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The major purpose of this study was to investigate the effects of cigarett

", smoking on the visual evoked response as observed via electroencephalography. = -~
"Based upon:the-TesuTts:of earlier Studies,we hypdthesized thatt> 1) ciga- .=t~

v rette smoking would .augment. the. peak’ to peaki amplitudessof .the Qate VER Tens
- components, without altering the amplitudes of the early components; 2) the L

={V§R after-discharge would be enhanced following cigarette smoking; and

3) cigarette smoking would . not.affect VR latencies. T .- ‘§i g -

" We found’that ufder”short-term §hoke deprivation conditions® (1 hr.¥ cigarette
- smoking resulted in an enhancement of the peak to peak amplitudes of three of
-the four late components, and that there was a trend toward enhancement in
‘the fourthy ~As hypOthesized, icigaretie smoking dfdmot-giter the amplitudes
- of the early VER:components: -;Tdrgtra}ij to ourghypothesis, however, cigarette
.. smoking did not affect the VER after-discharge. Cigarette smoking following

om

" overnight deprivation failed to alter any of the measures.

e R e e .

The.results of this study are at odds with two earlier reports on the effects
“of cigaretta smoking on the VER. Hall, et al. (1973) found that the amplitude
.-0of only one VER component was enhanced following cigarette smoking. Friedman,
“et al. (1974) found that the enhancement was restricted to a different single _

" component. o _ _ - Al

2 In contrast to the rather marginal results of the studies cited above, our

~findings are quitesrcbust. Under short-term smoke deprivation coffiditions =

Carezieeoimuch of the late VER amplitude is .enhanced. This enhancement suggests that
. ..~ following smoking, individuals are more receptive to visual stimulation.

. ~.These data, therefore, may be relatable to smokers' subjective reports of

-~ Increased alertness and ability to concentrate following cigarette smoking.

-

PR T .

- - VER I
- This study was designed to answer questions a2rising fromthe Tirst VER experi-
ment. Specifically, we were interested in finding out why cigarette smoking
affected VER amplitudes when subjects were 1 hr. smoke deprived, but not
‘overnight deprived. We hypothesized that following cvernight smoke depriva-
. tion, brain levels of CNS-active smoke constituents would be so low that
smoking a single cigarette would not appreciably alter the evoked respense.
We further speculatad that if this were true, significant chances in the VIR
could be obtained by having subjects smoke several cigarettass.
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In th1s exper1ment VERs were recorded four t1nes in one session on overn1ght iip{‘

smoke deprived subjects. The first recording yielded pre-smoking baselines. P
Then record1ngs were repeated after subjects smoked each of three c1garet‘°s. B

B
u- .l..:- . e []
11

. The resu]ts of this study failed to support our hypothes1s. A s1gn1f1cant Te
ildepression ‘in the amplitudes of most VER peaks was obtained both post-smoking
-and in the dry-puff control condition. These data indicate that repeated
testing, in and of itself, has a depressant effect on the amplitudes of VER'
peaks. They further 1nd1cate that cigarette smoking under overn1ght smoke

et ‘-g..-

The resu1ts of th1s study po1nt out that degree of depr1vat1on is a crutuca]
variable in studies of the VER. In order for the VER to be employed as a

sensitive index of c1garette smok1ng, the period of smoke deprxvat1on must
be short.“'g:-.;-;_-. e T ,_«» ._,..,\-,, - . R
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The purpose of this study was to assess the effects of the cessat1on of c1ga-
»>rette smoking on_the.visual evoked. response,(VER)., -Two previous.studies . . .:
(Hall, et al., 1973; and; Fr1edman, et all 1574) porte that unider=conditions

=of smoke e deprivation rang1ng between 12 and ‘36 hr., peak to peak ahplitudes - -
-of scme VER components were depressed, and that th1s depross1on was reversed -
after smok1ng a c1garette. feae i . e e e S o

e F e as . - ie . ......

Ny K a‘ \.‘ a—n . 4_::3_“ -h T 1“,2'_ 35 ..'.-p .4. T )
- These observat1ons Ted' us to‘specu1ate about what would?happen to VER peak to o-.-
.t peak amplitudes if smoking was discontinued for days or months. If the cessa- =~ .

. tion -of cigarette smoking resulted in a permanent reduction in VER amplitude
-~ this would indirectly imoly a return to some kind of pre-smoking baseline. -
: f If, on the other hand, the VER remained depressed for some period of time and :
. f.then gradually recovered to the pre-qu1tt1ng 1eve1 th1s wou1d sucgest a_. s
" w1thdrawa1 effect. e 2 :

_ The resu1ts of th1s study fa11ed to rep11cate the earluer reports of an
-"amplitude depression of components of the VER under 12 and 36 hr. deprivation.’
. Instead, VER peak %8 peak amplitudes remained at pre-quitting baseTine levels
throughout the study (as iong as 3 mo. for some subjects). Therefore, we must
‘fconclude that, under the conditions of our exper1ment, the c=ssat1on of c1ga- )
rette smok1ng has no effect on VER amp11tudes. T ;.*3., ;
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C e e found that there was a 1arge increase in the 1atency of one VER conponent
' . one day post-quitting. This increase was only transient, however, and base11ne
;:11eve15 were obtained by two days post-quitting. e Tz
‘ As expec ed, heart rates decreased after qu1tt1ng This decrease was maximal
36 hr.post-quitting and represented about a 12 BPM decrease. Beyond 36 hr.no

_ fur*her changes were observed. R
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we have tra1néﬁ five rats to make a p11dcarp1ne-sa1ine d1scr1m1nat1on .
“(p11ocarp1ne hydrochloride is a muscarinic cholinergic agonist). When o
" these rats are injected with nicotine, they respond as if they had been
“injected with pilocarpine. However, when our nicotine trained rats are

injected with pilocarpine (and the peripheral m-cholinergic receptors are
blocked by atropine methylnitrate) they respond as if they had been .
-fnjected with saline. We are currently conducting additional tests using

‘a variety of blocking agents in order to help us exp1a1n these f1nd1ngs.__wff

-
.g-.. -, PR

,.._-..

.The duscr1m1nat1on parad1gm is, to date our most effect1ve and eff1c1ent f:'
;test for scre°n1ng nicotine ana]ogues. T .- v

fwé have been mon1tor1ng the 10comotor act1v1ty of rats fo110w1ng the 1n3ec-
.tion of nicotine and nicotine analogues.” During 1979 seven studies were
,Tconducted to determine.if this-test would be«usefuknas‘ansinwtaalfscreen for
_nleotype ana1ogues., Qur: maJotjfznd1ngs are giyen belgg; A _-.4~ﬁ72t?"
.1) Doses of nicotine rangzng from 0. 05 to 0 40 mg/kg all produce . ;f,m.'.-gi.n
‘v significant depression of locomotor activity relative to the saline R
-~ controlsy whether{the tests «ax;e, conduE‘ted; iﬂ”‘anﬁi 'lurrﬁnated By g__} CLmET
o darkened chamber, I .rs'“hﬁ - 4 C¥dy 3'4¢ S0 L,
) 2)’Tw5 n1cot1ne analogues wh1ch suppress 10comotor a¢t1v1ty (5 6- D1methy1- .'u:.dﬁ
- nicotine, .0. 81mg/kg, 6-Ethylnicotine,, 0.4 mg/kg) a1so~£;pduce a n1czt1ne S
. Ccue 1ntthe ntcot1ne-sa]1ne«d1scr1mrna%1on task.j___

- &

v
T S .-

<. .-"x.-.-

. '3) Threa nicotine analogues which do not suopress 10comotor activity

- (4-Methylnicotine, 0.4 mg/kg; 5-Isopropylnicotine, 1.6 mg/kg; - :';~
s 5-Tetrame+hy1ene nicotine, 0.8 mg/kg) produce 2 s2line cue in =~ = <7 ThArEC

'“‘the n1coe1ne -saline d1scr1m1nae1on task. f_e.. - —— e

?4) N1cot1ne-°xper1enced rats do not show re11ab1e suppress1on of locomo- ’

* e epeesmemecimmm. o

o t1on f011ow1ng nicotine 1n3ect1on. N T AR

® ccewliiw s mas

3Thus we have founa that act1v1ty mon1tor1ng can be used eftectavely to

..screen nicotine analogues since the reuslts agree with results from the

7. discrimination task. However, because of the amount of time and effort
_.required to collect the data, as well as the cost of the large numder of

”:;*ﬁw;ian1mals required, this test is not an ef‘1c1ent screen for ana]ogues. TR

- .. -
PP ) * Lo e .

' N1cot1ne Self-Administration . .- S fq S - -i;{;fﬂ;"’

Raes can be taught to se1f—admin15ter nicotine via an 1ndwe111ng 1ntravenous
catheter, thus demonstrating that the nicotine is reinforcing to them (Lang,
Latif¥, McQueen and Singer, 1977). In our Plans and Objectives for 1979 we
proposed to conduct.studies involving self-acministration.of nicotine.. In-
Aoril, 1979, C.Levy went to the University of Minnesota to learn how to per-
form the necessary surgical procedures. However, the. initiation of these_ -- -
studies was postponed until compietion of the construction of additional - -
laboraeory space. : :
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'N1cot1ne has been shown to have analgesic propert1es as measured by the ta11
. flick test (Sahley and Berntson, 1978). We have done extensive testing of . .~ -
- (#)- and (-)-nicotine using the tail flick test in an effort to determine ' _ 7
“{f we could use this measure as 2 screen for nicotine analogues. During ..
1979 five studies were conducted, all of which confirmed that injection -~ ..-= ~%..
‘of (-)-nicotine produces an increase in the rats' tail flick latencies. - " eni
However, a major problem with all of these studies was that the injections  -7.i-.i-
“also produced severe agitation of the rats. Their twisting and turning in . ™.
.the restra1n1ng tubes made reliab1e data co11ect1on diff1cu1t, if not 1rposs1b1e. B

{In our f1rst four stud1es we compared the ana19es1c propert1es of ( )- and (+)- o

‘nicotine. The results of these studies showed that (-)-nicotine, 0.8 mg/kg = #uy.x

and (+)-nicotine, 24.0 mg/kg, both significantly increased the rats' tail flick . .

-latencies. On the other hand, doses of (+)-nicotine at 0.8, 8.0 and 16.0 mg/kg -
-did not produce a significant’elevation {n the rats' pin. thresho1d Thus, -+ 75 ...
-only a dose of.(+)-nicotine which.was.thirty times]grézrerithan the effective 7. .

"dose of (-)-nicotine produced comparable results. Unfortunately the rats ...+ -
‘often convulsed following this high dose of (+)-n1cot1ne, 1ntroduc1ng unknown LN
comp11cat1ons into, the 1nterpretatzon oi,the data. g-'

AT e
; ’-'.;-3;-';4-,1_-'-:.‘,'_:-1‘-' 3. g '\:; LI P‘ ::‘; ir_ -‘ ( } . j""] A._-',

fOur fifth and final study was des1gned to determwne if we could minimze the .,r;:: :

‘nicotine induced agitation which we had previously observed following doses ~- "< - -

-z of {+)- and (~)-nicotine which jncreased tail fljck latencies. Two different . .

it strategies were tried:: 1) lower the dose of (= )—nf%otineito 0.6 mo/kg and - U
¥.2) inject™d "cotktail™ df hexaméthoniumchloride’, 10 mg/kg, and (-)-nicotine,

~.-0.8 mg/kg. Both of these injection cond1t1ons produced 1ncreased tail f11ck

- 1atenc1es but the ag1tatzon st11] rema1ned Tt

o - . O R
R [ =i eSS R R TR .ot R =

'We do not recommend the tai] f11ck test as a screen for nicotine ana1ogues
“if the injections are administered subcu.aneous]y Dr. Berntson {personal
-communication) has informed us that central administration of nicotine procduces - ..
‘analgesia without agitation. We therefore have proposed that central 1nfus1on ==

cof n1cot1ne be used for ta11 f11ck test1ng durung 1980 . , o

g

A7 ;x‘,- ,,, N

w—
Prostratwon Svndrome '_-,« e

“Abood and his coworkers (1978) have reported that rats become temooraraTy
prostrate following the infusion of 2-10 ug of (-)-nicotine bitartrate into
. the lateral ventricle. From their data they concluded that this prostration )
.. syndrome was mediated via central noncholinergic nicotinic sites. We have T
" been interested in the prostration syndrome as a screen for nicotine analogues
since this behavior may be mediated by receptors which are quite div¥ferent frem
those mediating the nicotine cue or nicotine-induced analgesia. During 1979

over fifty rats were imp]anted with cannulae, and four major stud1es were
conducted

ey
t

1929¢99001;
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0ur f1rsc study dewonstrated concius1ve1y that pretreat1ng rats with meca-
(; mylamine hydrochloride, but not hexamethonium chioride, substantially rnduc=d
the severity of their response to nicotine.” These results strengly sugge
that the prostration syndrome is mediated by nicotinic cholinergic sites 1n
‘ the bramt rather than by noncholinergic sites as sugogested by Abood and his
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(: Our next two studies examined the difference in potency between (-)- and . S

“a-ont(+)-nicotine. These studies were important because Abood had reported a T

. .-7100-fold difference in potency, and this high degree of stereospecificity

o : could be used in further support of his contention that the receptors SRR

.z --mediating the prostration syndrome were not nicotinic cholinergic receptors.

' Qur results showed that (+)-nicotine is ten to twenty times less active :

- than (-)-nicotine in producing the prostration syndrome. This difference - - < i’
- in potency betweesn the two stereoisomers of nicotine falls within the range e
:.0f values reported in the literature for a variety of tests (Aceto and

- coworkers, 1979). Thus, these data again support the position that the

- receptors mediating the prostration syndrome are nicotinic cholinergic.
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* Qur fourth study compared the potency of (-)-nicotine with the racemic mixture
(+),(-)-nicotine. The results of this study appeared to be consistent with our
-previous findings. For example, § ug of (+),(-)-nicotine produced a slightly -
. more severe prostration: syn'drome'-fthar\ 2.5ug (-)-nfcotine,sbut, less severe than
"5 ug of (=)-nicotine.; Anj interéSting question arpse gutiof jthis study: « -
- What is the best procedure to use when conducting a dose-response study? 1Is
.1t better to hold concentration constant and let volume vary, or vice versa?

We are presently conducting a study in which volume is_held constant, since :
. we have .previou 1 .

sly et volume! vary,/as “didiAbosdn s YRS 1°T L
SV T, bt w T e e E j Solard . MY 41 T

~ " We anticipate that the prostration syndome will be 2 very useful test for - i
“fz, kn:SCreening nicotine analogues. 7 Ari e T e —
T L THE EXPERIMENTAL PROGRAM [Ryan, Jéhes (Faust)]™ * .= ° o
' "Annua;l Monitoring - == == IS - ' S —
“ “ The third annual monitoring of cigarette acceptzbility was conducted. ool

' - Twenty-six hundred twenty-two panelists rated five cigarettes - with nominal i
- deliveries of 5, 9, 13, 17, and 21 mg tar - for strength and acceptability. ... =7:
=.The test cigarettes - all Mariboro-1ike blends with delivery differences created I-::

by dilution, fi1trgtiqg, and paper changes - were two years old, had been-kent

;in cold storage”Since manufacture, and showed little change in delivery, .
_appearance, or acceptability attributable to aging. . PR

" Acceptability and strength ratings resembled those from . prior years: . the -

“...- panel as a whole gave its highest ratings to the 13 and 17 mg models, lower
_ ratings to the 9 and 21 mg models, and the lowest rating to the 5 mg model. .1
" "The perceived strength ratings increased as model delivery increased, with _. -

the 5 mg considered weakest and the 21 mg model strongest.. EE

...
L
L3

Full flavor smokers gave high ratings to the 13, 17, and 21 mg models, lower
ratings to the 9 mg, lowest rating to the 5 mg cigarette. Low delivery smokers
. gave high ratings to the 9 and 13 mg model, a lower rating to the 17 mg mod=a1,

( Towest ratings to the 5 mg and 21 mg model.. Ultra Low smokers
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'gave h1ghest ratings to the S mg node1 and prooress1ve1y 1ower rat1ngs to
_the higher delivery cigarettes. This is the third time we have made the

-observation that the more the test model resembles the c1garette usua11y
;snoked the higher its acceptab11ity w111 be. '>~-i _— ,_:. .. X

'Exannn1ng the smaller group of peop1e who have sw1tched de11very 1eve1$ -
.from full flavor to low delivery - since monitoring began, we see little - =% "
evidence that switching can be predicted from acceptability ratings. Although =
_the data are not conclusive, because of variability and scarcity of cases, .--&%."
once the switch has occurred, there are shifts in the ratings. Thus, "~ - "2
full flavor smokers who sh1fted to low delivery between *77 and '78 or '78 and "
‘79, originally gave their highest ratings to the 17 mg model but after their
swﬁtch they gave their highest ratings to the 13 mg model. At the same tirme,

.they increased the1r;raofngs .0f the Sﬁmg mode] andsdecneaied theirarat1ngs of
'khe 21 mg mode?. ~r“£§}fi;?uﬁoa‘§§§to :5u‘cx: -iy ;:: P f.‘ _ﬂ;_r .
‘None of this data provides any support for the 1dea that today s smokers wou1d .
‘currently like a cigarette like the one their fathers used to smoke. At the . *°
1k same time,>jt also~prov1des 1ittle support for~thé,idea that?they ould -

* currently 1ike a*c1garette 1ike the onesathe1r.soﬂs‘w11 snoke a wayears
'Wffmmnmu,-r . e . . . .
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"N1cot1ne Discrimination
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A panel of 20 emp1oye° smokers compared % set of“S 1oﬁ”tar c1garettes (abou‘ oL
6 mg FTC tar) which differed only in nicotine deliveries. Nicotine delivery : .
" was varied by mixing denicotinized tobacco with:regular tobacco. Panelists -~
.~ were.asked to tell which of two cigarettes had more nicotine in the swoke, - . -
» using harshness, impact, taste, or other cues as the basis for their judgments. . ...

Each smoker eva1uated a11 10 poss1b1e pa1rs of five n1cot1ne de11ver1es. st ety

- .—--.n-.',“ .- ey

.Although some smokers were bet ter d1scr1m1nators than others, no d1fferenc=s SRS
“.were consistently detected correctly by all, and no smoker was always correct. -
:-The results indicated that about 9 out of 10 panelists could correctly identify Ly
“"'the stronger cigaretie if the stronger contained 50% more nicotine than the ..
‘ weaker. When delivery differences were sma11er. the pr0port1on of correct

:1 Judgments dropped towards the chance 1eve1.b

. ps
f‘Sa11vat1on ‘Studies . L CD
" We have begun a research program into the re1at1onsh1p betwecn saliva flow' and Ej
smoking behavior. Still in its formative stages, we are beginning to see sorz I
interesting datz on how smoking affects flow. . %G

&)

R

In one portion of the project we collect saliva on rolls of cotton held under..
the tongue for two-minute periods. When measures.of saliva flow were mads
before and after smoking full flavored €2 or ultra low delivery & ¥, -~

(.' " the post-€__J flows were about 20% greater than the post-€c .2 flows.
Whether this is related to the often heard commant that low de11very c1gare:tes
leave the mouth hot and dry is debatable, but poss1b1e
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,‘:>\~Z§we'are currently measuring saliva flows before, during, and after smoking =
"\ i¢and/or dry puffing among smokers and nonsmokers (who only dry puff). The data .:

‘are as yet incomplete, but we already see that the act of puffing alone, whether

‘‘the cigarette is 1it or unlit, tends tc increase flow. Apparently the same .-

.

]

v suction which pulls in the smoke also tends to pull out the saliva from the ' .
~'salivary storage reservoirs. e T N RT3
AT MUY ety T Tt we, o - Y 4

;,g;Altﬂauéh'sﬁbjects differ greatly id.fhé{f'3a15§afy %iow} thé'generaf'éffécts 3“*

-{ 2 drving puffing and dry puffing appear to be the same for almost all those tested.
..:' .‘I:k\'.‘"'"'.: ~".-' N ". H'. * . ) S N B - ) ;‘-"':':.‘.':"l;:;‘: :15;‘;‘\.;..’7.:;':":' _,',:".":.-;' .. el = . - - b '_:.: . '.. -, .. -:;'."' E ) f'; ‘. .
2 . In a second part of the project we have begun to study the nicotine content of -
3 *saliva among smokers. Don Magin and George Walker of the Analytical branch <

% have devised a gas chromatographic procedure which reads nicotine

: V in saliva
iconcentration between the range of 0.2 and.30.0‘p9rts/mi1]jon.'; il

-

- - L S s g "'-,'-,_3’3':'.{:;'-" ?':;'.'.".‘"ﬁ?."‘g‘-l;_-'!-'?': riarie s 0 el
* Measurement is based on sputum samples, weighing about 0 .
=a vial before and-at.djfferept, times.aftern, smoking.. .Compaged .to ,pre-smoking
:levels, the post-smoking!concentrations appear to ! row=and. then d191nxsh. il
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The exact shape of the curve is ag™yet unknown. To the~extent that salivary - .
“nicotine reflects levels in other parts of the body, we may be able to relate 07
: the level of nicotine in the system to the desire to smoke. - .. = re et
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An additional year has been devoted to solving instrumentation problems, with - .. .
#4-substantial progress.to report., With the contipnued help of the Electrical _._ ..
: Engineering [abiwe have completed; feasibility studjesydf ghe Respitrace - -~~~ -.-
:Calibrator and have toncluded that~the device can be aphlied to observing R
.~the inhalation patterns of smokers over 8-hour periods with minimal intrusive- ..
<+ ness upon normal smoking behavior.  These preliminary studies were accomplished TT
‘*"with -the subject wired directly to a console polygraph. In December we e EERE
“ordered the equipment required for mobile recording. —Delivery is expected in .0 ____
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ff' y5March, 1980. Thereafter, hopefully, there should be no great delay in initizting :;7
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