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SITE OF PHOTOFRIN II@ PHOTOSENSITIZATION IN LARVAE OF
ERETMAP O D IT E S QU I N QU EV ITTATU S THEOB ALD

A. M. HELLECK nNo W. K. HARTBERG

Baylor University, Deparftnent of Biology, PO Box 97388, Waco, TX 76798-7388

ABSTRACT, Photofrin II@ (PID accumulates and fluoresces in the alimentary canal, anal papillae, malpighian
tubules, rectum, and gastric caeca at greater concentrations (>10 p,g/ml) and accumulates (fluoresces) in (along)
the alimentary canal only at lower concentrations (<10 p,g/ml). Initial experiments with larvae exposed to
different osmotic conditions and PII indicated that cells of osmoregulation were most susceptible to life-threat-
ening cell damage. Larvae that lacked anal papillae and were exposed to different osmotic conditions and PII
indicated that cells of osmoregulation may not be the most deleterious site for cell damage. Larvae ligated
around the neck and exposed to PII survived significantly longer than larvae ligated after the 4th abdominal
segment and after the 6th abdominal segment while also being exposed to PIL Pupae are unaffected by PtI at
any concentration and they do not ingest during their development. These experiments indicate the midgut
gastric epithelia could be the most deleterious site for cell damage caused by PII.

KEY WORDS Photosensitization, photoactive, photochemical, photosensitizer, photoreactive, osmoregula-
tion, anal papilla

INTRODUCTION

This study examined the effects of Photofrino II
or Photofrin@ porfimer sodium (PII) (a photosen-
sitizer) on the mosquito Eretmapodites quinquevit-
tat ^r Theobald. This species is native to subsaharan
Africa and Madagascar (Gillett 1972) and, may
transmit arboviruses (Macnamara 1953. Mclntosh
et al. 1961, Gilotra and Shah 1967, Serie et al.
1968, Brottes et al. 1969). Eretmapodites quin-
quevittatus was chosen as the test organism because
it is easily maintained in the laboratory and has
been studied extensively by this investigator (Hel-
leck et al. 1993, 1994, 1996, 1997) and others
(Hartberg and Gerberg 1971; Hartberg and John-
ston 1977, 1979; Johnston and Hartberg 1981;
Hartberg and Faircloth 1983).

Resistance to and lack of effectiveness of insec-
ticides on mosquitoes has been documented and is
life-threatening, because mosquitoes are known
vectors of disease (Georghiou and Lagunes-Tejeda
1991, Raymond et al. 1993, Reiss and James 1993,
Pasteur and Raymond 1996). Although the problem
of mosquito resistance to conventional insecticides
has been avoided by varying the concentration and
types of chemicals used, an effectiveness problem
still exists. Photoactive compounds could provide
effective and environmentally safe photoinsecti-
cides for future use in insect control.

This research was conducted because of the in-
crease in mosquito resistance to conventional in-
secticides, and to determine which tissues of mos-
quitoes are most affected by the destructive
pathway(s) of PII. We have begun elucidation of
the cell types most susceptible to photosensitization
by PII tn Er. quinquevittatus. Ascertaining which
cell types are susceptible to photosensitization will
be advantageous, because this information will as-
sist researchers in determining which cell types

readily absorb photosensitizer (PID. Knowledge of
which cell types readily absorb photosensitizer
could lead to understanding why certain cell types
absorb photosensitizer. Answers to these questions
could lead to methods for cell targeting of photo-
sensitizers in cancer treatment. The same knowl-
edge would be useful in selecting photosensitizers
for research and use in mosquito control.

MATERHLS AI\D METHODS

Laboratory colonies of Er. quinquevittatus (EQ-
MIXED) were maintained at the Medical Entomol-
ogy Research Laboratory at Baylor University in a
walk-in environmental chamber set at 25oC. 80 +

5Vo relative humidity, and a 14: l0 h light: dark pho-
toperiod. The EQ-MIXED adult colony was pro-
vided sugar cubes for a carbohydrate source, and
females were provided anesthetized mice every
2-3 days for blood meals. This colony was estab-
lished by V/. K. Hartberg from larvae collected
from a tree hole in the Kisutu section of Dar es
Salaam, Tanzania, in July 1969 (Hartberg and Ger-
berg 1971).

Eggs were collected from the EQ-MIXED colo-
ny by providing ovipositing females with moist,
bleached, paper towels (oviposition or egg papers)
lining the inside of 250-ml beakers or half-pint
(279.3 ml) Ball@ jars placed inside of the colony
cage. Collected eggs were a mixture of autogenous
and anautogenous eggs, were not stored, and
hatched -48 h after oviposition.

First-stage larvae were transferred to Nalgene@
pans (VWR Scientific Products, Suwanee, GA,
USA.) (32 x 26 x 6 or 26 x 16 x 6 cm) and
reared to the 4th instar, or pupal stage. During de-
velopment larvae were provided -0.25 ml of larva
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food (Wardley'so fish food and water, 2:l ratio)
placed at the bottom of the Nalgene pans.

All 4th-stage larvae and pupae were photoirra-
diated with 8 l5-W Philipso fluorescent lighr bulbs
in parallel array (1.12 mWcm2, 350-8OO nm),
placed :25 cm above the larvae and pupae.

Toxicity of photoirradiated PII on larvae while
in dffirent osmotic conditions: Eggs were collect-
ed, hatched, and reared to early 4th instar 1-6.6
days of larval development) without pII exposure.
Fifty larvae each were exposed to pII (3.75-30 pgl
ml) (100 ml final volume) and larva food while in
3 different osmotic solutions: hypotonic (:distilled
water), hypertonic (:1.1x Aedes aegypti saline so-
lution), and isotonic (Hayes 1953) (:Ae. aegypti
saline solution). Aedes aegypti saline at l.lx the
normal concentration of saline was used because it
was the most hypertonic solution larvae could with-
stand. Larvae could not survive in 1.15X Ae. cte-
gypti saline. Fifty larvae each were also exposed to
larva food, a hypertonic solution containing no PII
(control 1), and tap water (tHrO) containing no PII
(control 2). All 3 experimental groups and the 2
control groups were immediately placed in dark-
ness for 16 h. After the dark period, all larvae were
rinsed 7 times with deionized water (diHrO) and
placed back into containers with the same osmotic
solution, and photoirradiated until larvae were mor-
ibund or until pupation. Rinsing was performed to
remove any PII from the exterior of the larva, so
that any effects encountered were only from inter-
nalized PII. Larva food was provided if larvae were
not moribund after 24 h even though larvae may
have ceased feeding by this time.

Toxicity of photoirradiated PII on larvae without
anal papillae while in dffirent osmotic conditions:
Eggs were collected, hatched, and reared to early
4th instar without PII exposure. Larvae were ex-
posed to 57o NaCl solution for 2-3 min and then
placed in tHrO for 2 days or until anal papillae
disappeared (Wigglesworth 1933). After -2 days
larvae without anal papillae were placed into I of
3 experimental and 2 control groups as described
previously.

Toxicity of photoirradiated PII on larvae without
anal papillae and with neck ligation while in dif-
ferent osmotic conditions.' Eggs were collected,
hatched, and reared to early 4th instar without PII
exposure. Larvae were exposed to 5% NaCl solu-
tion for 2-3 min and then placed in tHrO for 2 days
or until anal papillae disappeared (Wigglesworth
1933). Those larvae without anal papillae were li-
gated around the neck and placed in 3 experimental
and 2 control groups as described previously. All
ligations were performed with a fine silk thread
l-2 min after larvae had been placed on a cold
microscope slide.

Toxicity of photoirradiated PII on larvae with
anal papillae and neck, 4th, and 6th abdominal
segment ligation: Eggs were collected, hatched,
and reared to early 4th instar without Ptr exposure.

Fifty larvae with anal papillae and with neck liga-
tion were exposed to PII (7.5 p"g/rnl) (20 ml final
volume) and larva food while in isotonic solution.
Fifty more larvae with anal papillae and with li-
gation between the 4th and 5th abdominal segments
were exposed to PII (7.5 pg/ml) (20 ml flnal vol-
ume) and larva food while in isotonic solution. Fif-
ty more larvae with anal papillae and with ligation
between the 6th and 7th abdominal segments were
also exposed to PII (7.5 p"g/ml) (20 ml final vol-
ume) and larva food while in isotonic solution. Fif-
ty additional larvae were exposed to larva food and
isotonic solution only (control). All 3 experimental
groups and the single control group were immedi-
ately placed in darkness for 16 h. After the dark
period, all larvae were rinsed 7 times with diHrO
and placed back into containers of isotonic solution
and then photoirradiated until larvae were mori-
bund or until pupation. More food was provided if
larvae were not moribund after 24 h even though
larvae may have ceased feeding by this time.

Toxicity of photoirradiated PII on pupae: Eggs
were collected and hatched, and larvae were reared
to the pupal stage (-9-10 days of larval develop-
ment) without PII exposure. Fifty pupae each were
exposed to 10, 30, 50, and 9O pglml of PII and
isotonic solution. Fifty more pupae were exposed
to isotonic solution without PII (control). All 4 ex-
perimental groups and the single control group
were immediately placed in darkness for 16 h. After
the dark period, all pupae were rinsed 7 times with
diHrO and placed back into containers of isotonic
solution and then photoirradiated until pupae be-
came moribund or developed into adults. No larva
food was provided because pupae do not feed.

Statistical analysis: Times from onset of pho-
toirradiation until larvae or pupae became mori-
bund were determined for each larva or pupa. Sur-
vival analysis began by constructing life tables for
each group of larvae and pupae. The log-rank (chi-
square) test was used to detect any differences in
survival between experimental or control groups of
larvae and pupae (Anderson et al. 1980).

RESULTS

Toxicity of photoirradiated PII on larvae while
in different osmotic conditions

Experimental larvae (in different osmotic con-
ditions) exposed to 30 or 15 pglml of PII showed
no significant differences in survivorship when the
different groups were compared (Figs. 1 and 2) (P
> 0.05). Control larvae exhibited significantly
greater survivorship from all 3 salinities than all 3
groups of experimental larvae (P < 0.0OO1).

Experimental larvae exposed to lower concentra-
tions of PII (7.5 and 3.75 pglrnt) exhibited signif-
icant differences in survivorship when the different
groups were compared (Figs. 3 and 4). Larvae ex-
posed to hypotonic solution and PII lived signifi-
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Fig. 1. Percent (7o) survivorship of Eretmapodites quinquevittatus larvae exposed to 30 pg/ml of Photofrin II (PI!
followed by photoirradiation in different osmotic solutions. Hypertonic 1. I X : I . I times Aedes aegypti saline and PII.
Isotonic L.Ox : Ae. aegypti saline and PII. Hypotonic dHrO : distilled HrO (dHrO) and PII. Control I : dHrO, no
PII. Control 2 : l.l times Ae. aegypti saline, no PII. n : 50.
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cantly longer than larvae exposed to isotonic or hy-
pertonic solution and PII (7.5 pg/ml of PII, P <
0.0001) (Fig. 3). Larvae exposed to isotonic solu-
tion and PII survived significantly longer than lar-
vae exposed to hypertonic solution and PII (3.75
pglml of PII, P < O.Ol). Larvae exposed to hypo-
tonic solution and Ptr also survived significantly
longer than larvae exposed to isotonic or hypertonic
solution and PII (3.75 p.gml of PII, P < 0.001)
@ig. a).

Toxicity of photoirradiated PII on larvae
without anal papillae while in different osmotic

conditions

Experimental larvae, with no anal papillae, ex-
posed to 7 .5 lt glml of PII showed significant dif-
ferences in survivorship when the different groups
were compared (Fig. 5). Larvae exposed to hyper-
tonic solution and PII survived signiflcantly longer
than larvae exposed to hypotonic solution and PII
(P < 0.001) (Fig. 5). Larvae exposed to isotonic
solution and PII survived significantly longer than
larvae exposed to hypertonic or hypotonic solution
and PII (P < 0.001).

Toxicity of photoirradiated PII on larvae
without anal papillae and with neck ligation

Experimental larvae cultured in different osmotic
solutions without anal papillae and with neck li-
gation did not differ signiflcantly in survival rate
(P > 0.05). All experimental larvae (n : 50) and
control larvae (n : 50) were dead within 10 h of
exposure to PII in the dark.

Toxicity of photoirradiated PII on larvae with
anal papillae and neck,4th, and 6th segment

ligation

Experimental larvae with neck ligation survived
significantly longer than larvae with 4th (P < 0.05)
or 6th (P < 0.05) segment ligations (Fie. 6).

Toxicity of photoirradiated PII on pupae

All experimental and control pupae survived and
developed into adults. No differences were found
in survivorship when comparing different concen-
trations of PII or when comparing experimentals
and controls.

DISCUSSION

Microscopic observation of 4th instars of Er.
quinquevittatus showed accumulation of fluorescent
PII in the gastric caeca, alimentary canal (hindgut),
rectum, malpighian tubules, and anal papillae at
high concentrations ()10 pglml). All of these or-
gans are involved in osmoregulation of developing
larvae.

Fluorescence was observed in the alimentary ca-
nal when larvae were exposed to high or low con-
centrations of PII (5-400 pg/ml). The PII may ad-
versely affect the absorptive or secretory function
of cells of the midgut. If this is true, exposure of
different sections of alimentary epithelia to PII
might result in differences in larval survival.

The Ptr may disrupt tissues or cells involved in
ionic and osmotic regulation, thus rendering the lar-
vae unable to adapt to changes in water chemistry.
If this is true, then exposure of larvae to PII under
different osmotic conditions could result in differ-
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ences in larval survival. Occurrences of differences
in survival would indicate that the target area for
PII action (photosensitization) is the cells of os-
moregulation.

Photosensitizers are compounds requiring direct
interaction with light and molecular oxygen to pro-
duce highly reactive oxygen species (primarily sin-
glet oxygen). These compounds are toxic to all liv-
ing things because singlet oxygen reacts with many
types of biological molecules (membrane lipids, cy-
tochromes, nucleic acids) (Kessel 1981, 1986). Nat-
ural and synthetic photosensitizers are equally de-
structive (Arnason et al. 1981, Sakurai and Heitz
1982, Kagan et al. 1987).

Our approach to photosensitizing cells involves

---*-Hypertonic I.lX

-Hypotonic dH2O

-----o- Isotonic l.ox

--+-Control I

------f Control 2

providing a natural or synthetic photosensitizer
(PII) to living organisms (via ingestion) in suffl-
cient quantities so that when exposed to light, and
molecular oxygen phototoxic products are pro-
duced and the organism is injured or killed. The
widespread toxicity of these compounds toward all
types of cells makes this approach a difficult choice
in terms of pesticide or insecticide use and tumor
therapy. Rebeiz and colleagues (1995) have found
some interesting ways of using an organism's nat-
ural accumulation of photosensitizer by blocking
molecules that quench photosensitizers. These
quenching molecules are produced by all organisms
that produce and use porphyric (heme) compounds
(Rebeiz et al. 1995). Only organisms that have un-
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Fig. 2. Percent (7o) survivorship of Eretmapodites quinquevittatus larvae exposed to 15 pglml of photofrin II (pI!

followed by photoirradiation in different osmotic solutions. Hypertonic 1. I x = i.l times Aedis aegypti saline and pII.
Isotonic l.OX : Ae. aegypti saline and PII. Hypotonic dHrO : distilled HrO (dHrO) and PII. Con-trol I : dHrO, no
PII. Control 2 : 1.1 times Ae. aegypti saline, no pII. n = 50.
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Fig. 3. Percent (7o) survivorship of Eretmapodites quinquevittatus laryae exposed to 7.5 pglml of Photofrin II (PI!

followed by photoirradiation in different osmotic solutions. Hypertonic 1.1 x : l� I times Aedes aegypti saline and PII.
Isotonic 1.0X = Ae. aegypti saline and PII. Hypotonic dHrO : distilled HrO (dHrO) and PII. Control I : dHzO, no
PII. Control 2 : l.l times Ae. aegypti saline, no PII. n = 50.
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Photodynamic effects of porphyrins are due to
their photoexcitable nature. The ground-state por-
phynn is photoexcited to the singlet state. Nixt,
intersystem crossing of an electron from the excited
singlet state to the excited triplet state occurs. The
excited triplet state has lower energy than the sin-
glet state, but has a longer half-life. Now the ex-
cited triplet sensitizer may undergo 1 of 2 reactions,
type I or II (Foote 1990). Indirect evidence indi-
cates the primary pathway for cellular destruction
is type II (Rebeiz et al. 1995). Type II reactions
occur when triplet sensitizer interacts with ground-
state oxygen to produce excited singlet oxygen
(Foote l99O). Singlet oxygen is extremely reactive
and will react with electron-rich substrates yieldine
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Fig. 4. Percent (7o) survivorship of Eretmapodites quinquevittatus larvae exposed to 3.75 p,glrti of photofrin II

(PII) followed by photoirradiation in different osmotic iolutions. Hypertonic r.1x = l.l times iedes aegypti sarine
and PII. Isotonic l.Ox : Ae. aegypti saline and PII. Hypotonic dH;o: distilled Hro (dHrO) and pII. Clontrol I :
dHrO, no PII. Control 2 : I.l times Ae. aegypti saline, no pII. n : 50.

checked accumulation of photosensitizer will be
killed, because no exogenous distribution of pho-
tosensitizer occurs that could harm other organisms
in close proximity.

Porphyrins or hematoporphyrin derivatives pos_
sess alternating double bonds around 4 pyrrole
rings resulting in a conjugated 18 n electroniystem
th,at provides high stability. The active component
of PII seems to be a 2- to 3-unit oligomer that ab_
sorbs light in the 40O- to 630-nm range of the spec-
trum (Dougherty 1987, Byrne et al. 1990). This
oligome4 when activated by light in the presence
of molecular oxygen, produces photoproducts det_
rimental to cells. The photosensitizer and its pho-
toproducts are planar and lipophobic.
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Hours Photoirradtated
Fig' 5' Percent (7o) sur-vivorship of Eretmapodites quinquevittatuslarvae without anal papillae exposed to7.5 s:"g/ml of Photofrin II (P[) in different osmotic solutions toitowea by photoirradiation. Hypertonic 1.I x = l.l times Aedesaegypti saline and PII. Isotonic l.Ox = Ae- aegypti saline and Fli. Hypotorri" dHrO: distilled HrO (dHp) and pII.

Control 1 : dHrO, no PII. Control 2 = l.l timesae. aegypti saline, no pII. n : 50.
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ions being regulated. The PII may simply get
caught in the bulk flow of ions moving in or out of
the larva, much as it could get caught in the bulk
flow of water moving in or out of the larva. Areas
such as the gut, caeca, and rectum will tend to con-
serve ions and larger molecules (Wigglesworth
1933, Ramsay 1950). This may affect the length of
time and the amount of PII that remains in cells or
tissues.

If all cells of a larva are acted on by PII at ap-
proximately the same rate, and if PII is toxic to
larvae, then cells involved in water or ion regula-
tion or absorption or secretion would be important
to the survival of an aquatic larva. These are the
lst cells contacted by materials (PII) entering with
water or food.

Two pieces of evidence support this conclusion.
Fluorescence is observed in the anal papillae and
the gut of the mosquito larva. Any disruption of the
processes performed by osmoregulators would be
life threatening to the larva. Any disturbance of ab-
sorptive and secretory processes performed by gas-
tric epithelia would be equally life threatening. If
the osmoregulators or gastric epithelia were dam-
aged the larva would die.

Focus turned lst to conditions that affect the os-
moregulators. If these are most important to the lar-
va, then differences in survivorship would be ob-
served among experimental groups differing in
solute concentration (hypotonic, hypertonic, isoton-
ic). Larvae cultured in tHrO (slightly hypotonic)
will take up water and lose ions. The larva will
compensate by excreting a dilute urine through the
rectum and anal papillae and conserving ions with
its rectum, gut, and gastric caeca. Most ions would
be expected to be conserved by the larvae, yet PII
is unlike any other ion. As stated before, PII is li-
pophobic and planar and has been shown by Kessel
(1981, 1986) to be capable of oxidizing cell mem-
branes. If PII has only a limited ability to damage
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Fig. 6. Percent (7o) survivorship of Eretmapodites quinquevittatus larvae with anal papillae and either neck, 4th-
segment, or 6th-segment ligature exposed to 7.5 pglml of Photofrin II. n = 50.

peroxides and other oxidized species (Spikes 1985,
Foote 1990). The effect of these oxidized species
is disruptiom of metabolism, nucleic acids, and
membranes (Foote 1990).

Barbieri (1928) demonstrated that aquatic larvae
of Anopheles maculipennis (Meigen) were killed
when exposed to halogenated fluorescein deriva-
tives, erythrosin, and eosin, and then illuminated.
Hartberg and Judy (1990) showed that Er. quin-
quevittatus larvae were killed by PII and that onset
of effects was directly proportional to concentration
of PII and length of exposure to PII. Helleck and
Hartberg (unpublished) witnessed increased diffi-
culty in larval and pupal extrication when larvae
were fed PII. but were unsure whether this was due
to improper chitin formation or reduced energy lev-
els. For an excellent review of the history of insect
photosensitization see Heitz and Downum (1987).

Toxicity of photoirradiated PII on larvae while
in different osmotic conditions

In preliminary experiments, larvae were ob-
served to be swollen or larger than normal at the
time of moribundity. Microscopic observations
showed PII fluorescence localized in the osmoreg-
ulation organs of the larva and the alimentary ca-
nal. The anal papillae, rectum, malpighian tubules,
gastric caeca, and alimentary canal (gut) all fluo-
resced more intensely than surrounding tissue. The
reason for increased fluorescence in the rectum and
malpighian tubules is easily explained. These or-
gans function to rid the larva of excess water (Cle-
ments 1992) and PII is entrained with water, so it
may leave the larva with water just as easily. The
intensity of fluorescence in the anal papillae, gastric
caeca, and gut could be occurring because these
areas are known to be active in ion regulation and
conservation (Clements 1992). Some PII may be
kept in or expelled because of its association with
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cell membranes this could provide the traversibility
necessary for PII movement across the epithelia. If
PII is able to do substantial damage to cell mem-
branes then movement of PII and anything else
could occur along the epithelia. We believe that this
is the type of damage that is occurring and directly
results in the death of the larvae. But larvae in hy-
potonic media do not die as quickly as those larvae
in other osmotic conditions. We believe that the os-
motic direction of ion movement precludes any
damage by PII. Because PII is lipophobic and pla-
nar it could move easily through cells and into the
excretion produced by the larvae. The excretion,
containing PII, exits the larvae and little if any
damage results due to PII. Larvae cultured in hy-
pertonic solution (l.lx Ae. aegypti saline) will lose
water and gain ions, so the osmoregulators must
compensate by conserving water. The pII would be
expected to remain in larvae and cause more dam-
age to cells and tissues. The PII would not be en-
trained to move out of the larvae and would oro-
ceed with oxidation of various biological molecules
including cell membranes. This would eventually
lead to death of the larvae. Larvae cultured in iso-
tonic solution (Ae. aegypti saline) will be in equi-
librium with the outside solution. No net movement
of water or ions in either direction would occur. The
PII would be expected to remain inside larvae and
cause more damage to cells and tissues. Larvae cul_
tured in hypotonic solution (dHrO) will gain large
amounts of water and lose large amounts of ions,
so osmoregulators must compensate by excreting
more water and conserving ions. The pII would be
expected to exit larvae in hypotonic solution and
cause less damage to cells and tissues (Figs. 1_5).

Larvae cultured in different osmotic solutions
(not including controls) with pII (15-30 pglrnt)
showed no difference in survival. This could bi be_
cause PII concentrations were high enough to pre_
vent hypotonic larvae from pumping out enough
PII before cell destruction occurred.

Larvae cultured in hypotonic solution and ex-
posed to PII (7.5 or 3.i5 pClrnl) had a significantly
higher survival rate than larvae exposed to isotonic
or hypertonic solution and did not differ signifi_
cantly when compared to control I or 2 (Figs. 3
and 4). This is probably due to osmoregulation of
larvae in hypotonic solution. The pII is rLtained for
a shorter period of time in larvae exposed to hy_
potonic solution and PII than larvae exposed to oth_
er osmotic solutions. Osmoregulation in isotonic
and hypertonic solutions retained pII for a longer
period of time. Retention of pII for longer periods
means more internal damage and more mortality as
opposed to retention of PII for shorter periods.

Toxicity of photoirradiated pII on larvae
without anal papillae while in different osmotic

conditions

When viewing Fig. 5, larvae exposed to hypo_
tonic solution and PII while simultaneously lac-kine

anal papillae obviously became moribund or died
at an increased rate when compared to the other 2
experimental groups. This is counter to what we
observed in the same experiments in the same os-
motic conditions when anal papillae were present
(Figs. 1-4). Concluding that our earlier hypothesis
concerning movement of ions, PII, and water by
osmoregulation has gained more support is reason-
able. Without the use of anal papillae, larvae in
hypotonic solution might not be able to void water
or any associated solutes (PII) as they did when
possessing anal papillae.

Also obvious is that the anal papillae can be
eliminated as the damaged tissue most deleterious
to larval survival. Larvae can live without anal pa-
pillae, although more time is required for devel-
opment. Although the anal papillae may still be
damaged by PII they must not be the area critical
to larval survival. Another critical piece of evi-
dence is that pupae do not feed and they are un-
affected by exposure to Ptr at any concentration.
Pupae must also regulate ions and water the same
as larvae. The rectum and./or the alimentary canal
must be the areas where the most critical damage
occurs.

Todcity of photoirradiated pII on larvae
without anal papillae and with neck ligatures

All larvae regardless of osmotic condition or
presence or absence of PII were dead or moribund
within l0 h of exposure to PII in darkness. All died
at the same rate. The explanation for this is simple.
These larvae had been rendered incapable of se-
questering ions or water. They had no anal papillae
and had been ligated about the neck so as to inhibit
the flow of materials through the mouth and into
the alimentary canal. Most organisms will die
quickly when placed under these conditions and
that is exactly what happened in this case. Inter-
estingly, Ptr did not seem to be a factor. Although
the larvae died at a much more accelerated rate than
previously observed, not the slightest difference
was found in survivorship when comparing exper-
imentals to controls. This indicates that pII must
have to make contact with alimentary epithelia to
cause the most critical damage to larvae.

Toxicity of photoirradiated pII on larvae with
anal papillae and neck,4th, and 6th segment

ligation

Larvae can survive without either the anal pa_
pillae or the alimentary canal, but not without both
(Stobbart 1960). Larvae might be able to survive
without the use of their rectum as long as tlte anal
papillae are still intact. The anal papillae have been
shown to aid in uptake of water. It stands to reason
that larvae ligated at the neck only would survive
lo-nqer than larvae ligated farther down the length
of the abdomen The larvae are being deprived of
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macromolecule (proteins, fats, carbohydrates, and
so on) uptake and some ion uptake. The lack of
nutrients will eventually kill the larva, but the anal
papillae can compensate for the lack of ion uptake
by the gut. Fourth-segment ligation of the larvae
leaves most of the midgut exposed to contact by
any PII entering through the mouth. The Ptr c.urnot
contact the cells of the posterior midgut or the hind-
gut in this situation. This action of PII on the gastric
epithelia may be the true cause of death in mos-
quito larvae. Larvae ligated after the 6th segment
were expected to die at a rate similar to that of
larvae ligated after the 4th segment.

Toxicity of photoirradiated PII on pupae

Pupae of Er. quinquevittatus are not affected by
PIL This is probably because pupae do not ingest
anything during this stage of development, yet they
must continue to osmoregulate. This lends more
support to our theory that PII's most active site is
along the midgut. If interaction of active PII with
gastric epithelia is necessary for cell damage that
leads to death then noningesting organisms should
not be affected by PII.
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