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bo-n sucrose and saccharin adaptation would have worn off,
S !— suggests that it may interfere with one or more of the
g intermediate steps in the essential cellular  sequence
%“_4 B leading to nerve stimulation.
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ghlack columns) and sodiwm saccharin (hatehed columns) thiresholds.

O3 M sucrose or 10-® M sodium saccharin; GS extract
with either suerose or sodium saccharin present in adapting
concentrations;  three rinses with adapting solution;
three rinses with 50 ml. water. Six minutes after the GS
extraet in sucrose or saccharin was spat out, there was a
final water rinse:  Thresholds were imumediately redeter-
mined for both saccharin and sucrose.

A 2 per cent instant tea preparation similar in appear-
anee, taste and aroma was substituted for GS extract as
a control.  The treatment and rinsings were otherwise
the same as already deseribed. A scries of sixteen solu-
tions increasing in concentration by 4/2 were available
for sucrosc (2:2x 10-2 M to 0-4 M) and also for saccharin
(4:3x10-°M to 8§ x 10-* M). The GS extract was prepared
by a modification of a process described elsewhere®. Six
subjects were sclected for their ability to distinguish the
tastes of NaCl, HCl, sucrose and caffeine, recognize
changes in supraliminal concentrations of these solutions,
and the reliability of their threshold determinations.
Changes in threshold (Fig. 1) are expressed in terms of the
solution steps used in this study: each unit represents
a 4/2 change.

Adaptation to either strong solutions of sucrose (0-5 M)
or sodium saccharin (10-2 M) did not affect the elevation
of threshold produced by GS extract without the sweet
additives. Indecd, values were higher -when adaptation
to sweet accompanied GS treatment but this apparent
“potentiation” did not reach significance in any case
{two-tailed ?-tests).

When the tea placebo was used with suerose and with
sodiurn  saccharin adapting  solutions, little residual
adaptation was observed, indicating that the procedure
of multiple water rinses eliminated almost all influence of
prior adaptation. but not the effect of treatment with
GS extract.

It should be noted that the greater effeet of GS extract
on elevation of sodium saccharin thresholds as eompared
with sucrose thresholds is in agreement with the fact that
the sweetness ~¢ sodium saccharin increases more slowly
than sucrose with increasing concentration. Hence, the
threshold concentrations of these two substances following
GS extract would correspond to approximately equisweet
su?mliminal solutions before treatments.

Taste receptors may respond to a stimulus within 30—
39 ms. Tt has thercfore been suggested that sapid sub-
stances do not readily enter the interior of the eccll. but
Ta_ther react at the cell surface, on particular sites in the
microvilli which may be capable of binding molecules
and ons®. The results indicate that suppression of sweet
sensitivity by GS extract is probably not a matter of
competition for receptor sites, but it does not exclude the
Possibility of a mechanism involving a non-competitive
Site which may alter a configuration neeessary for stimula-
Won. The persistence of tho cffects of GS extract, however,
even after repeated rinsing, long after the effects of
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Lethal Mutation Rate in Drosophila
exposed to LSD-25 by Injection

and Ingestion

ALTHOUGH attempts have been made to assess the effect
of p-lysergic acid diethylamide (LSD-25) on human
chromosomes, it has yet to be uncquivocally determined
when and in what circwunstances this chemical is muta-
genic. From karyotype analyses of individuals who have
ingested LSD-25 some investigators have concluded thag
it is not mutagenie®? while others have reported a high
incidence of chromosome aberrations among such in-
dividuals®* as well as among human leucocytes treated
in vivo®. Because of its long standing utility in the detec-
tion of induced mutations Drosophila seems to be a likely
organism with which to investigate this problem further.
Reports have recently appeared which indicate that
while LSD-235 is not apparently mutagenie when injected
directly in D. melanogaster males in amounts as great as
500 pg/ml. (vef. 5) it is capable of producing X-linked
recessive lethal mutations when doses some twenty times
larger are useds.

One may ask, however, if the cffecets of this chemical
are dose-dependent, if it is equally cffective on both the
X and autosomes and if it is mutagenic when introduced
to the adult by ingestion as well as injection. Injection
is the most direct means of introducing this chemical to
the gonads and ingestion (the usual human method of
exposure) permits the administration of relatively large
repetitive doses. Two procedures were used for the
detection of lethal mutations, the Muller-5 (M-5) tech-
nique’ which detects X-linked recessive lethals, and the
Curly-Lobe/Plum (CyL/Pm) technique which detects
second chiromosome recessive lethalst. In all tests the flies
were taken from a highly inbred line. Males 36-48 h old
were injecied with LSD-235 at either of two concentrations,
100 and 2,000 pg/ml. The lesser concentration was ob-
tained already dissolved in 1 ml. aqueous stock solution
(Sandoz Bateh No. 63002): the higher concentration was
prepared from LSD-25 powder (Sandoz Batch No. 88601)
diluted with the stock solution. Each male received an
abdominal injection of about 0-2 ml. of solution. (The
control males received injections of the stock solution.)
At the concentrations used the amounts of chemical
injected correspond. respectively, to about 24 and 470 ©vg
per g of body weight. .

Twenty-four hour old males were placed in empty vials
for 12 h before treatment to ensure someo degree of de-
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hydration. Each fly was then imunobilized with ether.
A gradueted wmicropipette was held to the proboscis and
as the fly recovered it drank some of the solution. The
amounts of liquid ingested ranged from 0-7 to 15 pl
(x=1-2 pl.). The treated flics were then allowed to feed
on a Drosophila culture medium for about 2 h, after which
time they were twice more dehydrated and fed the test
solution. Depending on the concentration of the liquid
(100 or 2,000 pg/ml.) a fly received approximately 420
or 8,460 pg LSD-25 per g of body weight (or some
eighteen times more than that introduced by injection).
The control males were fed the stock solution.

After exposure by either method a male was mated to
a virgin female of the appropriate genotype every 3 days
to produce a total of three broods. This procedure
permits detection of postmeiotic (days 0-7) and to a
lesser extent meiotic (days 8--9) mutations. For each
treatment twenty fertile males were tested; about thirty
paternal X or second chromosomes were isolated from
each of the three broods arising from a male for a total of
about ninety chromosomes from each.

Table 1. FREQUENCY OF LSD-25 INDUCED LETHAL MUTATIONS
Mean
Days after treatment No. of lethal
Exposure Type 1-3 4-6 -9 chromo-  frequency
somes (per cent)
(Control)
Injection M-5:
Lethal 3 2 2 7 0-39
Nonlethal 597 501 593 1,781
{100 pg/ml.)
Lethal 2 Q 3 5 023
Nonlethal 590 579 588 1,757
(2,000 pg/ml.)
Lethal 6 5 3 14 079
Nonlethal 581 500 594 1,765
(Control)
CyL{Pm:
Lethal 0 4 5 9 0-51
Norlethal 592 588 573 1,753

(100 pg/ml.)
Tethal 1 6 3 10 057

Nonlethal 597 564 591 1,752
(2,000 pg/ml.)
Lethal 8 6 2 16 0:90
Nonlethal 590 539 583 1,762
(Control)
Ingestion M-5:
Lethal 0 1 4 0-28
Nonlethal 577 591 593 1,761
(100 pg/ml)
Lethal 5 0 2 7 039
Nonlethal 595 587 598 1,780
(2,000 pg/ml.)
Lethal 3 7 10 20 113
Nonlethal 572 588 587 1,747
(Control)
CyL{Pm:
Lethal 4 0 3 7 0-49
Nonlethal 591 586 563 1,745
{100 pg/ml.)
Lethal 9 0:51

0 4 5
Nonlethal 592 569 589
(2,000 pzg/ml.)

Jethal 7 12 14 33 1-89
Nonlethal 582 586 553 1,721

Table 1 shows the frequencies of lethals detected within
the four chief treatment groups; in each group the
frequency of lethals obtained after exposure to the stock
(control) solution can be used as the basis of comparison.
There is a general increase in the average frequency of
lethals with dose within all the chief groups, although in
no group is the difference between the mean of the control
and the lowest LSD-25 exposure statistically significant.

As Table 2 shows, however, there are some significant
differences when one compares the controls to the flies
Table 2. SIGNIFICANCE OF DIFFERENCES BETWEEN FREQUENCY OF LETHAL

MUTATIONS INDUCED BY INGESTING AND INJECTING LSD-25 -
Mean frequency
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receiving the maximum exposure within ecac}, wiomp of
treatments. With the exception of the second ¢}, istme
lethals scored after injection, there is a significay,r soerease
in lethal frequency with maximum dose.

Within both the injection and ingestion, « s 5, the
average frequencies of second chromosonie leth !, scored
after a particular treatmeont exceed that of +ho cor-
responding X-linked type (Table 1). Because (1.« =ccond
chromosome of D. melanogasier is about twice 5. long as
the, X-chromosome, these results suggest that 11, s+ is no
marked difference in the sensitivities of these twr, finkage
groups to the induction of lethals by this chep.cal. In
addition, the frequencies of both X and autosors.:.! muota-
tions are, on the average, greater within the ,ruestion
than the injection scries; this difference, however, 15 not
statistically significant.

My data suggest, but by no means prove. that there is
a threshold dose-response for the mutagenic setion of
IL8D-25 in Drosophila; the lowest concentrativn (100
pg/ml.) produced no significant increase in the fri-yuency
of recessive lethals whereas the higher conesstration
(2,000 pg/ml.)y did. Supporting this, Grace ¢ al.* Jid not
observe a mutagenic cffect when LSD-25 was ineeted at
a concentration of 500 pg/inl., while Browninz¢, who
used a concentration of 10,000 pg/ml., obtained po-itive
results. In addition, G. Markowitz and . Frosseau
(personal comumunication) performed a statistica] xnalysis
of all available data (the data of the present wxy«ri
included). While they concluded that a i
response for this chemical could not be comp!
allowed, the overall picture that emerges is o
with the existence of a threshold dose-response «%ze

Browning’s data® suggest that LSD-25 when injected
operates chiefly on the mature, that iz, pos:r
sperm of D. melanogaster. Table 1 shows that th= males
receiving the maximum injected dose produce from two
to three times as many lethals in the first as inx 1he last
broods, although the opposite trend can be obsurvad in the
ingestion series. All broods would have had te be con-
tinued & minimun of 11 days to deteet premeinte muta-
tions. Because, however, the first two broods. and to a
lesser extent the third, test postmeiotic cellz. and because
at least one-half of all induced lethals were deiocted in
these first broods, we also conclude that this chemiecal
has a pronounced effect on postmeiotic grrm colls in
both exposure regimes.

While it appears that lethals can be induced Ly cither
injection or ingestion, the relative efficiencics of tiduetion
by the two methods differ. Although the inz<tirn groups
received eighteen times more LSD-25 than the injcction
groups the numbers of lethals produced by «ither micthod
were not significantly different. It should al:o bw noted
that injected males are immediately mated witie those
fed the chemical are stored for at least 24 h atier their
first exposure in order to complete the serial finadings, I
conclude that, overall, ingestion is not as efticirtit a mode
of exposure as injection. Possibly the LSD-25 i< degraded
more readily while passing through the gut of the fix than
when injected directly into the abdomen. or it may Lo thag
the chemical may not readily diffuse to the 2onads when
ingested.
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