(r = —.09) nor for the caffeine group
(r = —.09), regardless of consumption
experience (high intake: r = .14; low in-
take: r = —.07). Trait anxiety did not
show significant relationships with con-
sumption levels in either group (range of
r’s = —.37 to .20).

These findings demonstrate that caf-
feine consumption has consequences for
anxiety, muscle tension, and reaction
time in nonclinical subjects. The rela-
tions among these variables are not
simple. Recent abstinence from caffeine
may cause increased anxiety and muscle
tension reactivity in the regular user.
Caffeine administration appears to re-
lieve the anxiety and decrease reaction
time. Since these effects are apparent af-
ter a relatively short abstinence, they
may contribute to the maintenance of
regular caffeine use. This hypothesis is
supported by Mikkelsen’s report that ex-
cessive caffeine consumption occurred
with psychiatric patients at a time when
they experienced anxiety from sources
unrelated to caffeine use @).

Although the physiological correlates
of caffeine tolerance and withdrawal
have not been identified, several caf-
feine-related changes may underlie the
anxiety and muscular effects reported
here. Caffeine produces contraction of
human striated muscle by facilitating cal-
cium transport, alters release and metab-
olism of monoamines, and inhibits phos-
phodiesterase, which is involved in the
metabolism of cyclic nucleotides (/0).

Progress has been made in the charac-
terization of a caffeine withdrawal syn-
drome (I11). We suggest that anxiety and
muscle tension be added to the list of caf-
feine withdrawal symptoms, which al-
ready includes headache, irritability,
drowsiness, and lethargy. Perhaps caf-
feine withdrawal deserves diagnostic
status similar to that of caffeine tox-
icity—caffeinism (/2).

BReNT C. WHITE
CYNTHIA A. LINCOLN
NELL W. PEARCE*
RoBIN REEBT
CHRIS VAIDA
Department of Psychology, Centre
College of Kentucky, Danville 40422

References and Notes

1. J. F. Greden, P. Fontaine, M. Lubetsky, K.
Chamberlin, Am. J. Psychiatry 135, 963 (1978).

. J. F. Greden, ibid. 131, 1089 (1974).

. V. Stillner, M. K. Popkin, C. M. Pierce, ibid.
135, 855 (1978).

. E. J. Mikkelsen, J. Clin. Psychiatry 39, 732
(1978).

. A. Goldstein and S. Kaizer, Clin. Pharmacol.
Ther. 10, 477 (1969).

6. In addition to informed consent, subjects were
screened for circulatory, thyroid, gastric, or oth-
er problems that might be affected by caffeine or
citric acid. Information about recent medication
and tobacco use were solicited in the initial
questionnaire. These factors were comparable

aowWN

w

1548

for the caffeine and noncaffeine groups. Only
four subjects in each group smoked more than
two cigarettes per day, precluding evaluation of
smoking habits as a correlate of caffeine use,
anxiety, or muscle tension. One smoker was in
the high-intake caffeine group and three were in
the low-intake group. The noncaffeine group had
three smokers in the high intake subgroup and
one in the low. Although no subjects withdrew
from the study, their right to withdraw was
stated when they initially volunteered and re-
stated when they came to the laboratory. At the
completion of the experiment, all subjects were
informed of their actual treatment and of the ma-
jor results of the study.

7. Grapefruit juice was selected as the vehicle be- '

cause of its acidic and slightly bitter taste,
which, to our perception, completely masked
the taste of the caffeine citrate and citric acid. At
the end of testing, each subject was asked
whether his or her grapefruit juice had caffeine
in it. Only 4 of the 19 caffeine subjects and 8 of
the 17 placebo subjects correctly identified their
conditions.

8. Caffeine concentrations reported in The Medical
Letter [19, 65 (1977)] were used to estimate caf-
feine consumption in brewed coffee (125 mg per
cup), instant coffee (70 mg per cup), tea (70 mg
per cup), and soft drinks containing caffeine (25
mg per cup). These values are somewhat arbi-
trary in that other sources (¢) report higher con-
centrations of caffeine per cup of coffee. Our es-
timates are conservative and may underestimate
actual consumption. However, we believe that
the relative differences between individual sub-
jects are accurate, because students at Centre
College are required to participate in the food

services, and therefore have a common source
of coffee, tea, and cola beverages. For this rea-
son we have considerable confidence in our cor-
relational analyses.

9. C. D. Speilberger et al., State-Trait Anxiety
Inventory Manual (Consulting Psychologists
Press, Palo Alto, Calif., 1978).

10. R. F. W. Moulds and M. A. Denborough, Clin.
Exp. Pharmacol. Physiol. 1, 197 (1974); B. A.
Berkowitz, J. H. Tarver, S. Spector, Eur. J.
Pharmacol. 10, 64 (1970); B. A. Berkowitz and
S. Spector, ibid. 16, 322 (1971); S. R. Snider and
B. Waldeck, Naunyn-Schmiedeberg’s Arch.
Pharmacol. 281, 257 (1974); R. W. Butcher and
E. W. Sutherland, J. Biol. Chem. 237, 1244
(1962); J. Vernikos-Danellis and C. G. Harris
111, Proc. Soc. Exp. Biol. Med. 128, 1016 (1968).

11. A. Goldstein, S. Kaizer, O. Whitby, Clin. Phar-
macol. Ther. 10, 489 (1969).

12. Diagnostic and Statistical Manual of Mental
Disorders (American Psychiatric Association,
Washington, D.C., ed. 3, 1978), p. A:77.

13. We thank C. Hickis, S. Kiefer, K. Phillips, K.
Rusiniak, H. Strub, J. Thompson, R. A. White,
and J. Garcia for assistance, critical comments,
and advice. Partial support was provided by a
Centre College Faculty Research Grant, NSF
grants SER77-10994 and SPI-7916648, and (at
the University of California at Los Angeles, J.
Garcia, principal investigator) PHS grants NS
11618, HD 05958, and AA 03513.

* Present address: L-6 840 River Dell Court, Louis-
ville, Ky. 40206.

+ Present address: College of Pharmacy, Univer-
sity of Kentucky, Lexington 40506.

11 February 1980; revised 7 May 1980

Juvenile Hormone Induction of Biting Behavior in

Culex Mosquitoes

Abstract. Juvenile hormone deprivation caused by surgical removal of corpora
allata shortly after adult emergence blocked the initiation of biting behavior in Culex
pipiens and Culex quinquefasciatus. Reimplantation of corpora allata or injection of
a synthetic juvenile hormone (JH-I) corrected the juvenile hormone deficiency and
restored biting behavior. Ovariectomy experiments demonstrated that this behavior-
al effect of juvenile hormone was independent of ovarian involvement.

In terms of disease transmission, mos-
quitoes are among the world’s most im-
portant blood-feeding insects. Pathogens
and parasites transmitted by the bites of
mosquitoes cause encephalitis, dengue,
filariasis, malaria, yellow fever, and a
number of other well-known diseases.
Yet, despite the epidemiological signifi-
cance of blood feeding, little information
is available on the events that initiate
mosquito biting behavior.

Adult mosquitoes feed readily on
sugar soon after they emerge from the
aquatic pupal stage. There is usually a 2-
to 3-day interval, however, before the fe-
male initiates biting behavior. During
this interval, mosquitoes initiate sexual
behavior and begin to develop ovarian
follicles. Since these last events are in-
duced by juvenile hormone (JH) (1), sev-
eral investigators have speculated that
biting behavior is also hormonally in-
duced (2, 3). To test this hypothesis,
we investigated the effect of JH on the
biting behavior of the mosquitoes Cu-
lex pipiens and Culex quinquefasciatus.
Our results provide experimental evi-
dence for the hormonal induction of bit-

0036-8075/80/0926-1548$00.50/0 Copyright © 1980 AAAS

ing behavior in a blood-feeding insect.

Mosquitoes were reared and main-
tained in a daily photoperiod of 14 hours
of light and 10 hours of darkness at 26°C
). Larvae were fed a diet described pre-
viously (5). The procedures we used for
surgical removal of the corpora allata (al-
latectomy), the ovaries (ovariectomy),
and hormone injection have also been
described 6, 7).

Earlier studies on C. pipiens (8) estab-
lished that allatectomy of 1-hour-old
adults created a JH deficiency that pre-
vented the development of resting-stage
ovarian follicles, an event that precedes
egg maturation in mosquitoes (9). We
therefore subjected C. pipiens and C.
quinquefasciatus to allatectomy 1 hour
after they emerged to determine whether
JH deprivation would prevent the initia-
tion of biting behavior. Mosquitoes sub-
jected to sham operations or no opera-
tions were used as controls. Sham opera-
tions involved opening and then
resealing the neck membrane without re-
moving the corpora allata.

The mosquitoes were placed in Formi-
ca and Plexiglas cages (26 by 18 by 18
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Table 1. Biting behavior in C. pipiens and C. quinquefasciatus subjected to allatectomy 1 hour after emergence. The number of mosquitoes biting

is shown over the number tested.

Day 7* Day 14 Totalt
C. pipiens C. quin. C. pipiens C. quin. C. pipiens C. quin.
Group Num- Per- Num- Per- Num- Per- Num- Per- Num- Per- Num- Per-
ber cent- ber cent- ber cent- ber cent- ber cent- ber cent-
biting age biting age biting age biting age biting age _biting age
Allatectomized 0/31 0 0/25 0 0/29 0 0/18 0 0/31 0 0/25 0
Control (sham operation) 22/37 59 8/20 40 3/14 21 4/9 44 25/37 68 12/20 60
Control (no operation) 28/39 72 10/27 37 2/10 20 10/15 67 30/39 77 20/27 74

*Mosquitoes feeding on day 7 were excluded from biting tests on day 14. Discrepancies in numbers of mosquitoes tested on day 14 represent mortality in the test

populations between days 7 and 14.

at P = .01 when calculated as the standard error of the percentage difference (16).

cm) in which a solution of 10 percent su-
crose was available. Biting behavior was
determined on nights 7 and 14 by allow-
ing the mosquitoes access to a chick con-
fined in a test tube basket or nylon stock-
ing. Mosquitoes that failed to bite on the
night of day 7, as evidenced by the visual
absence of blood in the midgut, were
tested again on day 14.

Table 1 shows that the allatectomized
mosquitoes failed to bite, whereas high
percentages of both control groups (mos-
quitoes with sham operations or no oper-
ations) showed biting behavior. Thus al-
latectomy not only blocked the post-
emergence induction of biting behavior,
but prevented the initiation of biting for
the 2-week duration of the experiment.
Since corpora allata are the source of
mosqiito JH (/), these results suggested
that JH deprivation blocked biting be-
havior. This hypothesis was supported
by earlier work demonstrating that alla-
tectomy 3 to 5 days after emergence (that
is, after JH release) allowed normal bit-
ing in C. pipiens (10).

In a second experiment we subjected
1-hour-old females to allatectomy and
immediately reimplanted the corpora al-
lata in the neck. As controls for this ex-
periment we used both allatectomized fe-
males ih which we implanted pieces of
fat body instead of corpora allata and fe-
males that received no operations. An-
other group of allatectomized mos-
quitoes received on day 2 an injection of
either 5 ug of JH-I1 (/1) in 0.25 ul of olive
oil or 0.25 ul of olive oil alone. Controls
for this group received an injection of
0.25 ul of olive oil but no operation.

Table 2 shows that biting behavior was
restored both by reimplantation of cor-
pora allata and by injection of JH-I. We
therefore concluded that biting was initi-
ated in response to the secretion of JH
from the corpora allata.

Since JH initiates the development of
resting-stage follicles, the results of our
experiments did not rule out the possi-
bility that biting behavior might be in-
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tPercentage of allatectomized mosquitoes showing biting behavior was significantly different from that of both control groups

Table 2. Biting behavior in allatectomized (—CA) C. pipiens and C. quinquefasciatus induced
by CA implantation (+CA) or by injection of 5 ug of JH-I (+JH). The mosquitoes were alla-
tectomized 1 hour after emergence and were injected with JH in 0.25 ul of olive oil or with 0.25
wl of olive oil alone 1 or 2 days after emergence. The number and percentage biting were deter-

mined 7 days after emergence.

C. pipiens C. quinquefasciatus
Treatment Number Per- Number Per-
biting centage* biting centage*

—-CA, +CA 11/16 69 24/46 52
—CA + fat body 0/17 0 0/17 0
Control (no operation) 23/32 72 17/29 59
~CA, +JH 9/17 53 12/19 63
—CA + olive oil 0/23 0 0/18 0
Control (no operation) + olive oil 33/36 92 27/29 93

*Percentage biting of allatectomized controls implanted with fat body or injected with olive oil was signifi-
cantly different from the corresponding test groups when calculated as the standard error of the percentage

difference.

duced by nervous or hormonal stimuli
from the ovaries. We therefore con-
ducted another experiment in which
mosquitoes were ovariectomized 1 hour
after emergence. These mosquitoes were
tested for their ability to initiate biting in
the same manner as were the allatecto-
mized mosquitoes used in previous ex-
periments. Control mosquitoes received
no operations. The results of this experi-
ment showed no differences in biting be-
havior between ovariectomized and con-
trol mosquitoes. The percentages biting
7 days after emergence were as follows:
ovariectomized, 71 percent of both C. pi-
piens and quinquefasciatus; controls, 87
percent of C. pipiens and 74 percent of
C. quinquefasciatus. Ovarian involve- ,
ment was thus ruled out.

That JH induces biting behavior in two
species of mosquitoes probably explains
the absence of blood-feeding activity in
diapausing Culex frequently observed by
other investigators (/2). In C. pipiens,
diapause is induced in the fall by season-
al changes in photoperiod and temper-
ature that suppress corpus allatum func-
tion in newly emerged adults 8). The
consequent JH deficiency apparently
blocks the induction of biting behavior as
well as follicular development and thus
restricts the mosquito to a diet of plant

juices. This well-known dietary modifi-
cation prevents reproduction in the fall
and results in the accumulation of exten-
sive fat reserves prior to low temper-
ature-enforced hibernation.

Fall broods of C. pipiens occasionally
bite in response to prolonged periods of
warm temperature. Under these circum-
stances, females sometimes feed on
blood without developing eggs, a phe-
nomenon known as gonotrophic dis-
sociation (I3, I4). Since these ‘‘dis-
sociating’” females develop resting-
stage follicles concurrent with the initia-
tion of biting behavior (/4), they must al-
so release JH. Thus, gonotrophic dis-
sociation in Culex appears to be inde-
pendent of the JH requirement for biting
behavior.

It is not clear to what extent JH initi-
ates biting behavior in other blood-feed-
ing insects. Our results with C. quin-
quefasciatus show that this JH effect is
not limited to mosquitoes that undergo
diapause. However, evidence that Aedes
mosquitoes bite despite allatectomy (6)
suggests that JH induction of biting be-
havior is not ubiquitous among mos-
quitoes. Nevertheless, since several
mosquitoes that overwinter as adults in
the genera Culex, Anopheles, and Culi-
seta show the same modification in feed-
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ing behavior as diapausing C. pipiens,
JH may initiate biting behavior in many
of these insects.

The possibility that JH initiates biting
behavior in Anopheles freeborni has al-
ready been suggested by Case et al. (3).
They found that the JH mimic Meth-
oprene stimulated both biting behavior
and diapause termination. However, a
second JH mimic (6,7-epoxygeranyl-4-
ethylphenyl ether) failed to elicit biting
despite diapause termination. Case et al.
postulated that a natural JH might initi-
ate biting in Anopheles freeborni, and
that the discrepancy in results was due to
differences in molecular structure be-
tween the mimics tested and natural
JH’s.

Recent studies suggest that JH is not
the only hormone involved in the regula-
tion of mosquito biting behavior. In
Aedes aegypti and Anopheles freeborni,
ovaries with developing eggs secrete a
hormone that suppresses host-seeking
or biting behavior between gonotrophic
cycles (15). Whether this ovarian hor-
mone influences JH synthesis to pre-
vent biting during egg development is
unknown.

ROGER W. MEOLA
RONALD S. PETRALIA
Department of Entomology,
Texas A & M University,
College Station 77843

References and Notes

1. R. W. Gwadz and A. Spielman, J. Insect
Physiol. 19, 1441 (1973); A. O. Lea, ibid. 14, 305
(1968); R. W. Gwadz, L. P. Lounibos, G. B.
Craig, Gen. Comp. Endocrinol. 16, 47 (1971).

2. M. M. Lavoipierre, Nature (London) 181, 1781
(1958); S. S. Chen, Diss. Abstr. B30 (9), 4187-B
(1969); J. G. Stoffolano, Jr., in Experimental
Analysis of Insect Behavior, L.. B. Browne, Ed.
(Springer-Verlag, New York, 1974), p. 32.

3. T. J. Case, R. K. Washino, R. L. Dunn, Ento-
mol. Exp. Appl. 21. 155 (1977).

4. This long-day, warm-temperature regimen was
selected to avoid any diapause-related effects on
the corpus allatum of C. pipiens which might
confuse interpretation of results. C. quinquefus-
ciatus, a nondiapausing species, was also reared
and maintained in this regimen.

5. Mosquito larvae (100 per 350 ml of tap water)

were reared in covered plastic pans (27 by 19 by

6 cm) on a diet consisting of equal parts Brew-

er’s yeast, lactalbumin, and finely ground labo-

ratory animal chow. Daily rations varied with

larval stage; newly hatched (day 0) and day 1,

150 mg; day 2 and day 3, 250 mg; day 4, 450 mg;

and day S, 250 mg.

A. O. Lea, J. Insect Physiol. 9, 793 (1963).

. R. Meolaand A. O. Lea, J. Med. Entomol. 9,99

(1972).

. A. Spielman, ibid. 11, 223 (1974).

. According to A. Clements [in The Physiology of
Mosquitoes (Macmillan, New York, 1963), p.
69], egg maturation in mosquitoes is a two-stage
process. The resting stage represents the initial
phase of follicular development to a point where
the oocyte may be distinguished from the nurse
cells. The second phase of development in-
volves deposition of protein yolk which occurs
after the mosquito feeds on blood.

10. A. O. Lea, J. Insect Physiol. 15, 537 (1969).

11. Juvenile hormone-1 (methyl-3,11-dimethyl-10,

11-cis-epoxy-7-ethyl-trans,trans-2, 6-tridecadi-
enoate) was purchased from ECO Chemical In-
termediates, ECO-Control, Inc., Cambridge,
Mass.

12. P. Tate and M. Vincent, Parasitology 28, 115
(1936); R. Wallis, Proc. Entomol. Soc. Wash.

61, 219 (1959); H. Chapman, Mosq. News 21,

Nelesd ~No

1550

324 (1961); S. Kawai, Trop. Med. 11, 145 (1969);
L. Sandburg and J. Larsen, J. Insect Physiol.
19, 1173 (1973); A. Spielman and J. Wong, J.
Med. Entomol. 10, 319 (1973).

13. B. F. Eldridge, Science 151, 826 (1966).

14. and C. L. Bailey. J. Med. Entomol. 15,
462 (1979).

15. M.J. Klowden and A. O. Lea, J. Insect Physiol.
25, 231 (1979); R. Beach, Science 205, 829 (1979);
M. J. Klowden, ibid. 208, 1062 (1980).

16. A. N. Franzblau, A Primer of Statistics for Non-

Statisticians (Harcourt, Brace and World, New
York, 1958).

17. Supported by U.S. Army Research and Devel-
opment grant DAMD 17-79-C-9103. Approved
as T. A. No. 15987 through the director of the
Texas Agricultural Experiment Station. We
thank C. Bailey, H. M. Kaska, L. L. Keeley, M.
J. Klowden, and A. O. Lea for helpful com-
ments.

9 April 1980; revised 17 June 1980

Have Tar and Nicotine Yields of Cigarettes Changed?

Abstract. In official assays of the tar and nicotine yields of 12 popular brands of
cigarettes, smoking machines took fewer puffs, on the average, in 1974 than in 1969.
The decline in puffs appears to have been a major cause of the reported reductions in

tar and nicotine yields during this period.

Since 1967 in the United States and
1969 in Canada, the governments have
sponsored regular assays of the ‘‘tar”
and nicotine yield of cigarettes by means
of smoking machines (/). These assays
show that the tar deliveries of most ciga-
rette brands have declined in the last 10
years (2). The value of the published fig-
ures has been criticized repeatedly, how-
ever, on the grounds that smokers can
compensate for reduced deliveries by al-
tering the way they smoke, for instance
by taking more or larger puffs 3). Clear-
ly, the advantages of switching to ‘‘mild-
er’’ cigarettes depend on the degree to
which smoking behavior remains un-
changed. Similarly, fair comparisons of
tar and nicotine deliveries require the be-
havior of the smoking machines to be
held constant. We believe that a loop-
hole exists in the standard smoking-ma-
chine procedure in that it does not speci-
fy the number of puffs to be taken. The
number of puffs taken per cigarette for
some brands declined significantly from
1969 to 1974, and we believe that this
change has contributed to the reported
reductions in their tar and nicotine con-
tent.

Many people may assume that, puff
for puff, newer versions of popular
brands (¢) have been becoming weaker
in tar and nicotine. The standard proce-
dure, however, fixes neither the number
of puffs taken on different brands during

the same test nor the number taken on
the same brand in subsequent tests. The
procedure prescribes that a smoking ma-
chine (essentially a motorized syringe)
take a 2-second 35-ml puff once each
minute until a fixed butt length is reached
(5). Number of puffs is determined, then,
by the burn-time of the cigarette. Burn-
time can be influenced, for example,
by the porosity of the cigarette paper
or the amount of tobacco in the ciga-
rette.

The Federal Trade Commission (FTC)
laboratory has not saved records of the
number of puffs taken per cigarette in its
tests (6), but in Canada such information
has been kept, although it has never been
studied systematically or published. We
report here an analysis of puff data for 12
of the best-selling Canadian filter ciga-
rettes, which accounted for 60 percent
of the cigarette market in 1970 and
70 percent in 1974 (7). Our analysis
was limited to the 11 Canadian sur-
veys between 1969 and 1974, in which
assays were done on the same machine
and with the same analytical procedures
@, 8. :

For the 12 brands as a group, de-
creases in tar (actually “‘wet tar’”’) 2)
were strongly associated with decreases
in the number of puffs taken by the
smoking machine (r = .97, P < .01,
d.f. = 4) (Fig. 1). There is a similar asso-
ciation between puffs and tar for each

Table 1. Comparison of the yields and weights (mean *+ standard deviation) of 12 popular
brands of Canadian cigarettes in survey 1 (1969) and survey 11 (1974). Paired ¢-tests (two-tailed)

are used.
It Survey 1 Survey 11 Range of
em (1969) (1974) differences
Tar (mg) 21.8 =*=1.98 18.6 =+ 2.24* 1.3t06.9
Nicotine (mg) 1.31 £0.14 1.15 =+ 0.14% —.07 to .49
Weight (g) 1.12 + 0.08 1.06 =+ 0.08* .03 to .11
Puffs 9.8 = 1.1 8.8 = 0.98* 4t019
Tar per puff 2.24 +0.21 2.12 =+ 0.22F —.04 to .30
Nicotine per puff 0.135 = 0.011 0.131 = 0.012% —.013 to .025

P < .002. P < .01. #Not significant.
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