lation. Earlier work by Charbon [see (/,
2)] showed that intravenous injections of
parathyroid extract increased blood flow
in the coeliac and renal circulations of
the dog. More recently, Charbon and
Hulstaert (3) demonstrated that the
Beckman synthetic bPTH(1-34) peptide,
possessing a lower activity (2846 IU/mg),
could cause a four- to fivefold increase in
hepatic artery blood flow. Thus the
bPTH(1-34) vasodilatory response is not
limited to the coronary circulation. The
hypotensive responses elicited by
bPTH(1-34) in the present studies im-
plied a generalized vasodilatory effect.
Also, bPTH(1-34) has been shown to in-
crease blood flow rate in dog kidneys and
rat hind limbs and to relax helical strips
of rabbit aorta (¢). Of interest has been
the inability to block the blood pressure-
lowering effect of bPTH(1-34) in dogs
and rats with a- or B-adrenergic, cho-
linergic, or histaminergic blocking drugs
@). This suggests to us that the coronary
vasodilatory response to synthetic
bPTH(1-34) is probably a direct one, in-
volving specialized receptors on the vas-
cular smooth musculature.

The vasodepressor response to
bPTH(1-34) has been demonstrated in a
variety of species and preparations by

Pang et al. @), including South American
lungfish, bullfrog, water snake, domestic
chicken, and rat.

Our findings with a pure synthetic
form of a naturally occurring polypeptide
hormone may be useful in understanding
the regulation of coronary smooth
muscle tone. The fact that a known pri-
mary function of parathyroid hormone is

the regulation of blood calcium level,

coupled with the well-known importance
of calcium in the control of vascular
smooth muscle contractility, lends fur-
ther significance to the present observa-
tions.
M. F. Crass, 111
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Pharmacology, School of Medicine,
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Identification of Mosquitoes of Anopheles gambiae Species

Complex A and B by Analysis of Cuticular Components

Abstract. Two important vectors of malaria in Africa, Anopheles gambiae and
Anopheles arabiensis (Diptera: Culicidae), often occur sympatrically and cannot be
distinguished morphologically. A chemical method was developed to identify individ-
ual laboratory-reared adult males or females of either species by extraction and
analysis of cuticular components with gas chromatography. Statistically significant
differences were seen between species when selected pairs of peaks were compared.

The Anopheles gambiae Giles com-
plex of Africa includes two species that
breed in salt water, namely An. melas
Theobald in West Africa and An. merus
Donitz in East Africa. Three more spe-
cies, which breed in freshwater, were
previously designated as species A, B,
and C and are now designated An. gam-
biae Giles, An. arabiensis Patton, and
An. quadriannulatus Theobald (1, 2), re-
spectively. A fourth member, species D
(Bwamba cytotype), is found only in wa-
ters with high mineral contents in the
Semliki forest of Uganda (3). The two
most important species, An. gambiae
(A) and An. arabiensis (B), are highly
anthropophilic, are the principal vectors
of malaria in the Afrotropical region, and
occur sympatrically in many areas. They
are true sibling species in which inter-
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breeding gives sterile males, and they
can only be separated with confidence by
the banding of the polytene chromo-
somes of either the fourth-instar larval
salivary glands ) or the adult ovarian
nurse cells of half-gravid females (5). Re-
cently, however, a method has been de-
scribed for identifying larvae and pupae
of these two species by fluorochrome
bisbenzimid staining of the mitotic kar-
yotypes (6). In another procedure that
has been tried, diagnostic allozymes are
used for separating certain species of the
gambiae complex (7, 8).

The usefulness of these methods for
work in the field requires further evalua-
tion because each has severe technical
limitations. For example, only females
can be identified by chromosomal stud-
ies, and they must be half-gravid. In ad-
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dition, cytotaxonomic identifications are
difficult on preserved material with the
result that many individuals cannot be
identified (9). For allozyme studies it is
necessary to keep field-collected sam-
ples continuously frozen in Dry Ice from
time of collection until laboratory analy-
sis.

We therefore investigated alternative
methods of identifying adults of either
sex of An. gambiae and An. arabiensis .
Extraction and analysis of chemically
stable and easily obtained cuticular hy-
drocarbons was carried out by gas chro-
matography (GC) to discover whether
there were specific ingredients or unique
relationships that could serve as mark-
ers. We report here some minor but sta-
tistically significant differences in the
cuticular components of laboratory-reared
adults of these two sibling species.

Sample of 2- to 3-week-old unmated
mosquitoes were obtained from labora-
tory colonies of An. gambiae and An.
arabiensis maintained at the Liverpool
School of Tropical Medicine in England.

Crude lipids were extracted from cu-
ticular samples of individuals or pooled
samples of each sex and species by soak-
ing each sample twice in a minimum of -
heptane. The extract was transferred to a
clean glass vial, and the solvent was re-
moved for shipment by evaporation with
a stream of dry air. Crude extracts were
redissolved in a minimum amount of
hexane (10 wl) for immediate GC analy-
sis (Fig. 1) or added to a column pre-
pared from a disposable Pasteur pipette (5
mm in diameter), dry-packed with 60 to
200 mesh silica gel (2 cm) over 20 percent
silver nitrate-impregnated silica gel (1
cm). Saturated paraffins were eluted with
n-hexane, olefins with 1 percent ether in
hexane, and polyolefins with 15 percent
ether in hexane. The volume of each sep-
arated sample was adjusted to 10 ul for
GC analysis (/0).

The major constituents of the crude
lipid extract were n-paraffins of 21 to 33
carbons and branched paraffins of 29 to
44 carbons, consistent with a previous
analysis of pooled samples of 500 mos-
quitoes (/7). Patterns in the chromato-
grams of components with 21 to 44 car-
bons appeared to be similar in all sam-
ples. Also in this range were smaller
peaks, but none that appeared to be
unique to either species or either sex.
Saturated or unsaturated hydrocarbons
that might be species markers were not
found in sufficient quantities to be useful.

Quantitative data on the distribution of
larger peaks suggests that there are at
least three relationships that can be used
for identification markers of females of
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Fig. 1. Gas chromatograms of crude extracts from individual female Anopheles gambiae complex mosquitoes. (A) Anopheles gambzae (B)

Anopheles arabiensis.

these two species. One marker is the rel-
ative abundance (R) of 26 and 27 carbon
paraffins, that is, compared to n-heptaco-
sane (KI 2700), the R of n-hexacosane
(KI 2600) was 0.69 = 0.07 in crude ex-
tracts of single female An. gambiae but
only 0.55 = 0.10 in female An. ara-
biensis (Table 1). The ratios were signifi-
cantly different by analysis of variance
P < .05) (12).

A second marker is R of peaks that
elute with 13-methylhentriacontane (KI
3130) compared to n-hentriacontane (KI
3100). The values for R for crude ex-
tracts of single females, 0.30 = 0.22 for
An. gambiae and 0.79 = 0.29 for An.
arabiensis, were highly significantly dif-
ferent (P < .005).

A third marker is the relative abun-
dance of dimethylnonatriacontane (KI
3960) compared to dimethylhentetracon-
tane (KI 4160) (/3). The values for R
in crude extracts of single females,

0.54 = 0.08 for An. gambiae and 0.81
+ 0.07 for An. arabiensis, were highly
significantly different (P < .005). The
elements in this set of values were well
separated, and no overlapping values
were seen.

Silica gel and argentation-liquid chro-
matography was conducted in attempts
to improve resolution of peaks. Removal
of nonparaffins by chromatography did
not improve the analysis, as statistical
significance declined between R values
for the first marker (2600/2700) in paraf-
fins from individual and pooled samples
of females (Table 1). However, the dif-
ferences in the second and third markers
remained significant (P < .05, P < .01)
in paraffins from individual females and
in paraffins from pooled females (P <
.05, P < .005), respectively.

Crude cuticular extracts from single
males were evaluated by the same proce-
dures, and 2600/2700, 3130/3100, and

Table 1. Identification of An. gambiae and An. arabiensis by gas chromatography. Means and
standard deviations are presented for relative abundances (R) for females and males. Peaks
were measured or quantitated electronically, and three pairs of peaks were selected and com-
pared for each specimen or pooled sample.

R 2600/2700 R 3130/3100 R 3960/4160

An. An. An. An. An. An.
gambiae arabiensis gambiae arabiensis gambiae arabiensis
Females: peaks in extracts of individuals (N = 7)

0.69 = 0.07 0.55 = 0.10+  0.30 + 0.22 0.79 = 0.29% 0.54 = 0.08t 0.81 = 0.07+
Paraffins from individuals (N = 5)

0.42 = 0.14 032 = 0.11 1.00 = 0.29§  1.58 + 0.47* 0.41 = 0.08 0.63 = 0.10]
Paraffins from pooled samples (N =5)

0.31 £ 0.06 0.18 = 0.21 1.82 = 0.59§  3.13 = 0.801* 0.42 = 0.01 0.73 = 0.06%
Males: peaks in extracts of individuals (N = 6)

0.74 £ 0.09 0.56 = 0.13*  0.30 = 0.09 0.92 + 0.19f 0.51 = 0.23%  0.74 = 0.14*
Paraffins from individuals (N = 5)

0.37 £ 0.11 0.38 = 0.15 1.24 = 0.28§  1.11 = 0.31§ 0.41 = 0.05 0.64 = 0.10%
Paraffins from pooled sample (N = 5)

0.49 = 0.10 0.19 = 0.11f  1.36 = 1.41§  2.12 = 0.96§ 0.41 £ 0.09  0.80 = 0.08+

*R values significantly different (P < .05). 1R values highly significantly different (P < .005). IN
=9, §Determined by peak height measurement. [|IR values highly significantly different. (P < .01).
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3960/4160 R values were determined to
be significantly different at .05, .005, and
.05 levels, respectively (Table 1). With
removal of nonparaffins, only the 3960/
4160 values remained highly significantly
different (P < .005) in single males,
while significant differences were re-
tained in pooled paraffin samples (P <
.005) for both the 2600/2700 and 3960/
4160 values.

A correct identification could usually
be made by observation of the chromato-
grams of crude extracts when uniden-
tified nonparaffins contributed to peak
height. Use of an automated data system
is not obligatory because simple mea-
surement of GC peak heights from the
strip-chart recorder gave the same rela-
tive information used for 3130/3100 val-
ues in some samples.

It is more important to differentiate fe-
males than males because the females
are vectors of disease, and females are
more often caught than males. However,
this simple technique was also successful
when applied to males, even in the worst
case when two of the three values were
not significantly different. For example,
when Fisher’s method of combining tests
(14) was applied to all three values of
R for paraffins from individual males,
the significance was reduced slightly
P < .05).

This technique is potentially useful for
field-workers because cuticular hydro-
carbons are chemically very stable, and
it may be possible to utilize adults from
light-trap collections, dead adults that
are rather old, or even pinned speci-
mens. To be most useful, the values ob-
tained should be consistent over the
range of the species. Although some var-
iation between conspecifics may be ex-
pected, values found with individual
mosquitoes may be consistent enough to
observe with confidence values obtained
for pooled samples (/1, 15).
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These results merit detailed appraisal
of the value of the cuticular components
of wild adults for the separation of these
and other sibling species of the An. gam-
biae complex, and perhaps other com-
plexes, for example, species of the Culex
pipiens or Aedes aegypti. Examination
of materials from these and other mos-
quito species with the same techniques
showed dissimilar distribution of com-
ponents, suggesting that some cuticular
components may possess biological ac-
tivity related to species or sex recogni-
tion, or both. There is ample precedent
for this in higher Diptera, because rela-
tively nonvolatile cuticular hydrocar-
bons are responsible for male sexual
stimulation and sex recognition in the

“tsetse fly (16) among others.
D. A. CARLSON
Insects Affecting Man and Animals
Research Laboratory, Agricultural
Research, Science and Education
Administration, U.S. Department of
Agriculture, Gainesville, Florida 32604
M. W. SERVICE
Department of Medical Entomology,
Liverpool School of Tropical Medicine,
Liverpool L3 5QA England
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Renin-Specific Antibody for Study of

Cardiovascular Homeostasis

Abstract. Antiserum specific for purified canine renal renin was used to inhibit this
enzyme in trained, conscious dogs. The antiserum did not affect blood pressure in
sodium-replete dogs but decreased plasma renin activity and blood pressure in so-
dium-depleted animals. The antiserum also reduced blood pressure to control levels
concomitant with suppression of plasma renin activity in uninephrectomized dogs
with acute renovascular hypertension. These observations establish the role of the
renin-angiotensin system in the maintenance of blood pressure in the sodium-deplet-
ed state as well as in the initiation of renovascular hypertension.

The role of the renin-angiotensin sys-
tem in blood pressure homeostasis and in
the pathogenesis of renovascular hyper-
tension is not completely understood.
Data derived from pharmacological
blockade of this system by means of an-
giotensin I converting enzyme inhibitors
or angiotensin II antagonists are in-
conclusive because of the bradykinin po-
tentiating effect of the former (/, 2) and
the partial agonistic property of the latter
(3). Immunologic blockade experiments
in rats and rabbits given antibodies to pu-
rified converting enzyme ¢, 5) or angio-
tensin II (6-8) have yielded some in-
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Fig. 1. In salt-depleted dogs, preimmune
serum had no effect whereas renin-specific
antiserum lowered plasma renin activity,
causing blood pressure to fall.
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sights. Since renin is the enzyme respon-
sible for the initial step in the generation
of angiotensin II, specific inhibition at
this site would be the preferable method
of blockade. Results of previous experi-
ments (9-11) have been equivocal be-
cause purified renin for antibody produc-
tion has not been available. We under-
took the purification of dog renal renin
and the production of antibodies for spe-
cific renin blockade in the conscious dog.

Canine kidneys were subjected to an
eight-step purification procedure (/2).
Renal cortex was minced, lyophilized,
and pulverized, and the renin was ex-
tracted with acetone and water. The ex-
tract was batch concentrated on diethyl-
aminoethyl cellulose, acidified topH 3.0,
and subjected to sodium chloride and
ammonium sulfate precipitation. Renin
was then separated from other proteases
by using a linear concentration gradient
on carboxymethyl cellulose chromatog-
raphy. Pepstatin affinity chromatography
(I3) then resulted in a 300-fold purifica-
tion. Finally, gel filtration on Sephadex
G-100 yielded a single symmetrical peak
of renin activity of 4200 Goldblatt units
per milligram (/4) of protein and a recov-
ery of 17 percent with an overall purifica-
tion of 600,000-fold. Polyacrylamide gel
electrophoresis demonstrated a single
homogeneous band. When slices from a
simultaneously run unstained gel were
assayed, a discrete peak of renin activi-
ty, as measured by the method of Haber
et al. (15), was recovered in a position
corresponding to the stained band. So-
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