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Apgrcracr.—Methods were described for

testing the toxicity of agueouns solutions.

of eigarette tobacco, cigaretle smoke, cig-
arette ash, and ash of cigareite paper,
utilizing a 1{appaless Paremecium ou-
relin as the asgay organism. Observa-
totie were made on populations of this
organisni in 1 ml of each of these solu-

tions from 1 non-filter cigarette, Overall

toxicity, baged on survival time, of these
mgalett(: compouneits was found Lo in-
crease in this order: paper ash, whole
ash, smoke and tobaceo. In reallty how-
ever, the smoke is most toxic since only
a s,mall fraction of the smoke from one
cigarette was usged in the experiments,
Spolutions of tobacco and smoke both
were completely lethal to the protozoon
in that they brought quick deatih to ev-
ery organism in a population, There was
neither body delformation prier to, nor
disintegration .after, death. A umigue
“polar bligtering” was observed in case
of the tohaceco solufion. Solutions of
wlole cigarette ash and paper ash both
brought erratic changos in the organ-
ism's motility pattern; they also im-
parted 'an incomplete lethality to the
population.
solutions caused proncunced body de-
formation and severe hlistering followed
hy disintegralion, solulions of whole ¢ig-
aretie ash characteristically elicited a

digloeaiing clumping ol endoplasmic.

granules, leading to death. The sensl-
vity of Paramecium owrelio io cigar-
stfe toxicity was Turther cvidenced by
itz “ability” (o distinguish, by virtue
of clear-cut differential reaction patterns,
solutions of whole cigareite ash from
thoge of tobacco ash alome, Thejse re-
sults did not vary sighificantly from one
brand of cigarette to another. It is sug-
gested that the organism’s different re-
action patlerns to the cigarcite com-
ponents may possibly be related to cer-

But while the paper ash

tain specifte chemicals in which the test-
ed components differ from sach other.

Two previous reports. { Wang, 1953
and 1960), especially the latter, in-
dicated that Paremecium curelia is
not just ehemically sensitive, buf
that it is capable of differentiating
various chemical stimuwli in its envi-
ron by means of certain set patierns
in both behavior and morphology
These observations, plus the eomsid-
eration that the protozoon is a cell
and an organism at the sume time,
prompted me o use it as a test or-
samsm for cigarette toxicites (Wang,
196?&).. Since them, more obscrvas .
tions on the reaction patterns of
Parameciwm aurelia clicited by cach
of the four cigarette components
have been wade, Part of these cf-
forts has resulted in a cinemato-
graphical stndy  the death of Pare-
sectum surelig Trom clgarette paper
toxicites {Wang, 1963‘[)) The pur-
pose of thiy report is two-fold: (a)
to present a more detailed record of -
how Parameciusn awrcla was af-
fected by each of the four cigarcite
eomponents in both quantitative and
qualitative torms with special em-
phasis on s reaction pattern to the

cigarette paper ash, and (b) o pub-
licize onee more that Paramcciusm
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aurelic i3 a usefnl assay organism for
tobaceo and other toxicity studies.

MarERIAL AND METTIODS

Six domestic and one imported (from
Talwan) brande of non-filter cigareties

were used in this work. Cigarettes were

sinoked with a gimple artificial device.
It utilized a conventional suction filter
flasly attached to a tap fauwcet and with
a two-hole rubber stopper replacing the
fitter funnel, To one end of the tube lead-
ing info the flagk was fitted a cigarette
holder while {he other (inside the flask),
wag dipped into s test-tube holding 30
ml water. A cigareite was ingerted into
the holder and lit; water was turned
on with ita pressure so adjusted that a
cigarette was steadily consumed within
three and a half minutes, leaving & buitt
of approximately 10 mm. During this
process the mainstream smoke Bubbled
thtough the wafer. Much -of it escaped
into tho flask; only a fraction wag dis-
solved in the water In view of the low
solubility of smoke and the particalar
methofl hero used to attain its soluticn,
this amount was estimated to be under 5
per cent of the total smoke produced,
The resulting cigarotte ash was collected
in a beaker, 20 ml water wag added to
it, and wag filtored after one hour.

For preparation of tobaceo and cig-

arstte paper solutions, a cigatette was
separated Into tobateo and the wrapper.
Thke former wag placed in 20 ml water
and was likewlise fltered after ohe hour,
The cigaréiie paper wag burned ju a

poreclain tray with a Punsen flame di-

rected at it for one minule, The result-
ing ash (white) was placed in 20 m!
water, and similarly filterad.

A paperless ash was prepared for com-
parison with regular ash. It was made
by carefully stripping the paper off g
well burning cigarette, allowing tho to-
baces to burn to completion undigturbed.
The resulting ash (et tobacce unly) was
processed exuctly as In the case of reg-
ulavy cigaretie ash.

Twenty ml solntions ware thus pie-
pared from eaclh of the fTour cigarelte
componentg: tobacdo, smoke, whole, and
baper azh, They congtitute our standard
stoek solutions, Wor each experiment; 1
ml of & gtandard golution, arbitrarily
designated as having a cnncentratmn of

1.8, was utilized. This concentration waa.

fouud ‘through repeated testing to bo the
most ugeful for our experimenis,

An- experiment wag run in the follow-
ing manwer. The 1 m! test solution wag

transterred to a depression slide (37 x
13%") with a central 134" concavity. To
it wag added 2 drops of paramecia from
a flourigshing eunlture., The fine mitro-
pippete used for this purpose had a
caliber (at mouth) that 40 drops are
equal to 1 ml.- Samples were only taken
from sufficiently dense (luxuriant) popu-
lations, e.g., one pippete drop eontained
several hundred paramecia.

Raw rice’ was used for enlturing. It
proved to be a better source of bacteris
than oat grains ‘used previcusly by us.
Ten grains of rice were added to 25 il
water in a sterilized Petri dish, and
sgeded with o droptul of patram,ema, It
took, on the” ayerage, 10 to 14 days for
a culfure t¢ reach maximum . density
and ¢an be mainfalned in that ¢ondition
Tor-two weeks or Tonger, depending on
the temperaliure, New, culfures wore pe-
riodically grown in order td have a con-
tinuous supply on. hand

Observations using an AQ-Spencer cy-
cloptic stereo-dissecting m icroampe were
made heginuing from the time para-
mecia were introdiiced inte a test wolu-
tion until death reéwuited, The duration
was recorded w2 survival {ime which wad
. ting the overall
lethalifty of a, ‘tegt soluttion, Criteria of
death weve cessation of all movements
(cilin, contractile | vacuoles, and endo-
plasmic sfrea,mmg) tl.]’ld si oppage, of all
signs of life.

Close attention was given lo changes
in motility and morphology of the or-
ganisms. Permahent records of the mior-
phological manifestations were made
with both light and phage mieroscopy.
While miost changeg would be readily
photographed, certain types of deformi-
lies, becanse of the incessant motion of
the affected organigms, were rather dif-
Tienlt, if not mmmsﬂﬂe to plhotograph,
Generally, light photomicrography was
used £0r groups of pariaimecia under low
maghifications (s, 1, 2, 2, 4, 6, 8}
while individuaj {)rgamqmq ot interesf
were photographed with phage micro-
geopy afb much higher magnifications on
& ZEISS-WI, 1esearrh mieroscope with
Neoﬂum 25X and 40X objectives (Fros,

9, 10, 11, 12, 14, 15 and 16 Lhrough
28) Fl"llles 1? t]nmugh 29 are prinis
mude from ncgatives of 25 mm. Koda-
chrome transparencios.

A procedure for malking mepmahmlﬂ
far phutoimcrogmphy wad adopted, Tn-
dér the binocular dissecting microscope
and with a  micropippete of even a
smaller caliber {han ‘the one used for
transferring paramecia to experimental
solutinng, the affected organizsms were
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removed .to a clean slide. In order to
sveld crushing the. organismg, four

pieces of glass chips from & broken cov-

erslip were carefully placed along the
edge of the drop before a coverslip wag
placed over it. With glass chips thus

aserving as support tor the coverslip, the.

preparation was insuved against arti-
facts, which mli_,]lt résuit from meéchani-
cal pressure.

Experiments were carried out at room
temperature, 23 o 21° €. This iz a safe
range within which the organisms’ to-
spomses may vary, but only in degree

of intengitigs. Usually, an increasse in
cither temperature or cencentration. of
the solution shortens the survival, time,

accelerates the movement and increases

the exieni and/or speed of disintegra-
tien following death. Tt has heen ascer-
tained that femperature variations with-
in this range would not change the na-
fure of the reaction patterns of Para-
mecium ourclle to any. appreciabls de-
gree. In the experiments, pll of all golu:
tions including distilled water and cul-
tare media. wers determined on a pIf
metor {Beckman, Model H2), The range
used was pH 5.0 to 8.0, which has proven
safe, i.e., harmless for thig organism.
‘Water used for all purposes in.this work
wag chemically pure, ohtained [rom: an
aunfomatic Pyrex distiller (Stokes, Model
171-B). For double safely this. water
was periodically checked to make sure
that it was not the least foxie to the ex-
perimental organism used.

RusonTe

The results show thal the seven
prands of cigarettes used prec;entpd
a range in survival time, which is not
widely spread. The, obmrvad nar-
row range conld mesn only one
thing, namely that there are no sig-

nifiednt  differences  beiwceen  the.

brand& as far as toxicity to parame-
cig is concerned. Om the other hand,
the overall toxicity of the eigarctie
components ag measurad by survival
time was statistieally signifieant, It

awas 8, 14, 21 and 27 minntes at 23¢

C and 4, 5, 10, and 12 minufes at 31°
C for, respec’n.vely tobacco, qmok(,,
whele ash and paper ash.”

One observalion descrves special
nrention : the paramecia were Killed
in. tobaceo and smoke solutions sig-
nificantly faster than in solutions of
whole agh or paper ash. The differ-
eniec may be. taken as evidence of a
greater overall toxicity of the former
two cigarette compenents. In rela-
tion with this, another phenomenon
was eonsistently - observed. That is, -
the two weaker components -(whole
‘cigarette ash and cigaretie papor
ash) were not able to kill an entire
population of cxperimental animals,
but invaribly a few parameeia sue-
vived. These survivors remained fo-
tally unaffected and healthy through-
out the cxp_er.lment. In J:‘{u-t, they
were found to be able to give rise
1o new indivignals by fission affer
the oxperiment. Using this as a eri-
torion, the four cigavetie components,
at the concentration used in the ex-
periments, may be divided inte two
groups, namely those whieh are eom-
pletely lethal (tobaecco and smoke)
snil those which are incompletely
leghal (whole and paper ash) to
Poramecium aurelie. From this, the
importance of using a erifical com-
centration for the test solutions. is
eywily realized.

The remainder of oar data con-
cern with motility and morphology
of the affected animals.” The obser-
vations to he presently described
were based on pany . more E‘XI)LT.‘I—-
ments than these from which survi-
val time was obtained. The experi-
ments were carried out at ¢oncentra-
tion 1.0, unless otherwise staied,
and within a temperature range of-
23 to 317 C.

OBSPRVATION oN MoTiurty

Two geneml patterns of moﬂlﬁed mo-
tility were observed. With tobacco. or
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smoke, the nrgamsms became quickly -
quiesced, ending in complsete cessation of
metion within few minutes.” Whole ash
o paper ash, oh the.other hand, elicifed
an oppogite effect. It was one of ener-
gization; - excitation, and stimualation.
The paramoeia seeined to be activated on
contact. with fthe test solution and. im-.
mediately began te move around st a
high tempe. In manners. deviating from
fhe. normal; At first, the indyced moti)-
lty patiern took on  an aceelerated~
avoidmg ‘teaotion? (.Ienumgc; 18063,
The alfmals swittly sig- zagged, chang:
ing directions repeatodly ag if to aveid
sorie adverdity, Soor this sulwided, and
it was ‘r‘epl'm d by -severdl peduliar types
of; moljwu ﬁ‘ome of: them hegan to swim
ih W " faghion. ; Others. maved: Tog-
e ‘ally  with . the anterdor end
whuling @ cbmplete cll‘LIG Btil. ot'l:arcs
exhnhitod g-ibratingior ogcillafing iype
of moitican gl -the ‘pogterior and a9 the
slﬂwly mbpellcd ahead And

aid mn sba app md
h' 'asolv,twn m; 28

()Bsmx-w\nov ox l\-‘[bm-u‘o_u;oey

Tobarco The aclion of tobacco solu-
tion wag lethal to paramnecia. Deufl wag
not.: precodad by couspicuous morpho-
Iogical ‘changes agide from an oceasional
mild Ellrlﬂk&{,{__,ﬂ (Fry. 7). The gecurrence
of W]lrmkagp W mdwaied by a flatien-
ing of the bady, frequem]y into the thin-
ness of a leaf. Suell fn effect could hé
clea.i]v seen in a ‘moving {rotating)

pardinecinm, hut is not g0 obvious from
a atill ‘photograph. In addition, a, good
poriion ot the population axtende-a &n-ep-
toplastic blistar:(in most cases only one)’
“from. eithsr ¢nd of the animal (hefce the
terng, polar hligtering, as seen in Fie, 7).
The: ditferences betwan this kind of hlig-
ter an thoge. chalacterizmg the effect
ol” jappr ash:can ‘be learhed by com-
parihg Fimme T with Frooees 5, 11, 13
and 14, As a rule, the bodies of dead
{)I{L,a‘mafms remained fairly iniact, under-
going little digintegration if at all.

Smoke. The action of this cigareite
component was also letHal. Death came

about guietly. and quickly to. the entire
population like a sweeph’lg lethal wave
(Fra. %), Tho dead organisms appeared:
somewhat sawollen (cf. Fres. 1 and 2,
game magnification) with some posL~

mortem . disintegration,. the amount of

which qeldom oxeecded the extent in-
dicated 'in Fraume 4. At higher magnifi-
cations, however, certzin damage done
1o the éndoplasmic granuley and the de-
rmwament o mlid wora vigible (Fmg

4 and 10y, A oons,ptcuows feature way

tha translo(‘utlon of endoplagmic grar-
tles (osrard one end of the cell. These
were vélatively mild defnrm]{lea corn-
pared to'what will be descrilied below
for . Lhe, toxie M’fect af - cwarel.te paper
ash.
Agh.

Ag dn%rtibed 'me'e, its etfovT o1l

matility lastod oilyia. foovy minufes. The.
activated on amsm«,_ﬁnally slawed dow,

came to 4 & 1l anfl started to sue-

cumh, Tlieir 6J1dop]usm1f‘ wi'f,lmtlle-a at’

thiz -time exhlblted a . COIISDI(’I.EQUb uE-
sregation; niost of them bheing localized

around the mﬂfloﬁllcleﬁ{% (ﬂ'z,ﬂt gmnules_

i M. 6 and Tud. 29).

“This i2 & charaos rleh( re
tern seen, in dolutiois of who
agh or -the -ash of paperi

{Le, tobacco agh alouc?

thy thing is’ that we Bavei heen: ahle to
listinguish the 10'1{#]011] of | Pavasneoiivimn
aurelle to thewe two ki indy: of; agli solu-
tions, Thus, in the forgier] the dénd or-
mmsms urnderwent ho!dy ﬂwelllng aud
dlsmt@gmtfo;u (Fia, 6)ito a uotacmhly
greater extent than- seen in the larter
(F1a.8). Ampthey diffor Nee wag in con-
neetion with. a mild form -of tv i\’fhowst
aexposlon oceasionally fx%n_ trom :
dying paramedaig. The ! Ireleaged! tr
cyals geen as exrremelylhn;e dar k fibrils
with phase 1*11c10=wup3 appeared’ alwaya
agpoctated with the dy oplasmza debria
mfzultmg i‘mm the disi tem&tbd; ogan-
fgmas.. The trichocysts hn Cthi . debrig
reemed to ‘have an affinit; fm ehch ofher,

L{on pat«
Ciparetts
8. cigarette
The qotewor-

aﬂd the resylting proddets,of; nlmglmg_

gde up o gluey mass, | The latter was
tmctly thicker in t_b solutian of a
Wlilole eigaretie ash than in the golution
ofi tobaecoa ash alone: IThis abilit
Parameeium aurelin. tq%!iffaren’r ale: the

toxic aclion of these t
golutiong probahly has s
(See discussipn).

Poper. The mosi unigné featuro of
the aetion of cigaretts ppper ash.is that
it produces lhe most severs and exten-
eive deformations (Fms, 3 and 11
through 28}, A small proporiion of the
population wag Lilled n the firgt few

minutes folIm‘v ing exposure. These ani-

o kindalof-ash’
eh.ﬁm_i_cgl bagis -

i
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mals virtually exploded inte a mass of
eytoplagmic debrig (Fies. 5, 15). About
halif of the population, heing fhe next
waalkent., became severely affecied with-
in the next few minufes.
Deared, ag thongh, g wave of deslruction
had suddenly struck them, and that the
wave aquickly spread and overtoock the
individualy with bursting disintegration.
Some of their remains - (“ghosts”) are
shown in Fuuzr 3 (arrows), In this
photmraph taken 12 minutes a“ter im—
‘mersion, there were two.groupg of para
mesia: those that haove hind long sines
suceumbed and undergone adyvanced dis:
integration and thowe wWhich displayed
body deformation of one Kind or anofher
coupled with  extdnsive hlister forma-
tion.

The biisters, whem firsi formed, were.

of the ertoplaginid tyne fille with a gel
of the same consiétency-.as the cortex.
One organisnt inay bear mire than one
biister, and the  Blisters  onte formed
would proceed, to -underg: thinges in
sizd . and comuos' fign. I mast cases
hhqtormg pa rmec}\a rrsmaicnad active for
3 © fime, -mavihg aroﬁuﬁ i, gtrange
: msmmi th‘ t def§: aﬂequate e

SEI‘ID on, . ']‘he or_i_e 2 hope: to do
; i S rrt_wu: pleture:
acoi‘ﬁ rprtety of

i 147

are of’ the ec'to
enﬁb T i

e e
D)a&;n;up king i
bravare showidng

There ap-.
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mic blisters. Most of them, however,
enderwent a sequence of changes, even-
tnally transformed into endoplasmic
blisters  hefore they finally burst open
and collapsed, The evenis of this trans-
formation can be seen in a single or-
ganism, which bore two Difsters shown
in the ‘grocess of fhis itransformation
(Fias.. 14, 17, 18). See also Flounes 12,
18 and 20.

‘Ong extreme deformity vecurring only
in golutions of cigaretie paper ash was a.
combination of hlistering and hody pro-
irugiong (Wigs. 14, 23, 23, 25, 27, 28).
The latter . wore cytoplasmlc evagina-
tiops of various sige, shape, and.’losi.
One such . protrusion was formed on a4
banana bhapad body: (Fe. -28), angther,
on ‘a ‘sansuge-shaped body. (FIG'.. 24).
Paramecia, ot this monstelly sppeagaice
with ong. ot mpre: hlisters charasileriy--
tically moved sreund not only inm

“atrange ways, Bt With a rhythmicbeat.
Th¢ latter m Imbalﬂv at‘rributabﬂe to
the greatly d digfFih-
tion (Freg. ,2[_}, 4 25 27) “Hith tI;q .

partnt result that gravitv talees ovel 1h
congrol. of lbody‘ ement; !4 DGnbtior
which. is riorinally -exécuted by the

Distinet & ﬁ'el el ;
frugions and blidter
The forhier,: fr
and thlough‘out :
no App: eclal}lg
ma@ hﬂ of jan
19 ;EE 27

,.,ml R{ﬁ), bu‘t ng'wer a,gsume
coniour. On theisother han
reghrdless ot'_i
e, 19,

‘Fizurey i-8—

tion"in body: sﬁzc— id ot})el features.

¥ aram@r_ irio
mergion (15 min
tié- blistering or
the upper tweo, ahl

--_&he Ha
tes after Ira. 8

ut o disintegrate,

raokground conetititted a debris from disinfegrated organigms,
paramecia in t,lgamtte ash solution, 1¢ minutes after immergion:
stidl intact; most . oﬂhers already burst throngh at one point.
dark cytoplasmic granules in the cells, some of which had

burst cells. (XSJ)

s 12!] as compaled to I‘]cuw
1& mopamtmﬂ shown in FI(mR
was taken).
-',_ isms shown in Fucpe 8:

,1uatratmnp (}t paramecia. 1. Control:z le paramema aken Wlih
1750 sec, axposur :' not st aenough to cateh them all in sﬁl 1. focus;
(X863,
3 artm immersion, The plumpness . {a

longer than eontrols in Flo. 1) waa the res
Bhramagia in cigarette piper ash sol utidf
:'t stll;[ had imtaer bodm& Wlth or Wlt

.

2. Pead: int

p;rmﬂ
Lt of!
2.

The 4 oigaf -

the lower two alreddy r,;_r‘_st ppen,
The thick glanulzl:[ material {illing the
(X260). 8. Dead
1 or 2 prganisms
t. Note the ageregated
Been llharﬂted from the
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“poth, Fras, 253 and 27) had the unigue

fezture .of ‘possesging & round eontour,
The contiast between the endoplasmic

blisters as shown on top of both Fisures |

22 and 23 and a  body protrusion as
shiowi in

endoplasmiec blister: and two digtinet ec-
toplasmic blisters {one large and one
grally in addition,

It wag not always posaible ta follow .

the: rate-of the fleformed bligler-hearing
pammeua In most cases the termifual

ovenis wére (’hd{‘.:l.t,'t'ﬂl‘ 1zed by an impedod -

ary metion. 'Sugh organtsms lackerl
the normal wavy unison’ Heat -of cilia,
uptmo ogeurved at some gpot
(not necegsatily . gu: eilier. cnd
anmml), a.nﬂ jthis 'WEH’-\ quickls
i } ’I‘ t,,el] was

o %
JJ C’m;cmn :
vamshed wﬁh;:;ut: leavmg a

eihody bE onght in.
hem 'I\chnwllllp It
ortion of the
i’ unaﬁbctcd'
ike those en-

: *‘:f

) the actlon ot the

FraUke 25 seems quite con-
veivable; Yet another cage iz {llastrated -
by Fuerrk. 37, which shows-a small Himb-
budlike protrusion next to a half-cirele.

“nature:from the same!

It d.ppeam ag though
g :mlv on an -

“mecir gurelin i 1
all eigaretto eonmmﬂ:‘nts

'\dlﬁpﬂfued the re- -
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ash solutiong from the start of the ex-

. periment. Onee a paramecium came un-

der the, sway of the foxie aetiow, it
would  procéed all way to death, Ac-

- climatization - to or recovery from- the

deleterious effecls of cigarette. to: {1cit1e°s

-has not bedn. Ub%arvod

DI"-,(,U‘:brON
'Ifa--r&;m-e-f;-i,?,{.}'n,_, b2 1-d€a-3. ASRAY AV
tgme. 1 this thd\» hag eontributed
anything to our undemtandmo of

“pigarctie tovmh(‘«: it was miade’ pos—

sihle by the fact that Poresectum
g efw happem to bo & 1) and or-

b.)ﬂ[_ quaj.lil’rcl’(l‘r(‘
setup. :'r_{‘his is a- co Aitilor whu*h_
constitutes a unigue {J,d“\, 'ntaee in
using protozoa as ; prganisins.

The same. eannot b 'sa’xgl 0{ moet-
£O8, Pmployud S]mllq.].l\f m Tnxu'u\r

Tlu’ :;esulte have. @Lﬂwn tlmf Pam—

Killpd alike by
1anh er,. it
ﬂuecumh% to the toxicitips B,L d1f“rero11’r
rétes and with diffo nt Manners,
'l‘]:us denotew that bt;tl& qmmnfuahvv

5 aftér. imnersion:

.]:L v‘-trafmnc; ot pmampma
maost .of Lh@m
but- s third of them bore-an octnplasmm blistor on either end

:._r

7. Dead ‘paramecia, in tobaceo.
different trom normal con-

of the a,ﬁima.l_. Qoippdre with Freuss 8 for difference in tho mature ot blistering.

(XR5).. 8. Dea
Nu*te hody dm"d 1

immersi on',
’]-1 lle

ofE end, and

ranged) - t,);tend: ﬁ A50),
9, glowing agafil dery
rdws of o lig- BHifs %XLLEO)

parameeia in paperless ash solution,
hed.to & milder degree than those in FIGURR, 6; however, with. the
rdgation of entfoplasmic granubes,
derated following the same manner indicated In. Fietiu 6, but to
855, 8, Dead paramecium ip smoke solution, A0 mindtes - ‘after
] 11“;5,’1!1;113*’ ‘typical meorphologital deformation patterh : effected hy
1 :remained intact with- endoplasmic mass translpdaied toward
I8life rows of “pits” on the pellicle from Whic‘l‘_l'_ the cilja (de-
10, Another paramectum of the kind' Towh in Fioure
nged cilia and tranglocated ‘endoplasm, and the jongitudinal
11, 12, 18 and 14. Paranecia froth cighréite paper

10 minutes after. immersion.

Some of. fhem would have sub-

gelntion slw\w g il erant types. of blistering and body deformation ‘phnteg,rja,phed
just priov to omset of, disintegration. The bligters shown in Freurks 11and 13 were
of ‘cetoplagriie i¥pe while that in Frouss 12 was endoplasmie. The lat jer appeared
to have jist hécn trunsformed from an ectoplasmic blister. The payhmecium in:
Freuks 15 -assiined the shape of an ameba. The oue in FIGUER 14 hag blisters of

both typos, though predeminantly ectoplasmic. (X450).

15. A disintegrating para-

mecium from cigarette solution, 14 minutes aftér bmmersion. (X450).







and - qualifative factors were at
work.” These factors were assessed,
respectively; as survival time and
manifestation patterns. The former
served ad an iudex. of lothality whils
the latter portrayed the exaet ways
in which death of the animal cume:
about. Wvidently, both kinds of data
are wsoful ; but, only the latter kind
qualify ag diagnostic criteria- perti-
nent to investigations of this kind.
Other examples of quantitative
factors. were temperature and eon-
centration of the test solutions, They
affect only. the rate ov intensittes of
chemical processes {rate of induced
motion, extent of postmortem disin-
tegration, extensivenocss of blistering,
ote.), definitely not the nature of
reaction patterns, But when tem-
peraturé and/or concentration arc
raised to such. p level that death of
the erganism becomes almost instant,
the animal would have mo chance
- to reacl,” This is exactly what. hap-

pened in solutions of cigarctte paper
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ash-at a 3.0 instead of 1.0 concen-
tration, and at 327 (. or higher.

Under' these circumstances parapae..

cia simply burst to pieces upon im-
; Py I 3 ug

mergion, ~The adoption of the stand..

ard 1,0 concentration throtighout
the work wag¢ thus a heeessary pre-
requigite for making sure that the
ensuing results would be the most
meaningful. '

Basis for interpretation of results.
Cigarette toxicity stems from a mul-
titude of chemicals and cerfain ox-
tringic factors peculiantly ~inherent
in cigarette. smoking - ( Krmala and
Holsti, 1956; Gveen, 19555 Lam,
1955).. Together, they. constifute a
material basis for a causal Telation-
ship between cigarette smoking and
Iung cancer (Carruthers, 1860; Roy-
land, 1964; lovy, 1841; Ochsner,
1935 ; Watson and Conte, 1454, 1955 ;
Wynder ef al., 1953, 1955). One is

‘Impressed with the long list of chem-

ieal constituenis identified from each
of the cigarette components { Kenna-

F‘igu_resﬂ 15 —_29_;'-—' Miuatrations of :baram_e_cia‘ 16, 17 axnd 18. One and the s,amé

paramecium, respectively, 2, 2%, and 3 minutes after Immersion in a 2.0 cone,

cigarefte paper ash solution at 24° (., shewing the eollapse of two hlisters, one
following the other. The sequence of cvenis can be readily traced. (X400). 19 and
20. One and the same paramecium, taken 7 minnutes apart (clgarette paper ash

solution ut 27" C) dueing which tline an ectoplagmic blister was converted intn an’

endoplasmic one. (X400}, 21. A monster paramecium, 12 minutes afier immersion
in paper ash wolutior, illustrating combinaticn of body deformation and blister-
ing. (X400). 22. Another paramecium from the aboye preparation gshowing s large
polar endoplasmic blister, (X400}, 23. A deformed paremecinm 9 minutes after

immersion in cigarette paper solution, Tiearing an. ectoplasmic and an endaoplasmic

bligter at opposite poles. (X400), 24 Another organism from the.ahove propara-
tion, showing a huge ectoplasmic hlister angd. attothey in the process of heing. con-
verted into an endoplasmic hlister. (X400). 25, A deformed paramecinm with a
hardle-like protrusion at one side; the two gpherical things ai left are nat hijsters,

but wers.an air bubble and a smill unidentified protozacy, (X4003. 26, A sausage-

shaped - paramecium bearing two ‘blisteis of different sizes, the laPger of them
having already incorporated some endoplasmic granulog (10 minutes in cigatatte
Paper ash solution)..(X400). 27. A parameeium with irregularly deformed Liody
showing two bhlistors of contrasting sizer, nne endoplasmic blister and- one ting
limb-bed-like body protrusion (12 minntes in cigarette paper ash solution),
(X400). 28. Apother organism from tha ahove preparation with g banana-shaped
hody und two ectoplasmie hlisters, showing ove end of body (lower) already.

disintegrating. (X400). 29. A dead yet inf{act paramecinm in whole cigarette ash

solution (6 minntes at 22° () showing central agegregation of endoplasmie granules

and deranged cilia. (X375).
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way and Lindsey, 1958, Cummins et

. 1954 ; Cooper and Lindsey, 1955}
and especially the fact that no two
components have exactly the same
chemical composition. Tn the light
of this knowledge it would seem rea-
sonable that the present results. be
interpreted as reflecting this tiemen-
dous chemical complexity. That is
{o say. each of the reaction patierns
given, by Peramecium qurelig pos-
sibly aould be caused by a different

yet specific array of chemical cor-

pounds. Certain of them bring quick
death; others induec strange motility
patterns, vet others alted body form
and canuse blistering; and so on, Some-
how we must recognize that this ani-
mal is cndowed with the incredible
ability to detest the presence of var-
jous chemicals and respond to them
aceordingly, The sensitivity of such
responses 13 best illustrated by its
ability to distinguish whole cigarette
agh from the ash of tobageo alone.

Cosation af death, Pursaing this
line of reasoning further, a line may
be drawn between factors which are
directly lethal to paramceia and
those which cause death of the ani-
mal only indirectly. Vhe hest ex-
a]’n‘pl(,h of the foriner were furnished
by the aetion of tobaceo and smoke,
both of which inflict death guickly
and eomplotel y (with no snrvivors}
gshowing little or mo accompanying
damage. There must be present in
these solutions some very toxic sub-
gstances so that the: animals wers
killed before they had a change fo
react otherwise, On the ether han d,

chemicals present in the ash solutions.

(whole or paper} at the eoneenira-
Tmn used are apparently not lethal

the striet scpse, but that. they
prmm.rﬂy cause certain structural

changes and that death finally cotnes
ag a result of thege changes, c.g.,
clumping and disloeation of endo-
plasiic granuleg in whole asit solu-
tion and the bursting of deformed
blistaring bodies in paper ash solu-
tion. The fact that Doth of the ash
solutions induced changes in the or-
ganism’s movement suggest. that the
same chemieals responsible for this
are present in both, It is thes evi-
dent that death in these latier cages
resulled from an impairment or
drastic disruption of some vital fune-
tion, Ope recalls also thal the sur-
vivops (resistant -paramecia) were
present only in these ash solutions,
suggesting that the direet]y lothal
factors sre the more toxic agenis as
compared to those which canse death
indirectly. There.is nu apparent cors
relation botween how guickly an or-
ganism sueenmbs and in what man-
ner its death comes about, - . .

. Premeobility changes, an. énpori-
ant factor.. Many chemicals are
known to affect the permeability of
plasma membrane one way or the
other (Heilbrunn, 1952, 1956). These
effecty were indeed irequont!y seen
in our-experim ents: a mild shirinkage
in tobaeeo golution (Fig. T}, moder-
ate swelling in smoke solution (1.
2 gnd 4), and in whole ash solntion.
(F1e. 6). It is veazonable to suppose
that in all these instances the effect
(whethor due to-an increased or de-
creased permeability ) could be lethal,
1 the final analysis, a change in
p_elme_ahﬂlty. may aef Hs a COmMImon
dehominater alse fov body deforma- -
tion and blistering. Most blisters
such ag those oceurring-in paper ash
solutiong begin- as ballons of pure
ectoplagm {gel), Haas (1953) in his

work with the slime mold called them
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““hyaline extrusions’ for this rea-

son. In this paper T preferred a.

more neatral term, ‘‘hlister’’,  be-
cause there wore blisters which con-
tain endoplasm (Figs, 12, 22, 94 97).
In details, the bligters caused by
metatlic ions (Wang, 1959), by the
proteolytie enzyme, fiein  (Wang,
1960} and those involved in the pres-

ent investigation are not exactly the.

SEING, They also differ from those of
“blubbmg described hy Clooper et

1, 1962) and “‘bubbling’’ of cells

i.t-._ fissne cultures {Buchsbaum and
Kontz, 1944), In the latter, relative
fuidity of a surface protoplasm fea-
tured as a deminant factor. Presum-
ably, theretoreblistering and simi-
larly related phenomena could be
bronght about by a variety of factors,
chemical as well as physical. They
may be ions of many kinds acting af
any point of the cortex, particulate
matters of the dimension of a colloid,
or certain physics] stimulos or con-
dition such as gas-membrane inter-
face (Cooper et al., loe. ¢it.) o name
Just a few. Tn all these instances
the common denominator for the
phenomenon seems to be one whick is
intrivately associated with sol-gol
relationghip of the eell surface {ef.
Tandan, 1960).

Praclieal sigrnificonce of the resuits,
Agide from the fact that Paremecium
aurelig has proven itself a sensitive
indicator for cigavette toxicities, the
mainstream smoke was found to be
the mest toxic of the cimarette eom-
ponenty analyzed. This finding is of
gignificance boeniise it agrecs with
the concensus of opinion on. this
subject, and that it Is the smoke
which comes inte direct contact with
cells lining the entire respivatory
tract. Various deleterious offeets of

smoke on the epithelial eells (eili-
ated} of the trachechronechial tree
are known (Hilding, 1956; Chang,
1957 ; Ide et al, 1953). More spe-
ei.ﬁeally the cilia of these cells arc
most  direetly affscted, leading to
complete cessation of their activity
foliowed by disintegration (Ballen-
ger, 1960; Tremmer ot al, 1959
Falk et al., 1959; Kotin and Talk,
1960). The use of a ciliate protozoon,
and other animals (Guillerm, 1961)
will aid 0y in our understanding of
thig vital subject withont necessarily
implying that their findings may be
direetly eompared to those from hu-
man, Neithor this work nor any
other of this series (Wang, 1965)
intends in the least to velate thoe re-
sults obtained from the protozoon,

Purgmecivm  aurefig, directly for

considerations of similar stndies on
the human. Yet one finds it diffioult
to resist the reminder that all cilia,
regardless of origin and kind, do
have a basic similarity in strocture
and funetion (Gibbons, 1961 ; Sotelo
andl Trajello-Cenoz, 1859). The ad-
verse effects of cigarette simoke on
the cilin of paramceia (Fies. 9 and
10} has been recently confirmed hy
Weiss and Weiss (1964).
connection, Thayer and Kensler
(19(‘4) reported the effectiveness of
filter in reducmg the deleterions ef-
Leet of smoke.

A hasic biolngieal problem: resist-
ance of some paramecig to cigarette
ash and paper ash solutions, - The
I,henomcnon of resisfance offered by
cortain individuals of a popula,’aon to
the action of cigarctte and papoer ash
solutions iy interesting, bat so tar
no satisfactory explanation can be
given except that it is regarded as an
indication. that the overall toxicity

In thig
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of these solutions is below that of
tobaceo and smoke solutions. DPro-
tozoologists ave gensrally aware of
the fact that the behavior of Paru-
mectume and other unicellular ox-
ganisms is conditioned by the phys-
iological state of the organism af
any given moment. This situation
may well apply to the present easc.
Tt is possible that the phenomenon
of resistance to a toxicity simply re-
flects the degree of “*vigor”
of gemeral health’ of the animal at
the time. There are many factors
which presumably determine this
vigor. They are sizs, and age of the
animel, nutritional state (food avail-
ability}, and ofhers. These are all
somatic factors, which may vary a
great deal, There ig even the possi-
hility that the. phenomenon Is. of
germinal origin, ie., mutation, And
the analysis of a problem in which
50 many pessible variables arc ap-

. parently involved is, of course, dif-

ficult. 1t certainlty is a .challenge to
all whe are interested in fundamen-
tal hiology
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