e l l  es tab lish ed  (Edney, 1974)» i t s  

hydrophobic o r  l ip o p h i l i c  ch a ra c te r  is  a lso  resp on s ib le  fo r  the 

res is tan ce  o f  th e  cu ticu la r  su r fa ce  to w e tt in g  by ex te rn a l water.
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In  c o n tra s t ,  non-polar l iq u id s ,  which are not u su a lly  encountered 

by in s e c ts  in  th e ir  natural environm ent, r e a d i ly  wet the cu t ic u la r  

surface and. cause ex ten sive  d is ru p tio n  o f  the ep icu t ic u la r  wax 

la y e r  (E b e l in g ,  1976) .  I n s e c t ic id a l  fo rm u la t io n s  are usually 

prepared w i th  th is  in  mind and the tox ica n t i s  presented  to  the 

in sec t as a  so lu t ion  in  a non—p o la r  s o lv en t. Some controversy 

e x is ts  r e g a rd in g  the main rou te  o f  en try  f o r  con tac t in s e c t ic id e s ,  

but most e v id en ce  suggests th a t  pen etra tion  occurs v ia  the pore 

canals and haemolymph (W igg lesw orth , 1942; Lew is , 1965, 1980;

Burt and L o r d ,  1968) ra th e r  than the tracheae (G e ro lt ,  1969» 1970).

H is t o lo g ic a l  s tud ies by W igglesworth ( 1942)  on the f i f t h  

stage nymphs and adults o f  Rhodnius p ro lixu s  demonstrated that the 

pore cana ls  and dermal gland ducts could f a c i l i t a t e  the passage o f  

o i l s  th rough th e c u t ic le  and t h is  was the e a r l i e s t  concrete ev iden ce 

f o r  p e n e tra t io n  v ia  the c u t ic le .  More r e c e n t ly ,  Brack and Komnick 

(1971) ob s e rv ed , using the e le c t ro n  m icroscope, p enetration  o f  the 

e p ic u t ic u la r  filam en ts and pore canals o f  the cockroach P e rip la n eta  

americana b y  an inorgan ic phosphate; w h ile  Lewis (1980 ), using 

au torad iog rap h ic  techniques, has demonstrated absorp tion  o f  [^ h ] -  

o le ic  ac id  through the pore can a ls  in  the antenna o f  the locu st 

S ch is toc e rca  g re g a r ia . Much o f  the experim enta l evidence in  support 

o f  in s e c t ic id e  en try  v ia  the pore  canals/haemolymph route is  in d ir e c t .  

Using the b lo w f ly  Phormia te rraen ovae . Lew is (1965) compared the 

qu a n tit ie s  o f  DLT absorbed a t va r iou s  p a rts  o f  the body which were 

r e p re s e n ta t iv e  o f  a broad spectrum o f  c u t ic u la r  p o ro s ity . A f t e r  a 

p eriod  o f  48  hours, the antennae, which possess the most porous 

c u t ic le ,  had  absorbed the g r e a te s t  qu an tity  o f  DDT per un it area
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fo llow ed  b y  the coxae and s te rn a l-c o x a l membranes and f in a l ly  the 

lens o f  th e  compound eye which possesses no pore can a ls . This 

demonstrated that not on ly  d id  p en etra tion  proceed much fa s te r  in  

cu t ic le  w h ere pore canals were p resen t, but a lso  th a t penetration  

could s t i l l  occur in  c u t ic le  in  which pore canals were absent.

In  th e  same pu b lica tion , Lew is reported  that absorption o f  

DDT from sp h eres  o f  lan o lin e  a p p lied  to  the head o f  the b low fly  

occurred i n i t i a l l y  at a rap id  r a te  which declin ed  s te e p ly  th e rea fte r . 

Although th e  ra te  o f  absorption in to  dead f l i e s  became n e g lig ib le  

a f te r  50 h o u rs , the absorption r a te  in to  l i v in g  f l i e s  even tually  

reached a  s te a d y  value. Lewis suggested th a t the h igh  in i t i a l  

absorption r a t e  fo r  DDT was caused by a high con cen tra tion  grad ient 

across th e c u t ic le  and the steady d ec lin e  in  absorption  rate 

resu lted  as  the concentration g rad ien t was dim inished by the 

accumulation o f  in s e c tic id e  in  c e l l s  ad jacent to  the trea ted  area 

o f  c u t ic le .  In  l iv in g  f l i e s ,  c ir c u la t in g  haemolymph was partly  

respon s ib le  fo x  the f in a l  steady ra te  o f  absorption ; whereas. In 

dead f l i e s ,  a  s ta te  o f  equ ilib r iu m  was reached as the concentration 

gradient o f  DDT across the c u t ic le  approached zero . B i-phasic 

absorption in  insects has a lso  been observed w ith  s e ve ra l other 

in s e c t ic id e s  includ ing m alath ion ( Matsumura, 1963), famphur and

dimethoate (B uerger and O 'B rien , 1965) and isomers o f  benzene
et a )

h exach loride ( Kurihara^ ,1970), and a number o f  in v e s t ig a to rs  

(Hoffman e t  a l . 1952; Le Roux and M orrison, 1954; Mat sumura, 1963) 

have a lso  fou n d  that entry  ra tes  o f  in s e c tic id es  f o r  dead insects 

are s ig n i f i c a n t ly  lower than those fo r  l i v in g  in sec ts .

In  s tu d ie s  using the r a d io a c t iv e ly  la b e lle d  in s e c t ic id e ,  

[ 1^C]-DDT on  hou se flies  Musc a dom estica. Le Roux and Morrison (1954)
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d e te c te d  r a d io a c t iv ity  in  the haemolymph o f  the c e r v ic a l  reg ion  

w ith in  30 seconds o f  to p ic a l  a p p lic a t io n  o f  the la b e l le d  DDT in  

benzo l t o  the t ib io fem ora l membrane o f  a m etathoracic le g .

Ben ezet and Porgash (1972) d e tected  r a d io a c t iv it y  in  the haemolymph 

o f  h o u s e f l ie s  w ith in  15  seconds o f  t o p ic a l ly  ap p ly in g  thoraces 

w ith  s o lu t io n s  o f  [  1^c]-m a lath ion  in  acetone. A fu r th e r  in d ica tio n  

o f  th e Involvem ent o f  haemolymph in  th e tran sp orta tion  o f  tox ican ts  

was dem onstrated by Burt e t  a l . (1971 ) using the cockroach 

P. am erican a . Exposed abdominal n e rve  cords in  u n treated  in sec ts  

were i r r i g a t e d  with haemolymph from  in s e c ts  poisoned w ith  doses 

(L D ^ )  o f  pyrethrin  I .  E le c tro p h y s io lo g ic a l m on itor ing  o f  the 

cords r e v e a le d  that a f t e r  10 m inutes« spontaneous a c t i v i t y  in  s ix th  

abdom inal ganglia  increased  te n fo ld .

On the basis o f  the fo l lo w in g  experim ental observations«

G e ro lt  (1969» 1970) proposed an a l t e r n a t iv e  theory  to  the w idely  

held  v i e w  that in s e c t ic id e s  tra v e rs e  the c u t ic le  v i a  the pore canals 

and a re  transported to  the s i t e  o f  a c t io n  by the haemolymph. When 

he d e p o s ite d  d ie ld r in  in  beeswax a t  va r iou s  l o c i  on the body o f  

the h o u s e f ly  M. dom estica. the e f f e c t  was g rea tes t a t  s ite s  near 

the c e n t r a l  nervous system (CNS) and le a s t  at the more d is tan t l o c i .  

G e ro lt  m ainta ins that i f  the in s e c t ic id e  is  transported  to the CNS 

by th e  haemolymph, d is tan ce  between CNS and s i t e  o f  to p ic a l 

a p p lic a t io n  would have l i t t l e  e f f e c t .

A lth ou gh  a reduction  was noted  in  the speed o f  a ction  o f  

va r io u s  in s e c tic id es  upon h o u se flie s  covered  in  a th in  f ilm  o f  o l i v e  

o i l ,  no reduction was observed f o r  f l i e s  con ta in in g  in je c tio n s  o f  

the o i l .  In s e c t ic id e s  used in  the experim ent were h igh ly  so lub le
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in  o l i v e  o i l  and would be expected  to  be r e a d ily  absorbed by the 

in t e r n a l  d eposits .

H ou seflies  which were exposed  to  a surface d epo s it o f  

d i e l d r in  (0 .2  p g / f ly )  su ffered  com plete knockdown in  65 minutes 

w h ereas  the same mass o f  c r y s t a l l in e  d ie ld r in  introduced  in to  the 

abdom inal c a v ity  produced no obv iou s  e f fe c t s  in  the f l i e s  during 

th e  i n i t i a l  7 hours. The organophosphate in s e c t ic id e s ,  chlorphen— 

v in p h o B , methyl parath ion  and d ic h lo r v o s  produced s im ila r  r e s u lt s .

When [  1^ C ]-d ie ld r in  in  benzene was to p ic a l ly  app lied  to 

i s o la t e d  insect integument mounted in  a d if fu s io n  c e l l ,  no 

accum ulation  o f  r a d io a c t iv it y  was de tected  in  the u n derly in g  s a l in e  

s o lu t io n  over a 24 hour p eriod . Integuments from various in s e c ts  

w e re  te s ted  in  the c e l l .

In  h o u se flie s , a  band o f  beeswax around the 'w a is t ' o f  an 

in s e c t  appeared to  preven t in s e c t ic id e  (d ie ld r in )  app lied  to  the 

abdomen from m igra tin g  to  the th o ra x  by the c u t ic u la r  rou te. 

PaLradysis was observed among f l i e s  without wax b a r r ie r s  soon a f t e r  

tre a tm en t with an equ iva len t d ose . Cockroaches w ith  sealed  abdominal 

s p i r a c le s  and wax b a r r ie r s  d isp la y ed  no adverse e f f e c t s  fo r  3 days 

a f t e r  ap p lica tion  o f  d ie ld r in  c r y s ta ls  to  th e ir  abdomens; but th ose  

w ith o u t  any p ro te c tio n  were p a ra lys ed  w ith in  6 hours and those w ith  

wax b a r r ie r s  only were a f fe c ted  w ith in  17 hours.

Autoradiograph ic in v e s t ig a t io n s  in  which [  1^ C ]-d ie ld r in  was 

a p p l ie d  to  the abdomens o f  lo c u s ts  Sch istocerca  g re g a r ia  showed 

t h a t  the in s e c t ic id e  penetrated  in t o  the deeper la y e rs  o f  the 

in tegu m ent. G ero lt suggested th a t  the d ie ld r in  was concentrated
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in  the endocuticle-hypodermis re g io n  and proposed th a t m igration  

o f  the in se c tic id e  proceeded l a t e r a l l y  in  the integument in to  the 

trach eae .

A fte r  hou sefly  larvae were exposed to  a dry d ep o s it  o f  

[ 1^ C ]-d ie ld r in  f o r  various periods  o f  tim e, the trach ea l trunks 

and other organs were d issected  ou t and subjected to  autoradiography. 

A1 though the d is tr ib u t io n  was uneven, some la b e lled  in s e c t ic id e  was 

d e te c ted  in  the trachea l trunks and showed an increase w ith  time 

o f  exposure. The haemolymph gave no detectab le  image.

On the basis o f  a l l  these r e s u lt s , G ero lt concluded that 

c o n ta c t  in s e c tic id es  accumulate in  the integument, p robab ly  the 

e n d o cu t ic le , and spread la t e r a l ly  t o  reach the s it e  o f  a c t io n  by 

way o f  the integument in  the tra ch ea l system.

In  e a r l ie r  experiments by Roy and co-workers (1943 ) with 

cockroaches, p a ra lys is  was caused by the introdu ction  o f  powdered 

p y r e  thrum in to  the tracheae v ia  th e sp ira c le s . They considered  

th a t  the tox ican t reached the g a n g lia  by d iffu s in g  through the 

t ra c h e a l w alls in to  the haemolymph ra th e r  than fo l lo w in g  the d ire c t  

r o u te  through the trachea l system.

Burt and co-workers (1971 ) conducted experiments which were 

d es ign ed  to t e s t  G ero lts  hypothesis. In  one study, th ree  d if fe r e n t  

methods o f  in s e c t ic id e  p resen ta tion  were compared. Doses (L D ^ ) 

o f  pyre th rin  I  were app lied  to  cockroaches e ith e r , (a )  in  a solu tion  

o f  acetone on the metathoracic s te rn a  o r , (b )  in  a s o lv e n t—free  

em u lsion  with sa lin e  on the m etathoracic sterna or , ( c )  in  a so lven t- 

f r e e  emulsion w ith  sa lin e  in to  the trach ea l system through a meta—



40

th o r a c ic  s p ira c le . The trach ea l rou te  o f  pyre t  hr in  I  en tr y  was 

no more e f fe c t iv e  than the to p ic a l ro u te  and, in  fa c t ,  appeared 

t o  b e  s l ig h t ly  le s s  e f f i c i e n t  ov e r  a  48 hour period .

In  another experim ents the s ix th  abdominal ganglion and the 

a s s o c ia te d  trachea l systems were exposed  in  is o la ted  abdomens 

o f  cockroaches. Pyre t  hr in  I  was in trodu ced  in to  one o f  the

lo n g itu d in a l v en tra l trachea c lo s e  to  th e  g a n g lia  in  0 .1 5  p i  

a l iq u o t s  in  a s o lv e n t- fr e e  emulsion. Only la rg e  doses o f  

p y r e  t  hr in  I  produced any change in  spontaneous nerve a c t i v i t y  

when introduced in to  the tracheae. A c t i v i t y  was g r e a t ly  decreased 

bu t w ithout the i n i t i a l  burst o f  a c t i v i t y  observed when ga n g lia  

a re  i r r ig a te d  e x te rn a lly  w ith  h igh con cen tra tion s  o f  p y re th r in  I .

Burt e t  a l , (1971) have cas t fu r th e r  doubts on G e r o lt 's  theory 

on th e  basis  that even a f t e r  reach in g  th e  ends o f  the tra ch eo les  

w ith in  the CNS, an in s e c t ic id e  s t i l l  fa c e s  a b a r r ie r  o f  g l i a l  

c e l l s  b e fo re  reach ing  the neurones. They have suggested th a t  i f  

in s e c t ic id e s  can tra v e rs e  th ese, i t  should be poss ib le  f o r  them to 

r e a ch  the haemolymph by d iffu s io n  through the trachea l w a l ls .

Although the phenomenon o f  c u t ic u la r  perm eab ility  i s  considered  

t o  b e  an essen tia l occurrence in  the model g en era lly  accepted  fo r  

in s e c t ic id e  p en etra tion , that i s ,  passage through the c u t ic le  in to  

th e  haemolymph and thence to  the CNS, E b e lin g  (1974) recogn ised  

th e  Importance o f  th ree  physico-chem ical fa c to r s ;  l ip o s o lu b i l i t y ,  

s u r fa c e  m igration and phase p a r t it io n ,  which con tribu te  to  the
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o v e r a l l  p erm eab ility  o f  c u t ic le  t o  in s e c t ic id e s .  The a c t iv e  

compound is  u sually  presented  to  the c u t ic le  as a so lu tion  in  

o i l  o r  in  a more v o l a t i l e  organ ic s o lven t and, in  many cases, 

the c h o ic e  o f  so lv en t can be c ru c ia l .  F or example, L ev is  ( 1963 ) 

has demonstrated th a t red  f lo u r  b e e t le s  T ribo liu m  castaneum 

a b so rb  d ie ld r in  from hydrocarbon o i l  s o lu t io n s  a t rates  which 

v a r y  in v e r s e ly  w ith  th e v is c o s it y  o f  the o i l  and the s iz e  o f  

the o i l  m olecules. L e v is  (1962) has a ls o  p rov ided  evidence o f  

s u r fa c e  m igration on in s e c t c u t ic le  by showing th a t when in s e c ts  

w alk  o v e r  f in e  d epo s its  o f  o i l ,  the whole o f  the extern a l su rfa ce  

becom es covered w ith in  minutes w ith  a t le a s t  a monomolecular 

f i lm .

Phase p a r t it io n  e f fe c t s  assume s ig n if ic a n c e  in  c u t ic le  

p e rm e a b ility  in  th a t an in s e c t ic id e  must be ab le  to  m igrate from  

the wax o f  the e p ic u t ic le  to  the un derly in g  h yd roph ilic  la y e rs  

o f  th e  p ro cu tic le  and beyond. I t  has been found that pyre t  h r  in  I ,  

a lth ou gh  much more l ip o s o lu b le  than d iazoxon , i s  absorbed by th e  

cock ro ach  P. americana a t a s low er ra te  and th is  has been a tt r ib u te d  

to  i t s  le s s e r  s o lu b i l i t y  in  the aqueous phase w ith in  the in s e c t  

(B u r t  and Lord, 1968; Burt £ t  1971).
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1 .4 *  Alms o f  the work.

A dramatic e s ca la tio n  has been observed in  rec e n t years 

in  th e  le v e ls  o f  human louse in fe s ta t io n  in  many cou n tr ies  

an d, as a r e s u lt ,  much a tten tion  has been focussed on the need 

f o r  new and e f f e c t i v e  in s e c t ic id e s .  The development o f  improved 

in s e c t ic id e s  f o r  the con tro l o f  l i c e  is  extrem ely important in  

v ie w  o f  the p o te n t ia l f o r  the spread o f  d isease a s soc ia ted  with 

w idespread  in fe s ta t io n s ,  and a lso  the fa c t that in s e c t ic id e  

r e s is ta n c e  has been observed amongst head l i c e .

The colony o f  human body l i c e  maintained a t th e  London 

S ch oo l o f  Hygiene and T rop ica l M edicine is  one o f  perhaps, 

o n ly  th ree o r  fo u r  labora tory  c o lo n ie s  in  the w orld  and pro

v id e d  the id ea l opportun ity  to  c a r ry  out severa l l in e s  o f  

r es e a rc h  on th is  ec top a ra s ite . Although the body lou se has 

b een  the sub ject o f  numerous in v e s tig a tio n s  much e a r l i e r  in  

t h i s  century, in t e r e s t  was centred mainly on p h y s io lo g ic a l,  

taxonom ic and behaviou ra l c h a ra c te r is t ic s .

In  an attempt to  b rin g  the in fo rm ation  on th is  in sec t up 

to  d a te  and in  l in e  w ith  what is  cu rren t ly  known o f  o th er 

s p e c ie s ,  I  have endeavoured to  make use o f  as many advanced 

tech n iqu es  as p o s s ib le . The o v e r a l l  approach, however, has 

been  to  in v e s t ig a te  those areas o f  research which m ight y ie ld  the 

most worthwhile da ta  f o r  use in  form u la ting  in s e c t ic id a l  pre

p a ra t io n s  in  gen era l.
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2. M a te r ia ls  and Methods.

2 .1 . Examination o f  the s tru ctu re  o f  body lou se c u t ic le .

2 .1 .1 .  L igh t m icroscope (LM) exam ination.

2 .1 .1 .1 .  Examination o f  unstained c u t ic le  s e c t io n s .

M a le  and female a d u lt l i c e  (2 -3  days o ld ) were snap-frozen  

by subm erging in  isopentane (m e lt in g -p o in t -  159«9°C) coo led  in  

l iq u id  n it ro g e n . The l i c e  were then embedded in  T issu e -  Tek I I

O .C .T . Compound (G .T . Gurr, L td . ,  London, S .V .6 ) on separate 

c u t t in g  b locks and p laced  in  the r e fr ig e r a te d  compartment o f  a 

S lee c r y o s ta t  (S lee  M ed ica l Equipment L td . ,  London, S .E . 13) 

m a in ta ined  a t -  25°C. Sections rang ing  in  th ickness from  6 to  

8 p w ere  cut from va r io u s  lo ca t io n s  on the l i c e  and examined 

under o i l  using a Z iess  Photom icroscope I I .

2 .1 .1 .2 .  Examination o f  sta in ed  c u t ic le  s ec t ion s .

M ature male and fem ale  adult l i c e ,  fe d  and unfed, were fix ed  

s e p a ra t e ly  in  Deboscq B ra s il (G .T . Gurr L td . ,  London, S .V .6 ) fo r  

48 hours a t room tem perature p r io r  to  dehydration in  Supercedrol 

(G .T . G u rr L td . ) f o r  72 hours w ith  two changes o f  the s o lv en t during 

th is  p e r io d .  The f ix e d  l i c e  were p laced  in  molten P arap las t 

(G .T . G u rr  L td . ) f o r  96 hours and then s o l id i f i e d  in  fr e s h  Paraplast 

to  form  b locks fo r  c u t t in g .  Sections (5 -10  p ) were cu t from 

the b lo c k s  with a ro ta ry  microtome (A . Gallenkamp and Co. Ltd.,London, 

E.C. 2 P ) , and the most s a t is fa c to r y  r e s u lts  were ob ta ined  when the 

b locks had been p re v io u s ly  c h i l le d  a t 4°C f o r  1 hour.
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M a te r ia l  produced in  th is  way was sta in ed  w ith  e i th e r  

M a llo r y *s  t r ip le  s ta in  (G .T . Gurr L td . )  o r  Hematoxylin and 

P h lo x in e  (G .T . Gurr L td . )  and examined as b e fo re  (see  s e c t io n  

2 .1.1 . 1 . ) .

2 .1 .2 . Transmission e le c tro n  m icroscope (TEM) exam ination .

2 .1 .2 .1 .  Examination by TEM o f  c u t ic le  s ec t ion s .

U n fed  male and fem ale  adu lt l i c e  (2 -J  days o ld ) were cut 

in to  q u a rte rs  under an ic e - c o ld  s o lu t io n  o f  5% g lu tara ldehyde 

in  O .IM  cacodyl ate b u ffe r  a t pH 7 .2 . A f t e r  f ix a t io n  in  the 

s o lu t io n  f o r  2 hours a t 4°C , the specimens were washed w ith  two 

changes o f  0.1M cacody la te  con ta in in g  O.JM sucrose f o r  a  fu r th e r  

20 m inu tes a t the same tem perature. P o s t - f ix a t io n  was c a r r ie d

out in  1%  osmium te tr o x id e  in  the cacod y la te  b u ffe r  a t 4°C f o r  1 

hour. The specimens were then washed as above at room temperature 

and dehydrated  in  an a lc o h o l s e r ie s  b e fo re  be in g  su b jected  to  

two 5 m inute washes in  propylene o x id e . Ehibedding took  p la c e  in  

A r a ld i t e  a t 60°C over 12 hours a f t e r  the specimens had been 

brought through a p ropylene ox ide -  A r a ld ite  s e r ie s  in  which the 

A r a ld i t e  concen tra tion  was p ro g re s s iv e ly  increased . S ec tio n s  o f  

c u t ic le  approxim ately 50 run and 100 run th ick  were cut on an LKB 

u ltram icro tom e (U ltrotom e I I I  -  LKB Instruments L td ., South 

Croydon, Surrey) and f lo a t e d  onto 400 -  mesh, formvar coated  

copper g r id s  and post s ta in ed  w ith  u ranyl a ce ta te  and le a d  c i t r a te .  

Exam ination o f  the s e c t io n s  under low  and h igh  reso lu tion  was
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perform ed using transm ission e le c tro n  m icroscopes, Z iess  EM9,

AEI 6B and AEI 801.

A l l  chemicals and g r id s  used throughout the procedure were 

ob ta in ed  from EM scope L abora to ries  L td . ,  London, S .V .8

2 .1 .2 .2 .  Platinum/carbon (P t/C ) r e p lic a t io n  o f  cu ticu la r

surface and cross  se c t io n .

U n fed  male and fem ale adu lt l i c e  (2 -3  days o ld )  were d issec ted  

a t the Junction  o f  the thorax and abdomen and as much o f  the 

con ten ts  as poss ib le  removed from the abdominal c u t ic le  under 

d i s t i l l e d  water. A f t e r  a fu r th e r  wash in  d is t i l l e d  water, 

specimens o f  abdominal c u t ic le  were a llow ed  to  stand overn ight in  

a s o lu t io n  o f  20Jé g ly c e ro l in  d is t i l l e d  water p r io r  to  fre e z e 

f r a c t u r in g .  The impregnated specimens were positioned  in  metal 

stubs w h ich  were then p laced  in to  a sm all container o f  Freon 22 

held  in  l iq u id  n itrogen  ( -  196°C ). These rap id ly  frozen  

specimens and stubs were then in s ta lled  in  the vacuum chamber o f  

a f r e e z e —fra ctu re  u n it (BAF 301 High Vacuum Freeze-Etch Unit,

B a lzers  H igh Vacuum L td . ,  Berkhamsted, H e r ts . ) where temperature 

and p ressu re  were reduced to  — 110°C and 2 x 10” ^ to r r  re s p e c t iv e ly . 

A m ech an ica lly  operated ra zo r  was used to  cut some fro zen  specimens 

wh ile o th e r s  were l e f t  in t a c t .  A l l  specimens remained frozen  

and u n der vacuum during shadow-coating (a t  angle 45 °) w ith  Pt/C 

then su p p ort-coa tin g  ( a t  an gle  90°) w ith  carbon. Replicas formed 

in  th is  way were flo a ted  o f f  in  d i s t i l l e d  water and recovered on 

TEM g r id s  f o r  examination in  Z iess  EM9 and AEI 6B transm ission

e le c t ro n  m icroscopes.
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2 .1 .3 . Scanning e le c tro n  m icroscope (SEM) examination.

2 .1.3 *1. Morphology and su rfa ce  topography o f  the adu lt lou se.

Whole, unfed male and fem ale  adu lt l i c e  (2 -3  days o ld ) were 

f ix ed  and p o s t - f ix e d  as d esc r ib ed  (see  s e c t io n  2 .1 .2 .1 .)  and 

then c r i t i c a l  po in t d ried  in  acetone in  a Polaron  E3000 dryer 

(Polaron Equipment L td ., H o lyw e ll In d u s tr ia l E sta te , Watford, 

H e rts .) a tta ch ed  to  a C h u rch ill th erm oc ircu la tor (C hu rch ill 

Instrument C o. L td ., U xbridge, M id d lesex ). In d iv idu a l specimens 

were mounted on SEM stubs and coated  w ith  a th in  la y e r  o f  go ld  

in  an Edwards S150 spu tter c o a te r  (Edwards High Vacuum, Crawley, 

West S u ssex ) in  preparation f o r  exam ination a t low reso lu tion  in  

a JEOL JSM-T20 scanning e le c t ro n  m icroscope (JEOL UK. L td ., 

C o lin da le , London N.W.9) and h igh  res o lu t io n  in  a JEOL JIM -  

100 CX TEMSCAN.

2 .1 .3 .2 . Examination o f  c u t ic u la r  cross s e c t io n .

C ry o s ta t  sections were prepared as d escrib ed  (s ee  section

2 .1 .1 .1 .) u s in g  unfixed ad u lts  and f ix e d  (s e e  sec t ion  2 .1 .2 .1 .) 

c r i t i c a l  p o in t  d ried  adu lt l i c e .  The specimens were mounted 

and sp u tte r  coated  p r io r  to  SEM exam ination o f  the cross 

section a l fa c e s  (see  s ec t ion  2 .1 .3 *1  • )•  Fractu red specimens 

were p rep a red  by gen tly  te a r in g  the carcasses o f  f ix e d ,  d ried  

adult8 and th e  resu ltant fragm ents were then mounted on SEM 

stubs. Exam ination was c a r r ie d  out a f t e r  spu tter coating .
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2 .1 .3 *3 . So lven t e f fe c t s  on the c u t ic u la r  wax la y e r .

Wholet unfed adult l i c e  (m ale and fem a le , 2—3 days o ld ) 

were a g i t a t e d  f o r  10 minutes in  e ith e r  aceton e o r  hexane p r io r  

to  f ix a t io n  and c r i t i c a l  p o in t  d ry in g  as d esc r ib ed  (see  section  

2 .1 .3 *1 * )*  Specimens were prepared and examined by S01 a lso  

as d esc r ib ed  (s e e  section  2 .1 .3 .1 . ) .

2 .1 .3 *4 . E f fe c ts  o f  a lk a l i  treatm ent on the c u t ic le .

Specimens o f  abdominal c u t ic le  from un fed  male and female 

adu lt l i c e  ( 2 - 3  days o ld )  were d is se c ted  as described  (see  

sec t ion  2 . 1 . 2 . 2 . )  and submerged in  37% potassium  hydroxide (KOH) 

a t room tem perature fo r  24 hours. The t r e a te d  specimens were 

then d ried  i n  a i r  and prepared and examined by SEM as described  

(see  s e c t io n  2 .1 .3 .1 . ) .



48

2 . 2 . Chemical Composition o f  Louse L ip id s .

2 . 2 . 1 . Comparison o f  p o te n t ia l e x tra c t io n  so lven ts  fo r  

c u t ic u la r  l ip id s .

2 . 2 . 1 . 1 . T r i a l  th in -la y e r  chromatography (TLC) separations.

The f o l lo w in g  organic so lven ts  were s e le c te d  as p o te n t ia lly  

su itab le  f o r  ex trac tion  o f  the cu ticu lar l i p id s  from the lou se.

i aceton e

l i benzene

ili ch loro fo rm

iv chloroform/methanol (2  1 1 )

V d ie t h y l  ether

V i dim e thoxyme thane

v i i e t h y l  acetate

v i i i  h exane.

A 10ml a l iq u o t  o f  each s o lven t was p la ced  in to  separate 25ml 

beakers f o l lo w e d  by 200 adu lt l i c e  (unsexed) and the m ixtures gen tly  

ag ita ted . A f t e r  a 10 minute extrac tio n , th e  contents o f  the 

beakers were f i l t e r e d  through separate sm a ll, s in tered  g lass 

(s iz e  3A) fu n n e ls  and the e x tra c ts  evaporated almost to  dryness in  

a stream o f  n it ro g e n . F ive  m ic ro lit re  samples o f  each e x trac t 

were then s p o t t e d  onto separate lanes o f  a prewashed TLC p la te  

(20 cm x 20 cm Merck, K ie s e lg e l HF 254 + 366, BDH Chemicals L td ., 

M iddlesex, U .K . )  which was sub jected  to  a 2 -s tep , 1 dimensional 

development a ccord in g  to Sk ipsk i e t  a l (1 9 6 5 ). This comprised 

development f i r s t  with isop rop y l e th er/acetic  ac id  ( 96*4 ) u n t il  

the so lven t f r o n t  ascended 13 cm., drying in  n itro gen  and develop

ment again i n  the same d ir e c t io n  with petroleum  eth er (40 ° -  60°c)/
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d ie th y l e th e r/ a c e t ic  ac id  (90 t 10 t 1 ) .  A l l  TLC so lven ts  had 

been p rev iou s ly  d o u b le -d is t i l le d  in  g la s s . On com pletion  o f  the 

second development (s o lv en t fro n t  ascended to  19  c m .),  the p la te  

was d ried  in  n i t r o g e n  and placed in  an atmosphere o f  iod in e 

vapour. The r e s u lt a n t  spots were noted and the p la te  then 

sprayed with 40% su lphuric ac id  b e fo re  heating in  an oven f o r  3 

hours.

2 .2 .1 .2 . S o lu b i l i t y  o f  long chain hydrocarbon (n  -  C jg ) in  

p o ten tia l e x t r a c t io n  solvents .

A 1 ml a l iq u o t  o f  each te s t  s o lv en t (numbers i  to  v i i i )  

was p laced in to  sepa ra te  stoppered 3 »1  tubes. F iv e  m illigram s 

o f  hexatriacontane (n  -  ) was added to  each tube and the

mixtures shaken. A f t e r  10 minutes a t room tem perature (25 ° C) 

the solven ts  in  w h ich  the hexatriacontane had d is s o lv e d  were 

noted.

2 .2 .2 . E x tra c t io n  o f  louse l i p id s .

2 .2 .2 .1 . C u t ic u la r  l i p id  ex tra c tio n  using whole l i c e .

Hexane p roved  the most s a t is fa c to r y  so lven t f o r  ex tra c tio n  

o f  cu ticu la r  l i p i d s  (s ee  section  3 *2 .1 . ) and was used e x c lu s iv e ly  

f o r  th is  purpose in  a l l  subsequent experim ental work. Without 

p r io r  p u r i f ic a t io n  however, com mercially pure hexane was found 

unsuitable in  p re p a r in g  l ip id  e x tra c ts  f o r  even tual gas chro

matographic a n a ly s is .  Minor contaminants were concen tra ted  

along w ith  the c u t ic u la r  l ip id s  during evaporation  o f  the 

hexane in  the n it r o g e n  stream.
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Hexane used throughout a l l  experim enta l work was obta ined  

as 'p u re ' hexane (Nanograde, M a llin ck rod t) from Camlab L td . ,  

(Cambridge, U .K .) and then d o u b le -d is t i l le d  u s in g  a  sp inn ing 

band column.

Pasteur p ip e t t e s  (sh o rt form) were prepared as i l lu s t r a t e d  

in  P ig . 1 .  L ic e  f o r  so lven t e x tra c t io n  were weighed c o l l e c t i v e l y  

(e .g .  17.75 g , app rox . 22,000 l i c e ) ,  then p laced  in  the p ip e t te s  

f i l l i n g  them to  th e  th ree-qu arters  l e v e l .  Rubber bulbs were 

connected to  the p ip e t t e s  (P ig .  1 )  and enough pure hexane to

cover the l i c e  drawn from  a 25 ml r e s e r v o ir  o f  th e  s o lv e n t , To 

minimise con tam ination  o f  the l i p id  e x tr a c t ,  g lassw are used 

throughout a l l  p rocedu res  had been p re v io u s ly  c lean ed  in  

chromic a c id  and r in s e d  f in a l ly  in  acetone.

A fte r  10 m in u tes , the hexane was e x p e lled  from  the p ip e t te s  

in to  the r e s e r v o ir  and the procedure repeated  r a p id ly  tw ice  to  

rinse the co n ten ts . The combined s o lv en t e x tr a c ts  were then 

evaporated to  dim ness in  a n itrogen  stream and th e mass o f  r e 

maining l ip id s  determ ined  using a Cahn E lectro ba lan ce .

On a number o f  occas ion s , adu lt l i c e  were separated  accord ing  

to sex, counted and w e i^ ied  p r io r  to  hexane e x tr a c t io n  as above. 

A fte r  e x tra c t io n , th e  l i c e  were thorough ly  d ried  and w e i^ ied .

2 .2 .2 .2 . C u t ic u la r  l i p i d  ex tra c tio n  u sing  cas t sk in s .

Cast skins w ere c o l le c te d  from la rg e  c o lo n ie s  o f  l i c e  ( in  

excess o f  100,000 in s e c t s )  over a p e rio d  o f  one week. Removal 

o f  extraneous m a tte r  ( e . g .  faeces and dead b od ies ) was accom

p lished  by p la c in g  th e  crude m ixture in  a v e r t i c a l  g la s s  column
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Pasteur p ip e t teI
i  r- l i c eII

lven t-ex trac ted  glass f ib r e  

I t e r  paper

hexane

F igure I .  E xtraction  o f  cu ticu la r  l ip id s  from whole l i c e .

c o lle c t io n  funnel

g lass column

:rude mixture (c a s t sk ins, faeces  e tc )

t Nj supply

F igu re  2. C o lle c t io n  o f  louse exuviae.
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connected to  a g en tle  stream  o f  n itro gen  en ter in g  a t th e  base 

(F ig .  2 ) .  Being th e  l ig h t e s t  o f  the m ixture, the sk ins

were rea d ily  ca rried  t o  th e top o f  the column fo r  c o l le c t io n .  

When enough skins had b een  c o lle c te d , th ey  were removed and 

washed in  d is t i l l e d  w a t e r ,  dried  and re flu x e d  in  ch loro fo rm  fo r  

6 hours in  a  soxh let apparatus. The chloroform  e x tr a c t  was 

evaporated to  dryness In  a  n itrogen  stream  and the recovered  

l ip id s  d isso lved  in  s e v e r a l  m ic ro lit re s  o f  hexane in  p repara tion  

f o r  TLC an a lys is . The qu a n tity  o f  l i p id s  extracted  was minute 

and prevented accurate w e igh ing . TLC an a lys is  o f  the l ip id s  

produced spurious r e s u l t s  (see  sec t ion  3 .2 .3 .1 .)  and a l l  fu rth e r  

analyses o f  cu ticu la r  l i p i d s  were perform ed on samples from 

whole in sec ts .

2 .2 .2 .3« Examination o f  cu ticu la r  l i p i d  ex tra c tio n  technique

(u s in g  whole l i c e ) .

A colony o f  l i c e  (8 .6 8  11 g , approxim ately 10,000 l i c e )  o f  

both sexes and a t v a r io u s  stages o f  development were c o l le c te d  

f o r  feed in g  on a l i v e  r a b b it .  The ra b b it  (adu lt fem ale  New 

Zealand w h ite) was a n a esth e tized  w ith  an in je c t io n  o f  Sa ffan  

(alphaxalone 0.996 (w /v) , alphadolone a c e ta te  0.396 (w / v );

G laxovet L td ., G reen fo rd , U .K .)  and a l l  fu r  removed from  the 

stomach area with e l e c t r i c  c lip p e rs . B lood (5 .5  m l) was 

c o lle c te d  in  a d e fib r in a t e d  syringe from  vesse ls  o f  both  ea rs . 

T r it ia te d  o le ic  ac id  (5  m C i; n9* 10 H^) (The Radiochemical 

Centre, Amersham, U .K .) d is so lved  in  to lu ene was added to  996 

(r a b b it ) albumin in  0 .5  m l o f  K reb 's R in ger so lu tion  (C a + + 

om itted )(see  A ppend ix ). The to luene so lu t ion , whicn f lo a t s
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on the albumin s o lu t ion , w as evaporated in  a  gen tle  stream o f  

n itrogen  and 5 nil o f  the b lo o d  added w ith  thorough m ixing. A 

small volume (0 .5  m l) was r e ta in e d  fo r  s c in t i l la t io n  cou n ting . 

The la b e lle d  b lood was r e - in je c t e d  in to  th e  ra b b it v ia  v e s s e ls  

in  the ears and allowed t o  c ir c u la te  f o r  10 minutes. F eed in g  

o f  the l i c e  colony was th en  perm itted  f o r  10 minutes upon the 

exposed skin o f  the r a b b i t 's  stomach. B lood  samples were 

taken from shallow  in c is io n s  in  the area o f  l i c e  fe ed in g , 

immediately b e fo re  and a f t e r  fe ed in g . The ra b b it was s a c r i

f ic e d  by in je c t io n  im m ed ia te ly  a f t e r  removal o f  the l i c e .  

E x trac tion  o f  the l i c e  w ith  hexane fo llo w ed  (s e e  section

2 .2 .2 .1 .)  and the dead l i c e  re ta in ed . L ip id s  extrac ted  by 

the hexane were recovered  a f t e r  evaporation  o f  the so lven t 

and weighed be fo re  adding t o  a  v ia l  con ta in in g  15  ml o f  

s c in t i l la t io n  so lu tion  (0 .69é w/v PPO and 0 .02  %  w/v POPO in  

to lu en e ). The dead l i c e  w ere  homogenised in  a glass tis su e  

g rin der  w ith  a t o ta l  volume o f  50 ml. o f  d i s t i l l e d  water and 

the homogenate son icated  (R a p id is  son ica to r ; U ltrason ic  L td . ,  

S h ip ley , Yorks. U .K .) f o r  5 m inutes at 100 w a tts . A f in e  

suspension was formed w h ich  was extrac ted  th re e  times f o r  

l ip id s  using chloroform /m ethanol (2  t 1 ).  These ex tra c ts  were 

combined, f i l t e r e d  and th e  s o lv e n t  evaporated  to  recover the 

l ip id s  which were f in a l l y  d is s o lv e d  in  s c in t i l la t io n  s o lu t io n  as 

above. Blood samples were cen tr ifu ged  a t  3000 rpm using a 

Beckman TJ-6 benchtop c e n t r i fu g e  w ith  TH4 r o t o r  and 40^1 a liq u o ts  

o f  supernatant sera  s p o tted  and dried  on sepa ra te  s c in t i l la t io n
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d iscs  (Whatman 2.5 cm c i r c l e s ,  Whatman Labsales L td . ,  Maidstone,

Kent) b e fo re  adding to  s c in t i l l a t i o n  v ia ls  as above.

S c in t i l la t io n  counts were p erfo rm ed  at 4°C (Packard 3005 

s c in t i l la t io n  spectrom eter) f o r  1 minute periods  f o r  the 

fo llo w in g  specimens:

i  40 p i  blood serum b e fo r e  ra d io - la b e l l in g

i i  40 p i  blood serum b e fo r e  l i c e  fe ed in g

i i i  40 p i  blood serum a f t e r  l i c e  feed in g

i v  extrac ted  c u t ic u la r  l i p id s

v  extracted  whole body l ip id s

v i  blank (15  ml s c in t i l l a t i o n  so lu tion  o n ly  -  f o r  background).

2 .2 .2 .4 . Extraction  o f  in t e r n a l  l ip id s  from whole adult l i c e .

Twenty female adult l i c e  ( 2 - 3  days o ld ) were fed  simul

taneously w ith  the la rge  lo u se  co lon y  on r a d io - la b e lle d  rab b it 

b lood (see  section  2 .2 .2 .3. ) .  A f t e r  10 m inutes, the l i c e  were

removed and held  a liv e  in  an in cu b a tor fo r  24 hours (temperature 

30°C and r e la t iv e  humidity 7 5 ° )  • The fa e ca l m atter was then 

removed by washing the in s e c ts  in  10 ml o f  d i s t i l l e d  water and 

the washings retained  f o r  l i p i d  ex trac tio n  (s ee  s e c t io n  2 .2 .2 .5 ).  

C u ticu lar l ip id s  were c o l le c t e d  as described (s e e  section

2 .2 .2 .1 .)  and the in sec t b o d ie s  homogenised w ith  15  ml o f  

d is t i l l e d  w ater, sonicated and e x tra c ted , a lso  as described  

(see  section  2 .2 .2 .3 > ).

The procedure described  a b ove , was repeated u s in g  two la r g e r  

c o lo n ies  o f  l i c e  con sis tin g  o f  1000 male and 1000 fem ale adults
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r e s p e c t iv e ly ;  however, feed in g  took p la c e  on un labelled  ra b b it 

b lood  ( i . e .  separate r a b b it ).  In  b o th  instances, l i p i d  ex

tra c ts  were evaporated to  dryness in  a  n itrogen  stream and 

d isso lved  in  approximately 5 p i  o f  hexane before  TLC an a lys is  

(s ee  section  2 . 2 . 3>)>

2 .2 .2 .5 » Extraction  o f  l ip id s  from lo u se  faeces.

The fa e ca l washings (10 m l) c o l l e c t e d  from the adu lt l i c e  

fed  on ra d io - la b e lled  rabb it blood (s e e  section  2 . 2 . 2 . 4 . )  were 

son ica ted  and extrac ted  fo r  l ip id s  as described  (see  s e c t io n  

2 .2 .2 .3 « )*  Extracted l ip id s  were ob ta in ed  by evap ora tin g  the 

s o lven t ex tra c t to  dryness in  a n it r o g e n  stream, then prepared 

f o r  TLC analysis (see  section  2 .2 .3 . )  b y  d is so lv in g  in  5 p i  o f  

hexane.

Faecal washings (20 ml each) were a ls o  c o lle c te d  from  the 

two co lon ies  o f  adu lt l i c e  (1000 males and 1000 females 

r e s p e c t iv e ly ) described (see  sec t ion  2 . 2 . 2 . 4 . )  and combined

p r io r  to  son ica tion  and l ip id  e x t r a c t io n  as above. Recovery
a .n d

o f  the extracted  l ip id s  from the s o lv e n t^  th e ir  p repara tion  fo r  

TLC an alys is  a lso fo llow ed  the above p rocedure.

2 .2 .3 . Th in -layer chromatographic (T L C ) analysis o f  l i p i d  ex trac ts .

2 .2 .3 .1 . Q u a lita tiv e  TLC an alys is  o f  c u ticu la r  l ip id s / in te m a l 

lip id s/ fa e c a l l ip id s .

TLC p la tes  (20 cm x 20 cm) were p repared  using Merck K ie se lg e l 

HF254 + 366 8pread 1x1 layers  o f  0 .3  mm th ickness. The p la te s
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were d ried , guide lin e s  drawn and subsequently  g iven  a chro

matographic run in  chloroform  as an e f f e c t i v e  means o f  washing. 

A f t e r  d ry in g  and a c t iv a t io n  a t 110°C f o r  1 hour, c lean ed  p la tes  

were spotted  w ith  1 p i  a liq u o ts  o f  th e  fo llo w in g  l i p id s  in  

hexane t

i  c u ticu la r  l ip id s  from un sexed  whole l i c e  (s e e  section
2.2.2.1.)

i i  c u ticu la r  l ip id s  from c a s t  skins (see  s e c t io n  2 .2 .2 .2 .)

i i i  in te rn a l l ip id s  from a d u l t  male l i c e  — fe d  on normal 
ra b b it b lood (s ee  s e c t io n  2 .2 .2 .4 .)

i v  in te rn a l l ip id s  from a d u l t  female l i c e  -  fe d  on normal 
ra b b it blood (see  s e c t io n  2 .2 .2 .4 .)

v  fa e c a l l ip id s  from a d u lt  (m ale and fem a le ) l i c e  -  fed  
on norm“!  rab b it b lood  ( s e e  section  2 .2 .2 .5 . ) .

L ip id  standards (see  below ) w e re  d isso lved  in  hexane and 

1 p i o f  each s o lu tion  spotted  on t h e  p la tes  p r io r  to  TLC 

development, thus enab ling com parison w ith  the unknowns to  be 

made.

a. hydrocarbon - hexatriacontane

b. c h o les te ry l e s te r - c h o le s te ry l s te a ra te

c . methyl e s te r - methyl s te a ra te

d. t r ig ly c e r id e - t r io le in

e . fr e e  fa t t y  ac id - o le ic  a c id

f . 1 , 3 -  d ig ly c e r id e - 1 , 3 -  d io le in

e • 1 , 2 -  d ig ly c e r id e - 1 , 2 -  d io le in

h. ch o les te ro l - ch o les te ro l

i . 1 -  and 2 -  m onoglycerides - mono o le in  ( 90%)

The p la te s  were developed un der the same con d it ion s  as

those described  in  2 .2 .1 .1 . A f t e r  com p letion  o f  the TLC run the p la te s



57

were thoroughly d ried  under n itro gen  and exposed to  iod in e  

vapour. When the spots became o b v io u s , the p la tes  were 

observed under UV rad ia tion  (366 nm) and the resu lts  recorded 

by photographing w ith  a Po la ro id  CU-5 Land Camera (P o la ro id  

L td . ,  S t. Albans, H erts. U .K .) f i t t e d  w ith  a Wratten UV 2B 

f i l t e r  (Kodak L td . , Holbom , London) .  D etection w ith  40% 

su lphuric ac id  and heat was ca rr ied  o u t  and the resu lta n t spots 

photographed under both natural l i g h t  and UV rad ia tion  (366 nm).

2 .2 .3 *2 . Q uan tita tive  TLC an a lys is  (b y  w eight) o f  cu t ic u la r  l i p id s .

P repara tive  TLC p la tes  (20 cm x  20 cm) were formed using 

Merck K ie s e lg s l 60 PP + sp read  in  1.5 mm la y e rs .

C u ticu la r  l ip id s  from the e x tra c tio n  o f  approxim ately 15,000 

unsegregated l i c e  were spotted in  a  band formation a lon g  the 

o r ig in  and subjected to  a one d im en sion a l, two step development 

as d escribed  (see  section  2 .2 .1 .1 . ) .  A f t e r  com pletion o f  the 

second development, the p la tes  were d r ie d  in  an atmosphere o f  

n itro gen  and exposed to  iod ine vapour t o  lo ca te  the l i p id  

c la s s es . Each l ip id  c lass was c o l l e c t e d  separately  by c a r e fu l ly  

scrap in g the s i l i c a  g e l from the p la t e s  and p la c in g  i t  in  Pasteur 

p ip e t te s  prepared w ith  g lass wool in s te a d  o f  f i l t e r  paper as 

d escribed  (see  sec t ion  2 .2 .2 .1 .) .  L ip id s  were e lu ted  from 

each p ip e t te  w ith  pure toluene and c o l l e c t e d  in  separate 20 ml 

f la s k s .  The to luene was then removed by evaporation in  a 

stream o f  n itrogen  and each l ip id  c la s s  d isso lved  in  20 p i  o f  

hexane to  a llow  transference to  sm all v i a l s  p rev iou sly  w e ig h t  

on a Cahn E lectroba lance. A fte r  e v a p o ra t io n  o f  the so lv en t, 

the v ia l s  were reweighed to  determine th e  l ip id  w eights . Two
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r e p lic a te s  were performed.

2 .2 .3 .3 . Q uantita tive TLC analysis (b y  densitom eter) o f  

cu ticu la r  lip id s/ in te m a l l ip id s / fa e c a l  l ip id s .

The p la tes  con ta in ing TLC s ep a ra t io n s  o f  the fo l lo w in g  l ip id s  

(see  sec t ion  2.2.3>1>) were used in  th e  qu a n tita tiv e  estim ation s;

i  cu ticu la r  l ip id s  from unsexed whole l i c e

i i  in tern a l l ip id s  from adult m a le  l i c e  -  fed  on normal
rab b it b lood

i i i  in tern a l l ip id s  from adu lt fe m a le  l i c e  -  fe d  on normal
ra b b it b lood

i v  fa e ca l l ip id s  from adult (m ale and female) l i c e  -  fed
on norm al rabb it b lood .

A f t e r  v is u a lis a t io n  o f  the l ip id  c la s s e s  w ith 40% sulphuric 

acid  and heating, the p la tes  were exam ined using a scanning 

densitom eter (E .C . densitom eter; Camlab L t d . ,  Cambridge, U .K .) 

to  produce a l in e a r  represen tation  o f  th e  TLC separations. Peaks 

from the same separations were then cu t o u t  and w e ld ed  and 

percent composition ca lcu la ted  from the w e igh ts .

2 .2 .3 . 4 . TLC analysis o f  d iges tio n  p ro d u c ts  o f  la b e lle d  fa t t y  

ac id  (O le ic  a c id ).

The twenty adu lt female l i c e  fed  on ra b b it  blood la b e l le d  

with t r i t ia t e d  o le ic  ac id  (see  section  2 . 2 . 2 . 3 . )  were ex trac ted  

a f t e r  24 hours f o r  cu ticu la r  and in te rn a l l ip id s  (see  s e c t ion  

2 .2 .2 .4 «)>  Faecal m atter expe lled  d u r in g  th is  period  was a lso  

extrac ted  f o r  l ip id s  (see  section  2 . 2 . 2 . 5 . )  and the t o ta l  o f  

each e x tra c t  separated in to  l ip id  c la s s e s  and recovered as
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described  (s e e  s e c t ion  2 .2 .3 .2 . ) .  The v a r io u s  l ip id  classes 

were counted f o r  r a d io a c t iv it y  as described  ( s e e  section  2 .2 .2 .3 . )  

o v e r  10 minute periods .

2 .2 .3 .5 « Test f o r  sa tu ra tion  o f  cu ticu la r  hydrocarbons.

C u ticu lar hydrocarbons were examined f o r  s a tu ra tio n  using 

the method o f  J ackson e t  a l  (1974 ). TLC p la t e s  were prepared 

as described  (s ee  sec t ion  2 .2 .3 .1 . )  and sp rayed  w ith  99# ethanol 

( in  water) satu rated  w ith  s i l v e r  n it ra te .  Th e  p la te s  were then 

heated  to  100 C f o r  severa l minutes to  remove th e  ethanol and 

allow ed  to c o o l.  Those not used im mediately w ere  stored  in  

darkness in  a  d e s ic ca to r. C u ticu lar hydrocarbons and re fe ren ce  

standards were spotted  onto p la te s  fo r  developm ent in  hexane 

fo llo w ed  by v is u a lis a t io n  w ith  40#  sulphuric a c id  spray and 

ch a rr in g  w ith  heat.

2 .2 .4 . G as -liqu id  chromatographic (GLC) a n a ly s is  o f  l ip id  

e x tra c ts .

2 .2 .4 *1 . M o d ific a tio n  o f  Perkin-E lm er F11 ga s  chromatograph 

(GC) f o r  c a p i l la r y  column use.

I n i t i a l l y ,  GC equipment con sisted  o f  a s i n g l e  channel flame 

io n is a t io n  d e te c to r  (F ID ) gas chromatograph (P e rk in -E lm er  F11) 

coupled to  a temperature programmer. The in s tru m en t was not 

s p e c i f i c a l ly  designed fo r  use w ith  g lass colum ns; however, g lass 

columns were prepared w ith  dimensions a llo w in g  e x a c t  alignment w ith  

th e e x is t in g  in l e t  and o u t le t  column couplings In s id e  the GC oven.
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Two columns (1 0 ft  x 3/52 Inch and 5 f t  x  3/32 inch ) wars packed 

w ith  yn OV 101 (Chrompaok O.K. L td ., London SW16) on Chromosorb 

W-HP (80 -  100 mesh) (Chrompack O.K. L t d . , )  and 10* butanediol 

succinate (EDS) (Chrompack O.K. L t d . , )  on Chromoaorb W-HP 

(80 -  100 mesh) r e sp ec tiv e ly .

In  homologous s s r le s  o f  s tra igh t ohmln alkanes (carbon 

numbers 15 to  25)  were e lu ted  from both oolumns with temperature 

programming from 70°C to  190°0 and 270°0 f o r  BUS and 0T101 phases 

r e sp ec tiv e ly , separation o f  alkanes c o n ta in in g  more carbons was 

found in c reas in g ly  d i f f i c u l t  and h igher f i n a l  oven temperatures 

appeared necessary. Methyl s il ic o n e , 0V101, proved a more 

su itab le  s ta tio n a ry  phase than BDS under th es e  conditions because 

o f  i t s  h igher s t a b i l i t y  a t the increased tem peratures (maximum 

temperature l im it *  0V101 (3J0°C ), BDS (Z 0 0 °C ) ) .

The small q u a n titie s  o f  l ip id s  a v a i la b le  f o r  analyses proved 

a l im it in g  fa c to r  in  the use o f  the packed g la s s  columns. In je c t io n  

o f  volumes le s s  than 1 j i l  requ ired  op e ra tio n  o f  the FID a m p lifie r  

a t maximum s e n s i t iv i t y ;  however, base lin e  in c rea s e  under these 

conditions, due to  phase b leed  and FID s e n s i t i v i t y  change w ith  

temperature, was excess ive . In  response to  th e problems en

countered, p a r t ic u la r ly  that o f  using m inute samples, i t  was 

decided to  in s t a l l  a c a p illa r y  column in  th e  GC.

F ig . 3 shows the f in a l  arrangement w ith  the c a p illa r y  

(10m x 0.3niniWC0T 0V101 -  Phase separations L t d . ,  Clwyd, U .K .) 

attached to the FID Analyser U n it. The r e s t r i c t e d  space w ith in
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Figure 3. In s ta lla t io n  o f c a p i l la r y  column in  

Perkin-Elmer F il GLC.
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the small GC oven governed the placement o f  the column (c o i le d  

d iam eter 11 cm .). I t  was suspended d ia g o n a lly  in  the fro n t  h a lf 

o f  the oven, avo id in g  a l l  obs tac les . A l l  gas connections to  the 

column were made w ith  pre-shrunk FTIE tu b in g  ( in t e r n a l diameter 

0.3 mm.) capable o f  enduring tem perature up to  260°c w ithout 

deform ation. P r io r  to  connection o f  th e  PTJflS tu b in g, i t  was 

important f o r  the sharp g lass edges o f  th e  c a p i l la r y  column to 

be g en tly  abraded w ith  f in e  emery paper and the ends o f  the PTJB 

tubing opened out w ith  a p en c il p o in t.

The in je c t io n  system o f  the P11 was u n su itab le  f o r  use with 

the c a p i l la r y  column and, instead , n it r o g e n  c a r r ie r  gas was 

supplied d i r e c t ly  to  the column v ia  PTFE tub ing attached  to  n ickel 

tubing through the insu la ted  oven l i d .  A s t ra ig h t  len g th  o f  glass 

c a p i l la r y  tub ing (approxim ately 3 cm .) was in se rted  between the 

n ick e l supply l in e  and the column to  f a c i l i t a t e  in tro du ct ion  o f  

samples f o r  an a lys is . The c a r r ie r  gas supply was c o n tro lle d  by 

a to gg le  v a lv e  pos ition ed  c lose  to  th e column and was switched o f f  

w h ile the s tra igh t  g la ss  tubing was g e n t ly  removed from the system. 

Samples fo r  an a lys is  were deposited  on th e  in te rn a l surface by 

c a p i l la r y  a c tio n , ensuring that e x c e s s iv e  volumes o f  so lven t were 

not u lt im a te ly  introduced in to  the column i t s e l f ,  le a d in g  to 

removal o f  the s ta tio n a ry  phase. T h is  was avoided by a llow in g  

most o f  the so lven t to  evaporate b e fo re  rep la c in g  the s tra igh t  

tubing in  the system. A f t e r  re -c o n n ec tio n , the gas supply was 

snapped on simultaneously w ith the tem perature programmer which 

was se t from room temperature to  260°C. The c a r r ie r  gas
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pressure (  8 p s i )  was p re -se t f o r  th e system to  g iv e  a flow

ra te  o f  25 cm. sec  ̂ f o r  methane. S t a b i l i t y  and s e n s it iv it y  

o f  the FID were optim ised by em p lo y in g  two m od ifica tion s . 

F i r s t ly ,  the FID was insu lated  from  the main oven and maintained 

a t a steady, c o n tro lla b le  tem perature between 300°C and 350°C 

using a  length o f  insu la ted  h e a t in g  cord  co iled  around the 

e x t e r io r  o f  the d e te c to r  (F ig .  3 ) .  Secondly, the flame-drawn

end o f  a s tra igh t len g th  o f  g la ss  c a p i l la r y  tub ing was inserted  

through the metal tub in g connected -to the FID to  s top  a few 

m illim e tres  short o f  the FID flam e ( F i g .  3 ) .  The swagelock

connection towards the other end was f i t t e d  with a graph ite 

f e r r u le  to secure the c a p illa r y  tu b in g  in  place and p rovide a 

g a s - t ig h t  sea l. With the hydrogen supply a lso connected at th is  

ju n ction , an e f fe c t i v e  sweep o f  th e  volume p receed in g  the FID 

was estab lished . Using the system  described  above, i t  was 

p o s s ib le  to  obta in  e x c e lle n t  chroma, t o  grams from sample volumes 

le s s  than 1 p i.

2 .2 .4 .2 . I n i t ia l  GLC separation o f  cu ticu la r  hydrocarbons.

C uticu lar l ip id  samples from segraga ted  male and female adu lt 

l i c e  (s ee  section  2 .2 .2 .4 .)  were p rep a red  by TLC as described 

(s ee  section  2 .2 .3 .2 .)  and su b jected  to  GLC an a lys is  w ith  the 

system described (s e e  section  2 . 2 . 4 . 1 . ) .  The column used fo r  

the GLC separations was an OV 101 WCOT glass c a p i l la r y  column 

(10 mm x 0.3 nnn) temperature programmed from room temperature to 

270°C a t 10°C minute.  ̂ N itrogen  (o x y g e n - fr e e ) was the c a r r ie r  

gas used at a pressure o f  a>si a t th e  column i n l e t .  As com

parison  showed the chromatograms to  be id e n t ic a l, fu r th e r  analyses
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were conducted using cu ticu la r  hydrocarbons from unsexed adults 

f o r  q u a n tita tiv e  purposes. Peak areas  in  subsequent chromatograms 

were estimated using an e le c t ro n ic  in te g ra to r  (Ventu re D ig ita l 

In te g ra to r  Mk I I ;  Smiths In d u s tr ie s , London NW2.) and in  turn, 

percent composition o f  the component hydrocarbons was ca lcu la ted .

2 .2 .4 .3 * GLC examination f o r  s a tu ra t io n  o f  c u t ic u la r  hydrocarbons.

C u ticu lar hydrocarbons from unsexed adult l i c e  were separated 

accord ing to  sa tu ration  on a s i l v e r  n it ra te  impregnated TLC p la te  

(see  sec t ion  2 .2 .3 *5*)>  The r e g io n s  o f  s i l i c a  g e l  con ta in ing th e 

saturated  and unsaturated hydrocarbons were lo c a ted  under UV 

ra d ia tio n  (366 nm), scraped from th e  p la te  and th e hydrocarbons 

e lu ted  separately  from the materiskl w ith  pure hexane (see 

s e c t ion  2 .2 .3 «2 . ) .  Both s o lu t io n s  were evaporated  to  dryness in  a 

stream o f  n itrogen  and r ed is so lv ed  in  10 p i o f  hexane p r io r  to  GLC 

an a lys is  under the conditions d e sc r ib ed  (see  s e c t io n  2 .2 .4 .2 .) .

Unsaturated hydrocarbons were removed from a second c u ticu la r  

hydrocarbons sample using b rom in ation . A s o lu t io n  o f  bromine in  

to luene was added to  the hydrocarbon sample a ls o  d isso lved  in 

to luene and a llowed to  stand o v e rn ig h t  a t -  10°C. The brominated 

hydrocarbons were recovered a f t e r  evaporation  o f  the toluene and 

bromine and analysed under the GLC con ditions d escrib ed  (see 

sec t ion  2 .2 .4 *2 . ).  Chromatograms produced by brominated and 

unbrominated cu ticu la r  hydrocarbons were then compared and the

d iffe re n c e s  noted.
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2 .2 .4 .4 * GLC examination fo r  branched/unbranched c u t ic u la r  

hydrocarbons.

A c u ticu la r  hydrocarbon sample was added to  10 ml o f  2 ,2,4  -  

tr im eth yl pentane con ta in in g  a c t iv a te d  Linde m olecu lar s ie ve  5 A as 

1/16 inch p e l le t s .  The m ixture was a llowed to  stand f o r  24 hours 

and then f i l t e r e d  (O 'Connor e t  a l ,  1962 ). Normal hydrocarbons 

were taken up by the m olecular s ie v e  w h ile  the branched hydro

carbons remained in  so lu t ion  and w ere  recovered a f t e r  evaporation 

o f  the so lv en t. GLC an a lys is  under conditions as d escrib ed  (see  

section  2 .2 .4 .2 .)  id e n t i f ie d  the chromatogram peaks produced by 

branched hydrocarbons.

2 .2 .4*5» Comparison o f  unknown GLC peaks w ith  standard  GLC peaks.

An homologous s e r ie s  o f  normal hydrocarbons ( carbon numbers 

15 to  32)  was prepared and chromatographed as d esc r ib ed  (see 

section  2 .2 .4 *2 . ) .  Comparison o f  th e  reten tion  tim es produced 

by the homologous s e r ie s  w ith  those o f  the c u ticu la r  hydrocarbons 

ind ica ted  the carbon chain lengths o f  the unknowns. The hydrocarbon 

se r ie s  was then co-chromatographed w ith  the c u t ic u la r  hydrocarbons 

and the r e s u lt in g  chromatogram c l o s e l y  examined f o r  c o in c id in g  

peaks which ind icated  hydrocarbons o f  equ iva lent carbon number.

2 .2 .4 «6. P o s itio n  o f  double bond i n  unsaturated c u t ic u la r  hydrocarbons.

Unsaturated c u ticu la r  hydrocarbons (see  s e c t io n  2 . 2 .4 .3 «) were 

subjected to  a p erioda te  -  permanganate ox ida tion  (Downing and Greene, 

1968) which caused c leavage a t the doub le  bonds. From the products
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o f  the c leavage, I t  was p o s s ib le  to  deduce th e s tru ctu re  o f  the 

major alkenes.

B r ie f ly ,  5 mg o f  u n sa tu rated  cu ticu la r  hydrocarbons was 

d isso lved  in  10 ml. o f  pure t —b u ty l a lcoh ol and added to 10 m l. 

o f  d is t i l l e d  water c on ta in in g  120 mg o f  sodium p erioda te  and 

10 mg o f  potassium permanganate. The s o lu t io n  was brought to  

pH 8—9 with the add ition  o f  aqueous potassium carbonate, s t ir r e d  

f o r  fou r  days then ex trac ted  w ith  methylene c h lo r id e  to remove 

n eu tra l l ip id s .  A f t e r  n e u t ra l is a t io n  w ith  aqueous sodium 

b isu lp h ite , the remaining aqueous so lu tion  was ex trac ted  w ith  

chloroform  which was d ried , f i l t e r e d  and evapora ted  to dryness. 

The fa t t y  acids which were fo rm ed  by the r e a c t io n s ,  were 

methylated by d is so lv in g  in  296 sulphuric a c id  in  anhydrous 

methanol and heating to  70°C i n  a closed  tube. A f t e r  1 hour, 

the methyl es ters  formed were recovered  by e th e r  e x tra c tio n  

and analysed by GLC as d e s c r ib ed  (see  sec t ion  2 .2 .4 «2 . ) .

2 .2 .4 .7 . Gas chromatography/Mas s spectroscopy (GC/MS) an a lys is  

o f  cu ticu la r  hydrocarbons.

C uticu lar hydrocarbons fro m  unsexed adu lt l i c e  were analysed 

by GC/MS using both E lectron  Io n is a t io n  ( E . I . )  and Chemical 

Io n isa t io n  (C . I . ) .

The f i r s t  analyses were perform ed using E . I .  on a Kratos 

MS 25 mass spectrom eter cou p led  to  a Bata General DS-50 computer 

system. The g lass c a p i l la r y  column (10 m x 0 .3  nun 0V101 V/C0T)
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used in  previous GLC a n a lys e s  (see  M ateria ls  and Methods) s ection

2 .2 .4. 2 . )  was in s ta lle d  in  th e  GO un it (Sigma 3) and connected 

d ir e c t ly  to  the sp ec trom ete r. Helium a t 3 p s i ( f lo w , 2 ml 

minute )  was used as th e c a r r ie r  gas and the GC oven programmed 

from 100°C to  260°C a t 10°C minute-  ̂ during the GC run. In je c t io n  

( s p l i t l e s s )  temperature was 300°C while the spectrom eter in le t  

was held  a t 275°C. The spectrom eter was operated  w ith  E lectron  

Energy a t 70 eV, Ion is in g: C u rren t 100 uA, A c c e le ra t in g  Voltage  

1.33 KV and source tem peratu re a t 200°c.

An an alys is  was p erform ed  with the system described  above 

using the mass spectrom eter in  the C .I .  mode and u ltrapure methane 

as the io n is in g  gas. O p e ra t in g  conditions were du p lica ted  with 

the excep tion  o f  E lectron  Energy which increased  to  100 eV and 

Io n is in g  Current became E m iss ion  Current 3 mA.

The cu ticu la r  hydrocarbons were a lso  examined using a 

Finnigan 1020 GC/MS system . A 50 m g lass VJC0T SE 30 c a p i l la r y  

column was used fo r  the GC sepa ra tion  w ith  temperature p rog

ramming from 150°C to  270°C a t  10°C minute - 1 . Mass sp ec tra l 

data were processed by a com puter incorporated  in  the system«

2 .2 .4 «8. GLC an alys is  o f  In te rn a l hydrocarbons/faecal hydrocarbons.

In te rn a l l ip id s  from 10OO male and 1000 fem ale adu lt l i c e  

r e -p e c t iv e ly  were c o l le c t e d  (s e e  section  2 .2 .2 .4 . )  and the hydro

carbons obtained using column chromatography w ith  alumina
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(Merck, n eu tra l, a c t i v i t y  grade 1; BDH Chemicals L t d . ,  Middx.

U .K .) and hexane as th e  e lu ta n t.

Faecal l ip id s  were ex tra c ted  from the combined fa e c a l  washings 

o f  the co lo n ies  d e sc r ib ed  above (see  s e c t io n  2 .2 .2 .5 . ) .  The 

hydrocarbons were sepa ra ted  and c o l le c te d  as above and the 

three e x tra c ts  con cen tra ted  by evapora tion  in  a stream  o f  n itrogen . 

GLC analyses were perform ed  vising a P erk  in-Elm er Sigma 3 gas 

chromatograph f i t t e d  w ith  a 2m x 3mm packed (3J6 OV -  1 on 

Chromosorb W-HP, 100-120 mesh) ¿Lass column and tem perature 

programming from 150°C t o  300°C a t 10°C minute - 1 . In je c t io n  

and d e te c to r  b locks were heated to  350°C and n itro gen  (oxygen- 

f r e e )  flow in g  a t 32 cm^ m inute-1 was th e c a r r ie r  gas . n-Alkanes 

were id e n t i f ie d  by com parison o f  r e t e n t io n  times and co

chromatography w ith  a u th e n t ic  standards.

Faecal hydrocarbons were a lso  an alysed  by GC/MS u s in g  a 

Kratos MS25 mass sp ectrom eter. The p re lim in ary  GC/MS separation  

was performed on a 50 m OV 101 WCOT g la s s  c a p i l la r y  column w ith 

temperature programming from  150°C to  300°C a t 10°C m inute - 1 .

A l l  o th er operating  c o n d it io n s  were id e n t ic a l  to  th ose described  

(see  sec t ion  2 .2 .4 .3 . ) .

2 .2 .4 .9 . GLC an a lys is  o f  c u ticu la r  c h o le s te ry l e s t e r s .

C u ticu lar l ip id s  w ere separated in t o  l ip id  c la s s e s  by TLC 

and each c o lle c te d  (s ee  s e c t io n  2 .2 .3 .2 . ) .  A 0.5 mg sample o f  

c h o les te ry l es te rs  was added to  5 ml. o f  2% sulphuric a c id  in
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anhydrous methanol In  a g lass tube. The mixture was sealed  and 

heated to  70°C f o r  1 hour then e x tra c te d  with e th e r  to  recover 

the methyl e s te rs  produced. A f t e r  evaporation o f  th e  e th er, the 

es te rs  were r e d is s o lv e d  in  3 p i o f  hexane and an alysed  using a 

Pye Unican: S e r ie s  204 gas chromatograph f i t t e d  w ith  a  10m x 0 .3  mm 

0V101 ViCOT g lass c a p i l la r y  column. An in je c t io n  s p l i t t e r  (S.G .E . 

P ty . L td . , London NW2) was used a t th e  in je c tio n  end o f  the column 

wh ile the s tra ig h t  end a t the d e te c to r  stopped s e v e ra l m illim etres  

short o f  the FU) ríam e as described  (s e e  section  2 .2 .4 *1  • ) to  

enhance s e n s i t i v i t y .  C ap illa ry  column connections were PTHS 

tubing as d escrib ed  (s ee  section  2 .2 .4 *1 > ) which l im it e d  the 

upper temperature t o  260 -  270°C. N itrogen  (o x yg e n -fr e e ) 

c a r r ie r  gas was su p p lied  at 7-8 p s i  and the GC sepa ra tion  temperature 

programmed from 1OO°0 to  265°C a t 10°C minute . Comparison o f  

re ten tion  times and co-chromatography w ith  standards ass is ted  in  

id e n t i fy in g  the m ain m ethyl/ester peaks, while e le c t r o n ic  in

te g ra t io n  (Venture D ig i t a l  In te g ra to r  MK I I ;  Smiths In d u s tr ies ,

London NW2) was used  to  ca lcu la te  t h e i r  percent com position .

2 .2 .4 .10 . GLC a n a ly s is  o f  c u t ic u la r  t r ig ly c e r id e s .

The t r ig ly c e r id e  fra c t io n  from  a TLC separation  o f  cu ticu la r  

l ip id s  (see  s e c t io n  2 .2 .3 *2 .) was tr e a te d  in  the same manner as 

the c h o les te ry l e s t e r s  (see  s e c t ion  2 .2 .4 *9> ) c o n ve r tin g  each 

t r ig ly c e r id e  f a t t y  a c id  component in t o  a fa t ty  a c id  methyl e s te r  

(F .A .M .E .). GLC a n a lys is  o f  the m ethyl es ters  was performed on 

the Pye Uni cam S e r ie s  204 gas chromatograph under con d it ion s  as 

described  (see  s e c t io n  2 .2 .4>9 «)*  The saturation o f  the methyl 

es te rs  was not in v e s t ig a te d .
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2.2.4*11» GLC a n a ly s is  o f  c u ticu la r  f a t t y  acids.

The fa t t y  ac id  f r a c t io n  was c o l le c t e d  from a TLC separation  

o f  cu ticu la r  l ip id s  (s e e  section  2 .2 .3 * 2 . )  and m ethylated as 

described (see  s e c t io n  2 .2 .4 *9 * )*  Conditions fo r  GLC an a lys is  

o f  the fa t t y  ac id  m eth y l es te rs  were as described (s e e  sec t ion  

2 .2 .4 .9 .) us ing the same equipment. No examination o f  fa t t y  

acid methyl e s te r  s a tu ra t io n  was c a r r ie d  out.

2 .2.4 .12. GLC a n a ly s is  o f  c u ticu la r  1, 5 -d ig ly cer id es .

The 1, 3 -d ig ly c e r id e  fra c t io n  was c o lle c te d  from a TLC 

separation o f  c u t ic u la r  l ip id s  (see  s e c t io n  2 .2 .3 *2 .) and 

treated  w ith  2% su lp h u r ic  acid  in  anhydrous methanol as described  

(see  section  2 .2 .4 .9 * )  t o  form fa t t y  a c id  methyl e s te r s .  GLC 

analysis o f  the m ethyl e s te rs  was perform ed with equipment and 

conditions as d e sc r ib ed  (s ee  sec t ion  2 .2 .4 *9 * )*

No examination o f  methyl e s te r  sa tu ration  was c a r r ie d  out.
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2 .2 .5 . Synthesis o f  m a jo r  un .aturat.d  o u t io u la r  hydrocarbon 

(15  -  h en tr ia co n te n e ).

Th. ou ticn la r  hydrocarbon  15 -  h en tria con ten a , was prepared 

v ia  the route in d ica ted  b e low .

(2 .2 .5 .1 . )

\A A A A A /V oh*oh

1 -  pentadecanol

X  v w w w 0H=Er

— brom open tad ecan e ( a lk y l  h a l id e

(2 .2 .5 .2 . )

N/V^N/X/N/VN/^ch oh

III
1 -  hexadecanol

(2 .2 .5 .3 . )

W W W W V

- [H ] A A A V W 0

hexadecanal (aldehyde)

X A A A A A A A /“ 2"8"

pentadecy lmagne s iumbromide
(Griguard Reagent)
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(2 .2 .5 .4 . )

—  wwvwywwwv
OMgBr

V I Grignard in term ed iate

h20 vwwwywwwv
OH

V II
16 -hen triacon tan ol (secondary 

a lc o h o l)

(2 .2 .5 .5 0

V I I
w w w v W v w w n

/'16

wwvwWwvwx

c c.’15

V I I I

15  -  hen triacontene (a lk en e )
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2 .2 .5 .1 . P rep a ra tio n  o f  a lk y l h a lid e  ( i l )  -in term ed ia te  .

1 -  Pentadecyl bromide waa prepared in  a su b stitu tio n  rea c t ion  

where the halogen r e p la c e d  the hydroxyl group o f  1 -  pentadecanol 

(N o l le r  and Dinsmore, 1943)«

An excess o f  phosphorus tribrom ide (5  m l«) was added w ith  

s t i r r in g  to  a s o lu t io n  o f  anhydrous d ie th y l e th e r  con ta in in g  25 g  

o f  anhydrous 1-pen tadecan o l ( i )  wh ile a t -10°C. The temperature 

o f  the mixture was k e p t  below 0°C during the add ition  and was 

a llowed to reach room temperature ove rn igh t. Crude h a lid e  was 

obtained by d i s t i l l a t i o n  o f  the m ixture (160°C a t 10 mm p ressu re ), 

washed twice w ith  5 m l.  o f  concentrated sulphuric ac id  and shaken 

w ith  dry potassium carbon ate  u n til the hydrogen bromide odour 

had disappeared. Th e  h a lide  was r e d i s t i l l e d  a t atmospheric 

pressure (approxim ate temperature 520°C) and the d i s t i l l a t e  ( i l )  

r e c ry s ta ll is e d  from ch loro fo rm  and weighed (16.65 g  ) .  O vera ll 

y ie ld  fo r  the 1 -p en tad ecy l bromide was 52.396 and the m elting  

po in t found to be 2 0 .2 °C .

2 .2 .5 «2 . P rep a ra tio n  o f  aldehyde ( IV )  -  in term ed iate  .

The primary a lc o h o l ,  1-hexadecanol, was ox id ised  to  form 

the aldehyde ( I V ) ,  1— hexadecanal, fo l lo w in g  the method o f  Partch

(1964 ).

A so lu tion  c o n ta in in g  15 g . o f  1-hexadecanol in  150 m l. o f  

p yrid in e  was s t i r r e d  w h ile  an equal q u a n tity  o f  powdered lead  

te traace ta te  was added a t room tem perature. The so lu t ion  turned
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ye llo w  a f t e r  s e v e r a l  hours in d ic a t in g  that exhaustion o f  the 

oxidant had o c c u r re d . A dd ition  o f  lead  te t r a a c e ta te  was re 

peated as above u n t i l  the s o lu t io n  f in a l l y  remained red . The 

reduced lead  t e t r a a c e ta te  was p re c ip ita te d  on c o o lin g  and 

removed by f i l t r a t i o n ,  and a f t e r  evapora tion  in  vacuo o f  the 

pyr id in e , the c ru de  hexadecanal was d i s t i l l e d  a t  200°C 

(30 mm p re s s u r e ) .  TLC exam ination o f  the aldehyde (see  s e c t io n

2 .2 .3 .1 .) r e v e a le d  the presence o f  hexadecanol as a minor im pu rity  

which was rem oved by column chromatography o f  the d i s t i l l a t e  on 

a s i l i c a  g e l column (1 cm x 60 cm ) .  Hexadecanal was e lu ted  

f i r s t  using hexan e/d ie th y l e th e r  (90*10 V/V) as the e lu a n t  and 

a f t e r  recovery  b y  evaporation o f  the s o lv e n t , i t s  weight 

(8 .26  g  )  r ep re se n te d  a 57.2% y i e ld .  The m e lt in g  po in t o f  the 

hexadecanal (X V ) was 32.5°C.

2 .2 .5 .3 . P re p a ra t io n  o f  Grignard Reagent (V )  -  in term ed iate.

A sp h e r ic a l rea c t ion  f la s k  con ta in in g  2 g  o f  pure magnesium 

turnings c o v e red  w ith  30 ml o f  anhydrous d ie th y l  e th er was 

f i t t e d  w ith tw o Q u ick fit  dropping fu nn els , which e f fe c t i v e ly  

sealed the f l a s k .  Enough h a lid e  from a s o lu t io n  con ta in ing 

16.65 g  o f  1 -bromopentadecane in  20 ml o f  anhydrous d ie th y l 

e th er was added from  one dropping funnel t o  i n i t i a t e  the r ea c t io n . 

Add ition  o f  th e  s o lu t io n  was m aintained a t a  s low  rate u n t i l  

exhaustion to  a v o id  v io le n t  b o i l in g  and the f i n a l  mixture warmed 

s l ig h t ly  to  en su re  completion o f  the r ea c t io n . The f r e s h ly  made 

Grignard R eagen t was used im m ediately.
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2 .2 .5 .4 *  Formation o f  secondary a lc o h o l ( V I I )  -  in term ed iate.

A s o lu t io n  c on ta in in g  8.26 g  o f  hexadecanal ( IV )  in  20 ml 

o f  anhydrous d ie th y l e th e r  was added drop w ise  to  the Grignard 

Reagent (V )  v ia  the second dropping funn el o f  the apparatus as 

d e sc r ib ed  (s e e  sec t ion  2.2.5>3>)> A f t e r  a d d it io n  o f  the whole 

aldehyde so lu t ion , 10 ml o f  ic e -o o ld  aqueous ch lo r id e  so lu t ion  

was added to  the m ixture and the e th e r  and aqueous layers  a llowed 

to  sep a ra te  before  e x t r a c t i n g  the l a t t e r  th re e  times with 

d ie th y l e th e r . The u n ited  volumes o f  e th e r  e x tra c ts  were d ried  

over anhydrous sodium sulphate and the crude a lcoh ol recovered 

by eva p o ra tio n  o f  the e th e r  and d i s t i l l a t i o n  a t atmospheric 

p ressu re  (approximate temperature 390°C ). R e c ry s ta ll is a t io n  

o f  the d i s t i l l a t e  ( V I I )  from  hexane produced 6.64 g  o f  16 -  

h en tr ia co n ta n o l which represented a combined y ie ld  o f  43*296 f o r  

p rocedures 2.2.5*3* and 2 .2 .5 «4 * A m e lt in g  po in t o f  87°C wels 

r eco rd ed  f o r  the product.

2 .2 .5 .5 -  Formation o f  alkene ( V I I I )  from  a lcoh o l ( V I l ) .

The secondary a lc o h o l,  16 -hentriacon tan ol, (see  section

2 .2 .5 -  4 - )  was dehydrated using orthophosphoric ac id  to form the 

alkene ( V I I I ) ,  15-hentriacontene fo l lo w in g  the method o f  Corson 

and I p a t i e f f  (1955)« One double bond p e r  m olecule was formed, 

which, in  th is  case was poss ib le  on e i th e r  s id e  o f  the cen tra l 

carbon atom (carbon no. 1 6 ). The f in a l  p roducts, however, were 

id e n t ic a l  s ince both p o s s ib le  m olecular s tru ctu res  con sisted  o f  

15  and 16 carbon chains on e ith e r  s id e  o f  th e double bond
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r e s p e c t iv e ly  (s ee  diagram in  s e c t io n  2 .2 .5 * ) .  I t  was expected 

that both c i e  -  and trans -  forms would be produced in  the 

rea ction .

A d i s t i l l a t i o n  f la sk  con ta in in g  6.64 g  o f  16 -  hentriacontanol 

in  10 ml o f  85% orthophosphoric ac id  was g ra d u a lly  heated at 

atmospheric pressure and w ater d is t i l l e d  o f f .  Crude alkene was 

c o lle c te d  around 380°C and p u r i f ie d  by column chromatography w ith  

alumina (M erck , nen tra l, a c t i v i t y  grade 1 ) and hexane as the 

e lu & n t . The product (V T I I )  weighed 3*59 g  which represented a 

y ie ld  o f  55*196 l o r  the r ea c t io n  and a m e lt in g  p o in t  o f  46°C 

recorded.

A GLC exam ination o f  the 15 -  hen triacontene was ca rried  

out using a  Perkin-E lm er Signa 3 gas chromatograph under con d itions 

as d esc r ib ed  (s ee  section  2 .2 .4 * 8 . )  while a GC/MS examination was 

a lso p erform ed  using a Kratos MS25 mass spectrom eter operating 

under c o n d it io n s  as described  (s e e  section  2 .2 .4 .S . ) .
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2 .3 . A p p lie d  aspects

2 .3 .1 . M aintenance o f  l i c e  co lo n ie s

A l l  l i c e  used in  experim ents throughout these stu d ies  were 

obtained fro m  fou r  la rge  c o lo n ie s  which were o r ig in a l ly  

e s tab lish ed  i n  1972 vising eggs from rabb it-adap ted  l i c e  (Orlando 

s tra in ) s u p p lied  by the U .S. Department o f  A g r ic u ltu re  in  

G a in e s v i l le , F lo r id a .

A f t e r  f e e d in g  once d a i ly ,  each colony o f  l i c e  was placed 

in  a s ep a ra te  g lass beaker (d iam eter 13 cm) co n ta in in g  3 cm 

squares o f  b la c k  corduory f a b r ic  and kept in  the dark in  an 

incubator a t  30° C and 7996 r e la t i v e  hum idity. Eggs were la id  

on the f a b r i c  squares in  the c o lo n ie s  and removed w ith  the 

m ateria l a f t e r  two week p e rio d s  when c lean  m a te ria l was in tro 

duced. In  gen e ra l, eggs l a id  on the squares r eq u ire d  9 days 

f o r  h a tch in g  and a l l  nymphs had emerged by the e le ven th  day.

A group o f  12 ra b b its , m ostly  New Zealand w h ite , were 

kept e x c lu s iv e ly  fo r  the maintenance o f  th e l i c e  c o lo n ie s .  Pre

paration  o f  th e  rabbits in vo lved  an aesth etisa tion  w ith  an in tra 

muscular in j e c t i o n  o f  Sa ffan  (0.996 w/v a lphaxalone, 0 .^6  w/v 

a lphadolone; G laxovet L td . ,  G reen ford, U .K . ) ,  then the stomach 

area shaved aa  c lo s e ly  as p o s s ib le  w ith  e l e c t r i c  c l ip p e r s  (O ster
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P ro fe s s io n a l model A -  5 ) and loo se  fu r  removed w ith  a  vacuum- 

c lean er . The animal was then tran s fe rred  to  a p la s t ic  trough 

in  which i t  la y  on i t s  back supported by the s tru ctu re  (P la te  1a ). 

Nymphal f e e d in g  was commenced by p la c in g  the egg -laden  fa b r ic  squares 

on the sh aved  stomach o f  the ra b b it f o r  5 minutes a llo w in g  newly 

emerged nymphs to  m igrate from the squares. A l l  squares were 

then rem oved and returned to  the incubator wh ile the nymphs 

continued fe e d in g  fo r  a fu r th e r  5 minutes u n t i l  b e in g  c o lle c te d  

fo r  a d d it io n  la t e r  to  the main co lo n ies .

F ee d in g  o f  the main c o lo n ie s  fo llow ed  a s im ila r  form at whereby 

fa b r ic  s q u a res  and l i c e  from a  colony were p laced  on a  rab b it f o r  

5 m inutes b e fo r e  retu rn ing the squares to  the o r ig in a l con ta iner.

At th is  p o in t ,  the l i c e  c o lo ’ .y was cleaned o f  cas t sk in s , faeces 

and o th e r  accumulated d eb r is  by g en tly  vacuuming ov e r  the feed in g  

l i c e  w h ile  th ey  remained s e cu re ly  attached to  the sk in  o f  the 

ra b b it . T im e o f  fe ed in g  t o t a l le d  15 minutes which ensured that 

v i r t u a l ly  a l l  l i c e  were f u l l y  engorged b e fo re  th e ir  c o l le c t io n  

by hand fro m  the surface o f  the rab b it . The small numbers o f  

l i c e  which escaped c o l le c t io n  in  th is  manner were removed by w iping 

the shaved stomach o f  the ra b b it  w ith  cotton  wool and destroyed .

In  p r a c t ic e ,  the populations o f  the co lo n ies  were a llow ed  to  

reach 15 ,0 0 0  -  20,000 adu lts  b e fo re  reducing the numbers to 

around 5*000  adults per co lony.







2 .3 .2 . P h ys ica l c h a ra c te r is t ic s  o f  cu ticu la r  l i p id s  and 

adu lt l i c e .

2 .3 .2 .1 . M e lt in g -p o in t  d eterm ination  o f  c u t ic u la r  wax.

Approxim ately 5000 unsexed a d u lt l i c e  were ex tra c ted  fo r  

cu ticu la r  l ip id s  as described  (s e e  sec t ion  2 .2 .2 .1 . )  and the wax 

deposited  in  a m e lt in g -p o in t tube. The m e lt in g -p o in t temperature 

was determined u s in g  a Gallenkamp m elt in g -po in t apparatus (A . 

Gallenkamp and Co. L td . ,  London EC2P), programmed f o r  a slow 

temperature in c re a s e . A t o t a l  o f  3 ex trac tio n s  were carried  

out and m e lt in g -p o in t temperature determined f o r  each ex tra c t.

2 .3 .2 .2 . S o lu b i l i t y  o f  sim u lated  cu ticu la r  wax in  p o ten tia l 

in s e c t ic id e  so lven ts .

A simulated wax m ixture was prepared con ta in in g  n -  alkanes 

and n -  alkene (s e e  Tab le 1 )  in  the same p rop ortion s  as the

corresponding n a tu ra lly  o ccu rrin g  compounds determ ined in  sec t ion

3 .2 .4 .2 . Homogeneity was ach ieved  by a g ita t io n  o f  the molten 

m ixture (6 0 °c ) .  The n -  alkene (15 -  hen tria con ten e) was 

prepared as d esc r ib ed  (s ee  s e c t io n  2 .2 .5 * )«

2 ml. v i a l s  were s e t  up, each con ta in in g  1 mg o f  the simulated 

wax m ixture. Ten p o te n t ia l in s e c t ic id e  s o lven ts  l i s t e d  below
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Table 1

Composition o f  syn thetic  c u t ic u la r  wax
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(T ab le  2 )  were then added in  100 j i l  a liq u o ts  to  the separate

numbered v ia ls  and stoppered  b e fo re  p la c in g  in  an incubator 

a t 30°C and 79% r e la t iv e  hum idity.

A fte r  24 hours, the so lv en ts  in  which the wax m ixture 

had d isso lved  were reco rd ed . Where th e wax m ixture had not 

d isso lved , 100 j i l  a liq u o ts  o f  the corresponding so lven ts  were 

added to  the v ia ls  which were then retu rn ed  to  the in cu bator f o r  

a fu r th e r  24 hours p e r io d . The a d d ition  o f  so lven ts  in  1 0 0 ;il  

increments was repeated  u n t i l  each 1 mg sample o f  wax m ixture 

had d isso lved  and the volume o f  so lven t necessary f o r  d is so lu t io n  

in  each case recorded .



T a b le  2 . P o t e n t ia l  i n s e c t i c id e  s o lv e n t s .

Compound
M e lt in g - p o in t

(°C )

E m p ir ic a l

fo rm u la
S t r u c t u r a l  fo rm u la

1 ,4 -b u ta n e d io l 20
C4 E 10 °2 « w

d id e c y l e th e r 16 .5
°20  V  ° WWv°vWW

d o decan a l 13 °« % ° VWWy
dodecano l 22

C 12 H26  0 WWW0"
2-dodecanone 17 °»V
l a u r y l  e th e r 3 -5

°24  H50 ° WVWVAWW
1 -o c tadecene 17.5 0  H

16 36 WVWW^
n -pen tad ecane 10

°15  H32 vw w w
1, 2 -p ro p a n e d io l -6 0

C 3 H8 ° 2

Z0

undecano l 19
°11 H24 0 VWNAA"
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2 .3 .2 .3. D eterm ination o f  upper le th a l tem perature o f  adult

Ten male and 10 fem ale adult l i c e  were c o l le c t e d  2-3 days 

a f t e r  moulting (s ee  s e c t io n  2 .3 .3 *1 .) and c a r e fu l ly  p laced in to  

separate m e lt in g -po in t tubes. Each louse was su b jected  to

Gallenkamp melting-point apparatus and the temperature at which 

the insect ceased a l l  movement recorded.

In  a second s e r ie s  o f  experiments, l i c e  were p laced in  

m elting-po in t tubes and se t up in  turn w ith  an e le c tro d e  in  

contact with the lo u se  as i l lu s tr a te d  (P ig .  4 )  •

e lectrode  was a s im p le  con struction , c o n s is t in g  o f  two w ires 

insu lated  from each o th e r  by means o f  a g la ss  c a p i l la r y  tube 

and was connected in  s e r ie s  to  a 1.5 v o l t  b a t te r y  and pen 

recorder (F ig .  4 ) •

l ic e .

n

glass

cap illa ry

tube

m elting

tube

•oint

1.5V

ba ttery

pen reco rd e r

Figure 4. System fo r  determ ination o f  upper le th a l

temperature.
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As the temperature o f  the m e lt in g -po in t tube was s lo w ly  

e le va ted  using the m e lt in g -p o in t  apparatus, the reco rd er 

measured the p o ten tia l o f  the c ir c u it  and recorded i t s  v a r ia t io n  

w ith  time and tem perature.

2 .3 .2 .4 . Comparative v o l a t i l i t i e s  o f  p o te n t ia l in s e c t ic id e  

so lven ts .

A so lu t ion  was p repared  con ta in in g  3 o f  sim ulated wax 

m ixture in  250 ml. o f  hexane. Using a s y r in g e , 1 ml a liq u o ts  

o f  the s o lu tion  were c a r e fu l ly  deposited  upon the h o r iz o n ta l 

surface o f  10 clean m icroscope s lid e s  (26 mm x 75 «“ “ )  bo as to  

cover the e n t ir e  uppermost surface o f  the s lid e s  w ithout s p i l l in g  

ov e r  the edges. E vapora tion  was allow ed  to  take p la ce  a t  room 

temperature (22°C ) r e s u lt in g  in  the form ation  o f  a wax la y e r  

(approxim ately O.63 g  cm-2 )  w ith  an average th ickness o f  0.66 

micron (Lockey, i 960) .

Each o f  the p o te n t ia l  in s e c t ic id e  s o lven ts  d escrib ed  e a r l i e r  

(Tab le  2 )  were then d ep o s ited  as s in g le  5 p i  d ro p le ts  on the 

prepared microscope s l id e s .  The s l id e s  were held  in  an incubator 

a t 30°C and 7596 r e la t i v e  humidity and examined tw ice d a i ly  to 

e s ta b lish  the time taken  f o r  each so lv en t to  com pletely  evaporate 

in  order to  ca lcu la te  r a te s  o f  evaporation .
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2 .3 .3 * T o x ic it y  te s ts  w ith  adult l i c e .

2 .3 .3 .1 . Preparation  o f  t e s t  m ateria l.

A degree o f  s ta n d a rd isa tio n  among the t e s t  insec ts  was 

achieved by s e le c t in g  o n ly  fem ales which had moulted 2-3 days 

e a r l i e r  and using them in  th e  te s ts  approxim ately 6 hours a f t e r  

la s t  fe ed in g . I n i t i a l l y ,  250 nymphs a t the p re -adu lt s tage wei 

c o lle c te d  from the main c o lo n ie s  wh ile under an aesth e tiza t ion  

in  a g en tle  flo w  o f  carbon  d iox id e  (P ig .  5 )  and returned

sepa ra te ly  to  the in cu b a to r  (see  sec t ion  2 .3 .1 . ) .

Figure Equipment fo r  c o l le c t io n  o f  numphs and a d u lt  female 

l i c e .
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F o llow in g  each 24 hour period , su cc es s iv e  batches o f  250 

nymphs were set up to  form a t o t a l  o f  4 batches w h ils t  a l l  

adu lt males were removed from p re c e d in g  batches. The 

l i c e  were fed d a ily  as described  (s e e  section 2 .3 *1 ) in  

con junction with the main c o lo n ie s .

At any time, the most mature sub-colony o f  l i c e  con

ta in ed  in  excess o f  120 adult fe m a le s ,  2-3 days o ld  f o r  use 

in  te s ts .

2 .3 .3 .2 . P ro toco l f o r  t o x ic i t y  t e s t s .

T o x ic ity  te s ts  fo llow ed  a fo rm a t whereby 120 a d u lt female 

l i c e  (100 te s t ,  20 c o n tro l),  2 -3  days old (see  s e c t io n  2 .3 .3 .1 .) 

were p laced in  separate small c o n ta in e rs . One hundred o f 

these l i c e  were to p ic a l ly  a p p lie d  w ith  the p o te n t ia l in s e c t i

c id e  so lven t under a m icroscope.

In  standardising the p ro ced u re , 3 types o f  con tainers 

(P la te  2 ) were used to hold th e  separate l i c e  in  a series  

o f  prelim inary  t o x ic i t y  te s ts .  One type o f  con ta in er  (  1 cm 

diam x 0.5 cm h e igh t) was composed o f  glass, and produced from 

cut down v ia ls  wh ile the oth er tw o  were p la s t ic  and normally 

used as caps f o r  b o tt le s  ( P la s t i c  A -  Packard s c in t i l la t io n  

vied, cap, 1.5 cm ID x 0*5 cm h e ig h t ,  P la s tic  B -  g la s s  v ia l  

cap, 1.7 cm ID x 0.7 cm h e ig h t ) .  A l l  containers were prepared 

f o r  use in  the te s ts  by soaking f o r  several hours (o ve rn igh t) 

in  a 596 so lu tion  o f  Decon 90 (D econ  Laboratories L td . ,
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P orts lad e , B righton, U .K . ),  r insed  tw ic e  w ith  d i s t i l l e d  water 

and d ried  w h ile  in verted  a t  60°C. The prelim inary  t o x ic i t y  

te s ts  in vo lved  4 p o te n t ia l in s e c t ic id e  solven ts  (dodecanol, 

2-dodecanone, la u ry l e th e r  and un decan o l) in  con junction  with 

the 3 types o f  con ta iners . S u b s ta n t ia l d if fe r e n c e s  were noted 

between the m or ta lity  ra te s  ob ta in ed  w ith  the variou s  con tainers 

(see  s e c t io n  3 .3 .2 .1 .) and con sequ en tly , the g lass con tainers 

were chosen fo r  vise throughout a l l  subsequent te s ts  on the b as is  

o f  th e ir  r e la t iv e  in ertn ess  in  c o n ta c t  w ith  the s o lv en ts .

A to p ic a l  a p p lic a to r  (a f t e r  B u sv in e ) (P la te  3 )  was used 

in  the procedure and con sis ted  o f  a  10 |il m icrosyringe (SGE 

(UK) L td . ,  London NW2 7AY) coupled t o  a m icrometer. C a p illa ry  

glass tu b in g, 4 cm in  len g th  and flam e-drawn to  0.1 mm in tern a l 

diam eter, was attached w ith  A r a ld i t e  to  the end o f  th e s tee l 

syr inge need le  to  f a c i l i t a t e  a p p lic a t io n  o f  0.01 -  0 .2 pi volumes.

A r e la tio n sh ip  between the a c tu a l mass o f  s o lv e n t  deposited  

by to p ic a l a p p lica tion  and the corresp on d in g  number o f  micro

meter d iv is io n s  was e s tab lish ed . A t various dosage le v e ls  

fo r  the so lv en t, 20 d ro p le ts  o f  e q u a l volume were deposited  

c o l l e c t i v e ly  in  pre-weighed g la s s  con ta in ers  produced by s e a lin g  

one end o f  th in -w a lled  g la ss  tu b in g  ( in te rn a l d iam eter 1 mm) 

and c u tt in g  approxim ately 2 mm fro m  the seeded end. Solvent 

and con ta in er were weighed on a Calm  E lectrobedance and the 

mass o f  the 20 d ro p lets  found a f t e r  subtraction o f  the con ta iner
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P la te  3a.

P la te  5b.

Top ica l ap p lic a to r  f o r  t o x ic i t y  te s ts  o f  
solven ts  upon adu lt l i c e .  (A fte r  Busvin e).

Close-up o f  to p ic a l a p p lic a to r  showing 
f in e  g la ss  tubing secu red  to  syringe 
needle w ith  A r a ld ite .
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w e igh t. A graph was constructed f o r  the s o lv e n t  p lo t t in g  mass 

o f  th e  to p ic a l ly  app lied  d rop let aga inst the number o f  m icrometer 

d iv is io n s .  Volume o f  t o p ic a l ly  app lied  s o lv e n t  was ca lcu la ted  

u s in g  th e fo llo w in g  equation.

d ensity  o f  s o lv e n t  

mass o f  d r o p le t  

volume o f  d r o p le t

A f t e r  to p ic a l a p p lica tion , trea ted  and c o n t r o l  groups o f  

l i c e  were p laced in  an uncubator a t 30°C and 75% r e la t iv e  

hu m id ity  fo r  24 hours and then examined in d iv id u a l ly  on the skin 

o f  th e  w r is t under a m icroscope. Those l i c e  w h ich  f a i l e d  to 

take b lood  from the sk in were c lassed  as dead and m o r ta lity  ra tes  

were ca lcu la ted  using these resu lts .

Complete te s t  resu lts  were analysed by com puter (CDC 7600 

com puter) using a Genstat package to  f i t  da ta  w ith  a  p ro b it  model 

(d e s ign ed  fo r  b ioassays) by using reg ress ion  c h a r a c te r is t ic s .  

P r o b i t - lo g  graph paper was used to  p lo t  dosage (m ass/louse on 

lo g a r ith m ic  a x is ) versus corresponding m o r ta l i t y  ra te  (percen t 

m o r ta l i ty  on p ro b it a x is )  f o r  the so lven t under t e s t  and the

computer analysis p rovided  in form ation to  c o n s tru c t  a reg ress ion
2

l in e  through the po in ts  to  g ive  the low est p o s s ib le  ch i value 

( i . e .  goodness o f  f i t ) .  The Genstat programme a ls o  estim ated 

the LD^q and LD^g ( i . e .  dosage causing 50% and 90% m o rta lity  

r e s p e c t iv e ly )  w ith associated  f id u c ia l  l im i t s ,  s lop e  o f  the
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r eg res s io n  lin e  w ith  standard e rro r  and chi v a lu e  with number 

o f  degrees  o f  freedom to  obta in  the P value. S ign ific a n ce  was 

taken a t  the 5% le v e l ,  which meant that d o sage -m o rta lity  data  

r e s u lt in g  in  P va lues low er than 0.05 were con s id e red  ton- 

r e l ia b le .

2

2 .3 .3 . 5. Top ica l ap p lica tion  o f  p o ten tia l in s e c t ic id e  s o lv en ts .

The 10 s e lec ted  so lven ts  (see  Table 2 )  were top ica lly-

a p p lied  in  the pure form and at fou r  d i f fe r e n t  dosage le v e ls  

(  u g/ louse) f o r  each so lven t to  g iv e  m o r ta l i t ie s  ranging from 

the lo w  percentages (20*-50%) to  almost 100%. Three r e p l ic a te  

t e s ts  were performed w ith  each chosen dose o f  s o lv e n t .  Laury l 

e th e r  and dodecanol were supplied by Reed and C am rick  Pharma^ 

c e u t ic a ls  o f Ken ilw orth , New Jersey , U.S.A. f o r  te s t in g  w h ile  

the rem aining so lven ts  were obtained from Koch— L ig h t  Labora tories  

L t d . ,  o f  Colnbrook, Bucks, U.K.

2 .3 .3 .4 .  Top ica l ap p lica tion  o f  aqueous in s e c t ic id e  so lv en t

m ixture.

The most to x ic  p o ten tia l in s e c tic id e  s o lv e n t ,  lau ry l e th e r  

(s e e  section  3. 3 . 2 . 2 . )  was thoroughly mixed w ith  d is t i l l e d  water 

in  th e  r a t io  1*9 (V/V) to  form a 10% homogenous suspension. 

T o x ic i t y  te s ts  were performed w ith the suspension as described  

(s e e  section  2 .3 .3 .2 .)  except that a 50 f i l  H am ilton  glass syr in ge
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Table 3

Dosage le v e ls  f o r  to p ic a l a p p lica tion  

o f  10% aqueous la u ry l e ther m ixture.

Number o f  m icro- Estimated volume o f

m eter d iv is io n s 10% la u ry l e th er 
mixture ( ) i l )

5 0.0416

10 0.0833

15 0.1250

I t  was not poss ib le  to  accurately  weigh d ro p le ts  

o f  th e te s t  mixture due to the rap id  e vap ora tion  

o f  the d is t i l l e d  w ater.
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(Phase S eparation  L td . ,  Queensferry, Clwyd, U .K . )  f i t t e d  w ith  

a g la ss  n eed le  was used in  the to p ic a l a p p lic a to r  t o  supply a 

la r g e r  volume range.

Three r ep lic a te  te s ts  were performed a t each  o f  the 

fo l lo w in g  dosage le v e ls  (T ab le  3 )  using the c r i t e r i a  f o r  

death as described  (s ee  s e c t io n  2 .3 «3 *2 .) a f t e r  th e  24 hour 

in cu bation  period .

2 .3 .3 .5 . Top ica l a p p lic a tio n  o f  in s e c t ic id e  (d i e ld r in )  in  

p o ten tia l in s e c t ic id e  so lven t.

U s in g  the most to x ic  and the le a s t  to x ic  p o t e n t ia l  in

s e c t ic id e  so lven ts , la u ry l e th er and 1 , 4-b u ta n e d io l resp ec tiv e 

l y  (s e e  s e c t ion  3 . 3. 2 . 2 . )  so lu tions were p repared  con ta in in g  

0.04 g  o f  d ie ld r in  per ml (S h e ll Research L t d . ,  S i11 ingboum e, 

Kent, U .K . ) and 0.004 g  o f  d ie ld r in  per ml. T o p ic a l  

a p p lic a t io n  o f  these 4 so lu t ion s  a t a constant dosage volume 

o f  0.005 p i  ( i . e .  2.5  m icrometer d iv is io n s ) g a ve  ca lcu la ted  

amounts o f  d ie ld r in  as shown in  the fo l lo w in g  t a b le .

Three rep lic a te  te s ts  were performed w ith  b o th  so lven ts  a t 

e ith e r  d ie ld r in  con cen tra tion  and m o r ta lity  r a t e s  determined as 

d esc r ib ed  (see  section  2 . 3 « 3 »2 . ) .
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T ab l« 4

Dosage le v e ls  fo r  to p ic a l app lica tion  o f  

d ie ld r in  in  p o ten tia l in s e c tic id e  s o lven ts

In s e c t ic id e Applied volume D ie ld rin  per louse D ie ld rin  p e r  lou se

so lven t per louse (a t  cone11 40mg ml-1  ) (a t  cone11 4mg ml- 1 )

la u ry l e th e r 0.005 »1 0 .2  |ig 0.02 j i g

1 ,4 -bu tan ed io l 0.005 »1 0 .2  ptg 0.02 j i g
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Table 4

Dosage le v e ls  f o r  to p ic a l a p p lica tion  o f  

d ie ld r in  in  p o ten tia l in s e c tic id e  so lven ts

In s e c t ic id e Applied volume D ie ld rin  per louse D ie ld r in  per lou se

so lven t per louse (a t  cone11 40mg ml-1 ) ( a t  cone11 4Jng ml” 1)

la u ry l e th e r 0.005 »1 0 .2  j ig 0.02 j i g

1 , 4-bu tan ed io l 0.005 h i 0 .2  pg 0.02 j i g
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2 .3 .4 « Observation o f  cu t ic u la r  p enetration  by 

p o te n t ia l in s e c t ic id e  so lven ts  using 

f lu o re s cen t dye (Rhodamine B ).

S o lu tion s  were prepared w ith  the most to x ic  p o t e n t ia l  

in s e c t ic id e  so lven ts  ( la u r y l e th e r  and dodecanol) and the 

le a s t  to x ic  p o te n t ia l in s e c t ic id e  so lven t ( 1 , 4-b u ta n e d io l ) ,  

each con ta in in g  0.5% (w/v) Rhodamine B (G .T . Gurr L t d . , London 

S.W.6. ) .  Each so lu t ion  was then used in  the t o p ic a l  ap p lica tion  

o f  th ree separate  batches o f  10 female adult l i c e ,  2 -3  days o ld  

(s ee  s e c t io n  2 . 3. 3 . 1 . )  r e s p e c t iv e ly  a t a dose ra te  o f  0 .0 11  p i 

p er  lou se . Contro l in sec ts  were se t up in  an id e n t i c a l  manner 

w ithout the presence o f  Rhodamine B in  the in s e c t ic id e  so lven ts . 

A f t e r  30 m inutes in  an incubator a t 30°C and 75% r e l a t i v e  

hum idity, th ree  l i c e  from each batch were washed in  a  stream o f  

acetone and snap-frozen in  isopentane c o o led  in  l i q u i d  n itrogen  

in  p rep a ra tion  f o r  cu tt in g  c ry o s ta t section s  as d e s c r ib ed  

(s ee  s e c t io n  2 . 1 . 1 . 1 . ) .

At 1 and 4 hours, dead l i c e  were removed from  th e  batches 

o f  l i c e  tr e a te d  w ith  la u ry l e th e r  and dodecanol r e s p e c t iv e ly ,  

as w e ll as 3 l i c e  each from the untreated and 1 , 4-b u ta n e d io l 

tre a ted  batches and c ry os ta t sections produced as a b o ve . The 

section s  o f  con tro l m a te ria l, Rhodamine B trea ted  m a te r ia l  and 

the un trea ted  m ateria l were examined using a L e i t z  D ia lu x
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microscope f i t t e d  w ith  Rhodamine f i l t e r  system (U V -b lue 

in c id e n t  illu m in a t ion , 610 nm b a rr ie r  f i l t e r )  (E .  L e i t z ,  

Luton, Beds., U .K .).  Exposure f o r  photomicrographs was set 

au tom atica lly  w ith  a W ild exposure un it coupled to  th e  

flu o rescen t m icroscope.
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3 . Resu lts.

3 . 1 . Examinat io n  o f  the structure o f  body lou se  c u t ic le .

3 .1 .1 . L igh t m icroscope (LM) examination.

3 .1 .1 .1 . Examination o f  unstained c u t ic le  s e c t io n s .

During these s tu d ies , two d is t in c t  types o f  c u t ic le  were 

id e n t i f ie d  a t various loca tion s  on the body o f  th e louse.

Smooth, s c le ro t is e d  c u t ic le  (P la te s  4 and 5) c ove red  the head, 

thorax, appendages and paraterga l p la tes  w h ils t  the abdominal 

integument was found to  be rugose and membranous (P la te  6) .

Except f o r  reg ion s o f  m od ifica tion  where the integument was 

somewhat th ick e r  such as various poin ts  on th o ra x  and legs , 

c u t ic le  th ickness was e s s e n t ia lly  uniform throughout (approxi

m ately 7 ; i )  ir re s p ec t iv e  o f  type. Tanning in  the exocu tic le  

and e p ic u t ic le  o f  s c le r i t e s  was marked by the appearance o f  a 

y e llo w  o r  brown co lou ra tion  (P la te  4 ) which occu rred  even more 

e x te n s iv e ly  in  the th ick e r  integument (P la te  5 ) • Minimal tan n in g 

was observed in  the membranous integument and was re s tr ic te d  to  

the reg ion  a t the peaks o f  ru go s it ie s  (P la te  6 ) .

Pore canals were r ea d ily  d istingu ished  as  s tr ia t io n s  in  

s c le r o t is e d  c u t ic le ,  p a r t ic u la r ly  in  areas o f  g re a te r  th ickness, 

and fo llow ed  r e la t i v e ly  d ire c t  routes between th e epidermis and 

e p ic u t ic le .  In  section s  o f  membranous c u t i c l e  however, pore 

canals appeared to  be discontinuous and much le s s  ordered than 

those described  above which suggested that th e y  fo llow ed  ra th er 

c ircu ito u s  paths through the p ro cu tic le .
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P la te  4 . Unstained c ryos ta t a ec tlon  o f  s c le r l t e  
c u t ic le  w ith  pore canals (a r ro w s ) 
appearing as continuous s t r i a t i o n s  f r o «  
epidermal la y e r  (e d ) to  e x o o u t i c l e ( e r ) . 
Note the tanning in  the e p lo u t io le  (s p ) 
and e io c u t lo le .  Trapped a i r  in  some 
pore canals has caused them t o  appear 
darkened, en, en d ocu tic le . x  2300.

P la te  5. Unstained cry os ta t s ec t ion  o f  d orsa l 
th o ra c ic  c u t ic le  showing e x te n s iv e  
tanning and numerous pore c a n a ls  
fo l lo w in g  r e la t i v e ly  d ir e c t  p a th s , 
ep, e p ic u t ic le ;  ex , e x o c u t ic le ;  en, 
en d ocu tic le . x  2300.
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P la te  6. Unstained c ryos ta t s e c t io n  o f  d orsa l abdominal 
c u t ic le  (membranous) w ith  p o re  canals (arrow s) 
fo llo w in g  in d ir e c t  routes through the en docu ticle  
(en ) re s u lt in g  in  d is c r e te  h o le s  ra th e r  than 
continuous s tr ia t io n s  ep, e p ic u t ic le j  ex, 
exo cu tic le ; ed, epiderm is. x 2500.
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3 .1 .1 .2 . Examination o f  s ta in e d  c u t ic le  s e c t io n s .

Longitud inal whole body s e c t io n s  sta in ed  w ith  the nuclear 

s ta in in g  dyes Hem atoxylin/Ph loxine were p a r t ic u la r ly  in fo rm ative , 

re v e a lin g  the lo ca t io n s  w ith in  th e  body o f  th e  important 

s tructu res (P la te  7 ) .  The head capsule and thorax o f  both 

sexes were occupied p r im ar ily  b y  musculature which was associated  

e ith e r  w ith  movement o f  mouthparts and antennae in  the case o f  

the head o r  o f  le g s  in  the case o f  the thorax. The alim entary 

canal and reproductive organs w ere  the dominant in tern a l fea tu res  

in  the abdomen, w ith  the form er becoming c on sid e rab ly  distended 

during fe ed in g  to  f u l ly  occupy th e  a n te r io r  h a l f  o f  th is  s e c t io n  

o f  the body.

An examination o f  tra n sve rs e  body se c t io n s  stained  w ith  

M a llo ry 's  t r ip le  s ta in  (P la te s  8 and 9) con firm ed these 

anatomical observations and p ro v id e d  h is tochem ica l in form ation 

on the types o f  c u t ic le  p re s en t. In  a d d ition  to  the usual 

areas o f  head, thorax, le gs  and p a ra te rg ite s ,  s c le ro t is e d  c u t ic le  

was a lso  loca ted  in  d is t in c t  s t r i p s  across abdominal segnents. 

These dorsa l and ven tra l s c l e r i t e s ,  known as t e r g i t e s  and 

s t e m ! tes  r e s p e c t iv e ly  (P la te s  8 and 9 ) » were p resent in  adu lts  

o f  both sexes but were more e x te n s iv e  in  m ales. In  P la te  10 

(p a ra te rg ite  c u t ic le ) ,  the e x o c u t ic le  and e p ic u t ic le  were d is 

tingu ished  by th e ir  c o lo u ra tion  due to  tann ing w h ils t the 

en docu tic le , traversed  by pore can a ls , remained unstained.

U n sc lero tised , membranous c u t ic le  r e a d i ly  accepted M a llo ry 's  

t r ip le  stadn which accentuated th e  lam inated ch aracter o f  the
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P la te  7. Whole body s e c t io n  o f  ( f e d )  fem ale  adult lou se 

stained w ith  Hematoxy1  in / P h lox in e . The advanced 

development o f  the eggs (o v a r io le s )  g ives  some 

in d ica tio n  o f  the m aturity o f  the in sec t.

1

2

c ib a r ia l  m uscles 

la t e r a l  pharyngea l muscle

3 antennal m uscles

4 ocu lar lobe

5 brain

6 sp ira c le

7 dorsal l a t e r a l  muscle

8 v e r t ic a l  m uscle

9 n o ta l p i t

10 sa liv a ry  g lan d s

11 stomach (m id -g u t)

12 o v a r io le

13 oviduct

14 uterus

15 accessory rep ro d u c tiv e  glands

16 pylorus

17 vagina

18 gonopod
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P la te  8. Transverse s e c t io n  through abdomen o f  
unfed female a d u lt  louse. Note the 
s c le ro t is e d  c u t i c l e  ( t ,  t e r g i t e )  and 
ova r io le s  ( o v )  a t  various stages o f  
development, a ,  s e ta ; sp, s p ira c le ;  
m, musculature ; g ,  gut. (M a llo ry 's  
t r ip le  s ta in )  x  100 .

P la te  9 . Transverse s e c t io n  through abdomen 
(a n te r io r ) o f  engorged  female lou se . 
Membranous c u t i c l e  has expanded w h ils t  
the s c le r o t is e d  c u t ic le  ( s t ,  s t e m i t e )  
remains r i g id ,  bm, blood-meal; d vm, 
dorsoventra l m u scle ; p p f p a ra te rga l 
p la te ; lm, l a t e r a l  muscle. (M a llo r y 's  
t r ip le  s ta in ) x  10 0 .
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P la te  10. S c le ro tis ed  c u t i c l e  from an unfed male 
adu lt lou se. Tan n in g  is  e v id en t in  
e p ic u t ic le  (e p ) and e x o cu tic le  (e x )  
la y e rs . The e n d o c u t ic le  i s  traversed  
by numerous pore can a ls  but remains un
sta in ed  by M a l lo r y ’ s t r ip le  s ta in , 
ed , epiderm is, x  100.

P la te  11. U n sc lerotised  c u t i c l e  from abdomen o f  an 
unfed male adu lt lo u s e .  A f t e r  s ta in in g  
w ith  M a llo ry 's  t r i p l e  s ta in ,  the e x o cu t ic le  
(e x ,  rendered o ra n ge  in  the photom icrograph) 
i s  separated from  new endocu ticle  (e n , b lu e) 
by an in term ed ia te  la y e r  con ta in in g  both 
co lou rs .
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s tru ctu re. The red s ta in in g  e x o c u t ic le  (appearing orange-red  in  

P la te  11) was separated from the b lu e— s ta in in g  en docu tic le  by 

a mauve la y e r  (m esocu tic le ) a p p aren tly  con ta in in g both colours 

and denoting an in term ediate r eg io n . E p icu ticu la r tanning, 

i f  p resen t, could not be d is t in gu ish ed  because o f  the general 

l e v e l  o f  s ta in in g  which a lso  cam ouflaged the pore can a ls .

3 .1 .2 . Transmission e le c tro n  m icroscope (TEM) exam ination.

3 .1 .2 .1 . Examination by TEM o f  c u t i c l e  section s .

C u tic le  sections showed the m u ltilam in ate  con stru ction  

c h a ra c te r is t ic  o f  arthropods in  g e n e ra l.  The sequence o f  

la ye rs  in  both types o f  c u t ic le ,  nam ely s c le r i t e  and membranous, 

was id e n t ic a l w ith  a th in  e p ic u t ic le  outermost, o v e r ly in g  a 

r e la t i v e ly  th ick e r  exo cu tic le  and e n d o cu t ic le  r e s p e c t iv e ly ,  w ith  

an epidermal la y e r  a t the base.

The e p icu t ic le

A t le a s t  fou r  la ye rs  were id e n t i f i e d  w ith in  the e p icu t ic le  

o f  s c le r i t e  and membranous c u t ic le  and the combined thickness 

o f  the la y e rs  va r ied  between 0.1 and 0 .2  ) i .  An e le c tro n -  

dense membrane w ith  an average th ick n ess  o f  30 i  la y  outermost 

and fo llo w ed  s t r i c t l y  the contours o f  the c u t ic le  su r fa ce . A 

50 X th ick  la y e r ,  the ou ter e p ic u t ic le ,  separated th e  outer

membrane from the c u ticu lin  and was com p letely  e le c tro n -lu c en t
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(P la te s  13 and 14 ) .  In  the e p ic u t io le  o f  s c le r i t e  c u t ic le ,  

the c u t ic u lin  was ra th er i l l - d e f i n e d  and, although extrem ely  

e lectron -dense a t the boundary w ith  the ou ter e p ic u t ic le ,  i t  

became le s s  so on approaching th e  un derly in g  dense homogeneous 

la y e r  (P la te  1 4 ). However, th e a verage th ickness o f  the c u t ic u lin  

in  both c u t ic le  types was es tim a ted  to  be approxim ately 100 A 

w h ils t the dense la y e r  formed th e  remainder o f  the in n er  e p ic u t ic le  

th ickn ess. D i f fe r e n t ia t io n  betw een  dense la y e r  and un derly in g 

e x o cu tic le  was more marked in  th e  membranous c u t ic le  (P la te  17) 

than in  s c le r i t e  c u t ic le  (P la t e  1 3 )»

In  some instances where the c u t ic le  surface had been r e la t i v e ly  

p ro tec ted  during embedding in  A r a ld i t e ,  e lectron -d en se  deposits 

were observed in  areas ad jacen t t o  the surface (P la te s  13 and 16) 

and were probably the remnants o f  the surface wax la y e r  o r  the 

cement la y e r  o r  both.

A s e r ie s  o f  tubules running p a r a l l e l  to  the su r fa ce  o f  the 

c u t ic le  was lo ca ted  a t the in t e r f a c e  o f  the e p ic u t ic le  and pro

c u t ic le  (P la te  17 ). In  v e r t i c a l  s ec t ion s  the tu b u la r  network 

was qu ite  d is t in c t  from the e p ic u t ic u la r  filam en ts  and appeared 

as a s in g le  row o f  e le c t ro n - lu c e n t ho les  which, in  most instances,

possessed electron-dense c ircu m fe ren ces . D iameters ranged
o

between 250 and 400 A (P la te  1 7 )»
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The exocu tic le

The exocu tic le  thickness in  s c le r i t e s  o f  ad u lts  varied  between 

1.0 and 1.4 û, be in g  composed o f  two d is t in c t  la y e rs  o f  approxi

m ately equal th ickness (P la te  1 5 )«  Both reg ion s possessed a 

granu lar appearance; however, th e  innermost was the le s s  e le c t ro n -  

dense o f  the two and was, in  f a c t ,  the le a s t e lectron -den se  o f  a l l  

c u t ic le  la yers . The ou ter r e g io n  o f  the s c le r i t e  exo cu tic le  was 

dominated by a p ro fusion  o f  e l e c t  iron-dense fila m en ts  extending in  

both h o rizon ta l and v e r t ic a l  d i r e c t io n s .  In  p a ss in g  from the 

o u te r  to the inn er e x o cu tic le , su c c es s iv e  attachment among filam en ts  

caused a n o ticeab le  reduction in  numbers u n t il o n ly  s in g le  pore 

canals remained (P la te  15)*

In the rugose, membranous c u t i c l e ,  the e x o c u t ic le  occupied a 

ra th e r  ir re g u la r  volume bounded l o o s e l y  by the e p ic u t ic le  and the 

base o f  each ru go s ity  (P la te  1 8 ).  As with the s c l e r i t e  e x o cu t ic le , 

maximum thickness o f  the la y e r  a ve ra ged  1.0 to  1 .4  p  and was a lso  

d iv id ed  in to  two d i f fe r e n t  r e g io n s  (P la te  17)» Both regions 

contained u n id ire c tio n a l, c lo s e ly —packed m a c ro fib r ils  arranged 

p a r a l le l  to  the lo n g itu d in a l a x is  o f  each ru go s ity  o r  corru gation . 

M a c ro fib r ils  in  the ou ter reg ion  (a v e ra ge  th ickness 0 .5  } i )  were o f  

meditan e le ctro n -d en s ity  and c l e a r l y  defined  by more dense ou tlin es  

which aided the measurement o f  m a c r o f ib r i l  d iam eters (250 -  300 2 ) .  

Th is  la y e r  fo llow ed  c lo s e ly  the con tou rs  o f  the c u t ic le  surface 

w h ils t the underlying inner e x o c u t ic le  occupied th e  remaining 

space above the ou ter e n d o cu t ic le . M a c ro fib r ils  in  the inner 

exo cu tic le  were somewhat la r g e r  i n  d iam eter ( i . e .  400 -  1000 2 ) 

and le s s  densely packed than th o se  described  above (P la te  17)»
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The en docu ticle

In  s c le r i t e  c u t ió le ,  the e n d o c u t ic le  (3*0 -  4*5 M th ick ) 

possessed a reasonably homogeneous granulen: appearance but d id  not 

e x h ib it  the lam ella te  structu re commonly encountered in  arthropod 

c u t ic le  (P la te s  15 and 19 ). In d iv id u a l c h it in  c r y s t a l l i t e s  were 

not reso lved  in  the m icrographs, bu t the uniform appearance o f  the 

en docu tic le  was con sis ten t w ith  th a t  o f  u n id ir e c t io n a lly  o r ien ted  

c r y s t a l l i t e s  frequ en tly  observed in  th e  endocu ticle  la y e r  o f  

many o th e r  arthropods.

The endocu ticle  o f  membranous c u t ic le  however, con sisted  o f  

a w e ll-d e fin ed  lam e lla te  s tructu re (P la t e s  16, 17 and 18) formed 

by the h e lic o id a l arrangement o f  250-1000  % diam eter m a c ro fib r ils . 

Outer lam ellae  were g en era lly  much w id e r  than those more recen t ly  

deposited  but a l l  were composed o f  r e la t i v e l y  few  m a c ro fib r il  la y e rs  

which suggested that the angles be tw een  successive m a c ro fib r il  

planes were la rge . D eposition  by th e  underlying epiderm al la y e r  

o ften  resu lted  in  the lam ellae  b e in g  thrown in to  q u ite  convoluted 

patterns (P la te s  17 and 18) but th e  b a s ic  h e l ic o id a l arrangement 

was s t i l l  preserved. The fu s ion  o f  s c le r i t e  ( t e r g i t e )  w ith 

membranous cu t ic le  shown in  P la te  18 i l lu s tr a te d  the gradual tr a n s i

t io n  from the u n id ir e c t io n a lly  o r ie n te d  c h it in  c r y s t a l l i t e s  in  the 

form er to  the m a c ro fib r ils  w ith  h e l i c o id a l  arrangement in  the la t t e r .  

E ndocuticle structure in  membranous c u t ic le  was a ls o  noted to 

be le s s  close ly-packed  than in  s c l e r i t e  c u t ió le .



The epiderm is

The epiderm is un derly in g both s c l e r i t e  and membraneous c u tio le  

con sisted  o f  a s in g le  la y e r  o f  ep iderm a l c e l l s  and was l im ite d  

b as a l ly  by the basement lam e lla . D im ensions o f  the epiderm al 

la y e r  were dependent upon developm ental s ta te  and the lo c a t io n  on 

the louse body such as a  smooth la y e r  un der s c le r i t e  c u t ic le  or 

a rugose la y e r  under membranous c u t i c l e ;  but the average th ickness 

la y  between 0 .5  and 3.0 f i  (P la te s  15* 16» 18 and 19 )» In  

s c le r i t e  integument the a p ica l c e l lu la r  su rface o f  the ep iderm is 

appeared to  be separated from the p r o c u t ic le  by a g ran u lar la y e r  

and a plasma membrane re s p e c t iv e ly  ( P l a t e  19) though th is  was not 

so r ea d ily  apparent in  membranous in tegum ent because o f  i t s  con

volu ted  nature (P la te  1 8 ). Each ep id e rm a l c e l l  con tained  a la rge  

nucleus w ith  a prominent nucleolus w h i ls t  the rem aining cytoplasm 

consisted  p r im a r ily  o f  densely-packed f r e e  ribosomes and rough 

and smooth endoplasmic reticu lum  in  a d d it io n  to  numerous m ito

chondria (P la te s  15* 18 and 19 ). Desmosomes were observed  forming 

the la t e r a l  attachments between a d ja c e n t c e l ls  as w e ll as 

hemidesmosomes perform ing a s im ila r  fu n c t io n  between c e l l s  and the 

basement la m e lla  (P la te  19 ).

The pore canal system

Pore cana l8 w ith diameters from 0 .1  to  0.2 f i  were observed 

tra v e rs in g  the c u t ic le  from the a p ic a l  epiderm al su rface to  the 

inner e x o cu tic le  (P la te s  15* 18 and 1 9 ) .  E a r l ie r  observa tion s  which 

ind icated  th a t the paths o f  the pore c a n a ls  through s c le r i t e
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en lo cu t ic le  were more d ire c t  in  com parison  to  those through 

membranous en docu ticle  (see  sec t ion  3*1 * 1 « )  were confirmed 

c on c lu s ive ly  a t the u ltras tru c tu ra l l e v e l  (P la te s  15 and 18 ).

In  both types o f  integument the h a l f  o f  the pore canals pro

ximal to  the epiderm is appeared as e le c t ro n - lu c e n t  s tru ctu res  

bounded by a cytoplasm ic membrane ap p ro x im a te ly  100 X th ick  and 

con ta in in g one o r  more filam en ts o f  a b o u t 200 A diam eter (P la te s  

15, 18 and 1 9 ). I t  was noted th a t th e  filam en ts  entered  the 

epidermal la y e r  (P la te  19) and th is  was p a r t ic u la r ly  e v id en t in  

integument from Immature adu lts (P la t e  1 6 ).  I t  could n o t be 

ascerta ined  whether or not they a c t u a l ly  entered  the epiderm al 

c e l l s .

The d is ta l  h a lf  o f  the pore c a n a ls  showed heavy s ta in in g  by 

osmium te tr o x id e ,  includ ing both the c y top lasm ic  membrane and the 

in tern a l con tents (P la tes  15 and 1 8 ). Some minor branching was 

observed in  the ou ter endocu ticle  bu t m ost occurred in  the 

exo cu tic le  and w ith  such frequency th a t  the system in  th is  la y e r  

was more filam entous than c a n a l- lik e  (P la t e s  15» 17 and 1 8 ). The 

exo cu tic le  o f  s c le r it e s  contained s i g n i f i c a n t l y  g rea te r  numbers 

o f  filam en ts than that o f  membranous c u t i c l e  (P la te s  15 and 17) 

and th is  d is p a r ity  a lso ex is ted  in  th e  e p icu t ic u la r  la y e rs  o f  

both type8 o f  c u t ic le .  Below the l a y e r  con ta in in g the tubular 

network, the filam en ts fo llow ed  both v e r t i c a l  and la t e r a l  routes 

through the ex o cu tic le ; however, a l l  th e  e p icu t ic u la r  filam en ts  

above the tubu lar network traversed  th e  e p ic u t ic le  normal to  the 

surface (P la te s  14 and 17 ). Each e p ic u t ic u la r  filam en t was



P la te

P la te

12 . P ara terga l p la te  (pn ) on abdomen o f  fem ale adult

c S t lc l i  i i t h ^  hld )  8h° w ln «  A c t i o n  o f  e c le r i t e  c u t ic le  w ith  membranous c u t ic le  i ~ , v  . . .  .
lo ca t io n  o f  c u t ic le  in  P la t e  13 . x  350. C& 68

? í í i 0 l e  f r 0 ® a 5®a  Bhown in  p l » t e  1 2 .Deposits (d )  o f  wax and/or cement la y e r  are 
seen in  a s ta te  o f  gradua l removal ad jacent to  
the c u t ic le  su rface. eP , e p ic u t ic le ,  ex? 
e x o cu tic le . x 32000.
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P la te  14.

P la te  15.

S c le r it e  c u t ic le  from abdomen o f  male adult 
lou se (2 -3  days o ld ) .  E p ic u t ic u la r  filam en ts 
( e f )  can be seen connected w i t h  the surface 
v ia  pores, om, ou ter membrane; oe , ou ter 
e p ic u t ic le ;  c , cu ticu lin ; d l ,  dense la y e r ; ex , 
e x o cu t ic le . x 126000.

S c le r i t e  c u t ic le  from abdomen o f  female adu lt 
lou se (2 -3  days o ld ) .  The homogeneous granu lar 
en docu tic le  (en ) appears to  b e  non lam e lla te  and 
is  traversed  by pore canals ( p c )  passing d i r e c t ly  
through the m atrix, oex, o u t e r  e x o cu tic le ; ie x ,  
inn er e x o cu tic le ; en, e n d o c u t ic le ;  apm, a p ica l 
plasma membrane; ed, ep id e rm is ; n, nucleus; bm, 
basement la m e lla . x 10800.
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P la te  16.

P la te  17.

Membranous c u t ic le  from the abdomen o f  post- 
e cd y s ia l female ad u lt. The e x o c u t ic le  is  
la rg e  in  comparison w ith  the e n d o c u t ic le  
(composed o f  on ly  3 la m e lla e ) .  P o re  canals 
appear to  penetrate  the e p id e rm is , ep, 
e p ic u t ic le ;  ex, e x o cu t ic le ; e n , en d ocu t ic le ; 
ed, ep iderm is; bm, basement la m e l la ;  m, 
muscle. x 1500.

Membranous c u t ic le  from abdomen o f  female 
adu lt (2 -3  days). The tu bu la r netw ork  is  
v is ib le  u n derly in g  the e p ic u t ic le  and the 
m a c ro fib r i l la r  nature o f  the e x o c u t ic le /  
en d ocu tic le  la ye rs  i s  a lso  e v id e n t ,  ep, 
e p ic u t ic le ;  tn , tubu lar netw ork; o e ,  ou ter 
e x o cu t ic le ; i  e inner e x o c u t ic le ;  en, 
en d ocu t ic le ; pc, pore canal. x  23000.
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P la te  18.

P la te  19.

Junction o f  sclerite/membranous c u t i c l e  on abdomen 
o f  male adult louse (2 -3  days) sh o w in g  fusion  o f  
h e lic o id a l m a cro fib r ils  in  membranous endocuticle 
w ith  u n id irec tion a l m ic r o f ib r ils  i n  s c le r i t e  
endocu tic le . oe , ou ter e x o c u t ic le ;  i  e inner 
e x o cu t ic le ; pc, pore canal; en, e n d o c u t ic le ;  
ed, epiderm is; bm, basement la m e lla .  x 8400.

S c le r it e  abdominal integument from  fem a le  adult 
louse (2 -3  days) showing c u t ic le  d e p o s it io n  zone 
ad jacent to ap ica l plasma membrane o f  epiderm is, 
pc, pore canal; apm, ap ica l plasma membrane; f r ,  
fr e e  ribosomes (and rough/smooth E PR ) ; c j ,  c e l l  
ju n ction ; bm, basement lam ella ; m, m itochondrion; 
hd, hemidesmosome. x 42000.
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about 100 2  in  d iam eter -and lin k ed  w ith  the surface o f  the

c u t ic le  v i a  a small depression  o r  pore which was approxim ately 
o

100 A a t i t s  base (P la te  1 4 ).

5 .1 .2 .2 .  Platinum/Carbon (P t/C ) r e p lic a t io n  o f  cu ticu la r

su rfa ce  and cross sec t ion .

The c u t ic u la r  su rface was found to  have a coverin g  o f  f a i r l y  

e v en ly  spaced sm all mounds, each approxim ately 0 .1 |i in  d iam eter  

a t  the base (P la t e  2 0 ). On membranous c u t ic le ,  the mounds 

occurred  a t  the r a te  o f  80-90 per square micron which was c o n s is te n t  

w ith  the occurrence o f  the ep icu t ic u la r  filam en ts in  the c o r r e s 

ponding TEM s e c t io n s  ( i . e .  8-10 e p icu t ic u la r  filam en ts per m ic ro n ).

A s im ila r  s itu a t io n  was observed fo r  s c le r i t e  c u t ic le  excep t th e  

mounds were found to  be approxim ately three times as numerous 

which r e s u lt ed  in  a  more uniform  appearance. That the mounds 

were p a rt o f  the su rfa ce  wax bloom was demonstrated by the f a c t  

th a t whole s e c t io n s  o f  the la y e r  were str ipped  from the c u t ic u la r  

su rfa ce  d u rin g  f r e e z e - f r a c tu r in g  (P la te  21) .

Exam ination o f  ob liqu e cross sections o f  membranous integum ent 

(P la t e  21) con firm ed that the m a c ro fib r ils  o f  the e x o cu tic le  were 

o r ie n te d  u n id ir e c t io n a l ly  a long the len gth  o f  the r u g o s it ie s .  In  

the u n der ly in g  en d ocu t ic le , the m a c ro fib r ils  appeared to  form  a 

la m e lla te  s tru c tu re  which was con sis ten t w ith  the ob serva tion s  

made d u rin g  the TEM stu d ies  (s ee  s e c t ion  3 .1 .1 .1 . ) .  The an gu la r  

d if fe r e n c e  in  o r ie n ta t io n  between two successive la ye rs  o f  m a c ro fib r i l
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P la te  20. Surface r ep lic a  o f  membranous abdominal c u t ic le  
from female adult louse ( 2 -3  days) demon
s tra t in g  the wax bloom formed by extruded c u t i -  
cu la r  wax. x 22000.

P la te  21. R ep lica  o f  surface and oblique cross section  
o f  membranous c u t ic le  from male adult lou se. 
C u ticu lar wax has been stripped  away in  sheets 
to  revea l a smooth su rfa ce . Pore canals appear 
as ho les (arrows) throughout the endocu ticle . 
c s , c u t ic le  su rface; ex, exo cu tic le ; en, endo
c u t ic le .  x  4000.
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P la te  22. R e p lic a  o f  an ob liqu e cross  section  through endo- 
c u t ic le  o f  membranous c u t ic le  from female adult 
lou se  (2 -3  days). Two adjacent p lanes o f  
m a c ro fib r i ls  can be seen (arrows) separated by 
app rox im ate ly  45 . x  40 000.

P la te  23. R e p lic a  o f  ob liqu e cross  section  through endo- 
cu tic le / ep id e rm is  reg ion  o f  membranous c u t ic le  
from  fem ale  adult lou se (2 -3  days). C ircu lar 
h o le s  in d ic a te  pore canals fo llo w in g  v e r t ic a l  
rou tes  w h ile  e lon gated  ho les  o r  channels resu lt 
from  can a ls  fo llo w in g  la t e r a l  rou tes, en, 
e n d o c u t ic le ;  ed, ep iderm is, x 10  000.
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planes in  the en d ocu tic le  was about 45 ° (P la te  22 ). Many pore 

cana ls* p a r t ic u la r ly  in  the ou ter h a l f  o f  the en d ocu t ic le , were 

out o b liq u e ly  during the fra c tu r in g  procedure and produced 

e lon ga ted  holes (P la te  21) w h ils t th ose  produced by pore canals 

in  the endocu ticle  ad jacen t to  the ep iderm is were ir re g u la r  

(P la t e  2 3 ).

3 .1 .3 » Scanning e le c tro n  m icroscope (SEM) exam ination.

3 .1 .3 .1  • Morphology and surface topography o f  the adu lt louse.

The an te r io r  ex trem ity  o f  the head was formed by a 

membranous protuberance (haustellum ) surrounding the mouth opening 

(P la t e  26) through which the in tern a l mouthpartp were re trac ted  

when n o t feed in g. Two la rg e  areas o f  s c le r i t e  integument 

(c lypeuB  and ocu lar-an tennal segn en t) separated by a rth rod ia l 

Integument (c lyp e o fro n ta l su ture) com p lete ly  covered the dorsal 

su r fa ce  o f  the head and were extended ven t r a i l  y  to  some degree 

(P la t e  2 6 ). A s in g le ,  w e ll-d eve lo p ed  eye was lo ca ted  on the ocu lar 

lob e  p o s te r io r  to  each antenna (P la t e  26) which, in  turn contained 

f i v e  segnents. P eg  organs o r  s e n s i l la  basicon ica  (Torre-Buneo,

1962)  were observed on the ex trem ity  o f  the f i f t h  segnent o f  each 

antenna w h ils t tu f t  organs o r  s e n s i l la  coe locon ica  (Torre-Buneo, 1962) 

were r e s t r ic t e d  to  th e fou rth  and f i f t h  segments (P la te  2 6 ). T a c t ile  

h a irs  were observed on each antennal segment (P la te  26) and in  

f a c t ,  occurred e x te n s iv e ly  on o th e r  p a r ts  o f  the body.
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The d o rsa l surface o f  the thorax d isp layed  on ly  s l ig h t  

segn en ta tion  as a r e s u lt  o f  the fu s io n  o f  the p le u r it e s  or 

subcoxae (P la te s  24 and 27) • W h ilst th e metathorax had almost 

e n t ir e ly  d isappeared , the no turn was reduced to  a narrow, 

membranous axiaj s t r ip  encompassing th e  n o ta l p i t .  The one p a ir  

o f  s p ir a c le s  present on the thorax were loca ted  on the mesothoracic 

subcoxae and were t o t a l l y  is o la te d  by s c le r o t is e d  c u t ic le  (P la te s  

25 and 2 7 ).  V e n tra lly , the thorax con s is ted  e s s e n t ia l ly  o f  an 

en la rged , s c le r o t is e d  s te rn a l p la te  which showed no apparent 

s egn en ta tio n . Legs were h igh ly  m od ified  c ra b - lik e  structu res 

e s p e c ia l ly  adapted f o r  c la s p in g  h a irs  and f ib r e s  e t c .  Each 

l e g  possessed  a t ib ia  w ith  extended thumb coupled to  a s in g le -  

jo in te d  ta rsu s bearin g  a ta r s a l claw  (P la t e  25 ).

Some reduction  in  abdominal eegnen ts was observed a t the 

a n te r io r  and p o s te r io r  ends o f  the a d u lt louse which resu lted  in  

o n ly  7 segnents being r e a d i ly  apparent (p la te  24 )« The membranous 

integument which covered  most o f  the abdomen was o f  a rugose nature 

and e x is t e d  in  two forms (P la te s  27» 28 and 29 )« One type 

(P la te  28) con sisted  o f  lo n g  corru ga t ion s  w h ilst the oth er (P la te  

29) seemed to  be m erely an atten uated  v e rs io n  o f  the f i r s t  and 

e x h ib ited  a  'q u ilte d *  appearance. S c le r i t e  c u t ic le  on the 

abdomen was r e s tr ic te d  to  a s e r ie s  o f  p la te s  (p a ra te rg a l p la te s ) a t 

the l a t e r a l  margins o f  each o f  the f i r s t  6 segments (P la te s  24 

and 25 )  as w e ll as much sm a ller  s t r ip s  on the dorsa l and ven tra l 

su rfa ces  o f  each segnent. Each p a ra te rg a l p la te  bore a s in g le
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P la te  24. Female adult lo u se , 2-3 days o ld . On the abdomen 
two se r ie s  o f  p i t s ,  p a r a l le l  to  the paraterga l 
p la te s ,  can be seen . Some areas con ta in ing 
serra ted  r u g o s it ie s  a re  ind icated  by arrows, th , 
thorax; n, no turn; np, n o ta l p i t ;  ab, abdomen 
(segm ented); p , p i t s ;  pp, paratergal p la te ,  x  35.

Female adult loume, 2-3 days o ld . an, antenna; 
ps/mss/mts, prothoracic/m esothoracic/m etathoracio 
subooxae; o , coxa; c l ,  claw ; ta , tarsus; t i ,  t ib ia ;  
sp , sp ira c le , x  35 .

P la te  25.
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P la te  26.

P la te  27.

C lose-up o f  fem ale a d u lt  louse (P la te  24) .  The 
mouthparts have been re t ra c te d  in to  the head, 
h, haustellum ; 1 , labrum; c , c lypeus, cs , c lyp eo- 
f r o n ta l  suture; th f t a c t i l e  h a ir ; sb, sensillum  
b a s icon ica ; sc , s en s illu m  coe locon ica ; as, 
antennal segment; e ,  e y e ; o l ,  ocu la r lo b e , x 100 .

Thorax o f  male adu lt lou se  (2 -3  days) showing 
c lo s e  fu s ion  o f  the th re e  segnents. The n o ta l 
p i t  i s  surrounded by membranous c u t ic le  o f  the 
noturn, i t s e l f  alm ost e n t ir e ly  surrounded by 
s c l e r i t e  c u t ic le ,  n , notum; np, n o ta l p i t ;  sp, 
s p ir a c le ;  ap, abdominal p i t s ,  x 10 0 .
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P la te  28. Membranous abdom inal c u t ic le  from  male adu lt louse 
(2 -3  d a y s ). D is t in c t  patches occur in  which rugo
s i t i e s  possess s e rra tio n s  on th e ir  p o s te r io r  edges 
and are found on th e dorsal and ven tra l surfaces 
o f  each se&nent. x  600.

P la te  29. Membranous abdom inal c u t ic le  from  female adu lt 
lou se ( 2 -3  days) showing in d iv id u a l p its  which 
form the s e r ie s  found on dorsal and ven tra l 
su rfa ces o f  both  sexes , x  630.
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P la te  30.

P la te  31.

Membranous c u t ic le  from abdomen o f  male adult lou se, 
2-3 days o ld .  The surface wax la y e r  has been s e v e r e ly  
d isru p ted  as a resu lt o f  the SEM preparation  procedure 
and the wax bloom is  not e v id en t, x 3500.

S c le r it e  c u t ic le  from thorax o f  female adu lt louse 
( 2 -3  d ays) showing the d is tr ib u t io n  o f  the surface 
wax which has occurred as a re s u lt  o f  preparation 
f o r  S01 exam ination , x 2000.
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P la te  32. Membranous c u t ic le  from abdomen o f  male adu lt 
lo u s e ,  2-3 days o ld .  Surface wax has been 
d is s o lv e d  during the SEM preparation procedure 
and d eposited  a t a l a t e r  stage as an ir re g u la r  
f i lm ,  x 60 000.

P la te  33. S c l e r i t e  c u t ic le  from thorax o f  female adu lt lo u se  
(2 -3  days) on which surface pores (arrow s) can be 
seen through the ir r e g u la r  wax f i lm ,  x 60 000.
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P la te  34. S c le r i t e  c u t ic le  from  para terga l p la te  o f  fem a le  
a d u lt  lou se, 2-3 days o ld . The surface wax 
la y e r  has been com p letely  d isso lved  and removed 
d u r in g  preparation f o r  SIM examination r e v e a l in g  
th e  surface pores, x 50 000.
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s p ira c le  (P la te  25) d isp la y in g  the d is t in c t iv e  mushroom shape 

c h a r a c te r is t ic  o f  P ed icu lu s. Dorsal and v e n tra l segments o f 

the abdomen possessed two elongated  reg ions where the p o s te r io r  

edges o f  the ru go s it ie s  were serra ted  (P la te  28) and p its  

(P la te  29 ) were a lso  observed along the ou ter boundaries o f  the 

segnents towards the pa ra terga l p la te s  forming tw o  continuous 

s e r ie s  on both abdominal surfaces (P la te s  24, 25 and 27).

The cu ticu la r  wax la y e r  on both membranous (P la te s  50 and 

52) and s c le r i t e  (P la te s  51 and 55) integument experien ced  

severe d is ru p tio n  during the SEM preparation p rocedure desp ite  

i n i t i a l  osmium f ix a t io n .  Unlike the regu lar appearance 

e x h ib ited  by the extruded wax mounds in  platinum/carbon rep lic a s  

(P la te  2 0 ),  the c u ticu la r  wax was spread over th e  surfaces as an 

even f i lm  (P la te s  51, 52 and 53) as a resu lt o f  d is s o lu t io n  

during c r i t i c a l  po in t d ry ing. On c lose  exam ination  o f  s c le r i t e  

su r fa ce s , there appeared to be ep icu ticu la r  p o re s  concealed 

beneath the dispersed wax f i lm  (P la te  53) and w ere  more c le a r ly  

seen in  areas where the wax had been com pletely removed (P la te  54 ).

5 .1 .5 .2 . Examination o f  c u t ic le  cross s e c t io n .

U n f i x e d  c r y o s t a t  s e c t i o n s  e x a m in e d  b y  t h e  SEM a f t e r  c r i t i c a l  

p o in t  d r y i n g  show ed s e v e r e  s t r u c t u r a l  a l t e r a t i o n  t h r o u g h o u t  t h e  

w h o le  a r e a  o f  c r o s s  s e c t i o n  ( P l a t e  5 5 )  and  was p r o b a b l y  c a u s e d  b y  

d e h y d r a t io n  im m e d ia t e ly  a f t e r  s e c t i o n in g .  C o n s e q u e n t ly ,  th e
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camples prepared in  th is  manner proved u n sa tis fa c to ry  f o r  use in  

the study o f  cu ticu la r  u ltra s tru c tu re . Although p r i o r  f ix a t io n  

o f  c u t ic le  samples su ccess fu lly  preserved basic s t ru c tu ra l 

in t e g r i t y ,  i t  was found th a t deform ation occurred d u r in g  

s e c t io n in g  (P la te  36)  and these specimens were a lso  u n su itab le  

f o r  fu r th e r  study.

I t  was p oss ib le  however, to  examine cross s e c t io n a l formations 

u sing  whole l i c e  which were simply to m  apart a f t e r  p r i o r  osmium 

te tr o x id e  f ix a t io n  and c r i t i c a l  p o in t d ry ing . The fr a c tu re  

su rface produced in  th is  way ind ica ted  that the s c l e r i t e  c u tic le  

fa i lu r e  occurred in  a b r i t t l e  manner (P la te s  37 and 3 8 ).  Pore 

canals were rea d ily  d istingu ished  throughout the s c l e r i t e  c u tic le  

cross  s e c t io n  and structu res con sisten t w ith  those o f  pore canal 

fila m en ts  were observed w ith in  them (P la te  38) • In  con tra s t 

w ith  th e r esu lts  from the TEM stud ies (see  section  3 »1 . 2 .1 . ) ,  the 

fra c tu re  su rfaces o f  s c le r i t e  c u t ic le  provided  e v id e n ce  that i t  

d id , in  f a c t ,  possess a la yered  structure which showed signs o f  

b e in g  composed o f  f i b r i l s  (P la te  37).

Membranous c u t ic le  fra ctu red  in  an e n t ir e ly  d i f f e r e n t  fashion. 

The o u te r  la y e rs  (e p ic u t ic le  and e x o cu t ic le ) fa i l e d  i n  a b r i t t l e  

manner w h ils t  the underly ing endocu ticle , composed o f  m a c ro fib r ils , 

gave some in d ica tio n  o f  p la s t ic  deform ation (P la te  3 9 ) d esp ite  

the harden ing e f fe c ts  o f  the osmium f ix a t io n . F ra c tu re  surfaces 

through e p ic u t ic le  and exo cu tic le  layers  o f  membranous cu t ic le  

(P la te  39) and a l l  la ye rs  o f  s c le r i t e  c u t ic le  (P la t e  38) were
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P la te  35-

P la t e  36.

C ryostat s e c t ion  o f  un fixed  s c le r i t e  w h ich  was then 
c r i t i c a l  po in t d r ied . Severe s t ru c tu ra l deform ation 
is  e v id en t throughout the area o f  c ro s s  s e c t io n  
probably due to  un controlled  d eh ydra tion  p r io r  to  
c r i t i c a l  p o in t d ry ing , x 10  000.

C ryostat s e c t ion  o f  f ix e d  (osmium t e t r o x id e )  mem
branous c u t ic le  which was then c r i t i c a l  p o in t d ried . 
S tructu ra l deform ation has been caused d u rin g  
sec t ion in g  by the microtome b lade, x 8000.





P la t e  37.
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Fracture surface o f  s c le r i t e  c u t ic le  produced 
by te a r in g  c u t ic le  p rev iou sly  f ix e d  and 
c r i t i c a l  po in t d r ied . The e n d o c u t ic le  has a 
d is t in c t  lam ella te  appearance and th e r e  is  
some in d ica tio n  that i t  i s  fib ro u s  ( a r ro w ). 
x 15  000.

Fracture surface o f  s c le r i t e  c u t ic le  prepared 
as in  P la te  37. Pore canals and t h e i r  f i la r -  
ments are v is ib le  and fo llo w  r e l a t i v e l y  d ire c t  
routes through the endocu tic le . x 20 000.

P la t e  38.
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P la t e  39.

P la te  40.

Cross s e c t ion  o f  membranous c u t ic le  p repared  as in  
P la te  37. The m a c ro fib r il la r  structure o f  the 
endocu ticle  con trasts  w ith  the c lo s e ly -p a ck ed  
exo cu tic le  and e p ic u t ic le .  ep, e p ic u t ic le ;  e x ,  
e x o cu tic le ; en, endocu tic le . x 10 000.

Cross s e c t ion  o f  membranous c u t ic le  prepared  as 
in  P la te  37. The s e r ie s  o f  holes p a ra l le l  t o  
surface and un derly in g the e p icu t ic le  corresp< 
to  the tubu lar network seen in  TEM s tu d ies , 
s tr ia t io n s  o r  channels above the tubular ne tvc  
correspond to  e p icu ticu la r  filam en ts , x 30 000.
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qu ite  s im ila r  in  appearance and th is  was con sis ten t w ith  the 

c lo s e ly — packed structu re o f  the m a te ria l in vo lved . The 

in d iv id u a l m a cro fib r ils  com prising the en docu ticle  o f  

membranous integument were d is ce rn ib le  (P la te s  39 and 40)  and 

th e ir  dimensions (400 -  1000 2 ) coin cid ed  w ith  those estim ated  

from th e  TEM examination (see  sec t ion  3 .1 .2 .1 . ) .  As observed 

during th e  platinum/carbon r e p lic a t io n  stud ies (s e e  s e c t io n

3 . 1 . 2 . 2 . ) ,  the numbers o f  m a c ro fib r il la ye rs  between each  lam ella  

was r e l a t i v e l y  small as a  r esu lt o f  successive la y e r s  tw is t in g  

approxim ate ly  45°  from the next to  form a h e l ic o id a l arrangement 

(P la t e  3 9 ). The tubules loca ted  by TEM (see  s e c t io n  3 .1 .2 .1 .)  

a t the in te r fa c e  o f  e p ic u t ic le  and p ro cu tic le  were a ls o  

observed  during the SEM examination o f  s c le r i t e  and membranous 

integum ent and appeared as a s e r ie s  o f  ho les  form in g  a  l in e  

p a r a l l e l  to  the cu t ic u la r  surface (P la te  40 ). N arrow  canals 

were observed  tra v e rs in g  the e p ic u t ic le  p rep en d icu la r ly  to  the 

su r fa ce  (P la te  40) and corresponded to  the e p ic u t ic u la r  filam en ts 

noted p re v io u s ly  (see  s e c t ion  3«1. 2 . 1 . ) .

3 .1 .3 .3 -  So lven t e f fe c t s  on the cu ticu la r  wax l a y e r .

C u t ic le  which was subjected to  acetone washing p r i o r  to 

p rep a ra tio n  fo r  SEM exam ination exh ib ited  an e x te n s iv e  lo ss  o f  

c u t ic u la r  wax mounds from  the surface (P la te  41) when compared 

to  th e  appearance o f  the untreated c u ticu la r  su r fa ce  (platinum/ 

carbon r e p lic a t io n  -  see section  3 *1 .2 .2 . ).  D esp ite  the 

rem oval o f  many wax mounds, the e p icu ticu la r  pores rem ained
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P la te  41 • The structure o f  s c le r i t e  c u t ic le  which was acetone- 
washed (10  m inutes) p r io r  to f ix a t io n  (OSO4 )  and 
c r i t i c a l  p o in t d ry ing. E p icu ticu lar p ores  a re  
concealed by wax mounds and a w eb-like  f i lm  o f  wax 
depos its , x 50 000.

P la te  42. Surface o f  s c le r i t e  c u t ic le  which was hexane-washed 
(10  minutes) p r io r  to  f ix a t io n  (OSO4) and c r i t i c a l  
p o in t d ry ing. Wax mounds have been removed and 
ep icu ticu la r  pores (arrows) are v is ib le  th rou gh  the 
remaining d eb r is , x  50 000.
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P la te  43. £ £ 0.  o f  hexane-eaehed e c l . r l t .  c u t ic le  ae iu
® P icu t icu Ia r  pores o r  depressions 

have been revea led  by the complete removal of* 
c u t ic u la r  wax by the s o lv en t, x ó T S S Í
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con cea led  by a w eb -lik e  wax film  deposited  on the surface 

(P la t e  4 1 ).

Hexane acted much more e f f i c i e n t l y  in  d is s o lv in g  and 

rem oving cu ticu la r  wax (P la te s  42 and 43) so that on ly 

in so lu b le  debris remained a f t e r  washing fo r  10 minutes (P la te  4 2 ).

In  areas o f complete wax removal, surface pores o r  depressions 
o

approxim ately  100 A in  diameter were c le a r ly  seen (P la te  43) 

which corresponded both  in  appearance and num erica lly  with the 

e p ic u t ic u la r  s tru ctu res  observed p rev iou s ly  in  TEM studies (see  

s e c t io n  3 -1 .2 .1 . ).

3*1•3*4« E ffe c ts  o f  a lk a l i  treatm ent on the surface.

Although some c u t ic u la r  wax had undoubtedly been removed 

from the su rface, the g rea te r  percentage had c o lle c te d  togeth er 

in  la r g e  mounds (P la t e  44) which were su b s tan t ia lly  la r g e r  than 

those noted e a r l i e r  (s e e  section  3 *1 .2 .2 . ) .  Removal o f  wax 

du rin g  a lk a l i  treatm ent was brought about by sap on ifica t ion , but 

an a n a lys is  o f  the c u t ic u la r  wax revea led  that i t  was composed 

o f  o v e r  7996 hydrocarbons which do not respond to  such action  

(s e e  s e c t io n  3 *2 .3 *2 .).

Although the ch it in ou s  structure o f  the c u t ic le  was un

a f fe c t e d  by the s tro n g  a lk a l i ,  the epidermal la y e r  was com pletely  

removed by d iges tio n  and the basal openings o f  the pore canals 

were rev ea led  (P la te  4 5 ).
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P la to  44. Outer s u r f  ice o f  s o le  r i t e  c u t ió le  on which the 
unsapon ified  cu t ic u la r  wax has c o lle c te d  in to  
la rg e  mounds a f t e r  treatm ent w ith  a lk a l i  (KOH). 
The e le c tro n  micrograph a ls o  shows the surface* 
duct o f  a dermal gland, x 3500.

P la te  45. Inn er en d ocu t ic le  surface o f  membranous c u t ic le  
a f t e r  a lk a l i  (KOH) treatm ent during which the 
epiderm al la y e r  was d ige s ted . Large basal 
openings to  pore canals are v is ib le  throughout 
the e n t ir e  su r fa ce , x 5000.
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5 .2 .1 . Comparison o f  p o te n t ia l e x tra c tio n  so lven ts .

3 .2 .1 .1 . T r ia l  th in - la y e r  chromatography (TLC) separations.

V is u a lis a t io n  w ith  io d in e  vapour o f  the TLC separations o f  

the s o lv en t cu ticu ls ir  e x tr a c ts  produced p o s it iv e  resu lts  f o r  the 

hexane e x tr a c t  o n ly . These appeared as two fa in t  spots near 

the s o lv e n t  fro n t . A f t e r  sulphuric ac id  and heat treatm ent, the 

two spots  became more in ten se  and two more spots ( fa in t e r )  

appeared a t d istances c lo s e r  to  the o r ig in .  Observation o f  the 

p la te  tinder UV r a d ia t io n  revea led  corresponding but much fa in te r  

spots produced by the benzene and chloro form  ex trac ts  wh ile the 

dimethoxymethane e x t r a c t  produced fa in t  spots a t and near the 

o r ig in  which were t e n t a t iv e ly  id e n t i f ie d  as phospholipids and 

ce reb ro e id e e .

3 .2 .1 .2 . S o lu b il i t y  o f  lo n g  chain hydrocarbon (n  -  C^g) in  

p o ten tia l e x tr a c t io n  so lven ts .

A f t e r  a p eriod  o f  10 minutes at room temperature, the hexa- 

tr ia con tan e  had d is so lv ed  in  the hexane on ly . With m ild heating 

o f  the rem ain ing tubes, th e  hexatriacontane d isso lved  in  both 

the benzene and ch lo ro fo rm .

3.2. Chemical Com position o f  Louse L ip id s .
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3 .2 .2 .1 . C u ticu la r  l i p id  y ie ld s  from ex trac tion s  o f  whole l i c e .

Table 5 shows a comparison o f  both fresh  and dry body 

weights o f  male and female adu lt l i c e .  According to  the 

resu lts , the adu lt female was found to  be s ig n if ic a n t ly  h eavier 

than the corresponding male ( 46. 96% h eav ie r ) and th is  re la t io n 

ship was m aintained when dry  weights were compared ( 48. 58% 

h e a v ie r ).

The weight o f  the fem ale adu lt louse decreased by an 

average o f  66.12% upon d ry in g  w h ils t that o f  the male adult de

creased by an average o f  66. 48%* i l lu s t r a t in g  the h igh  water 

content o f  the adu lt l i c e .

A q u a n tita t iv e  comparison o f  the wax y ie ld s  from hexane 

ex trac tion s  i s  shown in  Tab le 6 . On average, the female

adult y ie ld e d  approxim ately 20% more wax through hexane ex trac tion  

than the male ad u lt. However, when compared as percentages o f  

body weights (b o th  fresh  w eights and dry w e igh ts ), the average 

y ie ld  o f  cu t ic u la r  wax from the male adult exceeded th a t o f  the 

female adu lt by approxim ately 20%.

3 .2 .2 . E x tra c tio n  o f  lou se  l ip id s .
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Tab le  5

Comparison o f  fre sh  and d ried  adult weights

Female l i c e  (a d u lt, 2 - 3  
days)

Male l i c e  (a d u lt, 
days)

2 - 3

numbers
o f

l i c e

fresh
weight
mg/louse

d ried
weight
mg/louse

numbers
o f

l i c e

fresh
weight
mg/louse

dried
weight
mg/louse

200 1.779 0.569 200 1.125 0.365

200 1.659 0.550 200 1.157 0.322

540 1.299 0.445 759 0.908 0.307

455 1.411 0.519 416 0.993 0.406

Average
weight
mg/louse

1.537 0.521 Average

weight
mg/louse

1.046 0.350
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Table 6

Comparison o f  c u t ic u la r  wax y ie ld s

numbers and 
sex o f  l i c e

mass o f  
ex trac ted  
wax mg

mass wax 
per lou se  

lou se

wax as % 
o f  fresh  
weight

wa^ as % 
o f  dry 
weight

435 9 0.10 0.23 0.0163 0.0488

540 9 0.11 0.20 0.0157 0.0458

416 <f 0.06 0.19 0.0193 0.0580

759 c f 0.14 0.17 0.0188 0.0556
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3 .2 .2 .2 .  Examination o f  c u t ic u la r  l i p i d  ex tra c tio n  technique 

(from  whole l i c e ) .

Sampling o f  b lood from the s i t e  o f  l i c e  fe ed in g  on the 

ra b b it  in d ica ted  a maximum le v e l  o f  275 counts/40 p i  blood 

specimen (Tab le  7 ) .  The r a t io  o f  s c in t i l la t io n s  from the

ex tra c te d  c u t ic u la r  wax and la b e l le d  o l e i c  ac id  to th e s c in t i

l la t io n s  from the to ta l  la b e l le d  o le  i  c ac id  consumed by the 

l i c e  represen ted  the fr a c t io n  o f  in t e rn a l l ip id s  removed 

sim u ltaneously  w ith  the c u t ic u la r  l i p id s  during a 10 minute 

e x tr a c t io n  p eriod .

i . e .  in tern a l l ip id s  removed d u rin g  cu t ic u la r  l i p id  extrac tion  

t o t a l  in terna l, l ip id s

— cpm (c u t ic u la r  l ip id s  + in t e r n a l la b e lle d  o le ic  ac id )

cpm (rem ain ing in te rn a l la b e l le d  o le ic  acid  + la b e lle d  
o le ic  acid  ex tra c ted  w ith  cu ticu la r  l ip id s )

= 1272  -  background

4627O -  background + 1272 -  background

-  1247 

47492

= 0.0262

.  2 . 62%

The 10 minute e x tra c tio n  o f  the l i c e  colony (approxim ately 

10,000 l i c e )  produced 1.5 mg o f  c u t ic u la r  wax which was 

eq u iva len t to  0 .15  pg  p er  in s e c t (s e e  sec t ion  3 .2 .2 .1 . ) .
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Table 7

S c in t i l la t io n  counts on la b e lled / u n la b e lled  samples

Sample S c in t i l la t io n s
acpm

blood'* (u n la b e lled ) 21

blood** ( a f t e r  l i c e  
fe ed in g , 20 minutes)

275

c u ticu la r  l ip id s  + 
in tern a l la b e lle d  o le ic  
acid

1272

rem aining in tern a l 
la b e lle d  o le ic  acid

46270

background 25

b.

average s c in t i l la t io n  counts per minute from 5 

observa tion s . 

b lood serum 40 /ul.
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3.2.3* T h in -la ye r  chromatographic (TLC) a n a ly s is  o f  l ip id  

e x tra c ts .

3 .2 .3 .1 . Q u a lita t iv e  TLC an a lys is  and comparison o f  cu ticu la r  

l i p id s  from whole l i c e  and cas t sk in s .

D etec tion  w ith  iod in e  vapour o f  the c u t ic u la r  l ip id s  from 

whole l i c e  rev ea led  the presence o f  s ix  l i p i d  c la s s es  (S k ipsk i 

e t  a l ,  1965)  and the speed and in ten s ity  w ith  which the hydro

carbon spot appeared, in d ica ted  some u n sa tu ra tion . Sulphuric 

ac id  and heat treatm ent d id  no t rev ea l fu r th e r  spots (P la te  46 ) .  

During h ea tin g , two o f  the spots f i r s t  appeared red b e fo re  

turning b lack  which was c h a ra c te r is t ic  o f  the behaviour o f  

ch o les te ro l and c h o les te ry l e s te rs  (Mangold, 1965 ) .  Tbe s ix  

l ip id  c la sses  were te n ta t iv e ly  id e n t i f ie d  by comparison with 

authentic standards chromatographed s im u ltaneously  on the p la te  

and are l i s t e d  below in  d ecreasing  order o f  in t e n s it y .

i hydrocarbons

i i c h o le s te ry l e s te rs

i i i t r ig ly c e r id e s

iv 1, 3 -  d ig ly c e r id e s

V ch o le s te ro l

Vi f a t t y  ac ids.

E ight l i p i d  c la sses  were de tected  w ith

the cu t ic u la r  l i p id  e x tra c t  from cas t skins and fu rth e r  treatment 

w ith  sulphuric a c id  and heat d id  not re v e a l any add ition a l c la s s es . 

The spots appeared in  the fo llo w in g  d ecreas in g  order o f  in ten s ity .
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t  9

a b e

P la te  46. TLC sepa ration  o f  cu ticu la r  louse l ip id s .

a,b -  louse l ip id s  

c -  refe ren ce  standards

1. hexatriacontane

2. c h o le s te ry l s teara te

3. methyl s tea ra te

4. t r io le in

5. o le ic  ac id

6. 1 ,3 -d io le in

7. 1 ,2 -d io le in

8. ch o le s te ro l

9. 1- and 2-monoolein
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i  phospholip ids/cerebrosides

i i  fa t t y  acids

i i i  ch o les te ry l e s te rs

i v  ch o les te ro l

v  hydrocarbons

v i  1 -  and 2 -  monoglycerides

v i i  t r ig ly c e r id e s

v i i i  1 , 3 -  d ig ly c e r id e s .

3 .2 .3 .2 . Q uantita tive TLC an a lys is  (by w eigh t) o f  cu t ic u la r  

l ip id s .

Hydrocarbons were found to  con st itu te  almost th re e -  

quarters by weight o f  the louse c u ticu la r  l ip id s  (T a b le  8 ) .

C h o les te ry l e s te rs  formed the second most abundant l i p i d  

c la ss  but a t approxim ately one-tenth the weight o f  th e  hydro

carbons. The occurrence o f  the rem aining l ip id s  i . e .  

t r ig ly c e r id e s ,  1 , 3 -  d ig ly c e r id e s ,  ch o les te ro l and f a t t y  acids 

was s u b s ta n t ia lly  low er, between 5.79% ( t r ig ly c e r id e s )  and 

3.87% ( f a t t y  a c id s ).



170

Table 8

Composition o f  cu ticu la r  lou se l ip id s  (b y  w e ig h t)

L ip id
Class

Mass
mg

Percentage o f  
T o ta l L ip id s Average

R ep lica te
1

R ep lica te
2

R ep lica te
1

R e p lic a te
2

Percentage

hydrocarbons 2.700 4.210 72.835 74.712 73.77

c h o le s te ry l es te rs 0.259 0.463 6.987 8.216 7.60

t r ig ly c e r id e s 0.237 0.292 6.393 5.182 5.79

fa t t y  ac ids 0.162 0.198 4.370 3.372 3.87

1, 5 -d ig ly c er id e s 0.201 0.223 5.422 3.957 4.69

ch o le s te ro l 0.148 0.249 3.992 4.419 4.21

Tota l 3.707 5.635 99.999 99.858 99.93
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3 .2 .3 *3* Q u an tita tive  TLC an a lys is  (by  dens itom eter) o f  

c u ticu la r  l ip id s / in te m a l l ip id s / fa e c a l l i p i d s .

The TLC sepa ra tion s  o f  the variou s  lou se l ip id s  (P la t e  47 )  

were scanned w ith  a densitom eter and the percent com position  

estim ated  by comparing w eights o f  the chromatogram peaks cut 

from the reco rd e r  tra c e  (Tab le 9 ) .  The con cen tra tion  o f  hydro

carbons was h ighest in  the c u ticu la r  l ip id s  (55*2%) and r e la t i v e ly  

h igh  in  th e whole body ( 1 7 -196) - C h o les te ry l e s te rs  co n s t itu ted  

the most abundant l i p i d  c la ss  in  fa e c a l l ip id s  (59*2%) w h ile  

the l e v e l s  in  c u t ic u la r  l ip id s  ( 1 3 -796) and whole body ( 1 7 -796) 

were q u ite  s im ila r .

The con cen tra tion s o f  t r ig ly c e r id e s  and fa t t y  a c id s  in  a l l  

th ree samples were r e la t i v e l y  low excep t f o r  the f a t t y  ac id s 

o f  the whole body l i p id s  ( 40. 296)  which comprised the p re 

dominant l i p id  c la s s  o f  th a t m ixture.

L e v e ls  o f  1, 3 -  d igLyce rid es  and m onoglycerides throughout 

were low  w h ile  c h o le s te r o l le v e ls  were com para tively  h i ^ i ,  i . e .  

c u t ic u la r  wax ( 1 3 . 2% ), faeces  (19-196) and whole body (13 .2% ).
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a b e  d e f

P la te  A7. TLC sepa ra tion  o f louse l ip id s .

a ,e  -  ef  in tern a l l ip id s

b -  9  faeca l l ip id s

c -  < f  *  9  cu ticu la r l ip id s

d -  9  in te rn a l l ip id s

f  -  d ‘ + 9  fa eca l l ip id s
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Table 9

Composition o f  lou se l ip id s  (usine: TLC -  densitom eter)

L ip id L ip id %  com position
source c la ss o f  to ta l

hydrocarbons 55.2
ex tra c ted c h o le s te r y l e s te rs 13.7
c u t ic u la r t r ig ly c e r id e s 11.6
wax f a t t y  acids 1.9

1 ,3 -d igLycerid es 4.4
c h o le s te ro l 13.2

hydrocarbons 6.4
c h o le s te r y l e s te rs 59.2

faeces tr ig ly c e r id e s 3.7
f a t t y  acids 9.9
c h o le s te r o l 19.1
m onoglycerides 1.7

hydroc arbons 17.1
c h o le s te r y l  e s te rs 17.7

whole tr ig ly c e r id e s 7.2
body f a t t y  acids 40.2

1 ,3 -d ig ly c e r id e s 1.5
c h o le s te r o l 13 .2
m onoglycerides 3.1
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3 .2 .3 »4* TLC an a lys is  o f  d ig es tio n  products o f  la b e l le d

fa t t y  a c id  (o le ic  a c id ).

The hydrocarbons (73.03%) possessed the h ighest l e v e l  o f  

r a d io a c t iv it y  o f  the l ip id  c lasses o f  the cu ticu la r  wax 

(Tab le  10 ) and a ls o  that o f  the fem ale whole body (36.59%) 

but the l e v e l  was much low er in  the fa e c a l matter (6 .28% ).

The value f o r  the c h o les te ry l e s te rs  (73*82%) in  the fa eces  

was s im ila r  to  th a t o f  the hydrocarbons in  the c u t ic u la r  wax, 

w h ile  i t  was a lso  r e la t i v e ly  high in  the whole body ( 19 . 88%) 

but low  in  the cu t ic u la r  wax ( 5 . 42% ). The ra d io a c tiv e  le v e ls  

f o r  other l i p id  c la sses  ( i . e .  t r ig ly c e r id e s ,  fa t t y  a c id s , 

d ig ly c e r id e s ,  c h o le s te ro l and m onoglycerides) were not 

s ig n i f ic a n t ly  h i g i  (Tab le  10 )  w ith  the exception o f  fa t t y  

ac ids in  the whole body ( 29. 65%).

Using the s c in t i l la t io n  data i t  was poss ib le  to  ca lcu la te  

the mean volume o f  b lood taken per in s e c t  during the 10 minute 

fe ed in g  period .

Assuming v i r t u a l ly  a l l  the ra d io a c t iv ity  was recovered  

from the 20 fed  adu lt l i c e ,  then

s c in t i l la t io n  (cp10m) from c u t ic u la r  l ip id s  = 162.4 

s c in t i l la t io n  (cp10m) from fa e c a l l ip id s  = 245*2 

s c in t i l la t io n  (cp10m) from whole body lip id s  = 458.6 

T o ta l s c in t i l la t io n  (cp10m) = 866.2
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s c in t i l la t io n  (cpm) from b lood (40 p i )  during fe ed in g  = 238(mean)

s c in t i l la t io n  (cp10m) from b lood (1 p i )  during fe ed in g  = 2380
40

T o ta l b lood  volume (p i )  taken by 20 in sec ts  = 866.2 x 40
2380

Average b lood  volume per in s e c t = 866.2 x 40 = 0.7278 p i
20 x 2380

This r e s u lt  was compared w ith  th a t obta ined from w eighing 

a known number o f  l i c e  (120) b e fo re  and a f t e r  fe ed in g  f o r  10 

minutes. The d en s ity  o f  the b lood (1 .0698 g  m l"1) was ca lcu la ted  

by weighing a known volume o f  blood (50 p i )  from the ra b b it on 

which the l i c e  were fe d .

mass o f  con ta in er w ith  120 unfed l i c e  ■ 

mass o f  con ta in er  w ith  120 fed  l i c e  = 

mass o f  b lood  in ges ted  by 120 l i c e  = 

mass o f  b lood  in ges ted  by 1 louse(m ean)=

13.2448 g  

13.3416 g

0.0968 g  

0.000806g

d en s ity  «  mass 

volume

volume (mean) o f  b lood  per louse »  0.0968 x 1 ml 
120 x 1.0698

= 0.000754 ml 

*  0.754 p i

Prom the s c in t i l la t io n  data i t  was a ls o  p oss ib le  to  

estim ate more a ccu ra te ly  the numbers o f  l i c e  used in  the 

o r ig in a l experim ent to  examine the e x tra c t io n  technique 

(see  sec t ion  2 .2 .6 .1 . ) .
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Table 10

M etabolic  products o f  t r i t i a t e d  o le ic  ac id

L ip id L ip id S c in t i l la t io n %  com position

source c la ss c p 10ma o f  to ta l

hydrocarbons 193.6 73.03

extrac ted c h o le s te ry l e s te rs 83.8 5.42

c u ticu la r t r ig ly c e r id e s 92.6 10.83
wax fa t t y  acids 86.6 7.14

c h o le s te ro l 80.8 3.57

hydrocarbons 90.4 6.28

c h o le s te ry l e s te rs 256.O 73.82

faeces t r ig ly c e r id e s 86.6 4.73
fa t t y  acids 97.8 9.30

c h o le s te ro l 89.4 5.87

hydroc arbons 242.8 36.59
c h o le s te r y l e s te rs 166.2 19.88

whole t r ig ly c e r id e s 9 1.2 3.53
body fa t t y  acids 211.0 29.65
(fem a le ) 1,3 d ig ly c e r id e s 89.0 3.05

c h o le s te ro l 94.0 4 . I 4
m onoglycerides 89.4 3 . I 4

a average s c in t i l la t io n  counts p e r  10 minutes from  5 observations

b ca lcu la ted  s ifte r  su b trac tion  o f  background (75  cp10m)
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Prom above:

To ta l s c in t i l la t io n  (cp10m) from 20 l i c e  «  866.2

Prom 2 .2 .6 .1 .

T o ta l s c in t i l la t io n  (cpm) from x l i c e  = 47492

T o ta l s c in t i l la t io n  (cp10m) from  x l i c e  = 474920

x (numbers o f  l i c e  used) = 20 x 47492
1 x 866.2

= 10,965 l io e

3 .2 .3 .5 . Degree o f  sa tu ration  o f  cu t ic u la r  hydrocarbons.

The hydrocarbons separated in to  two d is t in c t  spots 
un

corresponding w ith  the saturated and mono-^saturated referen ce 

spots, hexatriacontane and 1 -  octadecene res p e c t iv e ly .

Prom these r e s u lt s ,  both saturated and unsaturated hydro

carbons appeared to  be present in  the c u ticu la r  l ip id s  and 

the unsaturated hydrocarbons were mono-unsaturated.
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3 .2 .4 . G as-liqu id  chromatographic ((3/?) an a lys is  o f  

l i p id  e x tra c ts .

3 .2 .4 .1 . GLC an a lys is  o f  cu ticu la r  hydrocarbons.

The chromatograms produced by the c u t ic u la r  hydrocarbons 

f r om adu lt l i c e  separated accord ing to  sex were id e n t ic a l 

(GLC peak numbers 1 to  36) and contained fo u r  major peaks 

which gave the appearance o f  form ing a s e r ie s  (F ig .  6 ) .

P roportion s and r e ten t io n  times o f  the corresponding minor 

GLC peaks from both samples co in cided  e x a c t ly .  Separation o f  

saturated  from unsaturated hydrocarbons (s e e  sec t ion  2 .2 .4 «3 « ) 

in d ica ted  that the cu t ic u la r  lou se m ixture contained  e igh t 

mono-unsaturated hydrocarbons (peak nos. 4» 9» 15» 18* 21, 24, 

27 and 33 a l l  absent in  F ig . 7 ) .  Removal o f  s tra igh t  chain 

hydrocarbons from the t o ta l  hydrocarbons w ith  m olecular s ie ve  

5A (F ig .  8 )  enabled the s tru c tu ra l ch a ra c te r  o f  the hydro

carbons to  be determ ined i . e .  whether branched o r  unbranched, 

w h ile  co-chromatography w ith  n -  alkane standards confirmed 

many o f  the id e n t i f ic a t io n s .  A l in e a r  p lo t  o f  r e ten tio n  time 

versus carbon numbers revea led  the presence o f  th ree s e r ie s  o f  

hydrocarbons; A -  normal a lkanes, B -  normal alkenes and C -  

te n ta t iv e ly  id e n t i f ie d  as mono methylalkanes (F ig .  9 )•

As the subsequent te s ts  proved, one m ajor component (peak 

no. 27) was mono—unsaturated (s e r ie s  B) and d id  not form a







components



Retention time (minutes)
gure 8. Gas chromatogram of cuticular hydrocarbons of the louse after removal of straight 

chain components.
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s e r ie s  w ith  the th ree  other major peaks (nos. 10, 16, 22) 

which were id e n t i f ie d  as n -  a lkanes (s e r ie s  A ).  GLC 

an a lys is  fo llo w in g  the periodate-permanganate ox id a tion  (see  

s e c t ion  2 .2 .4 .6 .)  o f  the unsaturated hydrocarbons produced 

two main fa t t y  a c id  methyl e s te r  peaks which contained 15 and 

16 carbons in  the fa t t y  ac id  p o r t io n  r e s p e c t iv e ly .  This 

r e s u lt  agreed w ith  the rea c t ion  p roducts expected o f  peak 27 

which appeared to  con tain  31 carbons in  a  s tra igh t chain. 

U n fortunately , no oth er peaks o f  s ig n if ic a n c e  appeared so i t  

was im possib le to  deduce the s tru c tu re  o f  the second most 

abundant alkene (peak no. 21 ).

Tab le 11 (page 186 )  shows the com pleted an a lys is  o f  the 

hydrocarbons in  which the methyl alkane structu res were 

determined from th e ir  mass sp ec tra  els w e ll  els re ten tion  

tim es.

3 .2 .4 .2 . Gas chromatography/Mass spectroscopy (GC/MS) 

an a lys is  o f  cu t ic u la r  hydrocarbons.

In  each case, the id e n t it y  o f  the n -  alkanes, as 

determ ined by GLC techniques (s e e  s e c t io n  2 .2 .4 .2 .) was 

confirm ed by the r esu lts  o f  the mass sp ec tra l a n a lys is . The 

mEiss spec tra  obta ined  w ith  E lec tro n  Io n is a t io n (E . I . )  was 

more r ea d ily  in te rp re ted  than th a t obta ined  w ith  Chemical 

Io n is a t io n  ( C . I . ) .  This was due, in  pEurt, to  the low er 

s e n s i t iv i t y  a t which the system wels operated  fo r  the C .I .  mode.



Figure 10. GC/MS (E.I.) total ion trace of cuticular hydrocarbons of the louse.
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Peak No. E .C .L . S eries Mean %  Composition Hydrocarbons

Hydrocarbons Wax

1 21.0 A Tb T n -  hen eLcosane

2 22.0 A T T n -  docosane

3 22.7 B T T unsaturated n-tricosane

4 23.0 A 2.0 1.8 n -  tricosane

5 23.3 C 0.3 0 .2 11 -  m ethyltricosane

6 23.7 - T T Unknown

7 24.0 A 0.9 0 .6 n -  tetracosane

8 24.3 - T T Unknown

9 24.6 B 0.2 0.1 Unsaturated n-pentacosane

10 25.0 A 14.0 10.3 n -  pentacosane

11 25.3 C 1.2 0 .9 11 -  methylpentacosane + 
13 -  methylpentacosane

12 25.6 D 0.3 0 .2 11, 1 5-dimethylpentacosane

13 26.0 A 1.0 0 .7 n -  hexacosane

14 26.3 - T T Unknown

15 26.6 B 0 .8 0 .6 Unsaturated n -  heptacosane

16 27.0 A 15.1 11.1 n -  heptacosane

17 27.3 C 1.7 1 .2 11-methylheptacosane + 
1 3-methylheptacosane

18 27.6 B 0.7 0 .5 Unsaturated n-octacosane

19 28.0 A 1 .7 1.2 n -  octacosane

20 28.3 - 0.5 0 .4 Unknown

21 28.7 B 7 .8 5 .7 Unsaturated n-nonacosane

22 29.0 A 15.6 1 1 .5 n -  nonacosane



187

Peak No. E .C .L. S eries Mean % Composition Hydrocarbons

Hydrocarbons Wax

23 29.3 C 4.9 3.6 7 -  methylnonacosane + 
9 — methylnonacosane + 
11 -  methylnonacosane

24 29.7 B 2.4 1.8 Unsaturated n-triacontan e 
+ unknown

25 30.0 A 0.5 0 .4 n -  triacon tane

26 30.3 - 0.4 0 .3 Unknown

27 30.8 B 15.4 11.3 15  -  hentriacontene

28 31.0 A 1.0 0.8 n -  hentriacontane

29 31.3 C 3.3 2.4 9 -  methylhentriacontane 
+ 11-m ethylhentriacontane 
+ 1 3-m ethylhentriacontane

30 31.6 D 3.7 2.7 9 f 1 9-d im ethylhentriacontane 
+ 11,21-dime th y lh en tr ia 
contane

31 32.0 A T T n — dotriacontane

32 32.3 - 0.5 0 .4 Unknown

33 32.7 B 0.8 0.6 Unsaturated n - t r i t r ia c o n -  
tane

34 33.0 A T T n — tr itr ia con ta n e

35 33.3 C 0.7 0.5 13  -  m ethy ltritriacon tan e

36 33.6 D 0.7 0 .5 P o s s ib le  dimethylalkane 
m ixture

a -E .C .L .  E qu iva len t Chain Length. 

b - T  <  0.1% o f  t o ta l  hydrocarbons.

Table 11. Composition o f  c u ticu la r  hydrocarbons



Hence, those hydrocarbons which were present a t  low er  le v e ls  

produced s e r io u s ly  dep leted  sp ec tra . Severa l o f  the n -  

a lkanes, however, were qu ite  abundant and t h e i r  sp ec tra  were 

s ig n i f ic a n t ly  enhanced by the use o f  C .I .  (F ig .  11 a/b ).

The data system was p a r t ic u la r ly  u s e fu l in  a llo w in g  a search 

to  be conducted through the MS scans whereby n -  alkanes

(C H^_ _ ) and mono-unsaturated n -  alkenes (C H_ )  were
n  2n  ♦  t  n  ¿n

d e tected  on the basis  o f  t h e ir  m o lecu lar ions (F ig .  1 2 ).

Tab le  11 shows the completed a n a ly s is  o f  the c u t ic u la r  

hydrocarbons n -  alkanes (51.996) comprised o v e r  h a l f  o f  the 

cuticulaLr hydrocarbons and formed an homologous s e r ie s  

(S e r ie s  A, see 3 .2 .4 .1 .)  w ith  carbon numbers ra n g in g  from 

21 to  33. Odd-numbered components (47.796) predom inated and, 

to ge th e r , n -  pentacosane ( 1 4 . 096) ,  n -  heptacosane (15*196) 

and n -  nonacosane (15*696) accounted f o r  alm ost h a l f  o f  the 

c u t ic u la r  hydrocarbons (44*796). The mass spectrum (F ig .  1 3 ) 

o f  n -  nonacosane (Peak no. 22 ) i l lu s t r a t e s  th e fragm entation 

p a ttern  ty p ic a l o f  lon g  chain n -  a lkan es. The la r g e s t  peak

in  each c lu s te r  i s  a t m/e (Cn ^ ^ ) t in d ic a t in g  a l l  fra g -  

mentions to  be s tra ig h t  chain prim ary ion s. The m olecular 

io n  (Cn + g ) was present (m/e 408) but weak w h ile  the most 

in ten se fragment ions occurred a t C^, and w ith  in ten 

s i t i e s  d ecreasing  a long a smooth curve form ation  down to 

M -  C2H,j . Fragment ion , M -  CH^ was c h a r a c te r is t ic a l ly  

m iss in g from the spectrum.
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E igh t n -  alkenes (S e r ie s  B, 26.4%) comprised over a  qu arter 

o f  the c u t ic u la r  hydrocarbons with 15  -  hen triacontene ( 1 5 . 4%) 

the most abundant o f  the s e r ie s .  Upon GLC sepa ra tion  o f  th e 

hydrocarbons, each n -  alkene was e lu ted  im m ediately p r io r  to  

the n -  alkane o f  the same carbon number and th e mass spectrum 

o f  each n -  alkene con tained  a  m olecular ion  a t  m/e (Cn H ^ ) . 

Fragm entations patterns throughout a l l  n -  a lkene mass sp ec tra  

were id e n t ic a l  and the mass spectrum (F ig .  14 )  o f  15 -  hentria-- 

contene (Peak  no. 27) d isp la ys  the fragm entation  ty p ic a l o f  

th is  s e r ie s .  The base peak was at m/e 57 fo llo w ed  by two 

peaks o f  equal in te n s ity  a t m/e 83 and m/e 97} then an oth er, 

o f  le s s e r  in t e n s ity ,  a t  m/e 69. A f t e r  m/e 97» the fra gn en t ion 

in t e n s it ie s  decreased a lon g  a smooth curve to  M -  CgH^. As 

the n -  a lkene chains were lon g , i t  was im possib le  to  lo c a t e  

the p o s it io n  o f  the double bond from the MS data  due to  the 

f a c i l e  m igra tion  in  the fragments o f  the double bond. However, 

the p o s it io n  had a lready  been estab lished  f o r  15  -  hen triacontene 

u s in g  GLC techniques (s e e  s e c t ion  3 .2 .4 . 1 . )  but not f o r  o th e r  

n -  a lk en es .

S e r ie s  C compounds (12.1% o f  c u t ic u la r  hydrocarbons) were 

not removed by treatm ent w ith  m olecular s ie v e  5A (see  M a te r ia ls  

and Methods sec t ion  2 .2 .4 . 2 .3 . )  thus r e v e a lin g  the branched 

c o n fig u ra t io n  o f  th e ir  s tru c tu re . For each compound, a 

d if fe r e n c e  o f  0.7 was observed  between the e qu iva len t cha in  

len g th  (E .C .L . )  and the carbon number, in d ic a t in g  that the
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compounds might be monomethykalkanes, each con ta in in g  the 

methyl branch in  a c en tra l p o s it io n  in  the molecule (N elson  

e t  a l f 197 ) .  Further evidence was found from exam ination 

o f  the mass sp ec tra l data  in  which m olecular ions (M) were 

m iss in g but peaks in va r ia b ly  found a t M-15 and M-27 (F ig .  15 

Peak n o . 1 7 ). Where fragm entation ion  doublets occurred , 

the even mass peaks (CQ H ^ )  equ alled  o r  exceeded the correti— 

ponding odd mass peaks (C^ + in  in te n s ity .  This

in fe r r e d  th a t the alkane contained a s in g le  methyl branch 

attached  a t  a p o s it io n  which allow ed the form ation , upon 

fragm entation , o f  secondary ions on which the s t ra ig h t  chain 

t a i l s  comprised a t leaust 7 carbon atoms (McCarthy e t  s i ,  1968). 

The mass spectrum o f  GLC Peak no. 17 (F ig .  15 )  con tained  ion 

doublets a t m/e 168/169 (C12) ,  m/e 196/197 ( C ^ ) t m/e 224/225 

(C16) and m/e 252/253 ( C1Q)  w ith  predominant even mass peaks 

and low  in te n s ity  peaks a t m/e 365 (M -  29) and m/e 379 (M -  15 ). 

This fragm entation  pa ttern  in d ica ted  that the GLC peak con sisted  

o f  two monomethyl alkane s o f  the same carbon number (2 8 ),  and 

both w ith  a cen tra l methyl brauich ( i . e .  a t carbons 11 euid 13 

fo r  the r e s p ec tiv e  m ethylalkanes) .  The compounds were 

id e n t i f i e d  11 -  and 13 -  methylheptacosane. O ther members 

o f  th e s e r ie s  were examined s im ila r ly  and id e n t i f ic a t io n s  made 

(see  T ab le  11 ) .

Evidence was found to  suggest the ex istence o f  a fou rth  

s e r ie s  ( s e r ie s  D) o f  hydrocarbons co n s is tin g  o f  dime th y l alkanes.
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GLC peaks 12, 30 and 36 had ECL values o f  25 .6 , 31.6 and 33.6 

r e s p e c t iv e ly  which, to g e th e r  w ith  th e ir  mass spectra  and non

removal w ith  m olecu lar s ie v e  5A, in d ica ted  th a t they were d i -  

o r  tr i-m e th y l a lkan es. The mass spectrum o f  GLC peak 12

(F ig .  16 ) con tained  n e ith e r  the m olecu lar ion  peak nor the 

more usual peaks a t (M -  15 )  and (M -  29) due to  the low  

con cen tra tion  o f  th e compound. Fragmentation ion doublets 

occurred  m/e 168/169 (C12) ,  m/e 182/183 (C .^ ) ,  m/e 210/211 ( C ^ )  

and m/e 238/239 ( C ^ )  w ith  the C12 and ion  doublets o f  

alm ost equal in t e n s it y .  The C^2 ion was considered to  be a 

secondary fragment ion  s in ce  i t s  even mass peak(m/e 168) in 

t e n s it y  exceeded th a t o f  i t s  odd mass peak (m/e 169), w h ile  

th e  ion  was the corresponding primary fragment ion  w ith  

i t s  odd mass peak (m/e 239)  in ten s ity  predom inating due to  the 

m ethyl branch a t carbon 15 (F ig .  17 ) .

The s ig n if ic a n c e  o f  ion  doublets m/e 182/183 (C^^) and 

m/e 2 10 /2 11  (C ^ )  in  th is  dep leted  mass spectrum was d i f f i c u l t  

t o  e s ta b lish . T h e ir  presence was p o s s ib ly  due to  fragm entation  

w ith in  the c en tra l reg ion  o f  the m olecule as shown in  F ig .  17 

bu t i t  would have been expected  that m/e 2 11  (odd mass peak) 

exceed  m/e 210 (even  mass peak) in  that case. S ince, in  f a c t ,  

the opposite  occurred , the ion  a ttr ib u ted  to  m/e 2 10 /2 11  m ight 

have been a secondary fragment ion  produced in  con junction  w ith  

io n  doublet m/e 182/183 from  the fragm entation  o f  the mono- 

m ethylalkane (12 m ethylpentacosane) shown in  F ig . 18 .
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F igu re  16. Mass spectrum o f  CLC peak 12, I I , 15-dimethyl pentacosane.

2W 2» m  168

Figure 17. S tructu re fo r  GLC peak 12.

2t0

Figure 18. A lte rn a t iv e  stru ctu re fo r  GLC peak 12.
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The s tru c tu re  o f  th is  compound s a t is f ie d  the mass spectra l 

in fo rm ation ; however, the GLC peak was e lu ted  sh o rtly  a f t e r  

GLC peak 11 which comprised the unresolved  monomethyl alkanes

11 -  and 1 5-methylpentacosane. I f  12-methylpentacosane was 

p resent, i t  was u n lik e ly  to  be e lu ted  sepa ra te ly . GLC peak

12 was th e r e fo r e  te n ta t iv e ly  id e n t i f ie d  as 11, 15-d im eth yl- 

pentacosane.

From th e  chromatogram o f  the hydrocarbons, the appearance 

o f  the second peak (GLC peak 30) o f  the S eries  (D ) suggested 

that the peak contained more than one compound. The com plexity 

o f  i t s  mass spectrum (F ig .  19 )  c e r ta in ly  supported th is  v iew , 

and the spectrum was in terp re ted  in  the same manner as that o f  

the p rev iou s dimethyl alkane.

T e n ta t iv e  id e n t if ic a t io n s  (F ig .  20 )  were made which 

suggested th a t  a t le a s t  two dim ethyl alkanes (9 , 11- and 11 ,21- 

dime th y lh en tr iacon tan e ) were p resen t; however, n e ith er o f  these 

compounds c ou ld  account f o r  the branched primary fragment ion  

at m/e 210/211.

F ig .  21 shows the incom plete mass spectrum produced from 

another p o s it io n  in  GLC peak no. 30. The ion doublet a t m/e 

210/211 may be the r esu lt o f  a prim ary fragment ion o f  the same 

fragm entation  which produced a secondary fragment ion  a t m/e 

200/281 (F i g .  22 ) .
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Figure 19. Hass spectrum o f GLC peak 30 (F ir s t  p os itio n  on GLC peak).

140 29S

JSI 196

9 , 19-d im ethylhentri acontane

I6S 123

1 1 , 2 I - d imethyIhentr i aeonlane

F igure 20. Ten ta tive  st c tu r c s  f o r  GLC: peak 30.





199

The th ird  GLC peak in  S e r ie s  D (GLC peak 36)  produced a 

g ro ss ly  dep le ted  mass spectrum due to  low con cen tra tion  and 

extended re ten tio n  time and fu r th e r  id e n t i f ic a t io n  was 

prevented.

3 .2 .4 .3 . GLC an a lys is  o f  in te rn a l hydrocarbons/faecal 

hydrocarbons.

With the excep tion  o f  th e 15-hentriacontene le v e ls ,  

c u ticu la r  and fa e ca l hydrocarbons were c lo s e ly  comparable; 

however, d if fe r e n c e s  were noted  when both were compared with 

in te rn a l hydrocarbons (T a b le  12 )•  D iffe ren ce s  were a lso

observed w ith in  the in te rn a l hydrocarbon components from 

male and fem ale adu lt l i c e .  While n-pentacosane was the most 

abundant hydrocarbons in  both  adu lt sexes (T a b le  12 ) ,  the 

l e v e l  in  the adu lt fem ale ( 2 5 . 8%) fa r  exceeded that in  the 

adult male (15.8% ). C on verse ly , the l e v e ls  in  the adu lt 

males o f  n - heptacosane (10 .4% )* n -  octacosane (9-9%) and 

1 5-hen triaconten e (11.0%) were much h igher than those in  the 

adult fem ales , (1.6% and 0.1% and 1.9% r e s p e c t iv e ly ) .

Comparison o f  in te rn a l and cu ticu la r  hydrocarbons re 

vealed  th a t n -  heneicosane and n -  docosane, present a t trace 

le v e ls  in  the cu ticu la r  wax, were app rec iab ly  more abundant in  

the in te rn a l tissu es  o f  a d u lt females (2.3% and 2.0% resp ec tiv e 

l y )  and males (0.6% and 1.1% r e s p e c t iv e ly ) .  Major cu ticu la r
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Peak Hydrocarbon 
Component( s )

Percen tage Composition o f  Hydrocarbons

No. C u ticu lara

O ' .  9
Cuticular**

o '  -  V
In te rn a l1*

cr
In te rn a l1*

?

Faecal**
cr + 9

1 n -  heneicosane TC T 0.6 2.3 T

2 n — docosane T T 1.1 2.0 T

3 n -  tr icosen e T T T T T

4 n — tricosan e 2.0 2.6 10.1 12.3 2.9

5 11-m ethyltricosane 0 .3 0.6 1.4 2.0 0.6

6 Unknown T T T T T

7 n -  tetracosan e 0 .9 1.0 2.7 4.6 0 .9

8 Unknown T T 0.2 0.2 T

9 n — pentacosene 0 .2 0.2 0.5 0.4 0 .2

10 n -  pentacosane 14.0 14.5 15.8 25.8 17.5

11 11 + 1 3-m ethylpen ta- 
cosane

1.2 1.7 3.1 5.4 1.8

12 11, 1 5-d im ethylpenta^ 
cosane

0 .3 0.5 0.6 0.8 0 .3

13 n -  hexacosane 1.0 1.5 3.7 1.7 1.5

14 Unknown T T 0.3 0.5 0.5

15 n -  heptacosene 0.8 1.0 2.0 2.5 0.7

16 n -  heptacosane 15.1 15.6 10.4 1.6 19.3

17 1 1 + 13—methylhepta— 
cosane

1.7 1.7 3.0 7.5 2.0

18 n -  octacoaene 0.7 0.6 0.6 0.7 0.3

19 n — octacosane 1.7 2.1 9.8 T 3.1

20 Unknown 0.5 0.3 0.3 1.0 0.2
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Peak Hydrocarbon Percentage Com position o f  Hydrocarbons

No. Component(s) C u ticu la ra 
o ' *  9

C u ticu lar*3
or +  9

T * i *In terna l 
cr

In tern a l*3
?

b
Faecal
<r+ ?

21 n -  nonacosene 7.8 8 .0 15.1 10.2 7.3

22 n -  nonacosane 15.6 15.8 T T 20.7

23 7 + 9 + 11-methylnona- 
cosane

4.9 3-4 3.8 9 .4 4.7

24 n -  tr ia con ten e  + 
unknown

2.4 1 .4 1.1 2.0 1.8

25 n -  tr iacon tan e 0.5 0 .5 T T 0.4

26 Unknown 0.4 0 .3 T T 0 .3

27 15 -  hen triacontene 15.4 15.3 11.0 1.5 7.0

28 n -  hentriacontane 1 .0 1 .5 T T 0 .3

29 9 + 11 + 13-methyl-
hen t r i  acontane

3.3 3.5 0.6 0 .3 2.7

30 9, 19 + 11» 21 + 9.13- 
dime th ylh en triacon tane

3.7 2 .9 1.2 3.9 1.8

31 n -  dotriacon tane T T T T T

32 Unknown 0.5 0 .2 T T T

33 n -  tr it r ia c o n te n e 0 .8 1 .0 T T T

34 n -  tr itr ia c o n ta n e T T T T T

35 1 3-m e th y lt r it r ia -  
contane

0.7 1 .0 T T 0.3

36 P oss ib le  d im ethyl- 
alkanes

0.7 0 .8 0.2 0 .3 0.2

a -  Estim ations from areas g iven  by e le c tro n ic  in te g ra t io n  

b -  Estim ations u sing  peak h e ig h ts  

c -  T ^  0.1 %  o f  hydrocarbons.

Tab le  12. Comparison o f  c u ticu la r/ in tem a l/ fa e c a l 

hydrocarbons
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hydrocarbons, n -  heptacosane (15*696)* n -  nonacosane ( 15 -Q?6) 

and 15  -  hentriacontene (15*396) were present a t  much lower 

l e v e ls  in  adu lt females ( 1 .696« 0.196 and 1.596 r e s p e c t iv e ly )  

and th is  trend was repeated f o r  n -  nonacosane in  th e adult 

males (0.196). In  con trast w ith  i t s  low occurrence in  

c u t ic u la r  wax, n -  octacosane ( 2 . 196)  was found to  be more 

abundant in  adu lt males (9*996)*

3 .2 .4 . 4 . GLC an a lys is  o f  cu t ic u la r  c h o le s te ry l e s te rs .

Tab le  13 l i s t s  the main fa t t y  ac ids d e riv ed  from the 

c h o le s te r y l es te rs  o f  the cu t ic u la r  wax a f t e r  id e n t i f ic a t io n s  

had been ca rr ied  out by comparison o f  re ten tio n  tim es o f 

standards and unknowns and by co-chromatography. Although 

the degree o f  sa tu ration  o f  the f a t t y  acids was not es tab lished , 

the fr a c t io n a l values f o r  the equ iva len t chain len g th s  can 

probab ly  be a ttr ib u ted  to  unsaturated carbon-carbon bonds w ith in  

the cha ins.

The fa t t y  acid  chains ranged from 14 carbons (m yr is t ic  

a c id , 1.096) to  25 carbons (pentacosanoic ac id  30.396) with 

the l a t t e r  be ing most predominant. P a lm itic  a c id  (16.096) 

and o le ic  ac id  (9.696) fo llo w ed  r e s p e c t iv e ly  in  o rd e r  o f 

abundance; however, w ith  c h o le s te ry l e s te rs  accounting fo r  le s s  

than 096 o f  the to ta l  wax, c h o le s te ry l pentacosanoate was the 

on ly  c h o le s te ry l e s te r  present a t a s ig n if ic a n t  l e v e l  (2.396 o f  wax).
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P a t ty  ac id  com position o f  c u t ic u la r  

c h o le s te r y l  es te rs

Table 13

P a t ty  ac id Mean %  Composition

E .C .L .®
o f

c h o les te ry l
, b es te rs

o f  wax

14 . ° (C i 4, o> 1.8 0.1

16- °< C16,0> 16.0 1.2

I T . « « , * , ) 1.5 0.1

1 7 .7 (0 i 8 i1 ) 9.6 0.7

18-°< C18,0> 4.5 0.3

18.5 1.6 0.1

19.6 2.1 0 .2

22.6 5.7 0.4

2 3.8 3-4 0.2

24.5 4.1 0 .3

24.6 7.5 0 .6

25 .0 (C 25i<>) 30.3 2.3

a E qu iva len t chain length  

b F a tty  ac ids <  1.0% not l i s t e d

C where x is  carbon number
x *y

y  i s  number o f  unsaturated bonds
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3 .2 .4 .5 . GLC an a lys is  o f  cu t ic u la r  t r ig ly c e r id e s .

F ra c t io n a l e qu iva len t chain len gth  va lu es  suggested th a t some 

t r ig ly c e r id e  f a t t y  ac ids were unsaturated (T a b le  1 4 ) »  P a lm itic  

a c id  (16 carbons) was the most abundant f a t t y  ac id  (33 -1# ) 

fo llo w ed  by o l e i c  ac id  (18 carbons, mono-unsaturated, 20.8%) and 

a fa t t y  a c id  thought to  be unsaturated and con ta in  f 3 carbons 

(ECL 22.6, 12.6% ).

3 .2 .4 *6 . GLC an a lys is  o f  cu t ic u la r  fa t t y  a c id s .

P a lm itic  a c id  (16 carbons) and s te a r ic  a c id  (18 carbons) at 

26.1% and 18.2% re s p e c t iv e ly  were found to  be the major f a t t y  

ac id s . F ra c t io n a l e q u iva len t chain lengths  f o r  many o f  the minor 

components in d ic a te d  the l ik e lih o o d  o f  th e ir  b e in g  unsaturated.

The fa t t y  a c id s  comprise the le a s t  abundant c la s s  o f  the c u ticu la r  

l ip id s  (3.87% by w e ig h t ),  hence the o v e r a l l  con cen tra tion  o f  the 

predominant f a t t y  ac id  (pa lm i t  ic  a c id ) i s  extrem ely  low  (app rox i

mately 1%). The main f a t t y  acids are l i s t e d  in  Table 15 • Many 

minor fa t t y  a c id s  were p resen t ( i . e .  le s s  than 2%); however, th e ir  

le v e ls  o f  con cen tra tion  in  the t o ta l  wax m ight be regarded as 

in s ig n if ic a n t  ( i . e .  le s s  than 0.08%).

3 .2 .4 .7 . GLC an a lys is  o f  cu t ic u la r  1 , 3 -  d ig ly c e r id e s .

Pa lm it  i c  a c id  (17*6%) was found to  be the most abundant d ig 

ly c e r id e  f a t t y  a c id . Tab le 16 shows many o f  the fa t t y  a c id s  

possessed f r a c t io n a l  e q u iva len t chain len g th  va lu es , due p oss ib ly  

to  a high occurrence o f  unsaturation amongst the fa t t y  a c id  chains.



205

P a tty  a c id  composition o f  c u t ic u la r  

t r ig ly c e r id e s

Table 14

Fatty  a c id Mean %  Composition

a
E .C .L .

o f

to ta l b 
t r ig ly c e r id e  
fa t t y  acids

o f  wax

h .0 (0 i 4 iO ) 1.8 0.1

15.6 1.9 0.1

33.1 1.9

17-8 (0 i e . i )
20.8 1.2

18-°<C18.0> 7.6 0.4

18.5 2.3 0.1

19 .6 3.5 0.2

20.5 1.4 0.1

22.2 3.5 0.2

22.6 12.6 0.7

a E qu iva len t chain len gth  

b P a t ty  acids <  1.0% not l i s t e d

x »y
where x is  carbon number

y is  number o f  unsaturated bonds
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Composition o f  c u ticu la r  f a t t y  ac ids

Tab le 15

F a tty  ac id  

E .C .L . a

Mean %  Com position

o f  to ta l  . 
f a t t y  a c id s0 o f  wax

U ' °  <C1 4 . 0 ) 2.5 0 .1

16- ° 26.1 1 .0

1 7 ’ 6 <°18,1) 5.0 0.2

18' °  <°18,0) 18.2 0.7

19.6 7.0 0.3

20' °  <C20, 0 ) 2.4 0 .1

a. e q u iva len t cha in  length

b. fa t t y  a c id s  ^  2.0  %  not l i s t e d



207

P a tty  a c id  com position  o f  cu t ic u la r  1, 3 -d ig ly c e r id e s

T ab le  16

P a tty  ac id  

E .C .L .a

Mean %  Composition

o f  t o t a l  
d ig ly c e r id e  
f a t t y  acids

o f  wax

13.0 2 .4 0 .1

1 « - 0<°14.0>
2 .0 0 .1

14.8 6 .4 0 .3

15.0 8 .9 0 .4

16-°<°16,0> 17.6 0.8

16.6 8 .3 0 .4

17.9 7 .6 0.3

18-°< C18,0> 8 .4 0 .4

18.9 10.5 0 .5

19.8 10 .0 0.5

20.8 7 .7 0 .4

2 1.8 4 .9 0 .2

a E qu iva len t cha in  length

b P a tty  a c id s  ^  2 .0#  not l i s t e d .
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3 .2 .5 . Examination o f  syn thesis  product (15—h en tria con ten e), 

The fo llo w in g  products were prepared as in term ediate re -

agents fo r  the syn thesis o f  15 -> hentriacontene (s e e  section

2 .2 .5 « fo r  syn thesis  c h a r t ).

I  ------ ► I I

1 -  pentadecanol 1 -  bromopentadecane (m.pt 20 .2 °C )

I I I  — IV

1 -  hexadecanol hexadecanal (m .p t. 34°C)

I I  — V

pentadecyl magnesium bromide

IV + V ------ (V I )  — V II
0

16 -  hentri& contanol (m .pt. 87 C)

V I I  -------- V I I I
0

15 -  hen triacontene (m .pt. 46 C ).

F ig . 23 shows the chromatogram obtained when the syn thesis end- 

product (V I I I )  was analysed by GLC. The im p u rit ie s  were minor 

by comparison w ith  the major peak (V I I I )  and appeared to  c on s is t 

o f  s tra igh t  alkanes and mono-unsaturated alkenes.

The mass spectrum (P ig .  24 )  o f  the major peak was identicskl

w ith  that from peak number 27 (s e e  section 2 .2 .4 «7 * ) .  Both
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sp ec tra  contained m olecu lar ion s a t m/e 434 and^frafpnent ion  

p a tte rn s . Ions were observed  a t m/e 55/57* 69/71» 83* 97» 

1 1 1 , 12 5 , 139. 153, 167, 181, 195 e t c .  ( a t  m/e 14 in t e r v a ls )  

and the r e la t iv e  abundance o f  each ion  in  one spectrum co rres 

ponded w ith  th a t o f  i t s  cou n terpart in  the o th e r . Mass 

sp ectroscop ic  examination a ls o  revea led  th a t the m ajor GC peak 

a tt r ib u te d  to  the syn th es is  product comprised two unresolved 

peaks each possessing m o lecu lar ions a t m/e 434« These peaks 

corresponded to  the c is  -  and trans -  isomers o f  th e a lkene,

15  -  hen triaconten e.
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3 «3* Applied aspects

3 .3 .1 . Physica l c h a ra c te r is t ic s  o f  cu ticu la r  l ip id s  

and adu lt l i c e

3 .3 .1 .1 . M e ltin g -p o in t determ ination o f  cu t ic u la r  wax.

When subjected to  a slow temperature in crease, cu t ic u la r  

lou se wax began s o ften in g  around 41-42°C (Table 17 )  and gave 

the appearance that the m elt in g  was re s tr ic te d  to  a minor 

component o f  the m a te ria l. The con d ition  remained constant 

u n t i l  the temperature reached 49*5 -  50.5°C (Tab le  17 )  when 

the s o l id  wax, which formed a t l e a s t  90% o f  the t o t a l ,  melted 

sharp ly . By a llo w in g  the waxes to  cool in  the m elt in g -po in t 

apparatus, the temperatures o f  s o l id i f ic a t io n  were observed 

and found to  co in cide w ith  the corresponding m elt in g -po in t 

temperatures.

Table 17

M eltin g -po in t temperatures o f  cu ticu la r  waxes

Wax Sample Temperature o f  
i n i t i a l  m e lt in g

Temperature o f  
complete m elting

1 42 °c 50.0 -  5 1.0

2 41 °c 49.0 -  50.5

3 42 °c 49.5 -  50.5
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3 .3 .1 .2 . S o lu b i l i t y  o f  s im ulated c u t ic u la r  wax in  p o te n t ia l 

in s e c t ic id e  so lven ts .

The s yn th e tic  cu t ic u la r  wax d is so lv ed  r ea d ily  in  p o te n t ia l 

in s e c t ic id e  s o lv en ts , d id ecy l e th e r ,  1 -  octadecene and n -  

pentadecane g iv in g  con cen tra tion s g re a te r  than 1.0 g/100 ml o f  

s o lv e n t  (Tab le  18 ) .  S o lu tions o f  the wax were le s s  r e a d ily  

formed in  dodecanal, dodecanol, 2 — dodecanone and undecanol 

and the maximum p oss ib le  con cen tra tion s  o f  the wax f e l l  in  the 

range 0 .5  -  1.0 g/100 ml o f  s o lv e n t .  Lauryl e th e r  d is so lv ed  

th e wax a t con cen tra tion s no t exceed in g  0.25 g/100 ml o f  

s o lv en t w h ile  1 , 4 -  bu tanedio l and 1 , 2 -  p ropaned iol f a i l e d  

to  d is so lv e  the wax to  any ap p rec iab le  ex ten t.

3 .3 .1 .3 . Determ ination o f  upper le th a l  temperature o f  

adu lt l i c e .

When su b jected  to  an in crease  in  temperature, both male 

and female l i c e  d ied  in  the 50 -  52°C range (Tab le  19 ) a f t e r  

a  la y e r  o f  m oisture had been noted on the cu t ic u la r  surface 

o f  the in sec ts  a t tempe ra t vire im m ediately p r io r  to  the thermal 

d ea th -po in t.

A record  o f  changes in  e l e c t r i c a l  con du ct iv ity  on the 

su rfa ce  o f  the adu lt female lou se w ith  temperature increase i s  

shown in  P ig .  25. The v ib ra t io n a l e f f e c t  in  the tra c e  was 

caused by in s e c t movement and in creased  d ra m atica lly  above 46°C.
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Table 10

S o lu b i l i t y  o f  syn th e tic  c u t ic u la r  wax in  

p o te n t ia l  in s e c t ic id e  so lven ts

P o te n t ia l

in s e c t ic id e

so lv e n t

S o lu b i l i t y  o f  1 mg wax in  

in s e c t ic id e  s o lv e n t

a
100 p i  
so lv en t

b
200 p i 
s o lven t

500°pl
so lven t

d
400 p i 
so lven t

1 , 4 -  bu tanedio l 0 0 0 0

d id ec y l/ e th e r + + + +

dodecanal 0 + + +

dodecanol 0 + + +

2 -  dedacanone 0 + + +

la u r y l  e th e r 0 0 0 +

1 -  octadecene + + + +

n -  pentadecane + + + +

1 , 2 — propaned iol 0 0 0 0

undecanol 0 + + +

0 — in so lu b le

+ -  so lu b le

a -  con cen tra tion 1 .0g wax/100 m l. so lven t

b -  con cen tra tion 0 .5g  wax/100 m l. solvent

c -  con cen tra tion 0 .33g wax/100 m l. solvent

d -  con cen tra tion 0 .25g wax/100 m l. solvent
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Tab le  19

Thermal death-pointB o f  a d u lt l i c e

Louse

number

Males

Thermal

death-po int

°c

Females

Thermal

death -po in t

°0

1 52 51

2 52 51

3 51 50

4 50 52

5 51 51

6 50 52

7 50 52

8 52 51

9 50 52

10 51 51

Average 50.9 51.3
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I t  was n o t p o s s ib le  to  conduct the experim ents w ith  adult 

male l i c e  s in ce  moisture appeared to  cove r  the in sec ts  w ith in  

moments o f  t h e i r  being p laced  in  the m e lt in g -po in t tubes thus 

a llo w in g  the passage o f  e l e c t r i c a l  cu rren t between the w ires 

o f  the e le c t ro d e  b efo re  any increase  in  tem perature.

The tra c e s  produced by the fem ale adu lts  (P ig .  25 ) 

possessed r e la t i v e l y  steady b a se lin es  as the temperature was 

s low ly  r a is e d  to  46 -  47°C. A marked increase  in  the reco rd er 

response was observed a f t e r  reach in g  th is  temperature range 

and was fo llo w e d  by a more dramatic increase  on reach ing 

48 -  49°C. Death o f  the in s e c t occurred im mediately a f t e r  

( 1 . . .  50 -  52 °C ).

5 .3 .1 .4 . Comparative v o l a t i l i t i e s  o f  p o te n t ia l in s e c t ic id e  

s o lv e n ts .

1 , 2 -  Propaned iol was found to  be the most v o la t i l e  o f  

the p o te n t ia l  in s e c t ic id e  s o lven ts  (Tab le  20 ) fo llo w ed  by 

n -  pentadecane which evaporated  a t a ra te  1.4 tim es slower 

than th a t o f  th e d io l .  W ith the excep tion s  o f  d id ecy l e th er 

and la u r y l e th e r ,  which proved to  be v i r t u a l ly  n o n -v o la t ile ,  

the rem ain ing so lven ts  showed s im ila r  evapora tion  ra tes  and 

were s ig n i f i c a n t ly  le s s  v o l a t i l e  than 1 , 2 -  propanediol and 

n -  pentadecane (Table 20 ) .
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Comparison o f  times f o r  complete 

evapora tion  o f  (5  p i )  p o ten tia l 

in s e c t ic id e  solven ts  (a t  30°C and 

75% R .H .)

Table 20

P o ten tia l
in s e c t ic id e  so lven t

Average
evaporation  ra te
( 506c / 79% BH)

jil/hour

1 , 2 -  p ropaned iol 0.250 + 0.012

n -  pentadecane 0.178 + 0.006

2 -  dodecanone 0.052 + 0.002

dodecanal 0.035 + 0.001

1 , 4 -  bu tan ed io l 0.030 + 0.001

undecanol 0.026 + 0.001

1 -  octadecene 0.026 + 0.001

dodecanol 0.023 + 0.001

d id ecy l e th e r non v o la t i l e

la u ry l e th e r non v o la t i l e
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3 . 3 . 2 . T o x ic it y  te s te  w ith  adu lt l i c e .

3 .3 .2 .1 . P ro to co l f o r  t o x ic i t y  te s ts .

The m o r ta lity  ra te s  produced by th ree so lv en ts  (dodecanol,

2, -  dodecanone and undecanol) among the adu lt fem ale l i c e  were 

markedly a f fe c t e d  by the type o f  con ta in er  in  which the l i c e  

were sepa ra te ly  h e ld  f o r  the 24 hour t e s t  p eriod  (Tab le  21 ) .

For each s o lv e n t ,  th e dosage app lied  p er  louse was more than 

s u f f ic ie n t  to  cause a m orta lity  ra te  o f  100% (see  section

3 .3 .2 .2 .  ) .  Only t o x ic i t y  te s ts  c a r r ie d  out u s in g  g lass 

con tainers c o n s is te n t ly  gave m o r ta lity  ra tes  o f  100%, whereas

the ra tes  ob ta ined  w ith  the p la s t ic  con ta iners  were s ig n i f ic a n t ly  

low er fo r  a l l  s o lv e n ts .  The most consp icious d is p a r ity  between 

r esu lts  was th a t observed fo r  2 -  dodecanone (T ab le  21 )  where 

64 pg o f  so lven t/ lo u se  k i l le d  100% o f  l i c e  h e ld  in  g lass con

ta in e rs , 78.6% o f  l i c e  held  in  p la s t ic  con ta in ers  (A ) and 3-3% 

o f  l i c e  he ld  in  p la s t ic  con tainers (B ).

F ig . 26 shows the regress ion  l in e s  produced by computer 

an a lys is  o f  da ta  from  la u ry l e th e r  t o x ic i t y  t e s ts  in  which g la ss  

con tainers and p la s t ic  con tainers (B ) had been used. Resu lts 

w ith  the p la s t ic  con ta iners  compared to  those w ith  the g lass 

(Tab le  22 ) in d ic a te d  that i t  was necessary to  app ly  12 times 

more la u ry l e th e r  p er  in sec t in  o rd e r  to  ach ieve 50% m o rta lity  

(LD50) and 16 tim es more fo r  90% m o r ta lity  (LD^q ) .
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Comparison o f  m o r ta lit ie s  amongst ad u lt female 

l i c e  h e ld  in  d i f fe r e n t  con ta iner types  a f t e r  

t o p ic a l  a p p lic a tio n

Table 21

Test s o lven t Container Solven t
dose
pg/louse

Meana
m o r ta l i ty

%

Standard
d ev ia t io n

%

dodecanol g la ss 120 100.0 + 0 .0
p la s t ic  A 120 66.6 ♦  3 .0

p la s t ic  B 120 44.5 ± 2 *5

2-dodecanone g la ss 64 100.0 + 0 .0

p la s t ic  A 64 78.6 + 6 .6

p la s t ic  B 64 3.3 ♦  1 .5

undecanol g la ss 66 100.0 + 0 .0
p la s t ic  A 66 68.3 ±  4 -9
p la s t ic  B 66 41.9 + 7 .7

mean m o r ta lit ie s  o f  3 r e p l ic a te s



glass and piasti



Test solvent “ 50
jig/louse

3%

fiducial 
limits for 

m50

“ 90
pg/louse

9996
fiducial 

limits for
U>50

slope
(+) standard 

error
P

Lauryl ether 5.7 12.3 4.0301

(glass containers) 5.3 4.9 11.1 10.3 ± 0.2789 > 0.05

Lauryl ether 71.3 231.5 2.8422

(plastic containers B) 63.7 55.7 179.8 151.1 + 0.3128 >0.05

Table 22

Comparison o f  results from to x ic ity  tests with lauryl ether 

in which l ic e  were held in  ¿Lass or p las tic  (B) containers
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F ig .  27 to  36 i l lu s t r a t e  the re la tio n sh ip s  between 

the s o lv e n t  masses deposited  du ring  to p ic a l a p p lic a tio n  and 

the corresponding number o f  m icrom eter d iv is io n s  used. L in e a r  

graphs were obta ined  f o r  each s o lv en t.

3 .3 .2 .2 . Top ica l a p p lic a t io n  o f  p o te n t ia l in s e c t ic id e  s o lv e n ts .

Computer analysed d ose/m orta lity  data from the t o x ic i t y  

t e s ts  w ith  the p o te n t ia l in s e c t ic id e  so lven ts  are shown In  

Tab le 23 and the res u lts  were a ls o  used to  con stru ct the in 

d iv id u a l reg ress ion  lin e s  f o r  the so lven ts  on p ro b it - lo g  graph 

paper (P i g .  37 to  46) .

Comparing t o x i c i t i e s  o f  th e  so lven ts  on the basis  o f  

th e ir  LDcn and LD^. le v e ls ,  la u r y l  e th e r  ( 5 .3  jig/ louse andpU 7V
11.1 pg/louse r e s p e c t iv e ly )  was found to  be the moat po ten t com

pound (T a b le  23 )  fo llo w ed  by dodecanol (7 »2  pg/louse and 13«7 

pg/louse r e s p e c t iv e ly ) . An exam ination o f  the c o l le c t iv e  

r e g res s io n  lin e s  o f  the 10 s o lv en ts  ( P i g . 47 )  revea led  th a t 3 

broad groups were formed acco rd in g  to  t o x ic i t y ;  w ith  la u r y l e th e r , 

dodecanol, 2 -  dodecanone and undecanol c o n s t itu t in g  the most 

to x ic  group. A second group, 3 to  4 times le s s  to x ic ,  was 

formed by 1 -  octadecene, dodecanal, n -  pentadecane and d id e c y l  

e th e r  w h ile  a th ird  group which was not apprec iab ly  to x ic  was 

formed by 1, 2-propaned iol and 1, 4 -bu tan ed io l.
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F igu re 27. P lo t o f  m icrometer read ing vs d rop le t mass F igure 28. P lo t  o f  micrometer read ing vs d rop le t mass
fo r  I,4 -b u tan ed io l. fo r  d id ecy l e th er .
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Figure 29. P lo t  o f  micrometer read ing vs d rop le t mass Figure 30. P lo t  o f  m icrometer read ing vs d rop le t mass
fo r  dodecan a l . fo r  dodecanol.
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Figure 31. P lo t o f  m icrometer reading vs d rop le t mass F igure 32. P lo t  o f m icrometer reading vs d rop le t mass
f o r  2-dodecanone. f o r  lau ry l e th er .
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T*.it solvent
»w/louae

i »
fiducial 

1 lui ta for
“ So

“ So
pg/louae

9*
fiducial 

lialts for 
“ 90

Slope
(•(Standard

P

0.626? 0.05
♦ 0.7596

didecjrl other 55.1 6}.e 68.5 4.7660 0.05
57.9 60.1 ♦ 0.2551

_____ _ 2d.9 69.9 79.7 5.175 0.04
?5.4 6}.? ♦ 0.1962

______ 7.6 15.7 14.7 4.6491 0.05
6.9 17.8 • 0.2080

>0.0 10.} 14.5 15.7 8.05?? 0.05
9.7 15.9 ♦ 0.458}

5.7 11.1 12.2 4.0501 0.05
4.9 10.5 .  0.2789

24.2 n . i 55.6 61.4 5.5561 0.05
77.8 51.7 . 0.706*

n - pentadecane ?9.6 }1.7 71.1 79.4 5.566? 0.05
77.9

. . . - 1.0648 0.05

_____ 11.0 11.5 17.5 18.5 6.295? 0.05
10.6 16.7 ♦ 0.5410
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Figure 39. Regression line for dodecanal.
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Figure 41. Regression line for 2-dodecanone.
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3 .3 »2 .3« Top ica l a p p lic a t io n  o f  aqueous in s e c tic id e  so lv en t 

m ixture.

The 1096 (v / v ) m ixture o f  la u ry l e th e r  in  d is t i l l e d  w ater 

formed a l i g h t  g e l from which the water r e a d ily  evaporated i f  

l e f t  uncovered. Consequently, i t  was im possib le to  determ ine 

the mass o f  the t o p ic a l ly  app lied  d ro p le ts  with the Cahn 

E lectroba lance as d escrib ed  (see  sec t ion  2 .3 .3 .3 * ) .  However, 

when weighing d ro p le ts  o f  the ten p o te n t ia l in s e c t ic id e  so lv en ts  

(s ee  s e c t ion  2 .3 .3 .3 . ) ,  i t  was found th a t, on average 95*596 

o f  the volume shown was a c tu a lly  deposited  during to p ic a l 

a p p lic a tio n . Values f o r  the LD ^  and L D ^  were adjusted 

accord in g ly  a f t e r  b e in g  ca lcu la ted  as described  (see  s e c t ion

2 .3 .3 .2 . ) .  The reg res s io n  l in e  f o r  the 1096 la u ry l e th er 

m ixture (F ig .  48 )  was p lo t t e d  as described  (see  sec t ion  2 .3 .3 *2 . )  

w h ile  a second graph (F ig .  49)  was constructed  which compared 

the l in e s  produced by la u r y l  e th er in  the pure form and th a t 

a c tu a lly  present in  the 1096 m ixture.

While there was c lo s e  general agreement between the 2 r e -  

greea ion  lin e s  ( e . g .  co in c id en t LI>90 »a lu e s ) ,  a email d i f fe r e n c e  

in  s lopes was observed which resu lted  in  18.996 more la u ry l 

e th e r  be ing  necessary to achieve 5096 m o r ta lity  when the s o lv en t 

was used in  10% aqueous m ixture ra th e r  than the pure form.
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pure and aqueous forms



Test solvent LD
50

pg/louse

99#

fiducial 
limits for

“ 50

LD
90

pg/louse

99#

fiducial 
limits for

^90

1096 (v/v)lauiyl ether 67.1 70.1 117.1 127.3

in water 64.2 109.3

lauiyl ether (present 6.3 6.6 11.1 12.2

(in 10# mixture) 6.1 10.3

lauryl ether 5.3 5.7 11.1 12.2

(applied as pure) 4.9 10.3

Table 24

C om parison  o f  l a u i y l  e t h e r  t o x i c i t y  r e s u l t i n g  from  

p u re  and aqueous fo rm s
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3 .3 .2 .4 *  T op ica l a p p lic a t io n  o f  in s e c t ic id e  (d ie ld r in )

in  p o te n t ia l in s e c t ic id e  s o lv e n t .

A f t e r  to p ic a l a p p lic a tio n  o f  l i c e  w ith  doses o f  0.005 

p i/ lo u s e , la u ry l e th e r  produced an average ra te  o f  m o r ta lity  

o f  42.696 while 1 , 4 -  butanedio l a p p lied  a t the same dosage 

produced no m o r ta lit ie s  (Tab le  25 ) .  The average m o r ta lity  

ra te  increased  to  70.696 and 100% when the same volume o f  la u ry l 

e th e r  p er  louse ( 0.005 p i )  contained 0 .02  p g  o f  d ie ld r in  and 

0 .2  p g  o f  d ie ld r in  r e s p e c t iv e ly .  A s im ila r  add ition  o f  

d ie ld r in  to  1, 4 -  butanedio l r e s u lt in g  in  0.02 pg and 0 .2  pg  

o f  d ie ld r in  in  0.005 p i  o f  so lven t p er  lou se  produced m or ta lity  

ra te s  o f  12.3% and 100% r e s p e c t iv e ly .

T h erefo re , the increase in  m o r ta lity  a ttr ib u ted  to  the 

d ie ld r in  (0 .02 pg/ lou se ) in  the 1 , 4 -  butanediol was 12.3% 

w h ils t  that a ttr ib u ted  to  the d ie ld r in  a t the same le v e l  in  

the la u ry l e th e r  was 20%.
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Table 25

Comparison o f  d ie ld r in  t o x ic i t y  r e s u lt in g  from 

s o lu t io n s  in  d i f fe r e n t  in s e c t ic id e  so lven ts

In s e c t ic id e
so lven t

so lven t 
volume per 
louse (p i )

D ie ld r in  
per lou se  (p g )

%  M o r ta lity  a

0.005 0.00 0.0

1,4 -bu tan ed io l 0.005 0.02 12.3

0.005 0.20 100.0

0.005 0.00 4 2 .6

lau ry l e th e r 0.005 0.02 70.6

0.005 0.20 100.0

a -  average o f  5 r e p l ic a te s
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3 .3.3* O bservation o f  o u ticu la r  p en etra tion  o f  p o te n t ia l 

in s e c t ic id e  so lven ts  u sine flu o re s cen t dye 

(Rhodamine B ).

C ry o s ta t s ection s  from untreated  l i c e  and l i c e  trea ted  

w ith  s o lv e n ts  e xc lu s ive  o f  Rhodamine B ( la u r y l  e th e r ,  dodecanol 

and 1 , 4 -  b u tan ed io l) d isp layed  no s ig n if ic a n t  flu orescen ce  

when examined under flu orescen ce  m icroscopy w ith  a Rhodamine 

system (P la t e s  48 and 49) .  Consistent res u lts  were produced 

ir r e s p e c t iv e  o f  treatm ent periods in  the case o f  the so lven t 

tre a ted  l i o e .

L ic e  tr e a ted  w ith  e ith e r  la u ry l e th e r  o r  dodecanol were 

v i s ib l y  a f fe c t e d  a f t e r  30 minutes; but exam ination f o r  Rhodamine 

f lu o rescen ce  in  section s  from l i c e  t o p ic a l ly  a p p lied  w ith  the 

s o lu t io n s  o f  Rhodamine B, d id  no t re v e a l any n o t ic e a b le  in

creases in  flu o rescen ce . A f t e r  60 m inutes, when most o f  these 

l i c e  had d ie d , flu orescen ce  was observed in  s e c t io n s  o f  c u t ic le  

c on ta in in g  some degree o f  s c le r o t is a t io n  (P la te s  50 and 52 ) .

The e f f e c t s  were more pronounced in  section s  taken from l i c e

fou r  hours a f t e r  the i n i t i a l  treatm ent w ith  e i th e r  the la u ry l

e th e r  o r  dodecanol Rhodamine B so lu t io n s  (P la te s  51» 53» 54 and 55)*

In  co n tra s t w ith  u n sc le ro tis ed  c u t ic le ,  s c le r o t is e d  c u t ic le  

was d is t in gu ish ed  by a red-orange flu orescen ce  (y e llo w -oran ge  

in  m icrographs) a f t e r  the fou r hour period  d escrib ed  above;
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P la te  48.

P la te  49.

Untreated s c le r o t is e d  c u t ic le  from p a ra te rga l 
p la te  (near s p ir a c le ) . No auto flu orescen ce  
is  ev iden t in  the Rhodamine B r eg ion , x  1000.

C u tic le  a t the ju n ction  o f  tergum (membranous) 
and p a ra te rg ite  ( s c le r o t is e d )  o f  fem ale adu lt 
treated  w ith  la u ry l e th e r  on ly  (s e c t io n ed  a f t e r  
4 hours). No Rhodamine flu orescen ce  is  
observed, x  1000.
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P la te  50.

P la te  51 •

Postnotum (membranous) separating subcoxae 
( s c l e r i t e )  o f  fem ale adu lt louse (d ea d ) 1 
hour a f t e r  treatm ent w ith  lau ry l e th e r/  
Rhodamine B. P a in t fluorescen ce i s  e v id en t 
in  s c le ro t i8 e d  c u t ic le ,  x 1000.

C u tic le  from same lo c a t io n  as in  P la te  50 but 
sectioned  4 hours a f t e r  treatment w ith  la u ry l 
ether/Rhodamine B. Fluorescence in  s c le r o t is e d  
c u t ic le  i s  s tron ger and pore canals a re  v is ib le  as 
s t r ia t io n s ,  x 1000.
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P la te  52.

P la te  53.

C u tic le  from ju n ct ion  o f  rea r  l e g  and coxa o f  female 
a d u lt lou se (dead ) 1 hour a f t e r  treatm ent w ith  
la u ry l ether/Hhodamine B. F luorescence i s  observed 
in  s c le r o t is e d  c u t ic le ,  x  1000.

C u tic le  from  dorsa l m etathoracic  subcoxa (above 
l e g  j o in t )  o f  male a d u lt louse sec t ion ed  4 hours 
a f t e r  dodecanol/Rhodamine B treatm ent. Fluorescence 
i s  e v id en t throughout c u t ic le  ( s c l e r i t e )  and 
tracheae (a r ro w s ), x  1000.
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P la te  54.

Plate 55.

C u tic le  from ju n ction  o f  l e g  and coxa o f  female 
adu lt louse section ed  4 hours a f t e r  treatm ent with 
la u ry ì ether/Rhodamine B. F luorescence is  
observed mainly in  s c le r o t is e d  c u t ic le  but a ls o  to 
a le s s e r  degree in  u n sc le ro tis ed  rugose c u t ic le ,  
x  1000.

Thoracic c u t ic le  from v e n tra l su rface o f  fem ale 
adu lt louse section ed  4 hours a f t e r  dodecanol/ 
Rhodamine B treatm ent. F luorescence i s  seen 
throughout the c u t ic le  ( s c l e r i t e )  and pore canals 
are v is ib le  as s t r ia t io n s .  x 1000.
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examples o f  which were found in  transverse s e c t io n s  showing 

the dorsa l re g io n  o f  the thorax (P la te s  51 and 53 ) » the 

thorax-abdomen ju n c t io n  (P la te  54 ) ,  the v e n tr a l reg ion  o f  

the thorax (P la t e  55 )  and the perim eters  o f  th e para terga l 

p la te s .  Rugose c u t ic le  and ru b ber-lik e  c u t ic le  were not 

s ta in ed  by the Rhodamine B ( la u r y l  e th er , dodecanol) so lu tion s  

to  th e same d egree  as s c le ro t is e d  c u t ic le  d e sp ite  ac tin g , in  

many instances, as an e f fe c t i v e  ju n ction  between two s c le ro — 

t is e d  reg ions (P la t e s  51, 53 and 54) •

In  c u t ic le  which was p a r t ic u la r ly  w e ll s ta in ed  w ith  the 

dye (P la te  55 ) ,  pore  canals were d is t in c t ly  v i s ib l e  as 

f lu o re s cen t, v e r t i c a l  s t r ia t io n s  in  the c u t ic u la r  cross 

s e c t io n . F luorescence was a lso  observed in  th e trachea o f  

in s e c ts  dosed w ith  Rhodamine B/ dodecanol s o lu t io n  (P la te  53 ) 

which provided  ev iden ce  that en try  o f  the in s e c t  by the s o lu t io n  

had been gained through the sp ira c le s  and the trach ea l system.

L ic e  a p p lied  w ith  1 , 4 -  butanedio l ( e i t h e r  pure or 

s o lu t io n  c on ta in in g  Rhodamine B) produced no m o r ta lit ie s  during 

the te s ts .  Under UV exam ination, sections o f  the l i c e  dosed 

w ith  the Rhodamine B/ 1, 4 -  butanedio l s o lu t io n  taken 50 

minutes and 60 minutes a f t e r  treatm ent e x h ib ited  no s ig n if ic a n t  

increases  in  f lu o re s cen ce . A flu o rescen t la y e r  coverin g  the 

c u t ic le  was ob served , however, in  sections taken from l i c e  

fou r  hours a f t e r  th e i n i t i a l  treatm ent (P la te  56 ) .
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P la te  56. C u tic le  from ju n ction  o f  tergum and p a ra te rg ite  o f  
fem ale adult louse 4 hours a f t e r  treatm ent w ith  
1 ,4-butanediol/Rhodamine B. F luorescence i s  
observed on the su rfa ce  o n ly . X 1000.
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4* D iscussion

4 . 1 . Ph ys ica l s tru c tu re .

4 .1 .1 . E xterna l fe a tu re s .

The c u t ic le s  o f  some arthropods are capable o f  rap id  expansion 

a t some stage in  t h e i r  development and examples o f  such c u t ic le s  

may be found in  c a t e r p i l la r s , Rhodnius p ro lix u s  nymphs, queen 

te rm ite s , honey ants and fem ale t ick s  (N e v i l l e ,  1975)» In  

each case the expansion occurs in  u n sc le ro tis ed  areas o f  c u t ic le  

which i s  u su a lly  fo ld e d  to some ex ten t. W hile in  the unfed 

s ta te ,  Rhodnius p ro lix u s  ( f i f t h  in s ta r ) and Boophilus m icroplus 

(a d u lt fem ale ) have abdominal surfaces which are deep ly fo ld ed  

o r  rugose (Hackman, 1975) and resemble the membranous abdominal 

c u t ic le  o f  the human body lou se . Although the Rhodnius nymph 

and the Boophilus a d u lt feed  only, once, whereas the lou se  feeds 

fre q u en t ly , the c lo s e  s im i la r i t y  o f  t h e ir  rugose c u t ic le s  

suggests th a t some aspects  o f  abdominal expansion in  the three 

animals are s im ila r .  The two forms o f  rugose c u t ic le  found on 

the body lou se are con s is ten t w ith  those p re v io u s ly  observed on 

the abdominal su r fa ce  o f  the pubic lou se by Ubelaker and co

workers (1973 )* They described  the c u t ic le  on the d orsa l abdo

minal su rface o f  the pubic lou se as be in g  rugose, but r e fe r re d  to 

c u t ic le  on the v e n tr a l  su rface as 's c a le d * ;  a term not w holly  

c o r r e c t .  The 's c a le d *  pubic louse c u t ic le  appears e x a c t ly  the 

same as the 'q u i l t e d ' c u t ic le  seen in  my s tu d ies  on the body 

lou se . S£M exam inations o f  the abdominal body louse c u t ic le  

revea led  th a t the two d is t in c t  rugose c u t ic le  form ations were
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c lo s e ly  r e la te d . Both con sis ted  o f  corru gations but those o f  

the q u ilted  type were very  much shorter in  comparison to  the lon g 

ru go s it ie s  o f  the second type found over reg ion s such as the mid

gut where expansion occurs during feed in g. TEM exam ination o f  

both types o f  rugose c u t ic le  showed them to  be s tru c tu ra lly  

id e n t ic a l .

Q u ilted  rugose c u t ic le  was not con fined  to  the abdomen but 

occurred in  o th e r  reg ion s such as le g  jo in t s ,  where movement 

caused by the underly ing musculature requ ires  a high degree o f  

f l e x i b i l i t y .  In  fa c t ,  an ex ten sive  system o f  muscles connecting 

the dorsal and ven tra l areas o f  q u ilted  rugose c u t ic le  on the 

abdomen was seen in  the sta in ed  l i g h t  m icroscope section s  o f  whole 

l i c e  (P la te  9 ) .  The s e r ie s  o f  abdominal p it s  found on the body 

louse in  the same areas as the q u ilted  rugose c u t ic le  were pre

v io u s ly  described  on the abdominal surface o f  the pubic louse 

(Ubelaker e t  a l . 1975)  and probably r e s u lt  from attachment o f  the 

underly ing musculature to  the integument. However, I  could 

ascrib e  no obvious function  to  the areas o f  s erra ted  rugose c u t ic le  

on the abdomen o f  the body lo u se , a lso noted on the abdomen o f  the 

pubic louse (Ubelaker e t  a l ,  1973).

E x te rn a lly , the body lou se  is  d istingu ished  by se ve ra l other 

unique fe a tu re s . As in  a l l  spec ies  o f  Anoplura, the mouthparts 

o f  the body louse are among the most h igh ly  s p ec ia lis ed  found in  

in sec ts  and function  by p ie r c in g  and sucking in  a manner qu ite  un like 

th a t o f  o th er b lood-sucking arthropods (P e r r is ,  1951). The
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claws on the le g s  are a ls o  c h a ra c te r is t ic  in  Anoplura and serve 

as c la sp in g  organs which are p e r fe c t ly  su ited  to  an environment 

con ta in in g  numerous h a irs  and f ib r e s  e tc .  (Buxton, 1947)»

Although eyes are e ith e r  absent o r  b a re ly  recogn isa b le  in  most 

sp ec ies  o f  Anoplura, a small m in o r ity  in c lu d in g  the body lou se 

possess d is t in c t  stru ctu res  which c o n s is t o f  th ickened c u t ic le  

(P e r r is ,  1951). The body louse may a lso  be d i f fe r e n t ia t e d  from 

o th e r  members o f  Anoplura by the mushroom-like shape o f  the 

s p ira c le s  which are c h a ra c te r is t ic  o f  the fa m ily  P ed icu lid ae

( P e r r is ,  1955).

4 .1 .2 . The e p ic u t ic le .

A rev iew  o f  p rev iou s stud ies  shows th a t some con fu sion  has 

a r is en  concerning the term inology used f o r  the variou s  la y e rs  

com prising the e p ic u t ic le .  The s tru ctu re  o f  the e p ic u t ic le  in  

s c l e r i t e  and membranous body louse c u t ic le  c lo s e ly  resem bles that 

d escrib ed  by P i ls h ie  and Hadley (1979 ) in  the d ese rt scorp ion  

Hadrurus arizon ensis  and consequen tly , I  have used th is  term i

no logy  in  my study.

Although a wax bloom was apparent in  platinum/carbon 

r e p lic a s  o f  c u t ic le  su rfa ces (Locke, 1974)t i t  was almost com

p le t e ly  removed during p repara tion  f o r  TEM exam ination and on ly 

remnants o f  i t  remained in  w e ll-p ro te c te d  areas. The unsaturated 

l ip id s  which comprise ov e r  2996 o f  th e cu t ic u la r  wax are r e a d ily  

f ix e d  by osmium te tro x id e  and th is  accounts f o r  the appearance in
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a few e le c tro n  m icrographs o f  is o la te d  d ep o s its  ad jacent to  the 

c u t ic le  su rface (P la te s  13 and 1 6 ). T h is  s itu a t io n  has been 

reported  p re v io u s ly  w ith  oth er arthropods such as the sp iny ra t 

m ite Laelaps echidnina (Wharton e_t a l , 1968) and the s o i l  m ite 

Oppia c o lo ra  en s is  (B rody, 1970). In  f a c t ,  Wharton and co

workers demonstrated the presence o f  wax blooms on the su rface 

oppos ite  pore canals which suggests th a t c u ticu la r  wax trave rses  

the c u t ic le  v i a  the pore canal system in  th is  animal.

In  most e le c t ro n  micrographs o f  lou se  c u t ic le  the outermost

la y e r  o f  the e p ic u t ic le  was the ou ter membrane, which corresponds

w ith the l i p i d  monolayer postu la ted  by Beament (1961, 1964) and 
196!,

apparen tly  demonstrated by Locke (1965» 1966) and Zacharuk (1972).
A o

Although the th ickness o f  the la y e r  (abou t 30 A ) i s  con sis ten t 

w ith  th a t o f  the c u t ic u la r  hydrocarbons when a lign ed  at 90° to  

the su r fa ce f I  tend to  agree w ith  P i l s h ie  (1970 a , b ) and 

Lockey (1976) who question  the e x is ten ce  o f  the so c a lle d  o r ien ted  

l i p id  m onolayer. Stud ies  with Cal podes (P i ls h ie ,  1970a), L u c il ia  

(P i ls h ie ,  1970b) and H. a r izon en s is  (H ad ley  and P i ls h ie ,  1979) have 

shown th a t in  each in s ta n ce , the ou ter membrane o f  the e p ic u t ic le  

was com p letely  r e s is ta n t  to  severe  e x tra c t io n  under con d itions 

more than s u f f ic ie n t  to  overcome any fo r c e s  o f  a tt ra c t io n  which 

might e x is t  between the monolayer and the e p ic u t ic le .  Lockey 

( 1976)  notes th a t the non -pola r (hydrocarbon) contents o f  cu ticu la r  

waxes from P . americana and £3. g r e g a r ia  are e s s e n t ia lly  equal and 

comprise the bulk o f  the waxes (75-7736), which is  a lso  the case
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w ith  the body lou se, and suggests that i f  the monolayer does 

e x is t ,  i t  must be a heterogeneous m ixture o f  non -po la r and 

p o la r  l i p id  m olecules. Both F i ls h ie  (1970a) and Lockey (1976), 

however, envisage th a t the l ip id  la y e r  would be in  a l iq u id  

phase to  a llow  replacem ent o f  l o s t  wax and i f  t h is  is  so, the 

l i p id  monolayer cou ld  c e r ta in ly  no t survive TEM p reparation  

con d it ion s .

Although the method by which the l ip id s  (o r  p recursors) are 

transported  through th e pore canal system is  s t i l l  unclear, 

th ere  i s  no doubt th a t in  my stud ies  that the l i p id s  (o r  pre

cu rso rs ) pass through the e p icu t ic le  o f  the lou se by way o f  the 

e p icu t ic u la r  filam en ts  and are deposited  on the su rfa ce  at the 

pores o r  openings. E p icu ticu la r  pores are thought to  e x is t  in 

most in sec ts  and have been demonstrated in  s e ve ra l species 

in c lu d in g  Calnodes (Locke , 1966) and Thennobia (N ob le -N esb itt ,

1967) w h ils t Hadley and F ils h ie  (1979) observed pores in  the 

e p ic u t ic le  o f  Hadrurus arizon ensis  during TEM and SEM stud ies on 

the e f fe c t s  o f  va r iou s  l i p id  so lv en ts . The p o res , w ith  diameters 

about 30 times la r g e r  than those found on the body lou se, were 

apparent in  the SEM on ly  s ifte r  prolonged treatm ent using concen

tra te d  potassium hydroxide and Hadley and F i ls h ie  (1979) suggest that
a

the surface c oa tin g  m ight contain  m ucopolysacchrides which may 

be d iges ted  by s tron g  a lk a l is . In  con tra s t , I  found organic 

s o lven ts  were more e f f e c t i v e  in  removing su rfa ce  l ip id s  from the 

lou se , whereas treatm ent w ith  concentrated potassium hydroxide
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m erely resu lted  in  a r e d is t r ib u t io n  o f  the hydrocarbon fr a c t io n  

which does not respond to  s a p o n ific a t io n .

The h o r iz o n ta l tubules which e x is t  a t the in te r fa c e  o f  the 

p ro cu tic le  and the dense la y e r  o f  the e p ic u t ic le  in  the lou se 

have been observed in  on ly  one o th e r  arthropod, the fem ale  c a t t le  

t ic k  Boophllus m icroplus (P i l s h ie ,  1976) in  which they form  a 

s in g le - la y e re d , in tercon n ec tin g  network. Though i t  was not 

p oss ib le  to  produce ta n gen tia l section s  o f  lou se c u t ic le  f o r  TEM 

exam ination, i t  i s  assumed th a t the tubules seen below th e e p icu t ic le  

in  transverse se c t ion s  rep resen t a s im ila r  network to  th a t  in  

th is  spec ies . P i ls h ie  (1976) was unable to  a ssoc ia te  any function  

w ith  the tubu lar network in  the t ic k ,  but th ink  i t  i s  s ig n if ic a n t  

th a t both the t ic k  and the lou se  are b lood-suckers and in  both 

cases the abdominal c u t ic le  su rfa ce  i s  fo ld ed  to  a llow  expansion 

when fe ed in g  (Hackman, 1975)* W hilst in e x te n s ib le , the e p ic u t ic le  

i s  s t i l l  f l e x ib l e  enough to  un fo ld  during abdominal expansion 

(R ichards, 1951)« In  s tu d ies  w ith  Rhodnius nymph* M ad d re ll(l9 6 6 ) 

demonstrated th a t the nervous system was in vo lved  in  the p la s t ic i -  

sa tion  o f  abdominal c u t ic le  and suggested th a t the s t im u li 

r e s u lt in g  in  c u t ic le  p la s t ic is a t io n  were those sensations which 

accompany fe ed in g . He recogn ised  that a number o f  sensory  systems 

which respond to  d i f fe r e n t  s t im u li have a lready  been d e tec ted  in  

c e rta in  in s e c ts . Perhaps the tubular network found in  the 

c u t ic le s  o f  the t ic k  and the lou se performs a s im ila r  fu n c tio n  to  

th a t o f  the s tr e tch  recep to rs  which occur in  the pharynx o f  Locus ta
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m igra to ria  m igra to rlodes  (C la rk  and Langley , 1963). A lt e r n a t iv e ly ,  

the network m ight s im ply behave in  a pneumatic manner between 

the s c le r o t is e d  e p ic u t ic le  and the u n sc le ro tis ed  e x o c u t ic le  to  

lessen  the e f f e c t s  o f  trauma during u n fo ld in g  o f  the e p ic u t ic le  

during expansion.

4 .1 .3 *  The e x o c u t ic le .

Although N e v i l l e  (1975) has s ta ted  th a t most e x o cu t ic le s  

are h e l ic o id a l ( la m e lla te )  throughout th e ir  th ickn ess , th ere  are 

seve ra l instances where th is  i s  no t the case. The e x o cu t ic le  in  

the s o f t  integuments o f  Rhodnlus p ro lixu s  (W igg lesw orth , 1970) 

and the ra b b it t ic k  Haemaphysalia le p o r is p a lu s t r is  (Nathanson,1967) 

are n on -lam ella te  and Beadle (1974) has suggested th a t in  the 

non-1 am éllate e x o c u t ic le  o f  the c a t t l e  t ic k  Boophilus m icrop lu s , 

the m ic r o f ib r i ls  have u n id ir e c t io n a l o r ie n ta t io n . A s im ila r  

arrangement e x is t s  in  the e x o cu t ic le  o f  louse membranous c u t ic le  

excep t th a t the m ic r o f ib r i l  c r y s t a l l i t e s  have formed a 

m a c ro fib r i l la r  s tru c tu re . N e v i l le  (1975) has in te rp re te d  

c u t ic u la r  d iv is io n s  on the b as is  o f  s ta in in g  w ith  M a llo ry *s  

t r ip l e  s ta in  (B aker, 1958) and concludes that s c le r o t is e d  exo

c u t ic le  i s  r e f r a c t i l e  to  s ta in in g  whereas u n sc le ro tis ed  exo

c u t ic le ,  which i s  impregnated w ith  p ro te in s  and l ip id s ,  u su a lly  

s ta in s  red . These ob serva tion s  are in  agreement w ith  th ose on 

s c le r o t is e d  and membranous lou se c u t ic le  r e s p e c t iv e ly  a f t e r  

exposure to  M a llo ry *s  t r ip l e  s ta in . The b r i t t l e  fa i lu r e  o f  the 

e x o cu tic le  during the fra c tu re  o f  membranous c u t ic le  in d ica te s



260

th a t the exo cu tic le  i s  s c le r o t is e d ; but the f ix e d  con d it ion  o f  

the c u t ic le  caused by the osmium te tro x id e  treatment and 

c r i t i c a l  po in t d ry in g  probably account fo r  th is  anomolous 

behaviour. During expansion o f  the abdominal c u t ic le  brought 

about by feed in g, u n fo ld in g  o f  the e p ic u t ic le  is  accompanied by 

a l im ite d  deform ation o f  the e x o cu t ic le .  Given the in ex ten s ib le  

nature o f  the e p ic u t ic le  and the alignment o f  the u n id irec tion a l 

e x o cu t ic le  m a c ro fib r ils  p a r a l le l  to  the axes o f  the ru go s it ie s , 

one would expect s tr e tch in g  o f  the exo cu tic le  to  be perpendicu lar 

to  the axes o f  the ru g o s it ie s  w ith  l i t t l e  o r  no exten sion  along 

the ru g o s it ie s .  In  the membranous c u t ic le  the un derly in g endo- 

c u t ic le  is  capable o f  g rea te r  s tr e tch in g  and th e re fo re , the 

e x o cu tic le  may be seen as a t ra n s it io n a l la y e r  between two 

extremes.

4 . 1 . 4 . The en d ocu tic le .

The d i f fe r e n t  a c t io n  o f  M a llo ry *s  t r ip le  s ta in  on the 

en docu tic le  la ye rs  in  s c le r i t e  and membranous louse c u t ic le  may 

be in terp re ted  s im ila r ly  to  the e x o cu t ic le  by app lying the 

ra t io n a le  o f  N e v i l le  (1975) and Baker (1958). Where la rge  enou#i 

spaces occur in  the c u t ic le  s tru c tu re , the la rg e r  anions (a n ilin e  

b lu e ) occupy them to  produce a b lue s ta in . In  reg ion s o f  the 

c u t ic le  where im pregnation by p ro te in s  and l ip id s  has caused a 

reduction  in  the spaces between the m olecular chains, on ly  the
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sm a ller  anion (a c id  fusch ln ) can lodge which r e s u lts  in  a red 

s ta in . Where both impregnation and tan n in g have occurred, 

n e ith e r  o f  the anions can penetra te  the m atrix and the c u t ic le  

does not s ta in , which is  the case w ith  the en d ocu tic le  o f  louse 

s c le r i t e  c u t ic le .  In  con tra s t , the en d ocu t ic le  in  M a llo ry  

sta in ed  membranous c u t ic le  possessed an o v e r a l l  mauve co lo u ra tion  

composed o f  red  and b lue. Th is  v a r ia b le  r e a c t io n  is  con sis ten t 

w ith  the r o le  th a t the endocu ticle  p lays  in  the expansion o f  

abdominal c u t ic le  when the louse fe ed s . The e x t e n s ib i l i t y  o f  

the abdominal c u t ic le  resu lts  la r g e ly  from  s tr e tch in g  o f  the 

en docu tic le  la y e r  brought about by a change in  cohesion between 

the c h it in -p ro te in  components (Nunez, 1963)* Because the 

membranous abdominal c u t ic le  is  su b jected  to  frequ en t d is ten tio n  

through fe ed in g  by the lou se, spaces o f  va r iou s  dimensions are 

l i k e l y  to  be formed between the m olecu lar chains in  the endocu ticle  

m atrix on a  random and recu rr in g  basis  and th is  might account fo r  

the dual s ta in in g  r ea c t ion .

The homogeneous, non -lam ella te  appearance o f  the s c le r i t e  

en docu tic le  in  TIM stud ies  and i t s  m echanical p ro p er tie s  o f  

s tren gth  and s t i f fn e s s  suggest th a t i t  i s  composed throughout o f  

u n id ir e c t io n a lly  o r ien ted  m ic r o f ib r i ls  (N e v i l l e ,  1975) which is  

q u ite  uncommon. Evidence o f  a la m e lla te  s tru ctu re  in  the 

en docu tic le  was revea led  in  SEM stu d ies  o f  fra c tu red  c u t ic le  and 

th is  corresponds w ith  the form ation o f  growth la y e rs  deposited  

a f t e r  blood m eals. A s im ila r  phenomenon occurs in  the t ic k  

Ixodes r i  c inus (L e e s , 1952) and the bug Rhodnius (Zw icky and

W igglesworth, 1956)
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In  membranous lou se c u t ic le  the s tru c tu re  o f  the en docu ticle

which is  composed o f  h e l i c o id a l ly  arranged (B ou ligand , 1965) 
o

250 — 1000 A m a c ro fib r ils  c lo s e ly  resem bles th a t observed  in  

the ch e la  tendon o f  the crab Carcinus maenas (N e v i l l e ,  1975). 

In te r e s t in g ly ,  th e o r ig in a l  s tu d ies  by Bouligand (1 9 65 ), whereby 

the h e l ic o id a l  s tru ctu re  in  c u t ic le  was reco gn ised , were performed 

on Crustacean c u t ic le  which i s  a lso  con structed  o f  m a c ro fib r ils .

One o f  the most in t e r e s t in g  th eo r ie s  to  e x p la in  the form ation  o f  

u n id ir e c t io n a l and h e l ic o id a l  s tructu re in  c u t ic le  in v o lve s  the 

s e lf-a ssem b ly  o f  l iq u id  c r y s ta l l in e  m a te ria l secre ted  by the 

ep iderm al c e l l s  (N e v i l l e  and Caveney, 1969). I t  has been suggested 

(N e v i l l e ,  1975» W igg lesw orth , 1976) th a t a c h o le s te r ic  component 

is  resp on s ib le  f o r  c o n t r o l l in g  the angle o f  tw is t  o f  the h e lic o id  

and, in  fa c t ,  compounds such as c h o le s te r y l e s te rs  are frequ en tly  

found in  c u t ic u la r  l i p id  e x tr a c ts .  C h o le s te ry l e s te rs  occur in  

lou se  cu t ic u la r  l i p id s  and comprise ove r  7% o f  the t o t a l  (by w e ig h t ).

Although some po in ts  o f  s im ila r it y  in  the membranous abdominal 

c u t ic le s  o f  the lou se , Rhodnius la r v a  and Boophilus adu lt were 

d iscu ssed  e a r l i e r ,  the en d ocu t ic le  s tru ctu re  in  the c u t ic le s  o f  the 

l a t t e r  two arthropods is  m ic r o f ib r i l la r ,  u n lik e  the m a c ro fib r i l la r  

s tru c tu re  in  the en d ocu tic le  o f  the lou se . In  the Rhodnius la rva  

and the Boophilus ad u lt, c u t ic le  th ickness i s  in creased  by 

syn th es is in g  a d d it io n a l en d ocu tic le  p r io r  to  fe ed in g  so that 

s t r e tc h in g  o f  th e c u t ic le  can take p lace du ring  abdominal expansion 

(Hackman, 1975). Since the lou se adu lt fe ed s  much more frequ en tly  

than the Rhodnius la r v a  and the Boophilus a d u lt, i t s  abdominal
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expansion is  not p a r t ic u la r ly  dependent upon increased endocu ticle  

d ep o s it io n  b e fo re  each meal. Expansion o f  the abdomen is  l im ite d  

by the in e x te n s ib i l i t y  o f  the c h it in  m a c ro fib r ils .

E lectron  micrographs revea led  that the m a c ro fib r il la y e rs  in  

the membranous en docu tic le  o f  the louse are fo ld ed  to  some ex ten t 

which, no doubt, p lays  an important part in  p erm ittin g  maximum 

abdominal expansion. W hilst the s tru c tu ra l form o f  the ch i t in  

w ith in  the abdominal c u t ic le  o f  the louse d i f f e r s  from that in  

Rhodnius and Booph ilus. the mechanics o f  endocu ticle  p la s t ic is a t io n  

which perm its s tr e tch in g  probably fo l lo w  the same p r in c ip le s  in  

each . A l l  c u t ic le s  have a two-phase composite structu re o f  h igh 

modulus polysaccharide f ib r e s  o f  c h it in  d is tr ib u ted  in  a low 

modulus m atrix o f  p ro te in . Bonds e x is t  between the m olecules o f  

the two phases but in  Rhodnius and presumably oth er b loo d -feed ers , 

th ey are s en s it iv e  to  pH change (Reynolds, 1975)* M addrell (1966) 

has shown that p la s t ic is a t io n  o f  Rhodnius abdominal c u t ic le  i s  under 

nervous con tro l from the head and N e v i l le  (1975) has expressed the 

v iew  that p la s t ic is a t io n  is  a h igh ly  complex even t which is  caused 

by a  pH change w ith in  the c u t ic le  c o n tro lle d  by the nervous system 

v ia  the epiderm is. D isruption o f  the pH — la b i le  bonds between 

c h it in  and p ro te in  molecules a llow s a degree o f  s l id in g  to occur 

between the two phases. Hackman (1975) has suggested that the 

components o f  f l e x ib l e  c u t ic le s  must not be so h igh ly  ordered o r  

c lo s e ly —packed th a t c ry s ta ls  are formed and thereby cause a gross 

change in  physica l p ro p er tie s . In  the l i g h t  o f  th is  statem ent, 

the resu lts  o f  Rhodamine B s ta in in g  o f  louse c u t ic le  (s ee  sec t ion

3 . 3 . 4 . )  are in te r e s t in g .  Under id e n t ic a l experim ental con d it ion s ,
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s c l e r i t e  c u t ic le  was c o n s is ten tly  more h e a v ily  sta ined  w ith  

Rhodamine B than membranous c u t ic le ,  in d ic a t in g  that the 

s c l e r i t e  c u t ic le  con tains a h igher number o f  unconjugated p ro te in  

bonds. R ecen tly, V incent and H il le r t o n  (1979) suggested th a t 

s c le r o t is a t io n  o f  c u t ic le  resu lts  from h ig h ly  c o n tro lled  dehydration  

w ith in  the m atrix a llo w in g  a largje number o f  s ite s  to  become 

a v a i la b le  fo r  con juga tion  w ith  chem icals in vo lved  in  tann ing, o r  

in  th is  instance, the p ro te in  dye Rhodamine B. M addrell (1966) 

found th a t an increase in  hydration  o f  the c u t ic le  accompanies 

p la s t ic is a t io n  and th is  might account f o r  the low uptake o f  

Rhodamine B in  the louse membranous c u t ic le  which i s ,  in  any 

ca se , always hydrated to  some ex ten t. In  fa c t ,  N e v i l le  (1970) 

s tr e s s e s  that w ater is  an e s sen tia l component o f  c u t ic le ,  s in ce  

dehydration  increases the bonding between the c h it in  and p ro te in  

m olecu les  which r esu lts  in  b r it t le n e s s .

4 .1 .5 .  The ep iderm is.

Integument examined during the TEM stu d ies  was taken from 

p o s t-e cd ys ia l adu lt l i c e ,  usually  2 -3  days o ld ,  and in  each case 

the decrease in  a c t iv i t y  fo llo w in g  ecdys is  was r e f le c te d  in  the 

appearance o f  the epidermal c e l l s  which were th in  and e lon gated . 

In  v ie w  o f  the rough endoplasmic reticu lum  and fr e e  ribosomes 

w ith in  the cytoplasm o f  the c e l ls  and th e ir  function  o f  p ro te in  

p rodu ction  (Bloom and Faw cett, 1975)» i t  appears th a t en d ocu t ic le  

con tinues to be deposited  u n t il a t le a s t  2-3 days a f t e r  e cd y s is .
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Although i t  has been shown in  S ch istoce rca  g re ga ria  

(D ie h l ,  1973) th a t the oenocytes are resp on s ib le  f o r  the 

s yn th es is  o f  c u t ic u la r  l ip id s  and that th ese c e l l s  have a ls o  

been im p lica ted  in  the production  o f  s tru c tu ra l l ip id s  in  

Rhodnius (V igg lesw orth , 1970) ,  the epiderm al c e l l s  in  the lou se 

may, perhaps, fe a tu re  more prom inently in  l i p i d  production .

R esu lts from the experim ents in  which a d u lt l i c e  in ges ted  

b loo d  la b e l le d  w ith  t r i t ia t e d  o le ic  a c id  im ply th a t the tu rn over 

o f  c u t ic u la r  l ip id s  in  the lou se  i s  rap id  and probably dependent 

to  some degree on fe ed in g . In  the ep iderm is the basal e x tr e 

m it ie s  o f  the pore canal filam en ts  appear to  m aintain a c lo s e  

e x t r a c e l lu la r  r e la t io n sh ip  w ith  the ep iderm al c e l l s  su gges tin g  

th a t  these c e l l s  are respon s ib le  f o r  syn th es is in g  the major 

p ro p o r tion  o f  the c u t ic u la r  l ip id s  (o r  p re c u rs o rs ). A dedu ction  

supported by the observa tion  th a t oenocytes were not im m ediately 

e v id e n t in  the e le c t ro n  m icrographs.

4 .1 .6 .  The pore canal system.

The TEM and SEM exam inations o f  lou se c u t ic le  have e s ta b lish ed  

th a t  the su rface o f  the c u t ic le  i s  lin k ed  to  the epiderm is v ia  

the pore c an a l/ ep icu ticu la r  f ilam en t system ; a ls o  proposed as 

the pathway f o r  l ip id s  o r  p recursors in vo lved  in  w a terp ro o fin g  

o f  th e  e p ic u t ic le  (Locke, 1961; Gluud, 1968 ). I t  has been known 

f o r  some time that the louse possesses e p ic u t ic u la r  pores
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(V igg lesw orth , 1942) and i t  has since become ev iden t th a t the 

ex istence o f  the pore canal system is  c ru c ia l in  the development 

o f  the c u t ic le  as a whole. As w e ll as b e in g  in vo lved  in  

w a terp ro o fin g  o f  the e p ic u t ic le ,  the pore canals f a c i l i t a t e  

im pregnation o f  the cu ticu la r  la y e rs  (N e v i l l e ,  1975) p a r t ic u la r ly  

during s c le r o t is a t io n  (W igglesworth, 1975t>). During ecdys is  the 

moulting f lu id  gains access to  the inn er la y e rs  o f  the o ld  c u t ic le  

v ia  the new ly  formed e p icu ticu la r  channels (o r  fila m en ts ) and 

the products o f  d ig e s tio n  then return  by the same route 

(V igg lesw orth , 19756)»

Though the platinum/carbon r ep lic a s  o f  fre e ze - fra c tu red

membranous c u t ic le  provided some evidence that the pore canals
b

resemble tw is te d  ribbons (N e v i l le  and Luke, 1969)» the TEM 

exam inations revea led  that the s tructu res are s im ila r  to  those 

observed in  Boophllus m icroplus adu lts (F i ls h ie ,  1976) and in  

Rhodnius p ro lix u s  la rvae  (W igglesworth, 1975»)! where they were 

described as be ing  roughly c y l in d r ic a l  in  cross se c t io n . Locke 

( 1961)  demonstrated th a t an es te rase  i s  present in  the c u t ic le s  

o f  Calpodes and G a lle r ia  in  reg ion s where wax canal filam en ts 

(e p ic u t ic u la r  fila m en ts ) a r is e  and, consequently, he suggested 

that the f in a l  stage o f  wax syn thesis  occurs in  these reg ion s 

and in v o lv e s  th is  e s terase . I f  cu t ic u la r  l i p id  syn thesis  is  

completed in  the epiderm is, one might expect to  see uniform 

osmium te tr o x id e  s ta in in g  throughout the pore canal system, 

p a r t ic u la r ly  in  the case o f  the louse which has a f a i r l y  high 

unsaturated l i p id  con tent. In  fa c t  the h eaviest s ta in in g  in
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the pore canal system occurred throughout the filam entou s 

network found m ainly in  the e p ic u t ic le  and e z o c u t ic le .  S ta in in g  

o f  the pore canals in  th e en docu tic le  appeared s ig n i f ic a n t ly  

l i g h t e r  and was r e s t r ic t e d  to  the w a lls  o f  the s tru ctu res  

(W igg lesw orth , 1975a). Th is  would seem to  agree w ith  the theory 

o f  Locke (1961) th a t l i p i d  syn thesis i s  completed in  the pore canals 

where the wax canal f ilam en ts  a r is e .  On the o th e r  hand. F ils h ie  

( 1970a, b ) found th a t the filam en ts in  the e p ic u t ic le  and exo

c u t ic le  layers  o f  Calpodes e th liu s  and L u c il ia  cuprina are res is ta n t  

to  a c id  h yd ro lys is  and the ac tion  o f  l ip id  s o lv e n ts , which suggests 

th a t the filam en ts c o n s is t  o f  o r  con tain  su bstan tia l amounts o f  

s ta b i l is e d  compounds ( l i p id s )  ra th e r  than be in g  composed e n t ir e ly  

o f  f r e e  l ip id s .

An a lte rn a t iv e  exp lan ation  f o r  the va r ia b le  osmium s ta in in g  

in  the pore canal system might a ls o  apply. A l l  specimens o f  

c u t ic le  were prepared from unfed l i c e  and i f  c u t ic u la r  l ip id s  are 

produced in  response to  fe ed in g , we might w e ll exp ect to  observe 

some v is ib le  evidence w ith in  the pore canals o f  the cessa tion  o f  

l i p i d  transport.

The ro le  o f  the pore canal filam en ts  in  the a c t iv e  transport 

o f  l i p id s  or p recursors to  the su rface o f  the c u t ic le  cou ld  not 

be determined from these stu d ies , but in  v iew  o f  th e ir  w e l l-  

d e fin ed  physica l s tru c tu re  noted in  the SEM, i t  does seem l ik e ly  

th a t they serve to  keep the pore canals a lign ed  during expansion 

and con traction  o f  the membranous c u t ic le  (W igg lesw orth , 1975a)*



268

4.2. C u ticu lar l i p id s  o f  the body lou se .

The extrem ely  low l e v e l  o f  ra d io a c t iv e  contam ination in  the 

c u t ic u la r  l i p id  e x tra c t  from  l i c e  fed  on la b e l le d  b lood (s e e  

sec t ion  2 . 2 . 2 . 3 . )  demonstrates the a b i l i t y  o f  the p o la r  s o lv e n t ,  

hexane, t o  e x tra c t on ly  a minimum o f  in te rn a l l ip id s  w h ile  re 

moving most o f  the su rfa ce  l i p id s .  Observations on fe ed in g  

l i c e  have shown th a t a sm all volume o f  c le a r  l iq u id  i s  u su a lly  

d ischarged  from the anus s h o r t ly  a f t e r  commencement o f  b lood 

fe ed in g  and th is ,  ra th e r  than th e e x tra c t io n  o f  in te rn a l l i p id s  

might account f o r  most o f  the contam ination observed.

The t o ta l  e x tra c ta b le  c u t ic u la r  wax from e ith e r  sex o f  the 

lou se, expressed as a percen tage o f  t o t a l  fre sh  body w eight 

( 0.016  -  0 . 01996) ,  ranks among the low est repo rted  f o r  arthropods. 

C u riou s ly , sim il a r  l e v e ls  have been observed  in  scorpions such as 

Paruroctonus mesaensis (0 .0 3  -  0.0996) (Hadley and Jackson, 1977) 

and Hadrurus arizon en s is  (0.0996) (Too lson  and Hadley, 1977) which 

are noted  f o r  th e ir  extrem ely  low  w ater lo s s  ra tes  and the d e se r t 

ten eb r ion id  b e e t le s  C en tr iop te ra  m uricata (0.0396), C. v a r io lo s a  

(0.01696) and Pelecyphorus ad versus (0.0296) (H ad ley, 1978). In  

the l i g h t  o f  stud ies  w ith  the scorpions H. ar izon en s is  and 

Uroc tonus apache anus« Too lson  and Hadley (1977) concluded th a t 

the h ig h ly  impermeable na ture o f  the scorpion  c u t ic le  r es u lted  

from su rfa ce  l i p id  com position  ra th e r  than the presence o f  an 

uncommonly th ick  la y e r  o f  l i p id s .  Stud ies w ith  o th e r  sp ec ie s  o f  

arthropods in d ica te  th a t the q u a n tity  o f  wax deposited  on the
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c u t ic le  su rfa ce  v a r ie s  w ith  environmental con d it ion s . Deposits 

o f  cu ticu la r  hydrocarbons on pupal and p o s t-e cd ys ia l adu lt f le s h -  

f l i e s  Sarcophaga bul la ta  g r e a t ly  exceed those on la rvae  up to the 

th ird  in s ta r  which l i v e  in  a  m oist environment and prevention o f  

pupariation through con tact w ith  water i s  accompanied by a decrease 

in  the qu a n tity  o f  hydrocarbon synthesised  (A im old and Regnier,

1975)* C u ticu la r  hydrocarbons on adu lt d esert tenebrion id  

b e e t les  E leodes armata c o l le c te d  in  summer months are almost 

th ree times as abundant as those from adu lts  c o lle c te d  during 

w in ter and w in te r  b ee t les  which were sub jected  to  a h igher 

temperature (3 5 °C ) fo r  p e rio ds  o f  f i v e  and ten  weeks showed s ign i

f ic a n t  in creases  in  the l e v e ls  o f  c u ticu la r  hydrocarbons (Hadley, 

1977). Armo Id  e t  aL, ( 1969)  observed th a t the aquatic naiad

form o f  the b i g  s to n e fly  P teronarcys c a l i f o m ic a  exh ib ited  a 

quantity  o f  su r fa ce  wax which was h a lf  th a t o f  the t e r r e s t r ia l  

adult form. T h is  is  o f  p a r t ic u la r  in te r e s t  in  the p resent study, 

s ince the amount o f  e x tra c ta b le  surface wax on the louse i s  s im ila r  

to  that found on the naiad b ig  s to n e fly  (0.0396). The suggestion

th at as the n a iad  b ig  s to n e fly  in h ab its  an aqu atic  environment i t  

requ ires  on ly  minimal amounts o f  surface l i p i d  to  prevent d ess ica tion  

(Arnold e t  1969), i s  a ls o  appropriate in  the case o f  the lou se. 

T ranscu ticu lar water losses  f o r  the l i c e  used in  my stud ies  have 

been minimised by m ainta in ing a high humidity (7596 r e la t iv e  

humidity a t 30°C ) during r ea r in g , and ensuring that the in sects  were 

fu l l y  fed  once each day (Beament, 1976). The low  amount o f  surface 

wax on the lo u se  i s ,  th e re fo r e ,  in  keeping w ith  i t s  low  requirement
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f o r  water con servation .

Hydrocarbons o ften  c o n s t itu te  the most abundant l i p i d  c la ss  

in  the su rface wax o f  arthropods (Jackson and B lom quist, 1976).

The c u ticu la r  hydrocarbons o f  the louse are t y p ic a l in  th is  

respect and the percentage (about 74%) o f  the t o ta l  surface 

l ip id s  which the hydrocarbons comprise f in d s  c lo s e s t  agreement 

w ith  the va lu es from the lo c u s t  Sch istocerca  g re g a r ia  (76%)

(Lockey, 1976) and the f i r e  ants So lenopsis in v ic ta  (65-79%) 

and S. r lc h t e r i  (65-75%) (Lok e t  1975)* Those 

classes which make up the c u t ic u la r  hydrocarbons o f  the lou se ; 

n -  alkanes, n -  a lkenes, in te rn a lly  branched monomethyl alkanes 

and dimethyl alkanes have not been found in  th is  p a r t ic u la r  

combination in  oth er in sec t spec ies  (Lockey, 1980a). n -  Alkane 

content o f  the lou se cu t ic u la r  hydrocarbons (51-8%) i s  among the 

h igher l e v e ls  reported  f o r  in s e c ts  w h ils t the predominance o f  

the odr^-numbered n -  alkanes; Cg,., and °2 9 ’  i s  common in  

in sec t hydrocarbon m ixtures. The n -  alkane w ith  the lon gest 

chain -length  contains 33 carbon atoms which is  in  l in e  w ith  the 

theory th a t in s e c ts  are unable to  syn thesise  n -  alkanes la r g e r  

than 33-35 carbons (Jackson and B lom quist, 1976).

In  comparison w ith  the n -  alkene f r a c t io n  in  c u t ic u la r  l ip id s  

o f  other in s e c t  spec ies , the n -  alkenes o f  the lou se comprise a 

reasonably h igh  percentage (26.4%) o f  the t o t a l  c u t ic u la r  hydro

carbons, but are not as abundant as those o f  the male cockroaches
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P e rip la n e ta  a u s tra la a ia e . P . fu l ig in o s a  (Jackson, 1970) and 

P . .iaponlca (Jackson, 1972). The com position o f  the lou se 

n  — alkene s e r ie s  i s  ty p ic a l o f  th a t observed in  o th e r  in s e c ts  

possess in g  c u t ic u la r  n — alkenes in  that odd-numbered alkenes 

a re  predominant and one o r  two con st!tu en ts  o f  the s e r ie s  are 

much more abundant than o th e rs . 15 — H entriacon tene, the major 

n  -  alkene o f  the lou se, has a ls o  been id e n t i f ie d  in  an isom eric  

m ixture in  the c u t ic u la r  hydrocarbons o f  the ten eb r ion id  b e e t le  

Tenebrio  m o lito r  (Lockey, 1978a) w h ils t T . obscurus con ta ins 

9 -  and 11 -  hen tria con ten es  (hockey, 1978b). A hen triacontene 

(p robab ly  9 -  hen tria con ten e) was detected  as a minor c u t ic u la r  

hydrocarbon component in  another teneb rion id  b e e t le  Alphitophagus 

b ifa s c ia tu s  (Lockey, 1979). n -  Nonacosene (double bond p o s it io n  

unknown) is  th e second most abundant n -  a lkene o f  the lou se , 

and monounsaturated alkanes con ta in in g  29 carbon atoms have been 

id e n t i f ie d  in  th e  c u t ic u la r  hydrocarbons o f  s e ve ra l o th e r  in sec t 

sp ec ies  in c lu d in g  T . m o lito r . T . obscurus (Lockey, 1978a), A. 

b ifa s c ia tu s  (Lock ey , 1979) and P . japon ica  (Jackson, 1972).

The absence o f  te rm in a lly  branched monomethyl alkanes in  the 

cu t ic u la r  l ip id s  o f  the lou se  i s  most unusual s ince the g re a te r  

m a jo r ity  o f  arthropods in v e s t ig a te d  so f a r  possess e i th e r  2 -  

methyl alkanes o r  3 -  me thy 1 alkane s o r  both (Lockey, 1980a). I t  

may be p o s s ib le , however, th a t te rm in a lly  branched monomethyl alkanes 

are present in  th e louse in  extrem ely  low con cen tra tion s  and are 

n o t r ea d ily  re s o lv e d  during gas chromatography.
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In te rn a lly  branched monomethyl alkanes ( 1 2 . 1# ) do not 

com prise an unusually high p roportion  o f  the louse hydrocarbons 

i n  comparison w ith  those o f  o th e r  in sec t spec ies , and the com

p o s i t io n  o f  the s e r ie s  (C ^  to  C ^ )  i s  s t r i c t l y  conven tional 

w ith  the 11 -  and 13 -  methyl alkanes predominant (N elson , 1978). 

A lthough dimethyl alkane s are present in  the c u ticu la r  hydrocarbons 

o f  th e lou se, t h e i r  percentage o f  the t o ta l  hydrocarbons i s  low  

(a b ou t 4. 7J6) compared to th a t in  oth er in sec ts  where th ey occur.

Hadley (1978, 1981) l ik e n s  the surface wax la y e r  on arthropod 

c u t ic le  to  a plasma membrane o r  an a r t i f i c i a l  b ila y e r  and stud ies  

in v o lv in g  these two systems in d ica te  that p erm eab ility  to  w ater 

i s  increased by the presence o f  unsaturated o r  branched m olecules 

(d e  G r ie r  e t  a l , 1968; T ay lo r  e t  a l ,  1975) and is  decreased by 

th e  add ition  o f  la r g e r  m olecules (de G r ie r  e t  a l ,  1968). I t  has 

b een  noted th a t among arthropods, a high content o f  unsaturated 

o r  branched chain hydrocarbons in  a c u ticu la r  wax tends to  low er 

th e  m elting  temperature o f  the m ixture and increases i t s  m o b ility  

(G i lb y  and Cox, 1963; N e v i l le ,  1975; Baker e t  a l ,  1978). The 

predom inantly unsaturated hydrocarbon m ixture from the cockroach 

P .  americana m elts  a t a temperature 10°C low er than the resp ec tiv e  

c u t ic u la r  hydrocarbon m ixtures from the cockroaches Leucophaea 

maderae and B la t ta  o r ie n ta l i s  which contain  on ly  saturated  

c on stitu en ts  (T a r t iv i t a  and Jackson, 1970). That the d if fe r e n c e s  

in  m elting  p o in t temperatures might be associated  w ith  the c lim a tic  

con d it ion s  which th e cockroaches in h ab it, such as temperature and
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forms o f  the b ig  s ton e fly  P teronarcys c a l i f o m ic a  (Arnold e_t a l . 

1969) and on la rva e  and ad u lts  o f  the b lack carpet b e e t le  

Attagenus megatoma (Baker e_t a l . 1979a). In  both sp ec ies , the 

d iffe r e n c e s  in  surface l i p i d  com position between the two 

developmental s tages which are  ch aracter ised  by the presence o f  

unsaturated hydrocarbons in  the naiad P. c a l i f o m ic a  and the 

adu lt A. megatoma r e f le c t  the va ry in g  needs f o r  water con serva tion  

(Azmold e t  a l . 1969} Baker e t  a l . 1979a). In  add ition , the 

f a c t  that the cu ticu la r  hydrocarbons from many desert sp ec ies  o f  

arthropods such as the scorp ions Hadrurus arizon ensis  (T oo lson  

and Hadley, 1977) and Paruroctonus mesaensis (Hadley and Jackson, 

1977), the lo c u s t  S ch lstocerca  g rega ria  (L ockey, 1976) and th e 

f i v e  ten eb rion id  b eetles  E leodes armata. C ryptog lossa ve rru cosa , 

C en tr iop tera  m urlcata. Ĉ . v a r io lo s a  and Pelecyphorus adversus 

(H ad ley, 1978) are com p letely  saturated supports the concept 

th a t unsaturated cu ticu la r  hydrocarbons occur in  those arthropods 

in h a b it in g  environments in  which tran scu ticu la r  water lo s s  i s  not 

a  problem. As was es tab lish ed  e a r l ie r ,  the l i c e  used in  th ese 

stu d ies  were rea red  under con d it ion s  where the p o ten tia l f o r  

d e s icca tio n  was n e g l ig ib le  and there appears to  be a c o r r e la t io n  

between th is  and the h igh o v e r a l l  content in  the cu ticu la r  hydro

carbons o f  unsaturated and branched chain con stitu en ts .
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The rem ain ing l ip id s  in  the c u t ic u la r  wax o f  the lou se , 

c h o le s te r y l e s te r s ,  t r ig ly c e r id e s ,  f a t t y  a c id s , 1 , 3 -  d igL y c e rid e s  

and s te ro ls  (c h o le s te r o l )  a re  p resen t in  rou^ i l y  equ iva len t 

p roportion s  and no s in g le  c la s s  would be expected  to  have a 

s ig n if ic a n t  e f f e c t  on the o v e r a l l  p ro p er tie s  o f  the wax, p a r t i 

c u la r ly  in  v iew  o f  the abundance o f  the hydrocarbons. The 

gen era l predominance o f  p a lm it ic  a c id  and o le ic  a c id  in  the l i p i d  

c la s s es  except s te r o ls  is  common among in sec t c u t ic u la r  waxes 

(Jackson and B lom quist, 1976). A c h o le s te ry l e s te r  which con

s t itu te d  the second most abundant non-hydrocarbon component a f t e r  

c h o le s te ro l in  th e  louse a ls o  con ta ined  the lo n ge s t  fa t t y  a c id  

from  the l i p id  c la s s es . The medium chain len g th  (25 carbon 

atoms) o f  the c h o le s te ry l e s t e r  f a t t y  ac id  i s  in  keep ing w ith  a 

s o f t  cu t ic u la r  wax in  the lou se  ra th e r  than a hard one (Baker 

e t  a l , 1979a ) .

Q u an tita t ive  analyses o f  the whole body and fa e ca l l i p id s  o f  

th e  louse were c a r r ie d  out by th in - la y e r  chromatography/densitometry 

because on ly  sm a ll samples were a v a ila b le  w h ile  the c u t ic u la r  

l ip id s  were an alysed  using the same method f o r  com parative purposes. 

A l though there was poor num erical agreement between the c u t ic u la r  

l i p id  com position  obtained by th is  method and th a t obta ined  by 

w eigh ing the l i p i d  c la sses , the hydrocarbons con st itu ted  by f a r  

the major f r a c t io n  in  both an a lyses . The abundance o f  f a t t y  ac id s 

in  the whole body l ip id s  corresponds w ith  t h e i r  importance in
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in s e c t  n u tr it io n  (G i lb e r t ,  1967)  and the com para tively  h igh le v e ls  

o f  ch o les te ro l and c h o les te ry l e s te r s  in  the whole body l ip id s  

and the fa eca l l i p i d s  are con s is ten t w ith  the e s s e n t ia l re

quirements o f  in s e c ts  fo r  c h o le s te r o l and i t s  steady supply in  the 

d i e t  (45 mg/100 ml r a b b it 's  b lood  o r  0 .5  pg in  0.75 p i ;

Spector, 1956).

Although e a r l i e r  studies on the grasshopper Melanoplus 

nan^iininsB have demonstrated th a t n -  alkanes may be obtained 

d i r e c t ly  from th e  d i e t  (B lom quist and Jackson, 1975)* th is  is  

u n lik e ly  to occur in  the louse s in c e  lon g  chain hydrocarbons are 

n o t  present in  i t s  d ie t  ( r a b b it 's  b loo d ) in  app rec iab le  qu a n tit ie s . 

The extensive in co rp o ra tio n  o f  la b e l le d  o le ic  a c id  in to  the 

hydrocarbon f r a c t io n  o f  the c u t ic u la r  l ip id s  suggests that o le ic  

a c id  might be a n a tu ra l p recursor o f  these hydrocarbons and since 

th e  louse l ip id s  were c o lle c te d  24 hours a f t e r  in g e s tio n  o f  the 

ra d io la b e lled  m a te r ia l ,  the h igh  l e v e l  o f  in co rp ora tion  im plies 

th a t  the su rface wax turnover i s  q u ite  rap id . In  the l ip id s  o f  

th e  whole body and the fa eces , th e low  le v e l  o f  incorpora tion  o f  

r a d io la b e lled  m a te r ia l in to  c h o le s te r o l compared w ith  th a t in to  

th e  ch o les te ry l e s t e r s  is  c o n s is ten t w ith  most o f  the ch o les te ro l 

b e in g  derived d i r e c t l y  from the d ie t .

The s itu a t io n  in  which the hydrocarbons in  the fa e ca l and 

c u ticu la r  l i p id s  o f  the louse a re  q u a l i ta t iv e ly  and q u a n tita t iv e ly  

s im ila r  has a ls o  been observed in  the adu lt h ou se fly  Musca dom estica
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b y  S ilh acek  e t  a l , (1972 ). Although they proposed that the 

f a e c a l  m atter becomes contaminated e ith e r  in  the gut, o r , ex

t e r n a l l y  through the condensation o f  hydrocarbons which have 

evapora ted  from the c u t ic le  su r fa ce , in  the louse i t  probably 

o c cu rs  simply by con tac t between the fa eces  and the surface 

l i p i d  la y e r.

The q u a n tita tiv e  d if fe r e n c e s  between the hydrocarbons in  

th e  cu ticu la r  wax and the (m ale and fem ale ) whole body l ip id s  

may have resu lted  from  the incomplete removal o f  cu ticu la r  

l i p i d s  from the bod ies  o f  th e l i c e .  However, the fa c t  th a t n -  

nonacosane, a m ajor c u t ic u la r  hydrocarbon, was detected  in  on ly  

t r a c e  amounts in  th e  whole body hydrocarbons suggests that 

e f f i c i e n t  e x tra c tio n  o f  c u t ic u la r  l ip id s  d id  occur p r io r  to  the 

a n a ly s is  o f  the whole body hydrocarbons. The occurrence o f  

la r g e  q u a n tita tiv e  d i f fe r e n c e s  between the male and female hydro

carbons from whole body e x tra c ts  o f  l i c e  appears to  be in  c o n f l ic t  

w ith  the o r ig in a l f in d in g s  which showed the cu ticu la r  hydrocarbons 

fro m  male and fem ale l i c e  to  be v ir t u a l ly  id e n t ic a l (see  sec t ion

3 .2 .4 .1 . ) .  Male and fem ale l i c e  used in  the analyses o f  c u ticu la r  

hydrocarbons were s e le c te d  from co lo n ies  in  which there was 

rep ea ted  contact between a l l  in s e c ts . A tra n s fe r  o f  c u ticu la r  

waxes during these encounters might e x p la in  why the male and 

fem a le  l i c e  possessed s im ila r  c u ticu la r  hydrocarbon d is tr ib u t io n s . 

The h igher le v e ls  o f  n -  heptacosane, n -  octacosane and 15 -
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h en tria co n ten e  in  the male whole body hydrocarbons is  cu rious, 

b u t may be connected w ith  a s im ila r  phenomenon observed in  

th e  haemolymph o f  the male cockroach P. amerlcana whereby the 

f lu c tu a t io n  o f  hydrocarbons v a r ie s  w ith  photoperiod  (Turner 

and A cree , 1967)«



278

4 .3 »  Applied aspects.

4 .3 .1 .  Cuticu lar p e rm ea b ility / tra n s it io n  tem perature.

Although some doubts have been ra ised  concerning the ex is ten ce  

in  t e r r e s t r i a l  arthropods o f  a 't r a n s i t io n  tem perature' o r  a s p e c i f ic  

tem peratu re at which an abrupt tra n scu ticu la r  w ater lo s s  takes 

p la c e  (Too lson , 1978), the d a ta  from  my stud ies  suggest th a t th is  

phenomenon does occur in  the lo u s e .  The upper le th a l  temperature 

o f  th e  louse (50-52°C) and the m e lt in g  temperatures o f  i t s  

c u t ic u la r  wax (41 -  42°C and 49-5 -  50.5°C) are con sis ten t w ith  

o b se rva t io n s  on the change in  e l e c t r i c a l  p o te n t ia l across the 

c u t ic u la r  surface o f  fem ale l i c e  w ith  in creas in g  temperature. 

R e co rd e r  traces o f  th is  change in d ic a te  that e l e c t r i c a l l y  conductive 

m a te r ia l,  presumably w ater, i s  d epos ited  s low ly  on the cu ticu la r  

s u r fa c e  above 46-47°C and v e ry  ra p id ly  above 48-49°C. This a lso  

a g re e s  w ith  my observation  th a t  l i c e  o f  both sexes become covered 

w ith  a  f i lm  o f  moisture im m ediately  p r io r  to  the thermal d eath -po in t. 

W igg lesw orth  ( 1942)  found th a t when l i c e  were held  under o l i v e  o i l  

f o r  lo n g  periods, d ro p le ts  o f  w ater were exuded from the surface o f  

th e c u t ic le  and appeared p r im a r ily  in  areas o f  s c le r o t is a t io n .

T h is  corresponds w ith  the r e s u lt s  o f  my u l t  ras truc tu r  a l stud ies  which 

showed that s c le ro t is e d  lou se  c u t ic le  contains s ig n i f ic a n t ly  more 

e p ic u t ic u la r  filam en ts rea ch in g  the surface than does membranous

lo u s e  cu tic le .
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The upper le th a l  tem perature fo r  l i c e  o f  46. 5°C reported  by 

M ellanby ( 1932)  was obtained from  t r ia ls  in  which the various 

temperatures were maintained f o r  1 hour. Under these 

circum stances, death  probably resu lted  from s low  d esicca tion  as 

opposed to the ra p id  water lo s s  a t the h igh er le th a l temperature 

range (50 -  52°C) obtained in  my experiments. That the c u t ic u la r  

su r fa ce  o f  the male adult lo u se  i s  e le c t r ic a l ly  conductive a t 

ambient temperatures (see  s e c t io n  3*3 »1*3 .) i s  unusual but miggit 

be explained by the fa c t  th a t th e  ra te  o f  c u t ic u la r  tra n sp ira tion  

in  these is  probab ly  high as a  r e s u lt  o f  b e in g  reared under 

con d it ion s  where d es icca tio n  i s  not a problem (see  section  4 . 2 . ) .  

T h is  exp lanation is ,  however, con trad icted  by the fa c t  th a t the 

c u t ic u la r  su rfa ce  o f  the fem a le  adult louse i s  e le c t r ic a l ly  non- 

conductive a t ambient tem perature.

On the b a s is  o f  h is  ob serva tion s  on p erm ea b ility  change w ith  

temperature Beament (1945) proposed that a h ig h ly  o r ien ted  monolayer 

o f  p o la r  l ip id s  a t  the in t e r fa c e  o f  the e p ic u t ic le  and surface 

l i p id s  con tro ls  the passage o f  water through the c u t ic le .  He con

c luded  that the sudden in c rea s e  in  p erm eab ility  associated  w ith  the 

tra n s it io n  temperature r e s u lt s  from the d iso rga n isa tion  o f  the 

o r ien ted  monolayer. In  an a lte rn a t iv e  th eo ry , Locke (1965) 

suggested th a t th e  e p ic u t ic u la r  filam ents observed in  in s e c t c u t ic le  

a re  lip id -w a te r  l iq u id  c r y s ta ls  and phase changes w ith in  these 

structures may be respon s ib le  f o r  the v a r ia b le  perm eab ility  o f  

c u t ic le  to  w a ter . F i ls h ie  (1970 a, b ) ,  however, found th a t the
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epicuticular filaments of Calpodes ethllus and Lucilia cuprina are 

formed substantially of stabilised lipids since they are unaffected 

by acid hydrolysis and lipid solvents.

4.3.2. Toxicity test procedure.

The most commonly employed technique for evaluating the 

toxicities of various compounds to lice involves the exposure of 

insects to squares of cloth or filter paper impregnated with the 

toxicant in the form of a dust or an acetone solution (Busvine, 1971). 

In tests of this type, the insects are usually kept in darkness at 

a constant temperature (25°C) for a period of 24 hours before 

determining the rate of mortality. It is obvious that there are 

many variable factors associated with this procedure which is 

regarded only as a semi-practical test (Busvine, 1971) • In an

effort to eliminate as many variables as possible, it was decided to 

use the topical application technique since it involves giving known 

doses to individual insects. Attempts to restrain lice for testing 

by placing them upright on double-sided Sellotape were unsuccessful 

due to the effects of some of the test compounds upon the Sellotape. 

With the migration of the organic liquids over the surfaces of the 

lice, glue material in contact with the lice was soon reached and 

dissolved which allowed the insects to escape. Placing individual 

lice in separate containers (see section 2.3.3.2.) was more successful
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but as the resu lts  in d ic a te  (see  section  3 *3 *2 .1 .),  the cho ice  

o f  con ta in er i s  c r i t i c a l .  Of the three types o f  con ta iners  

t e s te d ,  the g lass c o n ta in e r  gave the most s a t is fa c to r y  r esu lts  

on th e basis o f  r e p ro d u c a b ility .

The in terna l su r fa ce s  o f  the three types o f  con ta in ers  were 

examined under UV r a d ia t io n  a f t e r  having h e ld  l i c e  dosed w ith  

Rhodamine B d isso lved  in  2—dodecanone f o r  24 hours. In  the case 

o f  th e p la s tic  c o n ta in e rs , much o f  the t e s t  so lu tion  ap p lied  to  the 

l i c e  became deposited  on th e  in tern a l su rfa ces o f  the con ta iners  

whereas the surface o f  th e  g lass con ta iners  was e s s e n t ia l ly  un~ 

w e tta b le .

Taking an o b je c t iv e  v ie w  o f  the t o x ic i t y  te s t  procedure used in  

my s tu d ie s , the p r in c ip a l advantage l i e s  in  the rep rod u ca b ility  

o f  r e s u lt s  but must be weighed aga inst the fa c t  that the procedure, 

in  i t s  en t ir e ty , i s  p a r t ic u la r ly  time-consuming.

4 .3 *3 * T o x ic ity  o f  p o te n t ia l  in s e c t ic id e  so lven ts .

In  many arthropods, treatm ent w ith  va riou s  to x ican ts  causes a 

marked increase in  the w a te r  lo ss  ra te  by u p se ttin g  p rocesses in 

v o lv e d  with water con se rva tion  (E belin g , 1976). Both W igglesworth 

(1942 ) and Beament (1945 ) have provided ev iden ce that o i l s  and 

o rga n ic  solvents cause s ig n i f ic a n t  water lo s s  from in s e c ts  by
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d is ru p tio n  o f  the e p ic u t ic u la r  wax la y e r  and th is  i s  o f  p a r t ic u la r  

re levan ce  in  the presen t s tu d ie s . Of the ten p o te n t ia l in s e c t ic id e  

so lven ts  in v e s tig a ted , 1 ,4 -bu taned io l and 1, 2 -propanediol were 

le a s t  t o x ic  to  l i c e  and were a lso  the on ly  s o lven ts  in  which the 

sim u lated  cu ticu la r  wax m ixture d id  not d is s o lv e . These resu lts  

are con s is ten t w ith  those from  the cu ticu la r  p en etra tion  stud ies  

using so lu t ion s  o f  Rhodamine B (see  section  3 »3 *4 « )*  Four hours 

a f t e r  t o p ic s !  a p p lic a tio n  o f  a 0.5% so lu t ion  o f  Rhodamine B in  

1, 4 -bu tan ed io l, weak flu orescen ce  was observed on the su rface o f  

the lo u se  c u tic le  on ly  (P la t e  56 ), whereas a s o lu t io n  o f  Rhodamine 

B in  th e  more l ip o p h i l ic  s o lv e n t ,  dodecanol, produced flu orescen ce  

throughout the p ro c u t ic le  (P la t e  55)» in d ica tin g  ex ten sive  

p en e tra tion  by the s o lu t io n .

The remaining e ig h t  so lv en ts  appear to  form two separate 

groups based on th e ir  l e v e ls  o f  t o x ic i t y  to  fem ale adu lt l i c e  

(F igu re  4 7 ). In  gen e ra l, so lven ts  o f  the le s s  to x ic  group were 

more e f f i c i e n t  in  d is s o lv in g  the simulated c u t ic u la r  wax m ixture 

than th ose  o f  the more to x ic  group, and the t o x ic i t y  o f  the form er 

probab ly  resu lts  s o le ly  from  the d isrup tion  o f  e p icu t ic u la r  wax.

The h i^ ie r  t o x ic i t y  o f  the more to x ic  group o f  s o lven ts  a r is es  from 

oth er p ro p er tie s  such as the possession o f  more favourab le  phase 

p a r t i t io n  c o e f f ic ie n ts  (Webb and Green, 1945; Burt and Lord, 1968} 

Burt e t  a l ,  1971) in  a d d it io n  to  wax s o lu b i l i t y .  S ig n if ic a n t ly ,  

the most to x ic  o f  the ten  s o lv en ts , la u ry l e th e r , i s  the on ly  one 

r e a d i ly  m isc ib le  w ith  w ater and th is  p roperty  a llow s i t  to  d if fu s e
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from the l i p i d  phase o f  the o u te r  c u t ic le  to  the aqueous phase o f  

the in t e r i o r  o f  the in s e c t .  The p en e tra tiv e  and to x ic  nature o f  

la u ry l e th e r  appears n o t to  be s ig n i f ic a n t ly  im paired  when i t  

is  ap p lied  as an aqueous s o lu t io n . Being the le s s  v o la t i l e  o f  the 

two l iq u id s ,  lau ry l e th e r  remains on the c u t ic u la r  surface as the 

water evaporates .

In  v ie w  o f  the p reced in g  r e s u lt s ,  in d ic a t in g  the a b i l i t y  to  

d is so lv e  th e e p icu t ic u la r  wax la y e r  and p a r t it io n  from l ip id  phase 

in to  aqueous phase, la u r y l e th e r  appears to  have th e most p o te n t ia l 

as an in s e c t ic id e  c a r r ie r .  L im ited  te s ts  w ith  d ie ld r in  in  la u r y l 

e th e r  suggest that th is  i s  c o r r e c t  but a more thorough in v e s t ig a t io n  

is  necessary  b e fo re  f irm  con clu sions may be drawn.

4 .3 .4 » T ra ce r  s tu d ies  w ith  s o lu t io n s  o f  Rhodamine B.

W h ils t the r e s u lts  o f  the p en e tra tion  s tu d ies  using Rhodamine 

B in  e i th e r  la u ry l e th e r  o r  dodecanol are co n s is ten t w ith  the 

theory  th a t in s e c t ic id e s  and s o lv en ts  pass through the c u t ic le  v i a  

the pore canals and in to  the haemolymph (P la te  55) (W igg lesw orth , 1942; 

Lew is, 1965)» there i s  a ls o  some evidence o f  en try  v ia  the trach ea l 

system (P la t e  53) (G e ro lt ,  19^9t 1970). As f a r  as the c u t ic u la r

route i s  concerned, h e a v ie r  Rhodamine B s ta in in g  in  s c le r i t e  c u t ic le  

than in  membranous c u t ic le  does n o t n e c e s sa rily  in d ic a te  th a t the 

main path o f  en try  occurs in  the form er type o f  c u t ic le .  N eve rth e less ,
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e a r l i e r  experim ents by W igglesworth (1942 ) suggest th a t the s c le r i t e  

c u t ic le  o f  the lou se  is  more permeable than the membranous c u t ic le  

and th is  i s  con s is ten t with the r e s u lt s  o f  S j u ltra s  true tu ra l 

s tu d ies  which in d ic a te  that surface p ores  are more numerous on 

s c le r i t e  louse c u t ic le  than membranous. Furthermore, in  some micro

graphs o f  Rhodamine B -  sta in ed  s c l e r i t e  c u t ic le ,  a s t r ia t e d  e f fe c t  

i s  e v id en t between the epiderm is and th e e p ic u t ic le  (P la te s  51 and 

55) which may be a ttr ib u ted  to  the presence o f  pore canal structu res. 

Lew is (1965) however, has demonstrated th a t p en etra tion  i s  poss ib le  

through c u t ic le  in  which pore canals and dermal gland ducts are 

absent and some degree o f  la t e r a l  d i f fu s io n  through the lou se c u t ic le  

might th ere fo re  be expected. The r o le  o f  Rhodamine B els a p ro te in  

s ta in  (N a im , 1976) and i t s  d i f fe r e n t ia l ,  s ta in in g  o f  s c l e r i t e  and 

membranous c u t ic le s  i s  discussed more f u l l y  in  s e c t ion  4 . 1 . 4 .

G ero lt (1969, 1970) suggests th a t con tact in s e c t ic id e s  en ter an 

in s e c t by a la t e r a l  m igration through th e c u t ic le  (en d o c u t ic le ) in to  

the trach ea l system. However, the Rhodamine B flu o rescen ce  in  the 

trachea in  P la te  51 has probably r e s u lted  from surface m igra tion  o f  

the so lu t ion  (L ew is , 1962) ra th e r  than la t e r a l  d if fu s io n  in  the 

c u t ic le  as proposed by G ero lt.

The shortcomings o f  th is  method o f  tra c in g  p en e tra tion  in  in sec t 

c u t ic le  are f u l l y  recogn ised ; but w h ile  there is  almost c e r ta in ly  a 

d if fe r e n c e  in  the ra tes  o f  p en etra tion  between Rhodamine B and the

V/
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t e s t  s o lven ts , i t  i s  improbable th a t the s ta in  could d if fu s e  

through the c u t ic le  unless added by a so lv en t. Autoradiography, 

which is  a more in fo rm ative  method, cou ld  not be used in  th is  

case however, s in ce  the time a v a i la b le  was lim ited .
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Appendix.

Krebs -  R inger so lu tion  ( Ca om itted )■

( Interm ediate s o lu t io n s  )

1 . 0.90% NaCl

2. 1.15% KCl

3. 2.11% KHjPO^

4. 3.82% MgS04

(0 . 154M) 

(0 . ISAM) 

(0 .1 54M) 

(0 .1 54M)

Interm ediate s o lu t io n s  mixed as

1. 100 parts

2. 4 parts

3. 1 part

4. 1 part


