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Other uses of liposomes include encap-
sulation of hormones, antineoplastic 
agents, poly I:poly C for interferon induc-
tion, anti-viral antibodies and anti-viral 
drugs. 

In our laboratory, poliovirus, an adeno-
vi rus SA 7, and the anti-neoplastic agent 
bleomycin (BLM) have been encapsul ated . 
The BLI'vl was used to treat human hepa to-

cellular carcinoma and carcin oma of th e 
oesophagus cells in "it ro, wit h \·ery good 
results. Lower closes o f drug co uld be used, 
Jnd act ion on the cellular DN/\ \\'as more 
rapid when compared wit h the free drug . 
Experiments are 11 0\\' in progress to in crease 
the specificity o f liposome'i for the [1\0 
mali gnant ce ll types su tiJ at different dru gs 
can be targeted to th em . 

It can therefore be seen that one of the 
greR tes t po tentials o f th ese ves icles is in th e 
improvement of pharmRcological specifici -
ty. Drugs can be directed to the actu al target 
5ite . thereby reducin g harmful side effects . 
ln aclcl iti on, they may be use ftll in bypas<> ing 
rest rict ing membranes that norm<tll y render 
tlte ce ll res ist an t tn dru g or \' iral 
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IVater loss and cuticular lipid comfJOSition lt ·ere f'_\·-

amined in t11 ·o species of tenebrionid beetles fm m th e 
Namib Desert . Onymacris plana. a large d iurnal species . 
exhibited significantly /r)ll'et' 1\'a/er loss rates (lll .f?. g · ' 
!r 1) 30 °C, 35 oc and 40 °C than th e smaller, noctur-
nal Lepidochora discoidal is . Rates for both species 1Fere 
lower than those of most desert insects . Hydmcar-
bons were the most abundant cuticular lipids (0 . plana , 
81 o/o; L. discoidalis, 76%), and 11•ere saturated in bo th 
species. Over 33 hy drocarbon compon ents 1\'ere detected 
in 0. plana, ranging in length fro m 23 to Ol'er 40 cmbon 
atoms; n-alkanes accounted for 66% o.f the hydrocarbon 
fraction. Lepidochora discoidali s hy drocarbons contain-
ed only 23 components (20-35 carh on atoms) , 11 ·irh 
n-alkanes accounting for 94% of the total. Th e chemical 
properties of the hy drocarbons are discussed in relation 
to cuticular permeability and compared ll'ith th e proper-
ties of the cuticular hy drocarbons of No rth American 
desert tenebrionid beetles. 

IVaterverlies en die lip iedsmnestelling 1'011 die kutiku!t11n 
van twee NamibiVoesty n- Ten ebrion idae is ondersoek. 
Onyma"cri s plana, 'n groot daglewendc spesie, het 'n bedui-
dend kleiner waterverlies (mg g ·1h-1) vertoon by 30 "'C. 
35 oc en 45 oc as die kleiner nagle ll'ende Lepidochora 
discoidalis. Die H'aterverliestempo vir albei spesies is eg ter 
laer as die van die m eeste ll'oestyninsekte. Ko olll'ater-
stowwe maak die belangrikste df'elvan die lipiede 1'an die 
kultikulum uit (0. plana, 81 persent; L. di sco idalis, 76per-
sent) en is by albei spesies versadig . J.. feer as 33 koolll'ater-
stofkomponente is in 0 . plana gevind; /111lle het in lengte 
l'an 23 tot meer as 40 koolstofatom e ge H·issf'l,· n-alkane het 
66 persent van die koollmtersto,f{raksie uitgemaak . Die 
koofll'aterstoll' ll'e van L. disco idali s het slegs 23 kom -
ponente besit (20 to t 35 koolsto,(atome) en n-a/kane het 94 
persent van die totaaluitgemaak. Die koolll ·aterst0 1t'1t'e se 
chem iese eienskappe word bespreek m et bet rek king tot h 11/ 
rot in die bepaling van membraandeurfatendheid en 1\ '0 rrl 

m et die kutikufwnkoul1raterstOH'II'e 1'017 Noord-Ameri-
kaanse II'Oestyn -Tenebrionidae vergelyk. 

--- ------ - ---

lntrodut:tion 
Recen t st udi es on clr:scrt tei lcbr i('!licl bee tle" att empt ed to 

rela te epil'uti culo.r li 1' id Cl' IllJlO' iti o n tn cuti cul a r 
Had levJ found tlw t qu(l n t. ity (lfsurface il ycl rCic<l rb o ll '> a nd til e 
perce ntage of lo ng-c il ;)i n il vclroca rb on molec ul es iP crea ,<; cd in til e 
beet le Eleodes armatn clm in g summ er \\' hen th e pot ential fo r 
\\a ter loss \\8 S grea te<;t. Simil 8r \\'e re ob t<1ined o n \\ inter 
ac ti ve bee tles acc \im atcd l!l 35 c'C . Th ese co mpositi ona l change.<> 
slwuld resu lt in a clecreasrcl cuti cular permea bilit y, in tlt e li ght (lf 
findin gs \Y ith plas ma membrane and <ntificia l bi laye r li pids.2 In Cl 

.subseq uent stud y, IT ad ley 1 c.: mrel<1ted ctJti cul ar and 
tran sition temperature of E... an nata and three o th er S\ mpa tri c 
desert teneb rio nid " (Cr_1ptog!ossa vermcosa, CentriCJ J?t era 
11111rica ra, and C. m riolom ) \\ ith til e qua nti ty a nd cil emi cR I 
nature o f their ericuticu i<H lipid s. Although th ese beet les as 
group ex hibited cuticular feat ures th at co rrespo nd ed \\·ith their 
xeri c ex istence. sli ght int ers pccific differe nces in \Ya ter loc;s co n-
fo uncl ccl any relRt iL1m hi p '-lC t\\·een cut icu lar liri d and permeRb-
ili ty . 

We have no1,. in \·es! igated t\\'O teJi ebri onicl bee tle sr ec ies . fr o m 
the Na rnih \\'it h C(11l tra sting Rcti vit y tim e', 
j•re fere11 ces a nd wate r rciRt ion s. Onymacris p lana is 2. l<uge bl (lck 
bee tl e, ac ti \e b y cl<1y in 5lJTllJll er in ex.rosed desert ha bit ats; it s 
rate o f water loss is ::nn ong the \ ery IOI\ CS t for Na mib 
tenebri o nids.4 Lepidochnn1 rfig oidalis .. in cont rast. is a 
li ght-co loured beetle act i\e large ly at night. Wat er loss rates fo r 
thi s ge nu s a rc iligi1 er.4 We reror t o n th e qua11tit y, 
molec ul ar <; i;:e an d co mp o<> iti on o f hydrocar bo n co mpc1nent s o f 
th e cuti cle o fth ec;e [\\ (_)specie <> toge ther, and co mpa re th eir wa fer 
IPss rat es. 

Materials HTHI method s 
Bee tles 1\e re C( lll ected fre' lt fro lll th e dur1 e nf til e N:::un ih 

Desert a nd siiiprr d hv a ir tr_1 tiie in ;\ ri w n8. Upon 
Rrr ival th ey \\'ere in l<uge pl as lrc trays W fltainit!g a saw \ 
subtr<tt e a nd pr o, id ecl \\·it il fl1ocl. No tests \\ere eclndudccluntil 
th ere ll acl l•ecn amp lE' tim t' fl'r Icco,·en · a ttd rch\'dr l1 ti r.' 'l. 

\\'at er lnss rate' \'-Crf dctcnnin cd using (l fl o1'- -t lno ugii 
chamber 11laced i1 1 1'-·8lk-in c11virn nm cnt al l l1(ltll. ;\ rec ir-
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Table I. Water loss rates of Ony macris p lana (n = 7) and L epidochora 
discoida/is (n = 10) in dry air at va ri ous tempera tures. 

Air temperature 2S "C 30°C 35 °C 40°C 
0. plana 

mg g - I h - I 1.10 ± 0.12 1. 34 ± 0.1 5 1.45 ± (>:16 2.90 :! 0.22 
)lgmrn - 2h - 1 0.9 ± 0.1 1.0 :!.: 0 . 1 1. 1 ± 0 . 1 2.2 ± 0.1 

L. discoida/is 
mg g - 1 h - I 1.13 ± 0.12 2.84 ± 0. 3 1 5.56 0. 50 8 .1 2 0.63 
/Agmm - 2 11 - 1 0.5 ± 0. 1 1.0 ± 0 . 1 1.9 :!. 0. ! 2. 7 n. 2 

Beetles were e;.; posed to each temperat ure fo r fuur ho urs . \' :1lues repre-
sent m ear. ± o ne standard error. 

culating air pump fo rced air through a tu be o f Dri erit e Rllll tll e11 
through th e chamber at a rat e o f 1.0 litre/ min . Ch;:nnber humidi -
ty did no t exceed SOJa durin g th e tests. Weight losses, ass um ed to 
result onl y fr om \Vater loss, we re determin ed ove r four-hour in-
ter vals. Tests \\'ere conducted at 5°C in crement s between 25°C 
and 40°C . Surface areas were using the equ a ti o n: 

Surface area = k (mass)O 67 

Values for the constants in the equ a ti o n \\e re on Edn ey 's 
measurements . -1 
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Table 2. Lipid and hydroca rbon quantiti es ex tracted from the cuticle of 
On_l'll lacris etana a ncl Lepidochora disco idafis. 

Hydro- ll ydr o-
Poo led 1\ lc8 n To t8l ll ydr o- carbon: 

JlJ ;) <;o; mass lirid ca dJO il lirid (} tg ! 
Bee tl es 11 (g ) ( g ) (I ll g) (mg l r<1 ti o 111111 2 ) 

0 . f' ltl/1(1 IR 12.() I 0 . 70 (i _()2 :'.J() O. f\ 1 11 .32 
L. d i <;cnida/i <; 2Y 2. 31 () () f\ 3.2 1 0.76 0 .36 

- - ·- ---

Epi ct 1t ic ul ar lipi cls \\ ere IT IIl O\Cd I'Y innn ersir1 g tl1 e bee t les in 
recli s!ill ed hexan e fo r 15 min. Th e lipid e.\ trac t 1\'Cl S filt ered , 
e1aporated und er nitrogen, and \\e ighecl to 0.01 mg. Th e 
h \ clrncarbo ns we re fr om o th er lipid s by elutin g th e ex-
tract '' ith ll cx an e through sili cic ac icl co lumn s,s then dri ed Rnd 
we igh ed. ;\liquant s o f I he ll ydr0ca rbo n fr ac ti o n were spott ed on 
thin laye r l'l a tes impreg nated with silver nitrat e, 
to chec k fnr un sa tura ti on. Ci<1 s cl1romatog ra phi c anal ys is c1f 
hydrocarb ons was 11 erformed o n 3.2 x 1830 mm glass column s 

Fi g. I . Cl ac; li q tJicl chroma tog ram o f 11 -ztl ka ne'i 
(clear pcah) an cl br ::t ncll ed alk a nes 
hat cll cd fro m a smface ex trac t of 
0 11-' 'II IOUis fJialln. Se pa ra ti ons were r erfo rm ed 
0 11 3 .2 _, I 830 rnm glass co lum11 s o f Gas Chro m 
<J cna ted 11 ith 3rt'n OV- 101, temp erature rro-
gramrned fr0111 220CC tn 30WC a t 2°CIInin. 
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fi g . 2. Cias liquid chromatog ram of n-a lk a nes 
(ck;:n peaks) and bra nched a lk ancs (crnss-
lta icllcd peaks) fr o rn a sur fa ce ex tra ct d ad ult 
I. et; ir/uchom discoidafis . Sepa ra ti ons per for rn ecl 
as sta Jed in f ig . I . 
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packed with 30J'o OV-101 on Gas Chrom Q and programmed 
from 220° to 300°C at 2°C/rnin. Procedures for identifying 
peaks, quantifying and separating n-alkanes from branched 
alkanes have been described previously.6 

Non-hydrocarbons were eluted from the silicic acid columns 
with chloroform, dried and separated into classes by thin layer 
chromatography on Silica Gel G plates developed in hexane : 
diethyl ether: formic acid (80:20:2, volume/volume/ volume). 
Lipid bands were detected by charring and identified against 
known standards. 

Results 
Water loss rates for 0. plana and L. discoidalis are presented in 

Table 1. Between 25°C and 35°C, rates of water loss per unit of 
body mass (mg g - 1 h-1) for the much larger 0. plana were 
relatively independent of temperature (Q10 = 1.32), but doubled 
between 35°C and 40°C (Q10 = 4.00). The rate of increase in 
water loss between 25°C and 35°C for 0. plana was slightly lower 
when expressed per unit surface area (Jig mm - 2 h - 1). Water loss 
rates per unit body mass for L. discoidalis, in contrast, increased 
exponentially between 25°C and 35°C (Q10 = 4.92), but showed 
areducedrateofrisebetween35°Cand40°C(Q10 = 2.13). Per 
unit body mass, water loss rates for 0. plana were significantly 
lower than those for L. discoidalis at 30°, 35° and 40°C, but only 
at 35°C and 40°C when expressed per unit surface area (P < 0.01; 
Student's t-test). Both species survived the four-hour exposure to 
40°C. 

Chromatographic separation of extracted cuticular lipids 
revealed the presence of hydrocarbons, free fatty acids, and 
triglycerides in the 0. plana material, and hydrocarbons, 
alcohols and cholesterol in the L. discoidalis material. Con-
siderable unidentified pigment was also present in the lipid ex-
tracts of both species. Lipid/hydrocarbon ratios excluding the 
pigment, are given in Table 2. Hydrocarbons accounted for most 
of the identified lipid in both species. Hydrocarbons were 3.75 
times more abundant in 0. plana when expressed per beetle , but 
when expressed per unit surface area, calculated from the mean 
mass of the sample, hydrocarbon surface densities for L. 
discoida/is (0.36 Jiglmm2) were essentially equal to those for 0 . 
plana (0.32 f.ig/mm2). 

Silver nitrate chromatography indicated that the hydrocar-
bons . of both species were saturated. Gas chromatographic 
analysis revealed the presence of 33 hydrocarbon components in 
0. plana, the components ranging in chain length from 23 to 
over 40 carbon atoins. There were only 23 components in L. 
discoida/is, ranging in chain length from 20 to 35 carbon atoms 
(Figs 1 and 2; Table 3). Straight-chain n-alkanes predominated 
over branched alkanes in both species, especially in L. 
discoidalis. In 0. plana C29 and C31 were the two most abundant 
n-alkanes and C29b the major branched alkane, whereas in L. 
discoidalis, C33 accounted for over 50% of the total hydrocarbon 
fraction. Branched components were not identified by mass 
spectrometry, but patterns of fractional equivalent chain lengths 
(Table 3) suggest the presence of at least 2- or 3-methyl branched 
and internally branched molecules.6 

Discussion 
The differences in rates of water loss per unit body mass be-

tween 0. plana and L. discoida/is (Table 1) probably reflect dif-
ferences in both body size and permeability. Edney4 found that 
large beetles lost a smaller proportion of their original mass per 
day than did small beetles when all were fasted in dry air at 2rc. 
His tests included 0. plana and two species belonging to the 
genus Lepidochora. In our study, the much larger 0. plana lost a 
significantly lower proportion of its body mass than did L. 
discoidalis at 30°C and above. When expressed per unit surface 
area, the differences betweeri the species were diminished, but 
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Table 3. Hydrocarbon composition of Onymacris plana and 
Lepidochora discoidalis cuticle . Values (OJo) represent means of three 

replicate runs; values less than 0.1% indicated as trace . 

Equivalent 
GLC chain 
peak no. length 

20 20 .0 
22b 22 .7 
23 23 .0 
24 24.0 
25 25 .0 
25b 25 .5 
25b 25 .7 
26 26 .0 
26b 26 .6 
27 27.0 
27b 27 .5 (.3)t 
27b 27.7 (.6) 
28 28 .0 
28b 28.3 
28b 28 .5(.6) 
29 29.0 
29b 29 .3 
29b 29 .7 (.6) 
30 30.0 
30b 30.5 (.4) 
31 31.0 
3lb 31.3 (.4) 
31b 31.7 
32 32.0 
32b 32 .7 
33 33 .0 
33b 33.4 
33b 33 .7 
34 34 .0 
35 35 .0 
35b 35.7 
36 36 .0 
38b 38.5 
39b 39 .7 
40b 40.7 

n-alkane 
branched 

0 . plana 

0.14 
trace 
1.42 
0.18 
0.24 
0.46 
0. 11 
9. 11 
1.49 
3.02 
2.98 
0.19 
1.08 
26 .19 
2.46 
17 .02 
2.66 
1.49 
18 .21 
0.89 
3.38 
1.09 
0.20 
3.38 
0.20 
0.49 
0.12 
0.20 
0.16 
trace 
0. 10 
0.74 
0.10 

66 .00Jo 
34.0% 

L. discoidalis 
1.06 
0 .29 
0 .47 
trace 
4.08 

0 .47 

9.31 
0 .21 
0.25 
0 .93 

0 .37 
5.14 
2.23 
2.35 
0.55 
0.30 
9.69 
0 .30 

3.83 

52.71 . 

1.45 
2.92 

trace 

93.6% 
6.4% 

t The decimal in parentheses is the fractional part of the equivalent 
chain length value for the corresponding branched component in L. 
discoidal is. 

the data still indicate a lower permeability for 0. plana at 35°C 
and 40°C. Whatever the basis for the observed differences in 
water loss, the values are consonant with the activity patterns of 
the two species; 0. plana, which is subjected to daytime desert 
extremes, exhibited the lowest rates at the high temperatures. 

A more useful measure of permeability can be obtained by 
dividing the rate of water loss per unit surface area by the vapour 
pressure difference (mmHg) between body core and environment 
to account for the force tending to move water across the 
cuticle . 7 Permeabilities calculated in this manner were identical 
for the two species at 30°C (0.031 Jig mm - 2 h-1 mmHg - 1), but 
were significantly lower fo( 0. plana at 35°C and 40°C (0.026 
and 0.040) compared to L. discoidalis (0.045 and 0.049). Edney7 
has prepared a table which permits comparison of permeability 
and cuticular resistance for a variety of arthropods from various 
habitats. The values were obtained for fi. plana and L. discoidalis at 
30°C (and even higl1er temperatures) are somewhat lower than 
the permeabilities exhibited by other xeric insects, including 
tenebrionid beetles from the Sonoran Desert (Centrioptera 
muricata, 0.063; Cryptoglossa verrucosa, 0.084). In fact, only 
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desert scorpions typically exhibit lower permeabilities (Androc-
tonus australis, 0.008; Hadrurus arizonensis, 0.012). More im-

- -portant to our study is the observation that, although the 
permeability of L. discoidalis increases more rapidly than that of 
0. plana at higher temperatures, its cuticular transpiration is still 
well below that of most desert species. The problem for L. 
discoidalis is really one of body size, for even transpiration at 
these low rates would soon deplete critical water supplies. By 
restricting surface activity to cooler, more humid night hours, 
however, transpiration is greatly reduced and body water is con-
served. 

The amounts of extractable surface lipids and hydrocarbons in 
0. plana (0.05 and 0.040Jo of body mass, respectively) and in L. 
discoidalis (0.14 and 0.11 OJo of body mass, respectively) are com-
parable to those found for Sonoran Desert tenebrionid beetles.J 
The predominance of the hydrocarbon fraction in 0. plana 
(81 %) and L. discoidalis (76%) is another feature shared with 
Sorioran Desert tenebrionids, although percentage values for the 
latter (more than 90%) are even higher. Hydrocarbon 
predominance, however, is apparently not characteristic of the 
family Tenebrionidae, because hydrocarbons account for only 
10% of the cuticular lipids of adult Tenebrio molitor and T. 
obscurus, and only 7% of the total extracted lipid of adult 
Tribolium castaneum and T. confusum. 8,9 Differences in extrac-
tion solvents and extraction times account for some of the ap-
parent percentage differences between species. 

The composition of surface hydrocarbons in tenebrionid 
beetles can vary greatly between species. 3 Onymacris plana and 
L. discoidalis are no exceptions, as gas chromatography in-
dicated differences in the molecular size range of the hydrocar-
bon components, in the ratio of n-alkanes to branched alkanes, 
in the relative amounts of individual components, and possibly 
in the types of branched components present (Figs 1 and 2, Table 
3). Straight-chain hydrocarbons having an odd number of car-
bon atoms predominated in both species, a pattern which is 
typical of insects in general. 5 Relative. amounts of these specific 
n-alkanes, however, showed little similarity in the two species 
(Table 3). In 0. plana, the percentage contribution of the odd-
numbered n-alkanes decreased on either side of the principal 
component (C29 , 26.2% of total). In L. discoidalis, a single odd-
numbered n-alkane (C33) accounted for over 50% of the total 
hydrocarbon fraction; relative amounts of the shorter odd-chain 
n-alkanes were variable. The dominance of a single component 
and the overall high percentage of n-alkanes (93.6%) makes L. 
discoidalis unique among tenebrionid beetles and perhaps among 
insects. 

The higher permeability of L. discoidalis at 35°C and 40°C is 
difficult to explain solely on the basis of differences in the quanti-
ty and composition of the surface hydrocarbons of the two 
species. The thickness of the hydrocarbon film on the cuticle sur-
face does not appear to be a factor, as the surface densities of 
hydrocarbon in 6. plana (0.32 J.lglmm2) and L. discoida/is (0.36 
J.lglmm2) were nearly equal. An inverse correlation between 
cuticular permeability and surface density was found when the 
xeric scorpion, Hadrurusarizonensis, was compared to the mesic 
scorpion, Uroctonus apacheanus, 10 but in Eleodes armata, a 
Sonoran Desert tenebrionid with significantly higher water loss 
rates per unit surface area than either Namib beetle, the surface 
density is approximately five times higher (1.68 Jlg/mm2). 1 The 
hydrocarbons of both 0. plana and L. discoidalis are saturated 
and contribute to low permeability.ll,l2 Long-chain hydrocarbon 
molecules, a third feature characteristic of impermeable mem-
branes, are present qualitatively in 0. plana but absent in L. 
discoida/is. They constitute only one per cent of the total 
hydrocarbon fraction of 0. plana, however, an amount not like-
ly to influence transpiration across the cuticle significantly. The 
role of non-hydrocarbon constituents and their interactions with 
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hydrocarbons in the cuticular waterproofing process of the two 
species is unknown. The possible contribution of respiratory 
transpiration to water loss rates observed at higher temperatures 
in L. discoida/is is also unknown. 

We are grateful to Dr Mary K. Seely for providing the 
Namib beetles. The research was supported by NSF Grant 
PCM77-23803, and the University Research Division of the 
CSIR. 
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