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Treatment _Anon.,Proc.Linncan Soc.Lo_d.,1, 353(1847).
Fig. 1. ]:fleet of Gt/mncmasylvestreand s_eet :tdaptation on sucrose ' Anon., ])kmm. d., 7, 351 (18-17-18t8).
tblaek columns) and sodium sace.haHn(hatched columns) thresholds, s Itool)er, D., Chem.2lows,59, 159(1S89).

Go3",I"7-.,lhesis,Univ.V,'firzburg(1896).
Shore,L. 1-].,J i'k_lsio1,13,191(1892).

O"b 3I sucrose or l0 -a 5I sodimn saccharin; (IS exiraet, *Warren, ll.3I.,andt'faffmann, C.,J. Appl. Pkysiol.,14, 40(1959).
u'ith eit her sucrose or sodium saccharin present ill adapting ' Stoeklin,E,.,Weiss,E., and _eiehstein, T., lIelv.Chim.Acts, 50, 474(1967).
¢'ollcentratiol]s; three rinses with adapting solution; __Beidler,L. M.,Prog.Biol,kys. an,1Biophys.Ckem.,12.109(1962).
thrbo rinscs with 50 _rfl. water. Six minut;es after the GS
_?xtraet in sucrose or saecharJl_ was spat out, there was a
ti,aal water rinse: Thresholds were imanediatcly redo(er-
mined for be01 saccharin and sucrose.

A 2 per cent instant tea preparation similar in appear- Lethal Mutation Rate in Drosophila
aide, taste and aronm was substituted for GS extract as exposed to LSD-25 by" Injection
a eoutrol. The trcaiment_ and rinsings were otherwise and Ingestiontim same as ah'cady described. A series of sixteen solu-
tions increasing in concentration by V'2 were available AT.THOVC_Hattempts have been made to assess the effect
for sucrose (2.2 x 10-a M to 0.4 M) and also for saccharin of D-lysergie acid diethylamide (LSD-25) on human
(4.3 x 10 -_ 3i to 8 x 10 -* 3i). The GS extract was prepared chromosomes, i_; has yet to be unequivoeat/y determined
by a nmdifieation of a. process described elsewhere% Six when and in what eiretunstanecs this chemical is routs.
subjects were selected for their ability to distinguish the genie. From karyotypc analyses of individnals who have
tastes of NaC1, tfCI, sucrose and caffeine, recognize ingested LSD-25 some investigators ha_e concluded tha_
changes in supraliminal concentrations of these solutions, it is not mutageniO ,_- while others have reported a high
and the reliability of their threshold determinations, incidence of chromosome aberrations mnong such in-
Changes in threshold (Fig. 1)are expressed in terms of the dividuals s,_ as well as mnong human leueoeytes treated
solution steps used in this study: each unit represents in rive a. 13eeause of its long standing utility in the deice-
s ._/2 change, tion of induced mutations Drosophila seems to be a likely

;_xdaptation to either strong solutions of sucrose (0.5 M) organism with which to investigate this problem ftu'ther.
or sodimn saccharin (10 -a M) did not affect the elevation Reports have recently appeared which indicate that
of threshold produced by GS extract without the sweet while LSD-25 is not apparently mutagenic when injected
additives. Indeed, values were higher.when adaptation directly in D. melanogasler males in amounts as great as
to sweet accompanied GS treatment but this apparent 500 Fg/m]. (ref. 5) it is capable of producing X-linked
"potentiation" did not reach significance in any case recessive lethal mutations when doses some twenty times
(two-tailed /des(s) larger are used%

Vehen the tea placebo was used with sucrose and with One may ask, however, if the effects of this chemical
•odiurn s-wcharm adapting solutions, little residual are dose-dependent, if il_ is equally effective on both the
adaptation was observed, indicating that the procedure X and autosomes and if it is mutagenie when introduced
of multiple water rinses eliminated ahnost all influence of to t.he adult by ingestion as well as injection. Injection
prior adaptation, but not the effect of treatment with is the most direct means of introducing this chemical to
t38 extract, the gonads and ingestion (the usual human method of

It shouhl be noted that the greater effect of GS extract exposure) permits the administration of relatively large
on elevation of sodium saccharin thresholds as compared repetitive closes. Two procedures were used for the
with sucrose thresholds is in agreement with the fact that detection of let.hal mutations, the Muller-5 (3I-5) teeh-
the sweetness ^r sodimn saccharin increases more slowly nique _ which detects X-linked recessive lethals, and the
than sucrose with increasing eoneentration. Itenee, the Curly-Lobe/Phm] (CyL/Pm) technique which detects
thre._hc_ld concentrations of these two substances following second ehromosome recessive lethals*. In all tests the flies
(18 extract would eorrespo_:d to approximately equisweet were taken from a highly inbred line. Males 36-48 h old
su_mlhninal solutions before treat:nentL were injected with LSD-25 at either of two concentrations,

l'aste reeq)tors may respond to a stinmlus within 30- i00 and 0,000 y.gfinl. The lesser concentration was ob-
50 ms. It has therefore been suggested that sapid sub- rained ah'eady dissolved in 1 ml. aqueous stock solution
stances do not readily enter the interior of the cell. but (Sandoz Batch No. 65002); the higher concentration was
rather react at the cell surface, on particular sites in the prepared from LSD-25 powder (Sandoz Batch No. 8S601)
mierovilli which may be capable of binding molecules diluted with the stoek solution. Each male received an
and ions*. The re._ults indicate that suppression of sweet abdominal injection of about 0-2 ml. of solution. (The
_en_itix-ily by GS extract is probably not a matter of control males received injections of the stock solution.)
_ompet it ion t',w receptor sites, but it does not exclude the At the concentrations used the amounts of chemical
Possibility of a mechanism invoh'ing a non-competitive injected correspond, respectively, to about, 04 and 470 btg
site whie[_ may alter a eonfiguration necessary for stimula- per g of body weight.
tio_. The persistence of the effects ofGS extr_ct, however. 'hventy-four hour old males were placed in empty vials
_ven after repeated rinsing, long after the effeets of for 12 h before treatment to ensure some degree of de-
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hydration. Each fly was then bmnobilizc.d with ether, receiving tile maxi,nurn exposure within eae}, V,',uP of Ii
A graduated micropipctte was held to the proboscis and treatiflents. With the exception of the second (},t .... ,,,.seine I:

as tim fly recovered it drank some. of thc solution. The lethals scored after injec.tion, there is a signifiea_,, ,,,'r,_aso i
amounts of liquid ingested ranged fl'onl 0.7 to 1'5 [zl. in lethal frequency with maximum dose. 1
(x= 1.2 gl.). The treated flies wore thm[ allowed to feed V£ithin both the injection and ingestion .., ,,, .,, the ;i:

on a Drosophila culture medium for about 2 h, after which average frequencies of second chromosome leth;,!. ,cored i!time they were twice more dehydrated and fed the test after a particular treatnmnt exceed that of ,t-, eel
solution. ])c.pending on the concentration of the liquid responding X-linked type (TaMe. l). Because t_., ;;,.eond i
(100 or 2,000 ,ug/ml.) a fly received approximately 420 chromosome of D. melanogaa.lcr is about tw (..o ;,.: J,mg as '.

or 8,460 [,g L8])-25 per g of body" weight (or some the. X-chromosome, these results suggest that _L, r,: is no
eighteen times more than that introduced by injection), rn:._rked difference in the sensitivities of th,:..-:e t v.,, tmkago !
The eontrol malc.s were fed the stock solution, gronps to the induction of lethals by this ch,._;./-I. In !

After exposure by either method a mate was mated to addition, the frequencies of both X and autos_,,,;.I m_H.a- !:
a virgin female of the appropriate genotypo evmy 3 days tions arc, on the average, greater within th,: ,_d-!,'stiort i

to produce a total of three broods. This procedure than the injection scI'ies; this difference, hox_,:._, .,, i_ not,
permits detection of postmeiotic (days 0--7) and to a statistically significant. 1
lesser extent meiotic (days 8-9) mutations. :For eaeh My data suggest, but by no means prove, th;,, ,h,n'e is
treatnmnt twenty fertile males were tc.stcd; about thirty a threshold dose-response for the lnutagenic ;;, thin of

paternal X or sccoud chromosomes were isolated fl'om LSD-25 in Drosophila; tllo lowest conceutr,,;,m (100
each of the three broods arising from a male for a total of gg/ml.) produced no signific.nnt increase in tt _. f:,-'l,D-'ney
about ninety ehromosomes from each. of recessive lelhals whereas the higher e,,n,, :,tration

(2,000 btg/ml.) did. Supporting this, Grace ,t _/.: did not,

Table I. _EqtExC'r OF LSD-25 IN!0UCEI)LETtL_L_ItTTA_'10NS observe a mutagenie effect, when LSD-25 was m:,:,:tcd at,Mean
Days aftertreatment No. of lethal a concentration of 500 b_g/ml., while Brow,_i:.:,% who

Exposare T_ac 1-3 4-6 7-9 chromo- frequency used a concentration of 10,000 gg/ml., obtaiL,-,i t,,,-:itive
seines (percent) results. In addition, O. Markowitz aml _;. t:_osseau

(Control)
Injection o11-5: (personal eonmmnieation) performed a stati>ti¢.d _.,mlysis

Lethal 3 2 2 7 0"30 of all available data (the data of the pves,.'n_ .-:::..::rhnent
NonIethM 597 591 503 1,781

(lO0tzg]ml.) included). While they eonc.luded that a hr ..... r dose-
Lethal 2 0 3 5 0"2S ' respcn_e for this chemical could not be comp!.::,:ly dis-
Nonlethal 590 579 588 1,757 allowed, the overall picture that emerges is e, n_istent

(2,0o0 _glnfl.) with the existence of a t.hresllold dose-rcsponsc e:Tc-ct.I.etlml 6 5 3 14 0' 79
:Nonlethal 581 590 594 1,765 Brov,,ning's data _ suggest that LSI)-25 whe,_ -njeeted

(Control) opc.rates chiefly on the mature, that is. pc:<:neiotic,
CyLIPm: sperm of D. melanogaster. Table 1 shows that _hc malesLethal 0 4 5 9 0"51

lgonlethal 592 588 573 1,753 receiving the .maximmn injected dose produce fr.:;m two
(100 vg/ml.) to three times as many lethals in the first as it: _.he last

Lethal 1 C 3 10 0.57 broods, although the opposite trend can be (,!,s,.rv_.t in the1_onlethal 597 564 591 1,752
(2,000 _,g/ml.) ingestion series. All broods would have had t,:, be con-

I_thal 8 6 2 16 0"90 tinned a minimmn of 11 days to detect prem..i,:,::.:, muta-
Nonlethal 590 589 583 1,762 lions. Because, however, the firs_ two bro)d., and to a

(Control) lesser extent, the third, test postmeiotie cells, m:d becauseIngestion 3/-5:
I,ethal 0 1 t 5 0"28 at least one-half of all induced lethals were dc:,.-ctc.d in
:Nonlethal 577 591 593 1,761 these first broods, we also conclude that this el:emieal

(100vg/ml.) has a pronounced effect on postmciotie c,.rm cells inLethal 5 0 2 7 0'39 --
Nonlethal 595 587 598 1,780 both exposure, regimes.

(2,000 pg/ml.) VVhile it, appears that, lcthals can bc induc,.d ].v either

Lethal 3 7 10 20 1.13 injection or ingestion, the relative efl_cienei,._ ,_f reductionNonlethal 572 588 587 1,747
(Control) by the two methods differ. Although the in._-...ti. :- groups

CyLIPm: received eighteen times more LSD-25 than th,. i::_cction

Lethal 4 0 3 7 0-40 groups the nmnbcrs of lethals produced by eiti,,.r :nethodNonlethal 591 586 568 1,745
(100/_g/ml.) were not, signifieautly different. 1t, shoul(1 als,-_ 1-,- noted

I._thal 0 4 5 9 o.51 that injected males are i_mncdiately mated w!'ii,- thoso
Nonlethal 592 569 589 1,750 fed the chemical arc stored for at, least 24 h a::.,-r their ,

(2,000 _g/ml.)
fu'st exposure in order to complete the serial f,'_..i n<,_ I :.I,ethal 7 12 14 33 1.89 . " •

_I :Nonlethal 582 586 553 1,721 conclude that, overall, ingestion is not as et1_c.i,-:u a mode '
of exposure as injection. Possibly the L81).25 i- de_:raded I

Table 1 shows the frequencies of lcthals detected within more readily while passing ttlrough the gut c,f th,. llv than i
the four chief treatment groups; in eac.h group the when injected directly into the abdomen, or it n:nv f,,, thal_ i._
frequency of lethals obtained after exposure to the stock tim chemical may not, readily diffuse to th,- g,:,n.ul_ when /

(control) solution c.an be used as the basis of comparison, ingested. /
There is a general inc.rease in the average frequency of 1-:m_qxV_xx !
lethals with dose within all the ehief groups, although in
no group is the difference between the mean of the control Department of Biology,
and the lowest LSD-25 exposure statistic.ally significant. _,Vayne State University,

As Table 2 shows, however, there are some significant, Detroit, Michigan.
differcnccs when one compares the controls to the flies Eeeeived March 10; revised May 6, 1969.

Table 2. SIGNIFICANCE OF DIFFERENCES BETWEEN t-REQUENCY OF "LETtI3J_ i Loughman, W. 3_'., Sargent, T. _,V., and Israelstam. O. 3I., .¢-i_.,.-,,. 1 :,,'t,, 508
MUTATIONS INDUCED BY INGESTING AND INJECTING LSD-25 " (1967).

Mean frequency _Sparkes, R. $., 3IeInyk, J'., and Bozzetti, L. P., Sci',_, 160 _; _ _1968).
Type Treatment (per cent) t-value Probability ' Cohen, 3I. 3I., Marinello, M. J., and Back, N., .?c_nce, 155. l t ; " __,,,_:1.

Control 3fax. dose • Irwin, S., and Egozeue, J., Science, 157, 313 (19_37).
M-5 Injection 0-39 0'79 2-500 0'025 < P < 0"05 ' Grace,' C., Carlson, E. A., and Goodman, P., Science, 161. t;:t : ; _,x_

Ingestion 0"28 1.13 2-237 0-025 < P < 0"05 ' Browning, I,. S., Science, 161, 1022 (1068).
Cy151Pm Injection 0"51 0"00 1.001 0"20< P < 025 ' Spencer, W., and Stern, C., Genetic*, 33, 43 (1945).

Ingestion " 0"40 1"89 3"548 0.01 < P<0"025 *Wallace, B., and :King, a. C., Amer. Nat., 85, 209 (1951).


