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+ ABSTRACT

-
L3

CONDITIONED TENPERATURE RESPONSES TO. MOPPHINE
. . » T
Roelof Eikelboom

.

. The conditioning of tempgrature responses using an

~

' > 7
injection of morphine sulphate as the unconditioned stimulus.was

studied in’ 30 male Wistar rats. Three groups of animals received

- . L4
. 4 - )

daily i.p. injéctions of either 5,.25, or an increasing dose to '

200 ng/kg morphine; a fouFth group received sadline inﬁectioné

 throughout. Rectal temperature was'measured in three different
N ‘. . : . >
. > . Cr
enyiroqments five times during the days* in a neutral.énvironment,
“ . c N .

the home-cage; in a pre-injection enﬁ}ronment, in which animals
: ; , ) A

were placed f§r a perila ! ore the daily infection; and in a post-

.#njdgtion environment, in which-animals remained after the injec- .

. i . ’

. ' v
tion. Conditioning, trialg were followed by a period of abstifience

- «from morphine. . Tests for conditidhed effects]&ere carried out both-

during conditioning, when morphine was béiné,adﬁinigtered daily and .

after the period of abétinence. During the period of daily morphine

>

admini&tration,)animais in the morphine groups, when compared to the .
R g .

'’ saline control animals §howkd a conditioned anticipatory hypothermia

in the pre-injection environment and was ,opposite in direction to =~

the unconditioned hyvertherria to morphine., In contrast, in the

:

, -~ 1 .
post—injecrfén.gnvironment, animals "in the moiphine groups showed a

el .

‘conditioned hyperthermié whcqb}ested after the period of abstinerfce.
. . 5

Thg$e results sﬁgé?st a complex anteraction betweer. thetconditioned
and unconditioned te&peratuke_responses to morphine. * © -,

)




. ‘a
.k
.
Al . -
>
S~
. [
4
-t ’
h (4
¢ ’
, —
P ad -
! .y
! -
' .
. -
[
.y .
-
‘
L -
- *
,
»
v
A
KER NN
PR
. .
0 v
. o
«
.t
L Y
..
-y
. .
S
" L}
h .
'
.
. o
+
. B
\
i
AR
@

. o N - L8 ¥ A .

- ’ : . hcknowledgeménts = . . d'.
- . ) ’ . . . ot . - " s . ', ‘#‘ , -
Yo ~ , - . . .
" C - .
. L ‘v P ) , e R . ' . ‘ , .
. - The author is indebted to several people without .
. , . X - , . L s , 3 - ) . ) 3 B
.whose hélp-this thesis would not have‘been completed, Dr. J. . i ¢
PR -' ) ' _ 4 - R . ' & v ! "
R Stewart, 'my thesis supervisor, Janney Iq,iakelboom, my wife,\M‘a'zy
i.angEndyk', Dr. P. Seraganian, and Diane Cygan. They know th
" : . . = i :
- N F & R . A . , ,
contributions they made and words cannot-éxpress my ‘sincere . .
Co. . L R S , e AR
- tHanks. . o .. oo . oL
. ‘ L . 3 M 3
3 - ' . , . n- , -
. N At . e . . "' e
. ’ ‘ ) LI R 5
. ] ¢ LI ’ " . ' . .
: e . 3 ' M ’ “ !
C RTIN - ,
o 0 R .. 0

a « \
— - » . «
- Y S 4 N
" - - . A2 Lo
N . N . ‘ -
R .
3 v . 4 -
- - - ' - ' Y
<o,
' '
o ‘. ' .
B N o
s PR
\ o, , N
- B '¢"
= - o
. . N o N - -~
[ . . . - . .
- . . N : »
iy ¢ . -
. * - -
1 - - -
- -
. _ . — .
., . - - .
' R - .
. . .
[
. & 3 :
X s . '
s ]
S . .
v
‘v
13 : .
a . . .
. ‘s 2
,
.
.
+ . ‘
. =
“ .. ¢
M B e
. LI
SN . .
we ' .
* - ‘ /‘
- s
an in ! )
N A - a
¢ . L
A N
- ._’. ‘ 1. N LN
L4
-~ & . ' - ’ —
) - -
) LS ~ a
- aﬂ -
[ - - .
. - .
L] o b B '
: - ) /
.
! ¢ N
ESA) L 1 I - ” . .
. “ ,
-
~ a . -
" ’ N
il ke < 1 e T ¥




1

- L/ -
B <+ % Abstract® -,
e RIS ,Aé}'cpowigdgenggté

e . List 6f '1“’a'b,1es e

B List.of, Figures

‘. ’ e
- :‘ ‘I A .
( * «. . Introduction
ol q"' . : cT .
TS e * Methods, '’ .
- L " Results - .
. )' LY
. Lo -Discussion -
N K b o .
, s
. . . Reference Note
- ' 5 . . .
» \ B K
oL * References .
L] . v
2 e
! : Appendix A
- - t * 1
’ . Appendix 'B . o
- ¢ . . ‘
1 * B A} o .
o - . " - 0 : ' .
; . . . .
1Y
1
3
- . ’ : N
. ‘ﬂ ) 4 ‘ .
- b . o g R - -y \
s i B . o
. ! ° b - . Al
. . LI 4 R . o ’ .
A v .
- e
;o L. - - ' . '
,
) . ! . |
- Iy . _ . ’,
. .
=3 * »

-

(
LA
1
1

.
(2N
| \

. - .
0y
b
DR N

.

b tenan e e g

e -

.
o .
®
B
«
. e
. * .
.
.
RS
~ o
.7 .
a. S
T
e -
-
. -
*,
.
.
~
., .
-
15
.
v
L I
+
'
3
e
. .
a

1]
.
»
< .

-

114 -
- .
iv LR
¢ ot ;‘
Wi
A - e
vii *- T
~ ‘b
N .
ot e, .

[ |
66 -
75. . ’

[T
. -
+ ’
-
, .
3
. [
a2 y M
.
Y I
'
. ,’
0
)
NIERNY
-
! Te .
Vo .
. HE
N 0
k3
s .
"y
“ B .
.
. "
o
. os ! .
)
\
= M
e "

ey -
. A . .
¢
. N '.,
- . '
- 2
e Lad .t
- A
oy 4 . .
> 1
° ]
-
. A}
" Vv
! .
N - -
-t
.o ¢ .
3 ’ ~
4 . - s *
i . PN
- . °
- . *
. +
B
k] v;
e
' f
i =
. ot S
—_ . i
. \ L
. . RN
. «
; LI
. .
e N
» > - L4
- .
N . 1 M )
. 0
o d
h .
4. o
rT + |
‘
. '
. » o -
.
. . '
<
A
i
H
. {
i
\ i
y
. ¥
N .
t ’l ’
¥ v b,
-

1
.\x\ N .,
S .
! . .
v
.
- . . -
\
<o -



- . / I~ + , LAY . .
o ) ' T ’I .- . .
. AN o ' - B . , . ar . N
. ! ° . ' 'f ) ' . ' s
.- . . ' - -, N '. -t
.J . N . . - [ ] t .V' e ’ ';al \ - - .
. - . , oo -. i ) ; P _ .
{ . ) ‘ , . .
’, R ¥ - o
; Y l . ;’ V: . . [ . ) R . . -
. : — v ! - i -
) v d , List 6f Tables . v, . 3
L ’ - . . I ..
: f ot . . * _— R .
.o - o ] J - ] . v B » ,
.t . Ny . . ] - .}
o - ’ ’ - ' v . . . . -9
* . Table , ' " , L ‘ Page .
. o . - x L -
\ s ) T 1 Routine on normal conditioning days,and on home- 27
R A L . ' - . .
\ - . ,oe . . , . . - -
* o cage days. o ) fe \ . 5 .
. . . N Ty, - . \ i " :
‘ 4 v .
-~ g\q . N R
. - @ . ’ ‘Q ) -
fa ¢ ’ . . ' - @ » * .
‘ ' ‘ : R gy ' . . . ‘ . .
S ° "2 Morphine dose, concentration, and volume given [ =29
.- < 'n N H
) . T, ° \l ! N 3
[ N " 1 Ere «
R 1 to animals in Group' 4 on Days 6 to 32. . cy
o] LN — ° . . : I v N . .
., $ l o o ' . . i -7 . .
1) -
. AL £ . ‘ E , . ;
: . « |3 A summany- over:days of the. design of the experi-~ ‘31, .
. . ment. / ’ " : T
1 N - -
4 v . - ~ A .
~ ' - . AN s * ’ . '.
J ‘ e . 7 ' . * g . .
- , - s . » I . . ' . - f
~ g\ .‘ . 2 hd . N P - »
° ’ * S e v r . i - * " i ) - M
. N ' f | ' -
~ . N . el b N . » "
- N . . - . ) ‘. .,
] " . . s . i Y. ’
s - ° " ° ’ ’ - . ' -7 -
. - T : . . : !
) . , . . [ ." \ - .
- . A * 4 -
. _— B - " N - yo. . N
N -.' - . - . ~ -
. A 4 i . ' M ’
. , N . b R . . ) N 3 , 4 . .
. \ * A > - N
. . , ' »
( ¥ - PR L ' ! e . '
3 P - . - i - - [
SN e " - ' ‘ e
. - . . A - , . N - ) e .
. . ‘e . d : .
, ¢ . - ‘ <, " . A
s . ’ : - T - . ,' ' i’ . ‘,.' .; . * “
A s . i PR | s “ £ ..'\l
! : M " 1 "l v ! ' N - ' ¢
. [ ’ . o PR ' ! ““‘ ’ ’ '
L o ’ ' L . . . ' ‘
Lo . . Y v g . L vl ) . . ‘ " S -
¢ . - ‘., ' ’ .o . . \
. ) o o, ' b ' .
) . . a - L : e 1‘_ e . . . ‘e , ., .
. . ' - ) "‘ .‘ - ‘ .G’ o‘ 4 . . . i .
. " — B ¢ - <
‘, » » - . K ’ ¢ L\
- B . . - '
. e 4 P . a . L ' . '
f hd - o . .. P R ’ B *
. . ) - . - - " v ’
. 1 N ’
B . " - wt
- » t < N X . -
L 2 , e : 4 .
e o - e
. ‘ . , R ) '
~ ] - s [ . N - L4 i ./ . -~ . ¢ e e ey



el

o

. : List of Figures . .
y - e ‘ : . )

Figure o : T " . Page

1

1 ' Mean-saline baseline body tempera,tureﬂ.g“gf all’ 34

X% LT

animals averagéd over Days .1 ‘to 4 at various
T stlim’e's‘of the day in the home-cage (HC), the ,’
o ) oo \ . .
‘ pre-injéction enviﬁrgnment (Prae-1), and‘ ih the
apost'—:injectxon cnvi;or;megn. (Pps‘t—..l). ‘ o ' '

2 - Mean body tcmperature of animals in the four 38
oo 4 e '
groups at 12:45 h in the post-injection envi-
* . ronmerit, 45 minutes after morphine administra-
b4

.-+ tion, for Days 6 to 9;‘\r) . T I

- B R

-3 Mean body temperature of animals in the four , 40
groups at 18 h in the home-cage averaged over .
. . T e .
Days’ 7, 14,- and 21 and over Days 70, 77, -and
B4. .
. ; - / |
4 *Mean body temperature of animals in the four 42
groups at 11 h in the pre—'m"jection environ=
- *  ment for Days 6 to 9. S .
. . .

) " Mean body tecmperature$df animals in the four 44

groups at 11 h in "the’pre-injection environ- :

v

‘

ment averaged over Days 7, 14, and 21 and Days

* °

70, 77, ‘and B4:

7~y




. L 4
- at 9 h in ‘the home-cage (HC) and at 1l h in the

. o 0

Mean weight of Aprnals in the four g—roupsfot 46

four pairs.of conseculive days when morphine’ .

was not administered for'48 hours. - . " N o

. R [ _ -
. Mcan body temperature of animals in all groups ' 48

pre-injection environment (Pre-1) over the time

" morphine was not.administered for 48 howurs.

Mean body terberature of animals in all groups .51 N g
. . - . ]

o »

at 11 h averaged over the saline test days in

.the pre-injection environment (Pre~1) and those

-

in 'the home-cage (HC). , ) SN

~

'P;f;an body temperature of animals 1n all .groups 53 :

at 9 h in the horme-cage for the days of morphine ‘
? ! _ N . . -
abstinence, _ e .

" Mean body temperature-of animals in all groups ‘54

M; 11 h in the home-cage fox" the per'iod of
abstinence. c | " a . . i
Mean boc.i}t t.empere;ture ‘of animals in the four:u v .57 - ’
'.?roups at 14 :15 h in the';pér.tod after ‘abstinence
in either the home-cage (iIC) or the post-ikn'jec— |

tion environment (Post-1}. - ' :
Mean body temperature of animals in the four -
groups on saline test days at 12:45 h in elther: R ’

., . -

. O

viii ' ,

«




. .
. . .
P ‘ .
- . - ~
‘
4( P . . - —
- . \ L. . .
- Y -
.

v .- N

Figuge -+ L e S Page
e»poatﬁ,mjectipn envirenhent (Post-1) or ‘ C

the home-cage (HE). \ ' [ ) Co.
- . * ’ \ - . s
13 Mecan bedy temperature of aMdmals in the four, - 60" o .

N »

o~ groups on saline test days at 14:15 h in” either o R .
the post-injection envifonment (Post-1) or the - -

' . : . o - H -

| ’ L . i .hqmé~€gaqe {HC) .' ‘ . ' . h T
A 14 Mea:n, difference in bogd tempé';ature from 11 h © | 62 S CL

L ] * ,

- of animals in thg fo)r groups at 12:45 h and. ‘ .

j- 14:15 h in ée post-injection -environment on P

. N ) .0 \ a

s ‘ " saline’ test days during the period of morphine - - . \
' ,adminiétr'auon .(Days 37 and 79) and after ab-

. . stinence lDays 95 and 121). ) i ‘

‘\15' " Mean difference in body temperature from fh 64 . . -,

of animdls in the four groups at 14:15 h in the -~ s

P A ) . ’ <

. post-injection énviromneht';n saline test days '
. ‘ 'duting the period of morphine administration - ' .-

> (pays 37 and .79) and after abstinence’ (Days 95

“.and 121). >




[

a

‘

used as the uncoriditxojr;d stimulis, ‘and, for many years, little

Pavliow (1927) was.the f;fst to rebort the use of

morphine as an unconditioned stimulus in a study of classical’

conditibning.

o

’

salivary response.
i

If the morphine is preceded by a conditioned

®.

stimulus, a tone or even the’ injection rit;ual,

after several

Morphine, in the dog, elicits an unconditiéqe'h .

pairings presentation of the conditioned stimulus alone results

in conditioned salivation mimicking the unconditioned response.

The classical c‘énditiominq procedure seems ‘straightforward.

-

a

L4

onceptually, Pavlov considgred there to be little 'digference

" {Concept

in the conditioning process whether food, acid or morphine was

«

.

‘further work using morphine was done.

P

.

B

*

\

4

”

'resp'onse as-one that simply mimics the unconditioned ;esbonse.l

morphine's unconditioned résponse Ts, in salivary conditioning

3

g

e

(Pavlov,

1527, p.

35},

there

4

is alsd evidence that the condi-

»

¢

. ) ’ 3
While there is. evidence that conditioned responses can mimic

tioned response can be in orvposﬂion to morphine'§ effects, as
p ,

demonstratedwhen Siegel (1‘375) found that tolerance of the’

‘\ 4"’
gesic action of

tory, hypermgesxa.

with morphine have been reforted capable of preventing the

-

24

lecently ¢vilulice .1a8 Leen presented that raises,
: ,

questions about the adequacy of conceptualizing the conditioned

morphmn was d}:e to a conditioned compensa-

Similarly,

u

'

v

.stimuli that have been paired

occurreanf withdrawal symptoms (Roffman, Reddy & Lal, 1973},

J

/‘ t=nl

s




while in other studies, sti?nhi that pregéed'e“ n;orphine administra-

M v

tion are later aﬁle to producé wi!thdrawal-.like symptoms (wikler

& Pescor,, 1967) . . 'I'hese flndings suquest )hat a detailed examina- ,
/_f , s .
tion of the pa,rametérs used in such stuches and the particular
Ce
“.'vregponses studied will be necessary for am understanding of the

"

s nature of classical conditioning-with morphine.

-

. The early classical conditioning studies using
morphine centered almosﬁ exclusively oniits salivary effects.
Several studies were carried out ‘that demonstrated that the

- ~

phenomenon was easy to elicit, and that it obeyed thg laws of

.condationing estaklished using more conventional unconditioned '

-

stimuli. Collins and Tatum (1925) found that the conditioned
effect took aLout a week ot daily sessions to develop, and that

it qu‘stiil present after three to four months. Kleitman and

- = . .

Crisler {1927); in a detailed study, found that' the conditioned

t

effect develdoped rapidly din the first few trials and thep fol- -
,). . ) B

lowed a negatively accelgrating function. The effect exting-

1

uished at different rates in different animals, but reacquisi- 4

— ’

tion was always faster than the original acquisition. They also
5 . v ¢ .o, ,
reported thatb parti &l reinforcement had a detrimental effect on
' L W '
_conditioning. 4
. y R

while these studies were of some interest, at the

B

1 " ' ]

time, the use of[salivation as the sole unconditioned response .

' may have led to Sertain assumptions that have only bequn to be

‘
Io4 -

apparent in recent 3r§ats. The unconditioned response to morphine




o o " is usually prgfuse salivation. When no salivation occurs in re-

- . .

"

) salivation could net be ‘cohsidered a éonditionqd effect. It is -

s v

the floor of "no salivation™. In most othér

saliyation below t

aseline rate, body témperathre\can either rise or fall. The
. Y ~S ~

fact that in salivary cbnditioning, the conditioned resporise is

\ o .. 4

found to "mimic" or to be in the same direction as the uncondi-

tioned response, may only reflect the fact that no salivation
' e

would be taken tn mean no conditioning had occqr}ed. Tn other .

1
&
.

‘response systems a conditioned response that differed in .
” = . r
direction, from the unconditioned response would be more readily 'Y : .

) ) , » .
apparent, there being no floor. For this reaspn, it appeared

that a detailed study of morphine conditioning should be done
Y L4 ‘.

using another physiolggical system. In the present study tem-

perature response to morphine in the rat was chosen as the

response.

s . . ' LN
1 N . . ' ¢ .
//;;;:}hlogibal Effects of Morphine . . )

. Before procecding further with an analysis of ‘the
\ ' . .

L . . o v
conditioned response to morphine the unconditioned responses to

a morphine injection should be discussed. The effects of morphine

. . ’ .
v . ,
¢ 0 . f 1
v
.
' .




E]

Y

‘ separate headings; the initial or acute effects, ,theAchronlc ) T

on, any. pﬁysiological system can best be&‘escribed- un'der fo'uz-' o '

- - b

K

effects, t}\ﬁ\ef\ffjt\sfgl,gphme termmatxon, that is, the 'wz.th-

drawal effects and fznally, e effects of the morphxne

1
LN .

antagonists.’ ' oL ; e

A The 1ﬁi¢ial effects of morpl}i}‘ie an most physio- ° Co
: ' s O .
logical systems seem to be-not only dose.related, but also

biﬁﬁasic in nature. —,In general, small doses of morphine can 'Ipe o ,_c*
- - ; ’
“said to pictuce exc1tatory‘£effects, while larger doses cause‘ L
N [ § N N P
biphasic effects consisting.first of e;.depressant phase a.nd then

: A -fs\\
of an excitatozy phase (Dom,mo, Vasko & WJ.lson, 1976; Séevers & ' g
t -
¢ . Lt S I
Deneau, 1,963)q + The dose that marks the 3lﬂference between a . ! 4
. te [ %\b ~
.~ - . . . . . . ) ’ 3
small dose and 2 large dose‘ ‘varies with the response under ' - . /
‘ . ' : — ‘ . e
study, angd'depends on fact’:ors such as the enviromnental condi—
‘. L - 5
tions (Peolino & Bernard, 1968) and the route of admm:.stration’
‘ . ” . , i IS ——— - ' » ’ ?
(Lotti, Lomax & Geotge, 1965). The txme that any effect lasts ,
Y. - - L .
appears to ipcrease with dose, but is generally in the range of '

»
’

- - w i -
several hgux%. .(Morphine itself does npt accumulate i'n body

A
_ tissue, *and is 1argely gor@ from the s&stem within 24 hours

(Jaffe & Martln, 1975) “The dose related\biphamc pattern. of '
3 R '
morphi s effects have been found whe’i; measuring general activ—

-

ity (Babini & bavis, 1972), témperature (Gunng, 1960), and ¢

various other phygiological responses (Domino et al, 1976). - . . ’

- b
. \ N
Similarly, rates of bar presig:ng for food or-for electriecal ’5
w
stimulation of the brain are firgt depressed, and then elevated, ‘

e




.

. : . ” o ., R
to tions. This tolerance or decreasing responsiveness of a system T

by 1ar7€ doses of morphine, but are only elevated by small C T

- ..
L3

' doses /(Babbini, Gaiardi & Barfoletti, 1976; Lorens & Mitchell,
. / . K C ‘ ' . .
. 1973). e . . 1

. G

/ Wheti consﬁerin'g the effects of repeated or chronic o .

%

a J.m.stratlons of morphme on a phys:.ologlcal system, two pro- e

. . -

blems should be noted. . First, “the oonditions under whld\(t e~

- peated injections and tests for morphine effects are 'made are f .

-
°

/ largely the sate from occasion to occasion. Thus, Yegardless of

¢ the expenmenter s intent, the conditions preva11 for obtaining

. . .

. c'cnditioned effects. Second, it might be expected that the )

effectiveness of a drug- will decrease with repeated administra-

[
to rcpeatcd c’o cs of & irag, has been found to occur for only '

4

some of the effects -of morphine. " There is considerable e::idence

4

. ‘ . ' ‘ . - .
* . excitatory effects do not (Seevers & Deneau, 1963). Howevér, ,it,a.
- - . 4

does appear that, wi.th;,repe'atéd injections of large doses, the

that, while morphiné depressant effects folerate rapidly, its

excitator effects‘move forward in timec..~This change over re=' . .
9 )

peated 1n3ect1.ons has been reported for general«act:.vxty and
P metabollc rate {Martin, Wx}.ler, Eades & Pescor, 1963), tempera—w . e

ture “(Gunne,; 1960) i electridal self-stimula't'iom(ﬁusﬁ, Bush,.
-y . L3 .o ,

.~ Miller & Reid, 1976) a¥ well asvthe more Wasic physiological

a ‘-t s 1 . B ‘

s Measures (reviewed by S&vers & Deneayy, 1963). Furtﬁermcre the

)

effects of a frequently repeated large dose of*p?:ine’seexﬁ tc

be similar to the effects of an initial small dose. While there v

.‘-&Lm

i




" Edposito & Kornétsky, 1977; Lal, M¥ksic & Smith, 1976; Loreps |

Mitchell, 1973).._

v ‘ o

One of the more important properg}es of morphiné~

1t#(@nalge51c effect. The analgii}c effect’measured in Ih- . ) -
» . “ (‘
ofataxy akimals, using heat, pressure, Or electrlc shock, toler-

3 .

’

ates,rapldly. If a constant dose is chron1ca11y admlnistergd,
7

there is_evidence noé’only for tolérance of this analgesic effect,
N ) N
.but, in fact, a hyperalgesic response has been obsgrved (Kayen,

/WOods & Mitchell, 197}). This suggests the poésibil‘ty that even -

the analgesic effects of morphine may follow the pééte;n of its
. " ,

¢ -

. [ . . , .

other effects; with repeated injectiqns the: initial depressant

phase disappears and is:graduglly,;eplaced by an excitatory

-

responsg. - - ’ ' \ ' . - ' L

B ) Third, termination of morphine administration,.- ,
. especially after chronic lar&g\QoseS. results, in a constella- | - ;o
—~ a ’ .

tion of rebound responses that Have been labeled withdrawal 3

symptoms. A dose that produces withdrawal symﬁtoms is said to

‘céhse dependence. Martin et al’(1963) rxeport a two-phased with- ',J'; .
-drawal after drug adhinis;rati;n in th; rat, The first phase - ' l‘,fl
Easts g matte: of days gn& is bharacéériz;é by, weight loss, . ‘ 3

‘ -hypothefmi;,‘wet dog shakes, amd eased aétivipy. ‘The , . - . o

. N S - ~
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- stimuli. The antagonists are chemicals that are structurally

is measurable only

.
v "

second phase lasts §€vgral months and is characterized by rapid

v ,
v . , Al . P

weight gain,.hyperthermia, some residual wet dog shakes, in-

”
¢

creased metabolic.rate.and increased qcﬁiv%ty. ‘A:similér bi-
phasic withdrawal has.been'repérted,in humans (Jéffe: 1975) .
< Lasgl&;fit i necesSarf to mention the ﬁérphiﬂe
antagonisté,‘aé-thex have’b;en used in}ééyer;l éond{tioging

- - .
o v

stﬁdiéé'po elicit the withdréyal symptoms, i.e., as unconditioned

kS

A
. _, { R 1
sufficient)y similar to morphine that they can block most if not

~ s

all of morpyine's effects. They range from ﬁartdﬁl'ahtagonists,

such as nalptphfhe, that have some morphipe-Like;prope}ties, to

€ -
. [ Lt LR % e

. pure antagon%;ts, such as naloxone, that seem to have no effects

# . " 2 . 14
in themselves (martin, 1967). ‘fTheir most SIriking proper

P

the ability to produce immediate withdrawal symptoms ip/depen-

dent animals. Pure ant7gonlsts also block most if not all of e

_the lnltlal effects of morphlne (ior a review see Jaf ‘e & Martin,

1975).‘

it

~

° . ’ -

. . .
Conditioning ,of Morphine Effects
i Giveprphe cohpléxity of the unconditioned re-
, - o . ) "
sponse to/morﬁhipe, it is.not surprising that diverse conditionéf‘ -

effects have been observed. There is,'however, afpoint that

LY

should be clarified before discussing thé conditioned effects,
. . * ., R // . . .
As conditioning is: rarely evident after one_ trial, bmt rather

‘ 4
L S ‘ . a

y pairings the condltloned stlmulus

'3' P

%




moEEhine, it really is not possible to desctibe condi-'

N

¢

tioning to the acute effects of morphine.” It is'only the cnﬁpnic
effects of morphine\that have been studied. Moreover, as was

mentioned prevxously, in most studles of the chronlc physxo-

- -
) v SN

logical or unconditicned. effects of morphlne, the conditions are

N . -

similar to, those in a classical conditioning study. Tﬁe injec-

i ﬁg ' tion rltual can be viewed as a. conditioned stimulus that !.Hl
Y ‘ e
!t_iiizexs/followed by the’ morphine, the unconditiOned stimulus.,"In

.

addition, there are, frequently, other cues such as time of day

or place of anECt%OH that' tan act as’conditioned stimuli. Thus,
.it may be that only the fnitial effects of morphine can be said °
SR : ’ : : . o
_to be purely physiological. A After several injections the
4 : | 2 " s t . ~ "
~Mmorphine” eifcce may be.duc both to physiological anda conditioned
effects. Thus, while repeated pairings of the .conditioned stimu-

. -

lus w1th an 1njection of morphine are necessary for conﬁltioning,

it is_only the effect of the first 1n]ection ot morphine that
constitutes the unconeltxoneq response.

v' Tole:ance,ie a term that, is used to describe

8 . . . .
‘changeés in morphine eftects after repeated iniections.A:Siegel l\£'
(£975) has sudgésted that tolerance,‘in itself, is d&e to a‘

e > : v .

classically conﬂitioned response that differs 'in direction from

the ﬂirect action of morphine and; in that sense, is antagoniétic

-
-,

or compensatory. In studying the analqesic effects of morphine,
Sxegel (1975, 1976) found ev1dence that tolerance is a learned

81tpat10n-spec1fic effect Pain sensit1v1ty can be measured by

Ly
3




» . ‘ " N " i o ) »' '.',
placing a rat on a hot-platq§§:d measuring the latency to paw= .

o ' lick. 1If mdrphine is administered tb rats, its effect is to ;

] increase the paw-lick laténcy, an indicator of its analgesic
N r . . . KA. i o . ]
effect. With repeat®d injections this.effect disappears, an o
v . ) . ' [y
. " example of tolerance, If other rats are’ given similar *injections
s 4 - . * N

- - -

" of morphine, but . in an environment distinctly different, from the ' .-

v B Y {,7 .

_ test environment, they show no tolerance when first tested on the
. . . 3 T . - . A . e
hot-plate. -Moreover, if animals are intjected.in the test en- - . .
vironment, but are given an analdesic test only once, on the last

. . . .
. day in that’same environment, they do show tolerance. Thus it
? . .

L S

appears that tolerance cbsexved in these animals is a §earned
Y ) *

t

situétioﬁ—spccifié réSpohse. Siegel found, in-addition, that - T
tolerant animals wvhern tested with saline showed hyperalgesic . g o %:
. N xééponses {Siegel, ;975f. It was this finding that led to the o e

. .. ’ . >

° suggestion that Eolgrance is a conditioned .compensatory resbonse !
to morphine's initial effects. Since the original studies, -
"Siegel (1977) hag gone on to show that the conditjoned effect éan‘:

, ' & . B
. be manipulated by variables that effect other classically con- '

ditioned fesponses; he has obsgrved extinction, latent inhibi-

tion, .and a decrement due to partial reinforcement.

. - Some of the conditioned ‘effects of morphine, o

- , ‘however, appear to mimic the original respon-se t& morphine. It

c [y

- 2 ! N . N
is interesting to note that these responses, more often than not,

. ’ are ones that have been reported not to tolerate. These are the

_ so-called excitatory effects, in that they are apbarent as

, N 3 i N ‘
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° ' . L. 10
increases in the-Yarious physiological measures. One response
. ‘. » . —

»already,discussed is the'condifﬁonedlsglivériuresponse. In-

creases in generalAactivity caused{by smgll doses of horphinq.éan
’ R - [ ? ,
_be ‘conditioried (Kamat, Dutts & Pradhan, 1974), as can small-dose
) . ‘ . A . N
temperature increases (Miksic, Smith, Numan & Lal, 1975).

Schuster and Woods {1968) were able to sﬁdw -

» -
4

y o

classical cbnditioned effects while studying animals §elf—’ :

¢
.

administering morphine. Each time the animals ﬁar-p#éssed a con-
.. ditioned stimulus, a light, was paired with the morphine.
Puring extinction the light, the conditioned stimulu§, was pre-
' - - 3

-sented after each bar press for half the-animals. Animals pre-

o AN

©

sented. the light, maintained bar pressing longer tham animals
not p}esented with the light. T7Thus, it éppearéd that, ﬁﬁrougﬁ
claséica; conditioning, the light had taken on some of the posi-

tive propertiés of morphine and now acted as "a conditioned re-

‘

. ( . . ‘
inforker. Similarly, animals that have learqed to driqk}a mor-

phine solution will afterwards drink a quinine ,solution (a
0 ¥ - ’ . o
. solution that tastes similar to a morphine solution), even

though c¢dntrol rats will not (Kumar, '1972). In this case the
bitter taste has, through conditioning, taken on some’of the

S

positive properties of morphine.
“Another effcct of morphine is its ability to

M

"+’ prevent withdrawal symptoms; there is evidence that this effect

© .may be conditionable. Tye and Iversen (1975) had rats that were

respondind on a Vi sphedule for food reinfo;qemenf, and that were

.
a '

e b
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- N

P graduaﬁly increasing dosgé' ‘ :

- N .
also being administered, twice dail

4 : v

of mofphine, paired with a distinctive conditioned gtlmﬁlus, a a - 3

;oo ) oL ' . ’ A
10-minute tone presentation. During testing, morphine administra- '

>

tion was terminated for all animals,’but half'thgifnimals con~

tinued to receive the conditioned.stimulus. They found that in..

. L ’
the group without the conditioned stimulus, the response rate
.for food dropped drastically for the first two days and then

:gradually returned to normal. In the group still recelving the - b

2 . v o e

coqgitioned stimulus the withdrawal effect was not evident, and

the response, rate remained constant throughout this period. ) . ‘

-~ ’

Thus, the conditioned stimulus that had been pairea with morphine . 2

was able to prevent the withdrawal effects. . However, }his same -~

conditioned stimulus,was unable to prevent the withdrawal
response precipitated by an injection of 'maloxone.

Because of its poteritial relevance for drug-taking -
-« 4 .

behavior, several researchers have been- interested in the condi-
-tioning of wi;?drawal effects.~'Wigler and Pescor (1967) made

{
rats ‘depéndent by giving two gradually increasing injections per

“day. They thén gave the rat only one injeét&qn per day (200
. .

"mg/kg) and 16 hours after the injection put the animals in- a

diétiﬁctive environment,

& . v
withdrawal symptoms. Aftex 7% hours .in this environment the

‘ . Q

re the animals exhibited primary

animals were removed and received, within the next half hour,
. their daily injection of morphine. After several pairings
s
morphine™administration was terminated and animals were tested

°
-




- - -
«

- °

for wet dog. shakes, in the home&cage or the uithdrawal environ-

"ment. They found more wet’dog Qkakes in the withdrawal environ-

P

ment than the home-+cage up to 72 days after motphine terminatlonl

~

“They con¢luded that withdrawal symptoms could he paired with a -
. o4

partigular env1(0nment. Trost (1973) repo;:gd simllar success
in conditioning withdrawal symptoms using chel runnlng as a

dependent measure. o

a
«

Goldberg, w°ods and Scnuster (1969) repeatedly

4

paired a conditioned stimulus with naiorpbine'injéctiqns in mon- ° N

I3

. N . . \ . i
. keys that were self-administering morphine. Nalorphiné alone, a

morphiﬁe antagonist, resulted in increased morphine self-admini-

stratian. After several pairings the CS alone was able to pro-

duce 2 s\imilar rise in morphine's self-administration. In an-

’ . ‘ .

other exp rlment, witn dependent an1mals thac were bar pressing - o

Y -

for food, conditioned stimulus ‘previously paired with nalorphine

suppresseé‘fﬁgponding in the same way nalorphine did (Goldberg\;
& Schuster, 1967). '

The iéea that.withdrawal symptoms eould become
conditioned to the environment in théh ;th occurred has'been
tested.reccntly'using héroin addicts on a methadone maintenanée

program. O0'Brien, Tcsta, O'Bricn, Brady & Wells (1977) re-

peatedly paifea,a distinctive environment with small doses’ of

7

naloxone, producing‘mild vithdraval like symptoms, in eight;

~

human heroin addicts. Afterwards, saline, gi@en in that’ en-
hd [

S

vironment, was able to cause similar withdrawal &ffects.
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: T “ In summary, .the; studies reviewed in this section
. . - vy e o
have revealed evidence Y¥or a number of divergent conditioned
' o

effects of morphine. It has been shown, for example, ‘that con-~ ' Lt

: l! = h < . + N -
ditioned responses may account for the tolerance to morphine, ¥

-the conditidned response being 1n opposition to the morphine
e . effect, and, as it gets stronger, céus@ng an apparent weakening

°

. of the initial morphine effect. Othqr'cqnditicned responses to !

morphine have been found to mimic the initialggd?phine effects,

| ) : Why conditioned resporises mimic some of the initial effects of

morphine and oppose other morphine effects, causing tolerance, is h 3
} , s not clear ‘at this time. Because of the biphasic nature of the, :
|
|

response to high doses of morphine it ik often difficult to

GELETMINT wheihner Lhe COnaatudined elievi is in ugpusition w the

initial depressant effect or one that mimics the excitatory

phase of the morphine effect.® This dilemma may be resolved by

comparing the conditioned responses obtained-with large doses. ‘ ©

4

of morphine to those obtained with small doses, ones that usually - -

have only the excitatory effects. R . |

[y
“

<'\ -
. The finding that a stimulus that has been paired

& . LN o /. .

N ¢ ’ g
with thé occurrence of ®ithdrawal symptoms can elicit withdrawal-

LW . . like effects, both in animals still receiving mokphine, and in

. ﬁnimals-long since withdrawn from morphine, is, for different

reasons, difficult ,to interpret. It should be noted, however, '

4 that in those sthdies‘in which morphine withdrawal is paired o . )
; ' - , o‘- . . * . . A 3 ‘ .
" o 9. . - .

c with a conditioned stimulus (in order to elicit conditioned - . .

- ’ N

.
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- withdrawa,'l synptoms). the withdrawal state iS‘relﬁbly followed by

j ' [

& morphine injection. When naloxone has been used to elicit with-

drawal symptoms in animals already under.the influence of-morphiné,

i}

naloxbne's'effects being short lasﬁing , are soon ‘followed by re-- -
lief from withdrawal, or the morphine "state". It is not clear,

therefore, what is i:)eing conditioned, the current withdrawal

- ~ ’
- v
rd

symptoms, or a preéhratory response to the oncoming morphine. By
iooking for evidence of conciitioqed ef fects in the period prior to
. ] B .

- - »
.. each morphine injectfion, in animals receiving either large or

small doses of the drug, it may be possible~ to tease out the

- o
»

nature of the conditioned ‘-resppnse.

; -

.

. Another problem that gake the results ofM\

-.» " - {

tioning studies difficult to irterprel is that these divergent

conditioned- effects have been found in different sf:udi'gs using

’
5

S [ . - H - :
. various unconditioned responges, different.doses of morphine, a

 diversity of- conditioned sti uli, and assorted time parameters. -

c

The present expériment, therefore, was designed to overcornie these

-

difficulties. Thermoregulation seemed, for several reasons, an

ideal response. s?stem to .study. Unlike 'salivation, bodQy tem—
. . ) . % .
perature can rise or fall creating the possibility for the con-

ditioned response to mimic or oppose the uncondi tjoned morphine

temperature response. Repecated temperature meqsures are easily

taken permitting the measurement of temperature'in animals at

1 L)
v, X

various times both before and aftﬁervmorphiné administration.

Further, many -animals can be studied simultaneously making the
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I ‘ IR - 15 .
i' ° . - comparisor of several lﬁorp!rine doses possible, ’

There are several studies in. which particular
aspeét"ts of the conditioned temperature rcquns'e to mérphim_z has

been exafined (Miksic et al, 1975; Roffman et al, 1973; Siegel,

. + 1976, Notg,l). They -have generally suffered from the flaws.

i
:({ §

: ‘ " ‘mentioned above; singﬁf@éses'qf.mofphine have usually been ' g o .

N 4 ' .
exanined within different experimental procedures. It isy,

therefore, not surprising that divergent resulté ‘aré\“reported
7 - .

. (Miksic et al, 1975; Siegel, 1976,. Note 1). Before discussing o

[ s ., . ) ’

in'more detail these and other studies, it yould be advisablé to: " .

review the unconditioned temperature response to, morphine, RS

This .shall be done, ‘as was done for the unconditioned effects in ., - -

’

L

genceral, by cﬁslduxlng the initial effects, Lhe chronic vflécts, S - %

®

a

," - ' /)fix.'\a'i(li, the effects of the m;:rphine ‘ant'agonists. ' BRI . ;l . 7

l

_the effects of terminatjoh of morphine administration,.and .. . -

I . “ ' ) .
. ° . . ’
N « - . . s .

P . mas

'

o ,

. : A : . , ‘
. Temperature Effects of Morphine e J

" Initially, in the rat, the effects, of morphine on
* t-e;np'erature, like its other effects, are dose dependent. Small

' doses produce a hyperthermic response, whereas large doses pro- .

. - '

duce the usual hiphasic effect, first hypothermia and then hyper-

'thenr;ia (Cox, Ary, Ches,arek‘&'—Lomax, 1976; Gunne, 1960; Herrmann, . ’ l
1942; ,Lotti et al, 1965).% The lencth of time that body tempera- L : 'i

»

.- . © ture is affected by morp'nine'increases with dose and ranges from - . |

¥ - A

“"four to eight hours (Gunne, 1960; Lotti et al, 1965). The dose . ’ :

B <

-

ol . \ -




response, the peak of w_hicﬁ moves forward in time (Cox et al, ‘ ,' a

- found that the hyperthermic fesponse to the large dose djid not

' y e
' , | o 16 >

i, » : - . , -
of moxphine at which the change from 'a pure hyperth?ﬁi to the - .
bo

biphasic response occurs-has been shown to depend h on the .
, ] | ' ) ‘
route of administration and on ambient temperature. Below 30 - ~,./

. mg/kt;,'a subcutea}\oﬁs injection of mo;éhine cause;e. lzxyperthgmia, ' - 2,
above 3Q‘&ng/kg, the relsponse is first hypothermic 'a;xd théri,hyper- ' .-
thgflnic (Gunne, 1"9é0),'° with 'i.ntra;venous <;r intr'aperétonéa'l in- - ’
jections, the crit;ical dose 6fn meorphine appears to be around\ . -

10 mg/kg (Cox et al, 1976; Lotti et al, 1965).. Paoliho and .

Bernard (1968) studied the effects of the ambient termperature on Y

¥

the initial response to morphine. They found that .50 mg/l%g of

morphine,, injected intréberxztoneaily to rats, produced' either a 2

: o ‘ . o . L ) ’
“hyperthermic response (in a 30 C xoom), a hypothermig respon%

,‘ B 1 . . N . ) ». v - A vy R

(in a 5° ¢ rood) or a weak hypertnermic response (in a 24° ¢ . S ' 2
room) . ' . . - . o o

N - .‘ . - . J

. : R - e o '
As expected, the seg:oan\agd subsedquent injectians
"of morphine produce different effects from the first injection.
"lmen large doses of morphine are administered chronicélly, the

hypothermic response gisappe'ar§ and is replaced by a hyperthermic . SR

o

E . ' ‘ ] ..
1976; Gunne, 1960; Lomax-& Kirkpatrick, 1967). Gunne {(1960)
» ' . . . .

[y -

tolerate. In a recent study by Lal €t dl- (1976), in which a -
smafl, 10 r'nq/kg dpée of morphine was injec.:ted,g‘.ntraperitoneally,

it was shown that there was a strong hyperthermic response even °
[ 3 ' L .

after 39 injections. Likewise, Roff\man et al (1973) and Martin ' LA

¥

- )

-
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' -

. . : ' 1‘~ . : ' ' ot : 17
et al (1963) have fouhd that even in dependent rats each injec-

° l . . tion of morphine causés the exéec;ed hyperthermia., However,

Siegel (1976, Noté, 1) ha$ presehted évidenbg\suggesﬁiﬁg'that

v
»

i\ -the hyperthermic response to small doses of morphine does toler-

- q
ate with repeated injections. ) : -
‘ ) In. the dependent rat the initial effect of termin-
i - . : * . -

ation of morphine administration has been reported to be amild ;L — g
Qq : K

P

'hypothermia. The animal's body temperature decreases.for about - &

1 ' , ., .
- normal, and then returns to baselire
\ ‘ ~ T &
, " (Roffman et al, 1973). Martin et alf (1963} report that, affer— ' -

' the hypothefmiak_there is a second phase of withdrawal character-

"ized‘by a hyperthermia that occurs four or £ive days after.mor-

[}
-

phine termipation and' lasts . apkroximately three months. o . j

. . The hypothermic rgsponse to the initial dose of

. . - ~

morphine can be blocked by thg/morphine antagonis;‘nalorphine¢'

ﬂ; ' . Ce ( ti et al,{1965). This blockade by nalorphine of morphine

effectsﬂhlso )events the development of tolerance, that is,

R N . . , Y .
Pt . .. the second injection still causes a strong hypothermic response

v

_— - . ‘.-(Loﬁax &‘Kirkpat§5;k,‘1965). Recently, however, Cox et al ,\\

{1976) havé presented data suggesting t%dt naldio;:\aoeg’ﬁggfj‘ \\
block the hyper£hermia prodiced by small dosés of mprphine: 7 : ‘
They compared three groups of rats: oneegrous injected with . ‘

0.5 mg/kg of naloxone only, the second with 4 mg/kg of morphine - C,

.

_only apd the third with both naloxone and morphine. While

-
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ERY -

: naloxone, in the rat, is approximately 20 minuces“ fWeinst‘ein,

u

a.n:unals ‘i the naloxone alone group showed almost no change in

body temperature, the th% group., rece:.vmg both drugs. was

3
1 v

There 1is, "however,

‘phine that cannot be blecked by naloxone. an- ) / )
: » L,' . ’ . T /r‘ ) .
other possible explanation for these findings. ,The half-life of

[

L s '

Pfeffer & "Schor, 1974) and the dose of naloxone given in the *, |

Cox et al {1976) Study wa small. ‘l‘here ‘may not. have been

‘ 1ts effects. Thls poss:LbJ.l‘ty makes it necessa,ry to: 'study the
, : \

.“' o

. 4ib\ef!fects df a 1arger, ~and per‘haps a repeatgd dOSe of nalo)gonea .t ; R o
R . ’bc‘fée.lt %.': corxc’,udcd ;:he hyper‘hemic rcsponsc ca(mot be ’) ) . h A 1
. b."rocked'by morp ;1e antagcmjists. o0 <o ,r g \‘"'. ) o ,
’ In dependent animals, the. morphine antagonist's e e : ;’”
cause, :meedlate onset oal;:hdrawal symptoms, that is, a hypo-m' .« m__“ .
.thgmlc response (Ary, Chesarek, Sorensen andeomax; ;976, ‘ / : ; .
raw@%h, & Lal, 1974). It should also be noted that Draw-/( 5 T
baugh and Lal (}974) have reported:thaf: '%in the dependent am.mal, G 57 a ) .
'nalox‘one does block moxphme mduced hyperthermla, .a finding - . '
- . - . Y

.

that @sts further doubt on the rellablllty of the Cox et.al . ~ ' g

(19’76) report that the :.nltlal hypertherm:.a to smail dosés of .

morphine- is not blocked by( naLoxonen . ‘

¢ R - ¢ * -
‘ L)
. + A ‘ . 1
IS - s ‘
k .
» - . ‘i‘ . ) ‘
T
L ] v . 2.
. . . e , . N b
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Conditioned Morphine'Temperaeure Effects
’ ) There have only been a Yew studies on the EOndif

L]

tioned temperature responses to morphine énd, given the complexity

‘of~;ﬁe‘uncondit}oned te?pe;aéure response to morphine it is hot
surprising that the gindingf are ;hconeiseene. Moet,stud{es uded
v R N . - . ’ o v, .
. . . oply one dose of morphine;jeﬁﬂkgrom one study ;o’the next dif- ,
- . o ferent control conditione have been used to test for a oonditiooed
g & - . f
.;\' < . effecgi haking the results oifficult'qP compare. COneitioped
. ) X , . : -

effects that mimic_(Miksic &t al, 1975) and oppose (Siegel, 1967,

Note 1) the‘temperature effects of émall doses of morphine have
| . " been reported. . A .discussion of the conditioned‘tgmperéture '

i

" effects using small doses of mporphine, the conditioned tempera- -

5 h . . [y R

tune effecls .observad 1n dependent animals, and the cffectv of

- the morphine antagonists\on these\gonditioned responses follows.
f 4 «
.' - ¢ A W ’ . ’
Miksic et al (1975) have reported that a stimulus, .
! tone in a dlStlnCtlve environment, repeatedly paired wlth a .
™~

o .ﬂhaily 1n3ectlon of, 20 mg/kg of morphlne (route of administration “

-

unspecxfled), ex1c1ted hyperthermla, a mimicking of the morphine

effect, when presented alone. In their study, each animal  - .

>

served as its own control, and the measure of the hyperthermia T

was the difference betueen the temperature measured before pre-

,,
’, i

sentatxon of the condltloned stlmulus and 30 minutes afterward.

1

: Uslng this de51gn it 1s.not p0351p1e toidegermipe whether ani-

e -
]

mals were hypothérmic relative to some” neutral baselinevprion to

L . *

. the presentatlon of the’ stimulus predlctlng nnrphlne and merely
N Y A R . o ro,-
\ ' e . /"*\ - ° ' N '
1) ‘ , -

LN
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; . - *

returned to normal after, or whether they wexe at.a norﬁai body , ~

_Eemperature'before‘ and were hyperthérmic after stimulus,presenta—

L ' - «
k‘t:ioh. This procedgral point may be- important as Siegel- (1976,

.

a stimdlus paired with a 5 mg/kg subcutaneous ihjection.of mor-

-

phlne is hypotheﬂhla i€ the temperature is compared to that of

» ‘ e &

céntrol group. anlmals that rece;ved only sallne ;njectlons -

- .

. , throughout. This is a matter that requires further study.

b o=

. . “
If stimuli that have been paired,with‘morphine

.- ~

injections can elicit" responses that mlmlc the effects,of mor—

phine’ and produce, for example, hyperthermia, it nght be' that

they can prevent the hypothermia evident in dependent animals

after withdrawal of ﬁorphine. In fact Roffman et al .(1973) had

N " founa, prior to the work of Miksic et al (1975)Areportéd above,
that if a bell was repeatedly patred wlth dependence-producxng
morphlne injections (f ﬂt 1n3ectlons daily betweén 8 and 22' h-

increa51ng to a maintenlance. dose of 200 mg/ day). the bell

alone could prevent the hypothemmic withdrawal respohse, and also

- ] .«

' reverfe the hypothermia if it had been allowed to start.

One of the more interesting questions is what
effect might morphine antagonists have on these conditioned

effects? At the antagonists were found to black’'the conditioned
effects,‘it&ould suggest that the brain systems involved in the

.conaitroned‘responbes are similar to those ifivolved in the direct

¢

14 -

effects of morphine. Lal et al-(1976) fouhd that naloxone 9id
- -

- * Note 1) has evidence that'the conditioned température response to

"

4
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2 . . ‘ " . l . - c . ’ ' ,;21_ . , .

- . B
“ -y P . . .

., ) ‘block the effect on 59dy temperature of a cdnditioqed stimulus
% , , i ‘ _ L . .
that had been paired with 20 mg/kg 'morphine injections. “Théy * .°

-
[

‘ ‘ ‘ N ;
. - ‘found that, 5 mg/kg of naloxone would hrevent the*conditioned

" hyperthermic;response. ‘Furtﬁgrmore, Drawbaugh %?d Lal (1974)

using dependent animals Eound that when the conditioned stimulus

. 'was followed by an inﬁectiqn of naloxone (instead of the ustal
. . - .

morphine) Ehere was a pronbunced_hypothermic respoﬂse that was

. - ~
- N .

= , 'greater thah that after naloxone alone (both in animals that

received their last morphihe injectbon 24 hours before). This
R : 0 “~ .

Co . . suggests that naloxore has more effect in situations thétvﬁave

- .

' C - . .been paired with morphine than'in neugral situations, -and re-

' . ) opens the gquestion of the direction of the conditioned tempera- :

conditioned“stimulus plus sdiine can prevent -

. ;
ture effects as the

o .

. .
" the usual ‘withdrawal hypothermia.- If the conditioned stimulus

. augments the naloxone produced hypothermia it might in ‘itself be
- ' ty - ’ . o . .
. . evokihg a temperature lowering mechanism _that is otherwise masked.

v
o

‘T‘Q- L \ In order to evaluate some of these di}srqent*’

" -
B .

results, an experiment.was planned that would allow one to look

' . -

at several of these cohditioned temperature effects under a ‘sin-
. Pl

gle 'set of experimental conditions. Three groups/of rats were

-

7 f . ' ' ’ : | X
conditioned using widely differing doses of morphine, and all

temperature measures were comparéd to those found in a fourth
saline control group. Body' temperature measurements were taken
a M ‘ ’ :’,\_,(5 -

umn

-, in three difeerent efiyironments: /a pre-injection environment, e

B . .




~ tween the respénse of the animals in’ the twb situations could

» »

. .. «

prior to being taken to another room for the morphine ‘injection;

R - - Y
1 -

a po%t injection environmént, on entry to which'the animals were - -
- - g v . .

v

immed’;tely injected, and, therefore, a room-in which the effects.
- \ . , , :

. P , L
6f morphine would occur; and a neutral environment, the homé-cage:

Thus it was ﬁossible to test for conditioned effects prior to and

® -
N ,

T . ' . ¥ .
after the morphine injection. Morphine was administered once

every 24 hours to permit discrete conditioning trials.’ Aftex

"

- Tos k3 . ~

repeated conditioning trialé, various- drugs were substituted for
. ‘ ) v » ,

. 4 ¢

the "usual morphine: _saline,’to test for cronditioning; a low dose
» . LI ' .
of morphine, to study thé’interaction} if any, between the condi-

tioried and unconditioned response; and naloxone, to study the

- f -

» . _— : M .
effects of an antagonist on the tonditioned effects. In order to

téase'out the "pure"” physiolqgical effects of not.ieceiving the

. L
. usual morphine injection,. all "tests,' were carried out twice, \%

a

. .

. “ . v . . 1] 1]
the usual condlt%onlng environment, and-again, in the

o

home-cage (the neutral environment).

Any difference found be-

o

then be interéreted‘gs due

conditionhing. After the condi- .

animals™were housed-in their home-cages

tioning triéls,endéd,_tﬁ‘

4

for several days, until \primary withdrawal was completed. Théy

were then tested again for the K&rious conditioned effects. This

design permitted tests for conditioned effects during the peried
/ i .

~

when animals were recgiving daily administratitns of morphine; *

and, again, during a period when the animals were no longer re- A "

ceiving daily morphine and were past the primary withdrawal beriod.

A . s -




" Method

+ " r ‘ [

Subject;s
) Thirty-seven male Wistar rats, weighing 150-175 g
at arrival, were obtained from Canadian Breeding Farm and housed

< ¢

tndividually in“stainless steel cages (18am x 25cm % 18cm) for the °

. l <\ - . )
duration of the study. Rurina Lab Chow and water were available

to the animals at all times in the home—cage. The gnimal.room wa
» . * P R v

ve
. > - -

1it from 7:00. h to 21:00 h and was maintained at a -conatf.nt tem-
- - ’ N ’ D : - .
perature of 22-% 1° C. Animals were yandomly assigned to one of

"
«

four gfoups, differing in the daily dose of morphine the}f would

S s . o : LA L
5., receive »thxjoughout; the study: Group-l, n = B, recen@d 0 ng/kg;

v " e ok

Grou;;' 2, ;f:‘_- 8, reteivéd 5 mg/kg; Group 3, n = 9, received 25

\ . ~

a

‘mg/k§; Group 4, p = 12, received increasing doses up to 200 mg/kg.

T 7 seéven*ahimals from Grou[ps. 3 and 4 died early in

en L * -

. ,the experiment. These ;ni{rxals all ‘died);lithir} two hours of.re"—

- -ceiving an. injection jgf morphine. Five animals died aftef re-
‘ce‘iving \25 Im‘g/kg of morrp}'xine on faithezl I}ay 5, or 6 of the experi-

N metnt; ,:th‘e"btt}er twcg;jdied after a 40 'mg/\kg ;n'd:SS _mc:;/kgﬂinjection
of marp(hin'e on Day 9 and 3 irespcctﬂivc:ly. “All dptq:a“’previoﬁsly

couted from these animals-werg 'excluded frofn the various
T ! «

analyses. -As a result bf ,{.hes‘e deaths Qhé number of animals in °*

y each group for all of the analyses ‘was eight for Gro“ps 1 'and 2

.~ . . ® ¢

. - »
and seven for Groups 3 and 4. o e

i




were housed. 24 hours pér day ln their homé'—cag'és ;. from .time to e

-

reading stabilized. After two or three measurements the rats

-1 ml/kg. Morphine sulfate was‘used throdghout and all doses

or kicking and only minimal strugglé against the restra.int).’ ' V\S

'saryyto increase the volume injected to 3 ml/kg.' Naloxone.

Procedure
- buring the fiirst,four weeks after arrival the rats -

A ! L

time they were weighed aﬁd h,a'ndled. CSQ .four alternate days during
the third week, rectal temperat‘u'res wer'e-measured at 9:00, 12:00,

15:00, 18:00, ’iand 21:00 h. These temperature'meésuremen{:s’ pro-

@ A y

P N 3 U . ' '
vided a home room baseline and accustomed the animals to. the tem- : ’ 3
. \ ; N L oeh
. ;)‘ o : .. : . &
perature taking procedure, ' , i N
; . « : . - N
& ‘- : Temperature meas\urement: Rectal temperature was
measured by means Qf a small animal probe (Yellow Springs model .

b

402) ‘and a Yellow Springs Tele-Thermometer Model 46 TUC (accuracy - -.
= %+ .15° ¢). The rats were placed in a small rectangular trough ' b

]

closed at one end (7cm % 22cm x 8cm) and Held down with one hand .
while the probe was inserted a minimum of 6 cm as recommended by
o L S .

Lomax (1966) for aipproximately 30 seconds until the temperature

- y , .

’acc‘ept:éd the procedure with little objection (no biting, squealing

.Drugs and injection procedures: Throughout the - -

-

© ‘'study all drugs were injected‘ihtrgperitor’:eally. ALl solutions - .

-

were made up using physiolocical saline,. and, where possible, the

drug concentration was -adjusted so that the xyol\,u:\'e injected was oo

.

-

refer to the salt. . For Group 4, at tfmq ‘higher doses it was neces-

'

L. . s ) »




*  hydrochloride (Endo) was always.injegtea at.a 'dose of 2 mg/kg. . .
" — Daily routine:, %our yeeks éfte; the rats arrived |
‘.in the laboratory the experimen?‘pfﬁper was stgrtgd. w{th the .
exéep;ion of the homé-cage da;s (§eé below), the daily routine was . ’ -

the same for all animals th}oughout the entire study. Essentially

. '
. B

it consisted of taking the animals from the home room to a distinc-
( .

tive pre-injection environmegt where they were immediately in-
jected with their daily dose of morpbine."fhus it was possible to ' *

3

) M . ) £ 3 ‘ ‘ r
take temperature measurement in the home room, 4in an environment

prédictive of m%;phihe,.but in which morphine was never-.given, and '
' .- . vy .-

. . Y - St .

in an environment where the effects of morphine occurred., The

details of the routine were as follows. ' ' ' *

-

Cw At 9:00 H all animals were weighed and their tem=
4

perdtures were measured. One hour later, at 10: 00 h, the rats ' .
. ~ vt - 1 ’ ' .
were placed, in groups of three or four, in a carrying cage and ) ‘{

tak%n to a presinjection room, where they were-individually housedx

in wooden boxes (17cm x_28ém x 13cm) with wire tops and wood

shavings on tye floor. This room was dimly lit, was quiet, had

N

L
an oil of cloves odour’cue,/and was-maintained at a temperature
. . : ) ' ’ , ]
of 22 2 lo C.\I&.ll:OO h all animals had their temperature mea-

"

LS

sured in this room. At iZ:OO h, folloving the two-hour péiiod in , g

the prelinjection room, the animals were moved in their boxes to
. . ¢

a second room (the post-injection room) where they vere immediate-

ly given an injecéion of the appropriate drug. The post-injection

« v

- Yoomw as bridhtly lit, had a continuous 12 db white noise back-
) R . ol

. : ‘ '




L

LR 3

‘after the drug injection) the rectal temperatures were measured

- I3 4 '
same for all animals. - - .

given. to all animals at 12:00 h was physiological saline.

A L , 26

-‘ . . ' .
ground, had no odour. cue, and was.maintained 15 a temperature of

23 * 1% c. At 12:45 h and again at 14:45 h (45 and 135 minutes °

’

in this room. . After three hours in the pre—injéction'room, 15:00
\ a
. . D
h, animals wer'e returned; in 5}oups of thtee or four, to their

home-cage. At 18:00 h ﬁemperatgre was measured for the last time.

. .. .
At no time was food or water ‘available in either the pre~injection
or post-injection room.. The animals were always hahdled 4nd

treated in the same order; keeping the time between: events the

-
N

The daily routiSe desc?ibed\above was followed
evééy day wi;h i@e éibeption of the home—cage.days. ‘On thésé

days thre animgls remained houséd in theig home-cages throughout .
the dgy,°buf were weigheé'and ;adlthéir temperat&ées-taxen.at the
usual times. On some of these days the animals were\injected as

usual at 12:00 h, but on others na injection was given. (for a

summary see Table 1).

4 Design over days:. The experiment proper consisted

' of seven phases; a baseline sqline'period (Days 1-4), a naloxone mor-

p@ine day (Day 5), a conditioning pe¥;bd (Days 6-32), a."morphine'
test" period (Days 33T85)' an\abssinence period (ﬂays 86-94 .and
two ngost-ﬁo¥phihe test" periods (Days 95-100 and Days 159-122);
— Days 1 to 4 were baseline days. - On these dé&s ﬁhe,

animals were takep through’the normal daily routine; the injection

’

LY
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1

3 , . . ) N . " - = LI .
Routine on normal conditioning days and on home-cage days. .. L - S
e . .. ‘ e . ° : hd ’ s
: I3 ‘ ) . L:\\ ‘ ) ¢ - .
A Time .Normal day . Home-cage day . - .
= e . y . o \ N - .
' - R - t \ N . -
, 9:00 Weighing B Weighing ‘
Temperature reading Temperature reading’ ’
’ o wl ’ g W . . " . - )
10:00 Move to pre-injection room : .
11:00 Temperature reading Temperature reading N ’ 2
’ 12;00 Move 'to  post-injection room -+ - ) . )
Injection o {Injection) S s T T
. . -~ , - +
12145 " "I‘e'mfaerature reading Temperature reading . ,
- 14:15 ~Temperature reading Température reading - ! A
et 15:00 Return to home-cage - . e
18:00 Témperature reading ., ' Temperature reading’”
—- - = . . ,n
+ El R 4.‘;
- o ' -
' o ' , . - L » !
B \ ' . - . !
K ' : S SO ;
' . , ‘é
I - x . '— o §
. ¥ . , . N . %
N 3 n ' : [l - 'g\
N Iy - : / [
\ ' ' H .
« . . L \ ! ¢
. N . . i




@

"all animals -‘f‘ollbﬂv’ed the normal routine but were given two injec—

‘ ] . a
morphine. , , . . - - / .

mg/kg of morphine on Day 6 and 'increasing to ’iOOng/kg by Day 32

© . R . [~ ) ‘ -

. 28

T 5 .

: n

Day 5 was the naloxone morph'iné day. On this day

-

a ‘ .
tions at 12:00 h, spaced approximatély 5 minutes apart. Animals
in Group 1 wérq first injected with naloxone and then with saline. )
N h 13 . M . .

\ »

jettion of .5 mg/kg.of morphine.  Animals in Group 3 were injected

Group 2. animals were -injected with naloxone followed by an in-

with naloxo'ne and the'n'wit‘n 25 mg/kg of mérph:'ine. ‘Animals in- . _ .

2 3

Gfo‘up' 4 first received an ‘irijection of saline, then 25 mg/kg of

Days 6 to 32 were conditioning days in which the

- :

normal Qai:liy routine was always followed. ' Animals in Groups 1, 2,

and 3 received daily injeéfions of 0 (saline), 'S, and 25 mg/kg of -

-

‘morphine, respectively, throughout this period; animals 'in Group ,

4: were finject;éd‘with increasing. doses of morphine.s'tarting with 25

(see” Table 2 for details). The animals in Group 1 were injected

. 1 N
with a volume of saline equivalent to that given to animals in

Group 4. . - - ' ' o

' Days'33 to’ 85 were, with the exception of the 4 R
v R .

. - t { [y

"test" days, gmainte'nance daoys in which animals in Groups 1, 2, 3,

and 4 rece:ived th’ci; usual inj‘ections of morphine, O, 5,l25."‘ and'\

200 xr;g/kg relspectivgly, The "test" days %houid.be cc.‘msi.d'ered' in

pairs, on ;'.he fiz:st ‘of the two days, the normal .d'aily rlcguti;\xe‘ was
. . . - e h '

followed; on the second, ‘the animals remaingd in the’ home-cage-.

t

On pay 37, the first of the Mtest".days, animals were taken . Co-

/ -

Al

. . . : ’
. - ' OB b by Aperertf ey sk RN ISR 7




\ . : . . P . . .
. LT ' ~ . TABLE 2

-

f-%
Morphine' dose, concentration, and volume given to animals in

Group 4 on ‘i?ays‘ﬁ to'32. .
+ c _— T

C;o;xcentra,tigxﬁ , vame

Da)'(s. Dose '
. mg/ml mg/kg saline

mg/kg norphjne
sulfate f/ °

prs

) T - B - ;
-6, 7 - 25/ 25 -

8, 9, 10 . a0 40 -

- © 14, 15, 16 70 . .10
- 17, 18, 19
ot ' 20, 21, 22 100 i 66.6 '
' ' 23, 24, 25 120 0% . .-
26, 27, 28 ' 140.. e 70 _' ‘
29,730, 31 - 170" S os6.6
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e
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S through the normal routine, but‘were all injected with 1 ml/kg \ E
* o : T e \ - < *
phys:.ologlcal saline, On Day 43, the paired day., animals re— s T }

- .. . - { . \ N \

“ a

main‘ed in "the home-cagés and receivéd no ‘injegefans. . On Day Si," e
, : ’ T
a rout:.ne day, alf.\anlmals were mjected with naloxone, a, simi,lar

3

e v . 1n3ect10n was given on Day 57 in t:he home—cage. On Day 65, a

- . . .

: , . routine day, and again on Day 71, a home-cage day, all animgis"‘. ; o -

- - L wwere'injected with 'S n;g/kg of morphine. On Day 79, a routine . - 3

% ’ L e
day, saline injections were given to all amimals,-and on Day 85, .o ﬁ ) .

’,

,
< ’

the paired home-cage day, no injections were given.

.-

¢

o . Days 86 to 94 were home-cage days during which-no

injections were given, but temperatures were measuréd.’ Days 95 = °© T,
) : ’ ) . - Y Lo ‘_" - ‘ ’ 7 3 B .
' S to 99' were routine days, but bne's on whi;:h morphine. was: not given.

. re f

" ° On Days 95 and 96 all animals. reCelved sallne,,on Day 97 nalokone, . 1

e and on, Days 98 'and 99 saline. Day 100 &as a home"cage day during , ) .
i - , » , N f
‘ whxch ‘the amlnals were not m)ected ' B : , C .
. , * _From Day 101 to 119 the dnimals were left in their - PO ,

’
[y

cac‘ge?:.(- 'I‘he a’nima;ls vere untouched during this period; neither °
. ! . 5 . e -
@ - temperature nor weight was measured, nor- were mjections glven

- . ' , Lo
, . .

L duringthlsperxod ‘ - ' A -
‘ # o Dais 120 to 122 were the last three days of the R Lo

. . experiment apd con51sted o~£ a notmal routine day (Day 121) when, . ’ «5;,'

" all t‘.he animals were injected with éaline, and two ho;n'e—cai;e days |, . . . :z
(Days 120 and 122) when no J.n)ect:.ons were giVen. ‘ ’

" - ‘

Table 3 contains a sumary of the desxgn, over
." “ ' K

. days, of the experiment.




- ,TABLgB

- L = .
. "'v A sumnary over days ;rf‘f;he desiqn of the experi.ment. .
‘?ﬁﬁ o -q Lo . s | .
1 -4, ‘ -Baselinge No;:malﬂrogtinxe yi"th salige inj;ect;ioﬁs'
‘6 = 36.\,/. .éonéit:“,{qr;iné ’ Nomé‘i‘rc;utinae with mor:phine.'i\h;iecltions
37. - Bﬁ‘.'.rcomii,tionin'g days interspaced wi't'h: " ’: * " ,
' r3‘7l.‘.',’,..Saliné test day l;loxgmél ropt:z.ne ‘. K
’3 43. :.....Home-cage. d‘ay ) ~ No inj éct}o‘ns
,, 51, ..'...Naioxdne”éegt day Normal .routine,." . -

2

r . N
. 97..... . Home-cage day “*  Naldxone Jinjections *

v 5 L .. . : .- - )
. " 65......Morphine test day  RNormal, routine . ‘
o \ H A » - Y] - [ . ’
¥ . - : . ‘., -
.. 7Y......Home+cage day- - ‘.° Morphine injecticns )
:79......5aline test day  ° Normal routine’ ..
; . o , ' , E b § ™ < , f‘ . .
« - 85%..,..Home~cage day No injections - °

' ' s B T ) "
- .85 - 9 .- .Abstmence /V'Ejomg'-cage days with no injectiong " / .
. . . LT .. N .~ .

. g

95 - 96. . .Salipe te V¢Norma1. routine ‘with saline injgctions :

o, 7 :

97. secene .Naloxoye test Normal routine wzth naloxone 1nject10r;s , ;

Normal routine with saline *injections‘ Af

. No injectio‘ns‘.,.‘ . :

5 ) . M i- . N ‘ , , s . %

> No injections . . i . s

d ’ . ’ . [ “ T s 1

121:......Saline test ~ Normal ‘routine with saline injections’ , :
.y ot ' . L ‘ < .

122.......Home-cage No ihjections . . o . g

A ’ . - ‘é

i , . _ . . ) 4;

‘ . i ) ; . \‘r .0 %
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’

N " . - ! -
. tedperature responses; one evident in the period just pr}or to
s ’ Y . . [N N
- » - - [} .

¥ the daily injection of morphine, the other occurring in the pertod

the Nexper'ime,f\t as a whole fevealed two gdifferent conditioned-
N

14 ‘- < .
after ’thg, daily injection. The‘})re-injection response was a con-
. o . .
ditioned lowertng'o'f"body temperature, relative ‘,to the control
group, while the post—injecgioﬁ response was a con‘ditione,d in-
& -

crease in temperature relative to the control group- Note that .

e " -sf '

the pre- injectlon conditioned response was ih the direction.op-

. ¥ ’
posft;e to the unconditioned hyperthemia while the post—' jection
N v . b \ ' ' \\*)

' ' - )
cqndi-!.“ned responé;e mimicked the unconditioned respohte. During

f e

_ the peri‘od of daily morphi&ne injeetions, the posc-—injection con—

A -

d-i\tioned 'response appeared to bé masked by the pre-injec:tion con- -
LR} . N—r
ditioned, lowering of bo‘ay temperature.' In the perjod after ab-.

- - ’
P~ - =

J‘
mtinence from mornhme however, ithe post- injection conditioned -

L3 AY 0

’ - -

' rise ih - body tem‘perature was clearly evident.

a

Y ‘ ‘, '- " Inane sectiqns that. follow, the analyses of the

4

/\
data upon which these gene;a,‘l. tatements are based will be con-
s;ldered in detail. For convenience these have been divi. 1ed int:o

ur’subsectTons baselin?and unconditioned response data, the
e

pre-—injection conditioned responge. the post-i\!jection conditioned

response:, and, fin,ally, the tests using naloxone and S\mgQ of

. -
‘morphine., *© V| . . Lo v “ : «
¥ . ’ . .

¢ .-
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- - -~ F"-} ' .
Baseline Temperature Data and the Unconditioned Response”
. T TN .-

LY
. A : ¢

L)

Pre—eip(&iment home=cage baseline: Before the
. N~ ' o ' '

! )
_‘experiment proper started, a series of temperature measurements

- . R . . :
were taken in the home room. The data weye analysed using

Group x\Ti\{e x Day-analysis of variance (Appendix A, Table 1).,
AN : ; ' -

A
o

As ‘expe.ct_cd, there was no significant ,Gr?xlxéifect, nor were
there any significan't: Group _interactions. However, the Time,
h ; ’ by

Days, and/Time x Day effects were all significant. Further
: & ’ Al - .‘ ’ ._' . .
analysis using. Schgffé "tests revealed that animals had a higher
- . ‘ i

. ‘w o ‘
temperature. at Wan t .any other‘time during. the day

(p €.05). The<other times did not differ significantly from'
each other. Further none of the -individual comparisons comprising.

" the Day of Time x .Day effeEté‘reacl:legl signifieance using the * _

s Scheffé test.

. temperature for 'each of thc five times, for all groups and days

" the appropriate, times and were given ihjections of saline.

. were ‘sig;ifican't} ‘(Appcndix A, Table 2). Figyke 'l shows the ,me:n e

.

@
L

Conditioned enyironméht baseline: On Days 1 to

- & of the experiment, all, animals .\,rére'take'n thr&mgh ‘the daily

-

routine; they were placed in the two conditioning environmengs at .
. . ¢ - "

]

Temperature -was measured ‘at ‘each af the 's't:andard times. A Group
% Time x Day analysis of v%rigﬂce of the temperature reading.re— -
‘J} ° . . -t ' Wy

. . . . 3. . - . . 14
'veiled, ‘that only the Time, Group x- Time, angd Time %ay effects

B \ -

‘-

. ~_" 3 " ,' . . t . . a 5 ~
combined, It can'be 'seen tha&rbody_ temperature rose, relative to

. \s ‘ ' - \ . . . K .r".

~

R e

2oty
L

r&2yin b
T

ak
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Figdire 1: Mean saline baseline body temperature of all animals

¢ . | D e
averaged over Days 1 to 4 at various times of the day in
the home-cage (HC), the .pre-injection environment (Pre-1),
and in the post-injection, envi;-bnmeﬁt ‘(Post-l);
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out the experi?ent. ’ . .

>

what ,it was in the home-cage, in the pre-injection environment,

,

and fell slightly in the post-injection €nvironment. Because of

the significance of the Time effects, individual Group x Day

analyses of variance were run for each time (Appendix A, T{bles‘3‘.
to 7). The results for each time vwere consistent; there were no

significant Group or Group x Day effects, but in each case, the’

RN

Day effect was significant.+ This suggests that‘though,there.wers
daily variations-in Fhe<animals' Hody'temperatures, these daily

effects were consistent across.groups. As°will be evident these
*

daily variations in body temperature continued to occur through-

Ny
2]

i

Home-éage'tempefature‘at 9 h during the period

\Q;.of conditioning: CLCach day at 9 h'the tempe;éture of all the ani- '

mals was measured in the home cage. Two analyses of variance of
these 9 h readings were done to test for group differences; in

the first, readings on Days 6 to 9 were considered; in ghe'second34

¥

‘readings taken every seventh day, from Day 7 to 84, were analysed.

. ~

The Group x Day analysis for Days 6 to 9 revealed no signifiqfnt

effects (Appendix A, Table 8). The Group x Days analysis-for

°

evefy seventh day from Day 7 to 84 revealed only a significant

Days effect (Appendix A, Table 9). Because there was no evidence

that the temperatures of the grpuﬁs differed at the 9 h rppading,

the saline group was considered to be an apprQﬁg}g;g:control

<

group for assessing. differences between treatments’ at other times

" of the day. Further, the lack of éfoup differences at 9 h suggests
. [Y ’ ., . .

' ¢
» \
[§

' I - . 35




J o =2.84,p 7.2
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that there were no physiological effects on body temperature.of?? .
the brevious days' morphine administration éyident at thig‘time.é

Z Morphine naloxone day: On Day 5, at 12 h, all
- " - S . -
animals were given two injections to determine the effect of na-

-

" loxone on the initial hyperthermic response to morphine: Two one-

- - "

way ‘analyses of varlance, .one for the 12:45 h and one for the °? T -
14:15 h temperature readings, fevealeh a significant Group effect
- R A s

in each case, F(3, 26) = 14.87, p < xOOl‘and F(3, 26) = 10.35, '

*

p ¢ .001. Fuziher analysis using tﬁE Scheffé test revealled that
: ' in neither case was the mean body temperature of aniakis in Group .

1 (the naloxoné alone group) different from those in Group 2
L

d 5 mg/kg ,of Worphine group) (at 12:45 h F(3; 26) P

Y

(;he naloxone

; at 14:15 b F(3, 26) = 2.76, p 7 .25), At neither .

-

hals in Group 3 (naloxone and 25 mg/kg of morphiﬁe) o .

’ -

time did an

and Group 5 mg/kg of morphine) differ but at both times ani-
mals i Groupsig and & were significantly warmer than.animals in

¢

Grogp I (p € .05). Thus while 2 mg‘kg of naloxone was able to
, .

|9

block t::fizyerchermicvresponse to 5 mg/kg of morphiﬁe, it had o N
little ect on the larger dose. ) ‘ ‘ ’ -
R . ’ - —

Morphine effects: Separate analyses of variance

.f i ’ ‘ t
were carried out for the two temperature measurements takan in the
7/ , . . . oL .
post—-injection environment, at 12:45 h," and at 14:15 h. The ini- |

tial effects of morpﬁine were studied b& doiﬁg a Group x Day

\
.

analysis for Days 6 to 9. The analysis of the 12!45
\ e

temperature

- ‘.
- [
. I




N

- . o~ . '
. .. . days (7, 14, and-2]) to the last three days (70, 77, and 84) were

. _ - . OF ’ ' _' ~
L (Appendix A, Table 10). The mean temperature of animals in eachpl ’ .

. group at 12&45,hifor'Days § fQ.9 is shown in Figure 2, It seems

- evident 'that, overall, the three morphine groups did not differ
- , ¢ , ! : )

from‘each other, but thac/theyawere all st;pngly hy rtaetmic ' . s

] o ' - ] )

, ,.ﬂrelative to\(;}-&ug 1, the saline group ’(Scheffé, p<.0y. Coril—' ‘ . d
‘ P ! - o "

3

parison_made on individual days, however, showed thatzon Days 8
. ' \ .

and 9, Group 4, the ascending dose group, differed significantly

s

from Groups 2 and 3. Note that it was on Day 8 that the morphine , J
dose for Group 4 was inéreaseg for the first time, frog 25 to 40

mg/kg. At 14:15 h only thg Group effect Qas significant (Appendix
'A, Table 11) with the three morphine grotips-being hyperthermic

-

rglakive to Group 1, the saline group (p < .05). roups 3 and 4‘ - N

. were fiot different from-each othér, but ‘both had a ) ficantly

1

‘/’zggher temperaturé then Group 2 (p < .05). ‘ “

. . T Tﬁeflong—term'changes in the effects of morphine

were assessed by cbmparing.the groups every seventh day .over the
2 ‘ ‘ .

. perio&'of morphine administration. Two Group x Day‘analyses were

. . ‘ N \

done, one at each of the two post~injection times (12:45 h and

. 14:15 h).w -In both cases.all the%hain effécts and intetéctionsd

/

géhched éignificant levels (Appendix A, Tablés 12 and 13). Qbm—

' ' parison of the Group means, however, revealed little evidence for

<

"a trend across days.. Thusﬁ;wo analyses comparing the first three
L4 M :

done using a Ggoup x Block x Day.-désign (Appéndix A, Tables 14

“and 15) At.neithep time, 12:45 h nor 14:45 h; wés\tﬁs Grohp/k

“

e
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Wlock interaction significant, suggesting that there was no con- _
N - - . ‘ :
sistent change or trend in the effectfﬁqpess of morphine over the .

-~

°

duratiom of the experiment. . . ' . " —
.~ Home-cage temperature at 18 h during the period = -
of condit&oning; Six hours after the administratioh of morphine,

. f - /
at 18 h, animals were back in the home-cage; and the last tem-

pérature of the day was téken.: An agaiysis'of‘variance done‘on_
the reading for Déys 6 to 9 reveéléd no s?gnificang effects'{
(Appendix A; Table 16). %he analysis done on the readings every
seven days over the period of mp;phine administ?htion'yiel@ed o

" both a siénificant—Q;OUp effect and a significant Group x Day , $.

intéraction; but no Day effect (Appendix A, Table 17). The mean ot

) _ ﬁ6dy.temperature of animals in all groups ayeraged over Days 7, . //
14, and 21‘and Day; 70, 77, and 84 are shown in Figure'3. It | !

g .'Qould appear th;t towards the end of the experiment, whén Grbup ' -

4 was Teceiving extremely high doses of morphiné, it was still

. "N M. .

’hypertherﬁic at 18 h.. A comparison of Days 7, 14, and‘21 and Days

70, }7, and 84 in a Group x Block x Days analysis revealed A
‘ . ’3‘ significant Block x Group interaction suégésﬁéng‘that there was a

o géal¥difference between érOUps for these two periods (Appendix A,

Table 18). . . ” '

1‘. C & . . . . L - R “‘

- ’ The Pre-Injection Conditioned Effect ‘ .

v , - . v , '
As was pentioned in the beginning of thewkesults. .o

a ,". {

¢

section, animals in the three morphine groups became ﬁxpothérmic,




Temperature (- .°C)

375 A -
370 , ,
36.'.? J. ' ‘ - 5
. hy o - - — .
@ 714,21 70,7784

-Mean ~of Days
Mean ody témper&ture of animals in.the four groups at

. . ‘ £ e
18 h in the home-cage averaged over Days 7, 14, and ?1

-
-~

and gver Days 70, 77, and 84. \_?7

-

.




~

" using a Group x Days analysis of variance (Appendt

hypothermic relative to the saline group over. these four days.

% -

§ = : ’ a
relative ;:p ?t;e animals receiving saline, 'in the pré*injegti_un
en\}ironinent. ) It’should"be pointed out,_ however, that. the pre~ .
injection temperature measurement was taken ‘not only one hour
;lari'ora to the dailly injection of m‘orphine, but that it normally oc-
cufred, by necessity, 23 hours after the 'previou's injectioh of mor-

phine. It might vb'e, therefore, that any dif}ex:ence observed be-

tween the morphine and thé'saline‘groups in the pre-injection en- 7

virqmnenﬁ were due to physiological s;fnptoms of morphine depriva-

tion, "physiological withdrawal”, rather than to conditioned anti-

cipatory responses to tﬁe'oncoming injection. The analyses.of the

results, therefore, required the making of a complex set of com-

- r

parisons in order to differentiate between these two interpreta-

el

tions. These will be presented in the follewing paragrapns.

“ ¥ .
Development of the pre-injection hypothermia: 8

’ k4

The group means for' the pre~injection temperature readings ‘taken -

on J)ay% 6 to 9 are shown in Figure 4. These ‘data weré analysed

X A, Table 19)..
¢

s’ o & -

Both f'actors, and the interaction, were significant. As can be
seen from Figure 4, the three mofphine groups became incre‘asingly -
While the animals in the morphine g{“oups’ did not differ from each
other, there was a significant difference between animals in the
»

. ‘ .
“three mprphfne. groups and Group 1, the saline group, on Day 9, as &

revealed by a Scheffé test (p € .05). These data demonstrate thatﬂv ‘
the pre-injection hypothermic effect developed rapidly, and at T

R

wores
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-~ . v N

. * - a sinilar rate, in_alI' morphine' groups regardless of dose.

’ ‘ ’, - This pre—mqectmn effect was analysed further by

following it over the c:ourse of the experlment This was done by

analysing the 11 h temperature readings for every seventh day,

from 'Day's 7.to 84, in a Group x Day 'ana‘l-ysis of variance (Appéndix .
. ‘L , ?

A, Table 20). As both main effects and the interaction were sig-— -}»

. ) nificant, the possibility o,f a trend over the experiment demanded
] T, , o ) ; o

" an additional analysis. Thls was accomplished by compax;ing t:he ' T

'first three days with the last three days of the above analysis. L ) ";f

L ' *.in a Group X Block x Day design (Appendix A, Table 21), A’ll main

4 .
effects, the Group x Block and Group x Block x Day interactions .
. P

~ a

were, all signific‘ant'. The mean group temperatures for each Block
» o

-

is pletced‘ in‘Figure 5. It can be seen that animals recgiving tie

0y
,
.
T o sl
.

small dose of morphine (Group 2) became less hypothermic relative ‘ " o ,
to the saline group (Group 1) over the co,(xrsé of the experi;nent,
| . a whereas the opposité was true of the other morphine groups (Groups

'3 and,li)-.. The significant chup~>; Block x Day interaction was
‘probably due"to the fact t;ﬁat', on Day 7, t}le 'hypo‘t'nermic effect
‘had rot compietely developed (see Figure 4) . ) These anaiyses' | h
, -
suggest that over the cokurse of the experiment the strength of the" -7

- : effect became dose related, gradually attenuatino in anirals re- .- .

| ' - ceiving the small dose of morphine (Group 2)y. - ‘ \
’ ’ v ' Conditioning versus withdrawal:
| e . Befoge attempting to differentiate.between the rolé of '

- . . L} M " ’ “~

- "physiological withdrawal" and conditioning facteors .in the ' P

» -

- . . -
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. N ) o .
production of the pre—injgction Hypothermig,vevidence will be pre-

o ! ' .

A Y

.« 2 N N . 4 .
sented that at least some animals. receiving morphige were dependent.

It should be retalled ‘that on the test days, Days 37, 43, 79, and
84, none of the animals were injected with morphine4.as a result,

-,

on the days followiné these morphine-free days, at the time of the
¢ ~ - .

-9 h reading, allfaniﬁhls had been_deprived of morphine for 45
hours. If any of the animals were physiologlcally dependent on

. morphine, one would have expected to observe wefght loss over

. these Fwo days. . The averaée we}ght of’ enimals in eac? of Fhe‘ ,
groups on tHESe'eight days is qhown in Figure 6. ‘Data were an-
alysed using a Group x Time x Replication ‘design in which weights
taken at 9 h on each pair of consecutive days, were considered as
one replication (Appendix A, Table 22). "All main e fects and ;WO-

~ way Group ;nCeractions yere significant. It is evident-froh Fig-
ure 6 thatA;he animais aééeiving the larger doses of morphine ‘
(Ctoupe 3 andaé) gained less éeight over the course of the exper-
iment tﬁan the saline group. In fect.,ggimals 1n.croup 4, that Ty

"~ had been receivipglthe highestAdose pf morphine, showed a drop in
weight,of 20 te 30 g during each 48-hour period that they did .not
_receive morphine. Thus these aeimalg werj?cleerly physically -
Adependent.by a widélf'acecyted criterion. ; —. * ' .

‘ Reﬁurn nbw to the temperature Aifferences,in‘thef .

pre-injection environment. If these differenQ:: had been due

simply to the physiological cffects of morphine deprivation, then,

on those days when morphine was not ndministered, the temperature‘

;

Y-
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_ R .
' . ©

differences Between the morphine and tlie saline groups should have - ,m

increased over time, and then decreased as the animals recovered

Furthermore-, these changes should have occurred re‘gardles“s of ‘the

N

T environment. If, however,’ the pre—injection differences Bé‘tween

. ’ ' , \?/ the groups’f]ad been due to conditioninglfactors, they should' have
# Y . ) : _been evident ;nly in the presence of the conditioned stimuli, the o /""f,:!j
‘ ~ ‘ pre-injection envi’ronment. There were two restingpoccasions when . . S
)’ - 48\Thou“r's intervened betweenﬂ morphine inje?ﬁion-s.e‘ Qn .Days 37'and_ |

. .= 4 -, .
A 38, and again on Days 79 and 80, boatemperatures were measured

) ., *  in both theshomercage and the pre-inj ection environme.n“t ove7va' 1 . ‘
- 48-hour period. The 9 h and’ 11 h temp'erature readings taken on - .
. . » §
C the two consedutive days represent re‘adings taken 21, 23,% 45, and
v . L)

f 47 hours: after the last morphine ,administration. The resuﬁ for‘ -
" th dndividual times over the two ?ccasions, were collapsed and - . .
r —-— .

¢
[y

are presented in Figure 7. The ?esults were analysed separately ’

' . "for each time using Group ﬁkeplication analysis of variance ) — e
'& _ (Appendix A.-Tables 23 to 26) It can be aeen from Fig‘ure 7 tha‘t'.
7 :vhen animals were in the pre-injection er;virpnlnént‘, ‘23 und ;07
\hguré after morphine,\ there was a pronounced _differencc between the
groups~; animals’ in‘ Ke morphine gr.dups had lc;wer body tex’nperat:ure; -
- " '. - than those in the saline groixp. The analyses of variance for. bor.h
e d <’dlese times revealed similar results, significant Group and Repli- LA
chtion effects but no-significant interaction (Appendix A,, Tab‘les |
., 23’and 24). Thhs despite the overall differenc.e bet:w_een the t:.\wo
.o . replications, ‘the group‘d-ifferencve for these two times aftler ’ P e

‘ ! -

y . é ‘ . .
[N K . 09 ., . . A
- . .
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"Fiqure 7: Mean body teméerature of animals in aillgroups at 9 h
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alysis of yarianée revealed that at 21 hours after morphine, only
. ; , ‘ %

" environment, but not at tne intervening .time in the home-cgage.

. ment was assessed by comparing tl\e 11 h temperature readings taken

¢

morphine were consistent on the two.occasions. Further, Figure 7
7 .

. ‘' 4

o

shows- that jin the home-cage, &t 21 and 45 hours after morphine ad-
ministration,'."t_he difference between the groups was much reduced’

and. the ordering of the group means is clearly different frém that;
N .

" at 23 and 47 hoﬁis' after ‘morphir_le. The Group x Replication an- .

.t o . —_—

the Replication effect was significant, indicating that at 9 h
there weré_ no temperature differences between the groups (A;;pendix
. , v s -
A, Table 25). Forty-five hours after morphine administration the

’ . ¢

analysis of vhriance revealed that the Group effect, Replication

effect, ax;'d the interact;ion were significant (Appendix A, Table .l -
26) \\Ho;.ever, examination of the means for Gtoup l.and Grloup 4, . -
the saline and the high dose of morphine group, revealed t:hat for ) . %
. . k
" both replications thg Group 4 temperatures were higher than those o f
4 ‘
in Gro'up 1. 'I-‘urthermbre,‘ it kcan be se¢en from F;.gure 7 that the o ‘ - !

temperature of animals in Group 4 was always lower in .the pre-
- B Vs ’

-

injection environment than it was in the home-cage. Thus, the -

v -

hypothermiC effect is evident on both occasions in the pre-injection .

/ -

- .o
This suggests that the pre-injection liypothermic effect is a con—\'
’ . T ) . v

ditioned anticip;;tory respuense.

Environmental specifqifity and the pre—injection

]

hypothernia: -The degree to which the pre-injection hypotherﬁia ',

¥

(the 11 h temperature) Was ‘specific to the pre—injection environ-—

.

\ LY

e e ———




v
in the pre-injection environment, Days 37, 51,. 65, and 79, to the

[}

’ ( 11_&( reading tak?n r the hdme—cage, Days 43, 57, 71, and 85. ' The
r

mean group_temperat e for each set of daysg is shown in Figure~8

Data were analysed tgy a Group x Environment x Replication analysis

of var_iance, (’Appén_dix A, Table 27). All pain effects and all two-

»

~” .
wéy interactions were significant. Because the test. trials were

-

: carried out at widely separated times over the perioq of mor/phine

administration, and because the pre-injection effect changed over '

-

. ' time as mentioned previously (see i’igure 5)., it is not surpn‘ising -
. . that che Réplication effects rand the Group x Reéplication, and - ’
T | Environment X Replication interactions proved to be significant T . )
. = (Appendix A, Table 27). It is the Group effect and Group x En- ‘ .~ L
- vironlment i‘nterac-tion, however, that are of primary’interest. As S;
¢ . ¥
can be seen from Figure 8, the group differences are greater in f,

the pre-injection environment than in the home-cage The fact

R that the Group x Environment interaction was significant 1ndi-
4 * '
cg_tes that the pre—injection hypothermia was differentially af— =~ - ) Ty

éected by the environment, and sugges®s that pre-injection environ-
: ; .

. * o . . . N . ’ .
mental cues were acting as conditipned stimuli for eliciting thw -

. ¢ 1 |
effect. It should be noted, however, that there were some, though = |

-

considérably smaller, diffcrences between group's 'even in the home-

cage environment, suggesting that temporal cues were- also acting as _

il

conditioned stimuli for the hypothermic _ effect-

i Termperature during absginence: On Day 84 of the °

experiment, animals received .their last morphine injectiopn. The

i

. B R . -
N ‘ - A ) ©
« . '
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52

- next ‘ten days, ﬁays 85410 94, were spent ig the-home-cage. The

,ﬁean teﬁperatﬁré readings for the four gio;ps taken at 9 h are
shown 4n Figure 9. It is apparent that at 9 h there was no.con- . -
sistgné difference between the groups. A Qrou; i Day analysis of

varlance carrieé out on thé data for the first five days (Days 85

to 89) yielded oply;a'éighificant'nay effect, confirming the lack

P

of a group difference (Appendix A, Table 28).
& , . T '
‘\&;_// ‘Figure 10 presents the data from the 11 h readings

over the—éqme“period.. As can befseen, there was an initial, dose-

K]

. 2

' "related, difference between the groups - that disappeared over days.

»

The Group x Days analysis for the first five days yielded signifi- {
cant Group and bayé effects, but no significant {nteract}on (Appen-’
* dix A, ?abie 29). A further analysis of the 11 h temperature

,reading was done to compare Days 85, 86, and 87 to Days 92, 93,

3

" _and 94. For this a Group x Block x Days analysis of variance was
t - . .
used (Appendix A, Table 30). The only significant effect was thé

. . Group x Block interaction. It is evident' from Figure 10 that this

reflects the fact that, at the beginning of the abstinence period

there were group differences, but by the eénd of the abstinence ’ “ R
'!&‘ 4 . B N p—
period the difference at 11 h had disappeared. Note further that

the larger the dose of morphine administered the more slowly the

effect disappeared,

.

-

. . ‘ After abstinence: After the period of abstin-
. 1'- ence, on Day 95, and again on Day 121, the animals were returned
. . s

to the pre-injection gnvironﬁent and temperatures were taken at '

v ?
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11 h. In qrder to test for conditioned temperéture responses to

' 3

the pre-injection enQironmental stimuli a comparison was made be- .
-~ - o P ®

- tween the temperature réadings on Days 95 and 12} and those on .

Days 94 ané 120;(dayann which £he animals remained ‘in the home-
+  cage). A comparison of the 9 h temperature'reading; on these”
' days using a G%pup x Environmeﬂt.x ﬁepl}catiog analygis-of vari-
. ance revealed that nejther the Group effect nor any ihteraction
involving Groups rg;chéd signigihance (Appendix A, Table 31). A
similar Group % Environment x R;plicétibn‘anaiysi; of 'variance for N
the 11 h teﬁperabure.revealéd simiiar findings (Appendix A, Table —
' 32).1,Thus aftér &Fn days of abstinence thé ‘pre-injectign hypo-
. thermia effect was n; longgr éﬁpa{ggt/lnjkﬁe pre-injection énviton_
~ ment.. To provi&e further confirmation for this findin}, thé i1 n
temperature reéadings for the first four days in the preéinjection

environment, Ddys 95 to 98, were analysed using a Group x Déy

analysis of variance (Appendix.A,‘Téble 33). Onl

. Day effect
yaé significant and neither the éroﬁp'ekfec nor ‘the Grbup x‘Day.
interaction were significant.
. . * } . « ,
The Post-Injection Conditioned Effect Co C ;
. ’ In thé c;éé of ;he.pré-injectipﬁ:data, because
there was no significanf'&iffergpcg in’temperature of éhe four
'groups ofianimals ;t 9 h, it was ;ossibye to ﬁakg comparisons be-
tweénsthé groups at 11 h and to. assume. that any differences weré“

5

" due to the experimental manipulations. Any d%ffeg;ncgs; however,

a2
s

-




56
found at a later time (12:45 h and -14:15 h in the post-injection

‘anvironment) could have been due either to the conditioned pre-
. injection hypothermia evident at 11 h or to intervening experi-

‘wental manipulations. This made comparisons between the groups
' Vo . ‘
in the post-injection environment, during the period of morphine

administration, difficult to interpret. The same problem, however,

‘did not exist in the period_after“abstinencé. As was seen, above,

after abstinence there were no 1ohger any gioup dif ferences. in '

\

_~ tedperature at i1 h in either the home-cage or the pre-injection

\

o environment. For’this reason, temperature differences between the
. | '

grougs‘in the post-injection environment in the period after ab-

 stLpéncé will be considered first.

. ' LY - B
- Tests for conditioning after abstinence: Tne

D mean temperature rgadings taken at 14:15 h for the four groups‘on

Days 93 to 122 Are shown in Figure 1ll. 1t is evident that at

(

14:15, animals in the worphine groups were hyperthermic in the post-

-

injection environment, not only compared to animals in the saline
group (Group 1), but also compared to their own temperatures taken
at the same time in the hoﬁo;caée on other days. ' In order to test’

for the situation-specificity of the post-injection hyperthermia,
. . Ny i v

1

;15 h we}e

the temperature measurements taken at 12:45 h and at 14
analysed using separate Group x Environment x Réplicatién analysis

of variance, comparing the home-cage Days 94 and 120, “to the post- .
) .\ - , AN a

injectign environment Days 95 and 121 (Appendix A, Tables 34 and

35). At 12:45 h-the Environment and the Replication' effects, and.

-~ ’ - 1 —
»
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the Environment x Replication interaction évete“s;.gnif'i ant sug-

' gesting zhat ‘the mean temperature for each of the four days included
D 1
in this analysis was different. However, nei,th':ar the Group or
Group x Environment effects were siénificant “suggesting that at

12:45 no réal_’group differences had emerged. In cbntrast the

.

analysis of the 14:15 h temperature measurements revealed that only
Ed

the Envircmment effect and the Group x Envifonment int’eraction were

significant (Appendix*A " Table.35). As can be seen from Figure 11 .

these significant effects reflect agreater difference between the

N
~

,g:foups in -the post-injection environmeht than in the home-—cage. . : 5

Test fof,cond;ttionin’g during the period of mor-

Y -

'

phine admini{stration: Théere were two sets of saline test days ’

3

during the period o'f.moxjphine adminijstration. Each set‘.‘_cansisted_ . x

' ‘of a day‘in the posc-in‘jection 'ehvimment (Days 37 and 79), paired = *¢ o ‘
-~ ’ . §

with a day* iuhe home-cage (Days 43‘&d 85). Tne mean group tem— »

» peratares ‘for these four days-at 12: 45& and at 14:15 h are shown .
.- . §
g 1h Figures 12 and 13 respectively. Again sepafate Group x En\ziron-

o . - N L] -

ment x Réplication anaiyses of variance were done for the 12:45 h

v

. and 16:15 h temperaturcs (Appendix A, nbles 3 and 37). At 12:45

h the only signifl(:ant effccts were thie Group X Eﬁvxronment inter-

“ )

- action and the ‘Replication effect (Appendix A, Table 36). From ~ . '+ .

Figure 12 it can be seen that in the post-injection environment _—
. animals in the morphine groups had lower body temperatures than , T -

animals in the saline group (Group 1), but that in the home-cage

. Do sych dffferences existed: At 14:15 h thé three main effects R \ ,




’ N R | ,rjtf .'I*- )
‘Days: © 37 43, 79. 85
Env.: . Post_-l HC+sPost-l H C°

N
a .
! .

Figure 12: Hean body teu:perature of animals in the four groups on

saline test days at 12 45 h in either t:he post-injectxon

environment (Post-*l) or the .home-cage (HC).
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a

'Greup 4, the high dose of morphine group, was hypothermic telative

’ peiiod”o morphine administration by the pre-injection hypothermic

v ' o : . .
and the Group'x Environment iA!Zractions were all significant

(Aﬁpehdix A, Table 37). Af&hough'there"appeared to_be'grdup dif—'
ferenCES -in both environments only in the post injection envirom-

N ~

ment were these diffenences dose related. Note in Figure l3fthat

»

- - C et
to the saline group (Group 1) in the post- injection environment ] N
#

.
A »

‘but hyperthermic relatlve to Group 1lin the home-cage.

Difference measures ‘of the post—morphine effect.
7N

. The difference between the post—lnjection temperature effect

measured during the perioﬁ of morphine administration and that -
v

g ' -

measured after abstinence’ could have been due to,the difference i

.

between the gtoups at 11 n during these two\periods. In order to
Y

compare the results from the two periods more directly, the dif--"

AN

ference in temperature between 11 h and:12:45 h or between 11 h

- - R .
and 14:15 h was-calculated for each animal. 1f the difference

——————t—

scores found in the ggfiod of morphine administration were similar

4 ‘
to the differente scores found in the period afteg abstinence,. it

. .
Figure 14 shows the mean’ differemce scores between 11,

'h and 12 5 h and between LI'h and 14:15 h on_ tesqqgays during .

P Iy @

\
121. It is evigcnt that scores in thé’ two periods are
N - >~

veyy similar. Separate Group x Period x Replicatipn analyses of’ .
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1

N,

. ’ | ) ' .
variance were done for the 12:45 h and the 14:15 h data (Appendix’

A. Tables 38 and 39) 7 The.analysis of the difference scores be-

tWeen 11 h and 12:45 h revealed only’'a significant Group effect. ;
8

~ This suggests that the group-dependent changes in body temperqture

.were virtually the same in the two periods. A very similar pattern

of results was obtained for the differe%se scores betveen 11 h

and 14:15 h (see Figure 14). The analysis of variance, however,
\ > ' .
revealed that there were significant Group, and Period effects and

- . - . - . ~

a sigmiﬁicamt Group x Period x Replication interaction. -The sig-

v .

nificance of the interaction can be seen from Figure h? in which -

. .. the difference scores for the four test days are‘plotted. It is - ;
‘evident that the differencee between the groups were getting f“ Coy
. larger during\ the period of morphine administration (the acqui- L. ) g
- 1

sition phase of conditioning) and smaller over trials in the period,

- ~

after abstinence (the ' extinction phase)ﬂ This suggests tpat it
» . o

. was the difference petween acquisition and extinction""that«rej e T

f ' -
LI . '

sulted in the three-way interaction. v

Tests using maloxone and 5 mg/kg of merphine‘ ' L )

»

e o Naloxone and the low dose of morphine were given ; .
v instead of the usual unrph ne injections on different test days ) . i

during the period of morphine administration in order to determine

how their effects might interact with any conditioned effects evi-

o T Ly -

.

\%aent in the post-injection environment. However.‘the post-injec-

N ' «tion conditioned effect in itself was difficult’ to analyse

., . ] . .
i . . - s .
i e . - : 4 ° y
. . . .
. B
N
.
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) enviropment on saline test days dunqg the pe . .
morphine administration (Days 37 and 79) an after ’
abstinence (Days 95 and 121) ’
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because,gf the lé;geodifferenceg in the 11 @'pfe—ihjectiog tem
., perature feadings. For this reason the effects of the naloxoné
and the 5 ﬁg/kg mgrphiﬂe test were not ana%ysed ané will pot'be,
repogtea.' It was possible,'ﬁpwever, to consider the effecf 6£

naloxone givern at 12 h in the period after abstinenqé’when there

~

was no longer any differénce in 11 h temperatures between.groups.

The 12:45 h agd ‘the 14:15 h data were analysed by doing separate
t - ! . .
Group x Day analyses of vagian%é for each time, comparing a .saline

test day, Day 96, with a naloxone test Hay, Day 97 (Appendix A,

Tables 40 and 41). Thé results were identical for each time,,

©

~ ' there were significant Group and Day effects but no interaction.

. ~

. w1
This suggests that vhile naloxone may have had a geperal effect on

: P ¢
" temperature (the Day effect) it did not disrupt the group dif- ‘

- -,

. ferences. The morphine gréups vere hypérther&ic;relative'to the ¢, -

saline group-and maintained their'dose-relafed pbsitions after

both a saline and a naloxone injection. .
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Discussion

- + : - 1
- ¢

In the present study two different conditioned

temperature responses to mbrphine are evident. One, the condi- ,

~

+ - tioned hypothermia developed rapidly, was*e1icited in the pre-

.injection environment before the injection of merphine, and dis-

appeared after a period of abstinence from morphine. The other,
p . 2

:ﬂ . *  the conditioned hypertherméa, was evident in the pgst-injection

‘ ' environment and manifested itself most clearly in the period after :

abstinence from morphine. These results-would seem to bear di— .

~ v

o .. rectly on thgbcontradictory findiﬁgs repofted in previous studies
" of cdnditioned temperature responses to morphine. While Mik;ic et .
' al (1975) and Roffman et 'a;l (1973) have _réported a condi.tionéd ) g
hyperthﬁzmic'requnée, Siegel 11976,‘Note«l) has evidence that\the &'

| ’ . ¢ conditioned responsg,tb'morphine is a hypothermia. It now seems . ;
‘ . ) . “
i apparent that these differences may not only arise from methodo~

-

‘logicaf factors such as the di'fferent control temperature readings

used in these studies, as was,spggested in the introduction, but - e
also from the fact that in thege studies the immediate pré—injection_/h ‘
. . énvirdnment was the same a; the post-injection environment. -,
Before d;sgg§sing in detail ho& the presen; results
y:

can be compared to those found in the previous studies, mention

must be made of an unfortunate feature of the baseline temperature

readings in the present experiment. It will be recalled that‘tﬁhie

H

were differences in body tempera&ure at different times during the ‘

o L 3




'

3

“

. ' ', ) \ ~_‘ %‘
o : S 7

day in the saline baseline périod (see Figure 1)%and that ;heseb

4

temperature differences were evident in ?nimals in the saline con-
trol group throughout the study. The reason for these temper;turem
differences is n&t cieér, but they do seem to be under control of
temporal factors. During baseline days animals were warmest at 11
h in the pre-injection environéent. This "z:ise;I in temperature at

11 h was evident in the saline group throughout the study both on

)
-

days the animals were in the pre-injection environment and aﬂ'days‘
when' they remained in the home~cage=(see.Figure 8). Because of
these diff;;ences, comparisons between the absolute temperature of

morphine animals at one time and their temperature at another time

™

were difficult to interpret.. The appropriate temperature compari-

gons,therefore became those between the groups of morphine—treated

A 4

animals and those of the saline group. ) ,
Recall that Siegel (1976, Note 1) reported that the
. . L

condiEioned response to the stinuli assocfiated with repeated admin-
.. . ’ ) B

istration of small doses of morphine was hypothermia when compari-

sons were made between the morphine treated animals and a saline

control group. In the present study, a similar conditioned effect

was noted in the(pre—injectibn environment prior.to‘the morphine

administration. Furthermore, during the period of morphine admin-

istration,’ the conditioned response evident in the post-injectioh
a ‘ -

enviropment was still a hypothermia relative to the saline control

. [

group. These findings, considered .as such, confirm Siegel's and -

v

supports the view that the conditioned response to morphine is an
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» - - ‘ -

anticipatory hypothermic response opposite in direction to the

wnconditioned response to morphine.

a

The finding of an anticipato?y—ﬁyfothermic response-
is of interest fo; ahgther reason, and beafs on the usual interpre-
tation of ﬂwithdrawal.symptoms". The doses of morphing used in the
present étudy range from small to‘large. ‘Becﬁuse‘the large dose

produced dependence as measurkd by weight loss, the possibildity

v -

that the pre-injection hypothermia waS'a'phy§iological regpohse to
. ] i

<z

. the teﬁporary absence of morphiﬁe from the body had to be consi~

"dered. This was especially important to consider since, over the

‘coursg of the experiﬁeﬁt, the ‘magnitude of the effect proved to be

I

dose~related (see.Figure 5). It-was demonstrated, however, thaﬁ

the hypothermia could not be accounted for in pﬁrely physioclogical

B Y

terms, but was a conditioned énticipatory response evident only in
the pre-injection environment at 11 h and not at 9 h in;the;ho@e-
cage. Similarly, during the perioé of abstinence the group dif-

ference was evident on.successive days at.1ll h, but was not present

) - N / .

during the interveming, 9 h, teﬁpefa§hre readings (see Figures 9
and 10). This spggests‘thatsat'least some of Qhat are generally
labéled "Qiﬁhd}awal symptoms“ are réally ‘conditioned anticipatory
régpogses to the onéoming morphine ¥njection. It may bef there-
fore, ihat some symptémé; ﬁermakly considered to réprésept ﬁute
physiological effecfs, are in fact condifioﬁed’effects inagmﬁch

as as they -are observed in the situation in which the animal nor-

mally receives the drqg: %

) : ' L
v
'

-~

e o e
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This- inte pretation tan also be applied to findings
! 4
from studies of the co ditioning of withdrawal symptoms (Trost

1973; Wikler & Pescor, 1967). ‘As mentibned in the introduction,
i
in these studies, the konditioned stimuli for withdrawal are
usually presented and then terminated close to the time when the
. p]

’ ,

:snimals would be injected wﬁts‘their maintenance dose of morphine. =~
Similarly,” in ;he b'Br;en et al (19775 study, the dose of naloxone

was chosen so tha; its;effects were short lasting, and termiration

of the cendi;ioned“stiﬁuli coincided Giéh reinslécement of g%e -
- ‘methadone effect.. Thss, rather, thén conditioning withdrawal ’
syﬁptoms, it.may‘be thst in these stﬁdles an anticipatory response

}
to the next injection of morphine, similar to that found in the

present study; may be being conditloued.
One final feature of the conditloned\ané&cipatery
.hypothetsia fOun& in the present study requires comment. Recall
that ehe effect‘qeveloped ;épidly (see Figure 45 and was clearly
evident throughout the period (see Figure 5) of morphine administrs—
“tion. The‘fomparison of the 11 h temperaéurp in the pre-injection’
enyironment and in thi home~cage showed that both situational and
temporal cues were important in eliciting the effect (Figure 8)
At 11 h durln% the period of abstinence the hypothermic effect was.
evident for several days in the home-cage and then disappeared in
a dose related fashion (see Figure 10). Surprisingly, when the
" animals were returned té the conditioning envi;onmeht after the

-

N ’ ’ 1 ) . .
period of abstinence, there were no group differences in body




'
» . .

) temperétures at 11 h. It was unexpected that stimuli €hat had

' ences })etween‘the groups on days when thle animals re;ained in the -

-

previously been able to elicit the effect (see'Figure 8) no longer

did so, especially since there was no opportunity for extinctiofi” to

occur to these environment cues. R \

.
g
@

« o There are two possible explanatiéns for this loss

of the conditioned anticipatory’'response bver the period of abstin-

ence. One {s that ‘temporal cues were the major or most salient’

condflioned stimuli for th‘e conditioned anticipatory response.

Morphine was always administered.at _12 h creating the po.ssibflity

-

that temporal cues were at least part of a complex of conditioned

stimuli. There are two findings that appear to support this line
. * — : ‘ ‘
of reasoning, While it ik true fhat at 11 h the temperature dif-

-

ferences, between the animals in the morphine, and saline groups

°

were larger in the pre-injeét\ion environmeng, there were differ-

L ]

< : .
'home-cage (see Figure 8). Further, when animals remained in the
. : ‘ N
home-cage, during the period of abstinente, the difference betwecen

" the morphine and saline groups was evident at first, but disap-

peared over several days, in a dose related fashion. ')lL may have

) B C .
‘been that because morphirne was no lon}elr administered at 12 h
during the period of‘ abstinenc'e:, that fhe ;:esponsé normally elicit‘ d
by the temporal cues extinguished. If thi{s were the case, it is
vPo’s’sib',l'e thqt;on retum'. to the pre~injection enviror.unent‘,!~ because

the reésponse to the temporal cues had begn extinguishetl the effect

could no longer be elicited even by thla complete complex of

N~




7% .

. . cconditioned sgtimuli, o o . , , \
’ ‘ ‘An altemative explanstion is that the conditioned

>

. . hypotﬁetmia was tx.ed to an arthlclal depnvatlon state induced

by the daily administration of morphine, mut':fx in the way ,that: con—
ditioned 'salivation would be dependent on foad deprivation. It is

L4 e B ' v

. : possible that the hypethermic response, 'which was cleaply time and

'

w ) situatth, required the deprivation state for its ~

/ , e
elicitation. Thus after the period of-abstinence, when animals

- -

were no longer in the akifﬁcial deprivatign—state, the condifioqeq

s
-

i . ?
< ! rhypothermic response may no longer have been elicitable by the

conditioned stimuli. The adequacy of either. of these two possible

explanations could be tested for in two ways. One would be to,

kS '
\_/ reinducc the morpntne deprivatlon state by giving a few daily in-

)

jections of morphine and then retesting for the coriditioned tesponse

¢ 'Y

in the pre-injec‘tibn environment. Alternatively, morphine)could ‘be

. . . i
administered to animals in a distinctive environment, but at ran-
Rd : . & .

> dom intervals, in order to prevent temporal cues from becoming

3 . . . ,
part\of any conditioned ‘stimu‘fus complex ‘predicgive of morphine.
N N g . )
\) ‘ Under these circumstances extinction of the responses to the con-

) ‘ditioned stl;nulus sho/ld not occur during the period of abstinence.
If, after abstinence, the condifioned effact could still'not. be ..
N elicited by the cues of the distir}cti\{e e’nvir'o.nn‘xent‘:, ite wonld have
to be coneludcd ;h:lt the conditioned response was de;;endeng on the

. . presence of a state of art,ifici‘ﬂ deprivation induced by morphine.

. . Turn now to the rclevance of the present study, to
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Sadutad
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«

the findings of Miksic et al (1975) and Rof fman et al (1973). It R
" will be ;emembere'd’that in their studies the- coﬁditioned response

[y

to morphlne was - reportécf (:o be hypertherma or a mimicking of’ the ¢ .

-
.

‘uncondiuoned reﬁponse to morphine. Miksic et al (1975) found that

anj;mals ‘that had been receiving a 20 mg/kg dose of morphine

paired s?;bfa tone, showed a‘'rise in bddy températuz:e' after pre-§'
’ - B . il ' . ,
sentation of the tone alone. compared,.to;)thei):. pre-tone temperature. .

¢

Roffman et al °(i973), studie'd—co'ndition‘iﬁg Ain 'animals made dependent

&

A - . . s .

by repeated administration of high doses of mor'?hine in the pre- .

’ °~ L] f\ K . ‘ ‘ ' + ’ hd ‘ ’
sence of a conditioned stimilus., They found that animals exposed

-

o to repeated presentations of the conditioned stimulus alone during

a perioddgf withdrawal from morphine, maiantai‘ﬁed higher body tem-

peratures, than animals not exposed to the conditioned, stimulus.

It woyld appedr that in both-of these studies, control temperature

Y ! ‘. s
! . f ‘
¢

readings were taken in the same environment as were the post-condi-

tioned stimulis temperati’xre readings. ' , . ‘

” .

'I'he comparable data from thc)resent expcriment are

P

[N

-
t

the post"-injection temperature read}ngs. A simllar posté’injection
hyperthermia was apparent, but onlyéti\cldearly so, in‘the period-after :

abstinence. \During the periad of morphine admfnistrbt 1on this con- -

*

>

to the saline group in the post-injection eng .:
vironment. Ho?:evev, as- mentioned in the results,\this could have‘ A )
beie'n due to the pm-—injection hypochermia maskimg any post-injec- .
tion effect. 'The situation is further comp,liqated by the fact that | . ’
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1] . - M . = "‘
the' saline control group body temperature wgs highef at 11 h than
" — ¢ .

at any bdther time. The only way, theng in which to test for a

' . - . ' )
similarity between the processes occurring during the period of
SR

[}

morphine conditioning and those occurring after abstinence was to

N 3

. tog b
the post-injection rcadihgs in the two periods. Given that the

pqst-inﬁéction hyperthermia was a robust phénomenogiin the period

N , “:,) . '
after abstinence\the analysis of the difference scorés provide
strong support tha

a similar process was chufring during the

! 3
. "

period of mo;phine adminlstration.
Ll ) ‘
). Although it would be .premature to specdlate about

its 1mp11catlons, the fiﬂding that naloxone.did not block this
’}

post injection, post abstinence hyperthermia, is intriguing and

‘\s’

/"\ b
worthy of further study. “This findizﬁ becomes espepially int eresting

in light of~reports that naloxone does have the ability to block
-~ .
the conditionlng of’ hyperthermla in anzmals rece1v1ng 'daily oses of

morphine (I)rawba\igh & Lal, 1974; Lal et al, 1976). . | s

. The fact thag the post~ inJectlon condltioned hyper—

o

n
<

thetmia was clearly ev1dent in the period after abstinence is both
ppzzlingrand facina&ing. Unlike the pre-injection cﬁndltionedc .
antiéipasbr; temperature effect, the pdsé-inject;od conditiénpd .-
’hybértherhii did not dis'ppear)aftex the‘béripd of abstinence. .
'Cléarly tﬁis finding has important inmlicatiops for qﬁestionSHngn—

n,

cerning the role of conditioned‘!n§t0r§§in the tesumptioﬁ>of mor-=-

(y
ine for °

phine intake in'lndividualg'whg have stopped takiﬁg mor

compare.the changes id&ﬂempcrnture that occurred between 11 h and <rg

.
H
i

3
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gong té€rm treatment progréms will-have to be ltered. (\
, ] .

74

. ‘ ] v . . . . »
long perlo\ds of time. ,Lf long after a peridd f withdrawal from .

& ]

the dx;ug, stimuli that have- been associ(atecy with\@the effects of mor~

{nine continue to be able to eli‘gic conditioned phyeiological

#7 / .

C}Langes, similar to those produced by morphin ,' our ideas about

v

-

4 e Ix\ sunnnary it can be said that the present st;udy

-

shows that the conditioned effects to morphing” are much more com—

plex and probab]g morg importamt t:han previously suggested. Eve"\.
- A
within one regpo}\se system, the temperature systEm,"t\m different

conditioned e%fects were apparent in the same anima,.s, one opposing,

and t:he othe,r mimxcking the unconditi,oned effects of morphine.
i . »
Furthermore,"the results suggest that anticipatory opponent con-—

ditfonéd responses may account for aspects of withdrawal s’.ympto;ns

“r

'whegeas mimickiqg ‘or "placebo" responses ‘evident after a peri.od

®» . - r :
of abstinence may be important “in t‘.he resumption of drug use.

i




26 s ' !
-

- . s * . . R .’ R . , - , . z . A
TN . - ° . LI . : . 'Y
- ) . . » ) \ . ’ l ) ;
. - - . , . .
* . L . . . . mo ' .‘ . . . vt -
n&‘ *a . . 0 i . - Ny " - . X . - » ’ , \. - . . o .
: : L : 75
. ., P . .
. . . . , . \ B = . .
. . : Reference Note - : L
. . A . - ‘. 4 . : e
. > . B N =, : . ) ‘-"
. } - - & . - ". . - . .
' ’ 1. Siegel, S. ’pérsonal communication, Fall, 1976. My : )
* .t . . . ».
~ - o

. .
, . . , .
3 . F 7
‘4 0
N !y . -
.. . .
J ol ) w . ‘- )
. ¥ . » .
¥ ¢ . . .
. . -
N ' Ve .. .
. 4 e R , B “
" ’
. . -\j—
. L . ; o B
- L. S > .y
] - N N ) .
v s N : . 4‘, -
. . ! . - , . '
¢ . LY, .
. * . .
. . . N . X
° [N
‘ s ; . -
M . -
. N » .
l e . v ki
. * [ . R
. ' :
. , . .
. [
" 4 -
] ., M

] L]
| . . - te
B . . i .
.o oL [
. 3
& ' ] ! - I-f" '
] N ! -
. L *” P . o,
ﬂ. . . .
PR SN .

G
-
.
. r‘\‘.
. v
f . h‘u:
. ' .
o,
.o
-«
. '
. .
L4
' . o
- s -

4 ‘?" G .?:f; gk.m”
¢ ® . g

o



76
References ' -
2 ’ . N . A J )

Ary, M., Chésarek, W., Sorensen, S. M., & lLomax, P, Naltrexone-

.induéedchypotﬁermia in the“rét. Eurgpean Journal of
.

o ) v . *

Pharmacolégy, 1976, 39, 215-220. A

Babbini, M. & Davii, W. M. Time-dose relationship for locomotor .

activit§ ‘effects of morphine after acute or repeated

+ ' \ .8

treatment. British Journal of Pharmacology, 1972, 46,

. o . 213-224." : g

»

Babbini, M., Gaiardi, M., & Bartoletti, M. Changes in fixed -

interval behavior during chronic morphine treatment and A

. T mprhine abstinénce in rats. Psychopharmacologia, 1976,

.o ' 45, 225-259. " ' Lo , 3
. - ’V ‘. P , . . %
Bush, H. D., Bush, MuF., Miller, M.:A., & Reid, L. D! Addictive
. A v N - / A 5
H4 AN . . v L .
‘ agents and intracranial stimulation: Daily morphine and

1

i ’ _lateral hypothalanic Self-stimﬁlatiph. Physiological ‘.
B ‘ o ’ Psychology, 1976, 4, 79-85. o o ro—'
N ¥ Céllins, K. H. & Tétum{ A. L. A conditioned salivary refiex .
, . .iéstéplisheq by chronic morphine po}soﬁiég. American l N .
. ) o Journal of Physiology,.1925, 74, 14f15f. " . L
l 4 ' {Cbx, B., Ary, M., Che§arek, W., & Lomax, P. . Morphine'hype;thermiél y

—

3

"

* . % ' " ! ' ’
) . « . in the ratf\\Q:\:ction on the central thermostats.  Euro- L.
. . - , . - AR
. . . . ’ . N (} . w

% -- ‘pearr Journal of harmacolggx, 1976, 36, 33-39. .

5 !

)

E

) A v - R [




) bomino, E. F., Vasko, M. R., g}Wilson, A. E. Mixed depressant
s >

* g

and stimulant actions of morphine and gheir Telationshi

. . to brain acetylchoiint. Life Sciences, 1976, lg, 361-376.
Drawbaugh, R., & Lal, H. Reversal by narcotic antagonist of a

Qarcotic action elicited by a conditioned stimulus. ' ‘ -

-

Nature, 1974, 247, 65-67, : . B

o ' Esposito, R., & Kornetsky, C. Morphine lowering of self-stimula-

N v

tion thresh'o;ds: Tack of 'tol'erance with long-term admin-

- ’ “istration® Science, 1977, 195,’ 189-191.

» . Fa

<

", Glick, S. D. & Rapoport, G. Tolerance {o the facilitatory effect :

} ] of morphine on self-stimulation.of the medial forebrain

. >
| \ ’ bundle in rats. Research Communications in Chemical = '

e

Pai:hology a:‘md Pharmacology, 1974, 9, 547-652, *
R .

. Goldbérg, s. R.f Schuster, C. R. Conditioned suppression by a

B stimylus associated with nalorphine in morphine-dependent o

. ) \ .
monkeys. ‘Jo&rnal of Experimental Analysis of Behaviour, ! e} 1
. ° N t -
1967, 10, 235-242.
N . ~ & ]

Goldberg, S. R., Woods, J. H., & Schuster, C. R. hbrphine:

Conditioned increases in self-administration in l}hesus } L
monkeys. Science, 1969, 166, 1306:1307.. 1 .

\ N .“
: (\» Gunne, L. M. The temperature response in rats during -acute and’ A !
N S ' @ |

.chronic morphine administration a s}tudy of morphine
. ~ v

s " tolerance. Archives Internationale Pharmacodvnamie et

Therapie, 1960, 129, 416-428. \ o , _ : b

Y
.
N
T
>
b
1

_\ e st man S G W

-
o
Y
B

O e IR e

s \
yupREl

o




-

‘ Herrmann, J. B. The pyretic action on rats of small doses of

‘. » morphine. Journal of Pharmacology and Experimental

A

.

' , o fherapeutics, 1942, 76, 309-315.
|

" Y . N
. . . Jaffe, J. H. Druq addiction and drug abuse. In L. S. Goodman &

" A. Gilman (Eds.), The
_ . . . \ : ’ )

— . peutics (5th ed.}. New York: Maamillan, 1975,

. P ‘ . .

' - ‘Jaffe, J. H., & Martin, W. R, 'yarcotic analgesics and antagonists.

pharmacological base of thera-

' < ! “ _ . M
In 1. S. Goodman & A. Gilman (Eds.), The pharmacolggical
‘4. - N . . B
¥pasis of therapeuties (5th ed.). New York: Macmillan,

[y .

. 1975.. ¢ ‘ o 0 ., o ‘
. . o, . N

Kamét, K. A., Dutta, S. N., & Pradhan, S. N. Conditionin§ of -

' -

[N . .
morphine induced enhancement of motor activity. Research

- 13

-

k
-
-
Lo T SN

M . Co . Commilnications in Chemiral Pathology and@ Pharmicolocy,
"1974, 7, 367-373. \ : ' L
N '*ﬁ" - ) g
~Kayannﬁs., Woods, L. A., & Mitchell, C. L. Mprphine-induged . . is
_ e \ . S ) , 3

\

» : hyberglqesia in rats tested on the hoj plate. Journal . S '
j , . 7 S .
of Pharmacology and Experimental Therapeutiés, 1971, o

e

.

177, 509-513. - . )
Kleitman, N., & Crisler, G. A quantitative study of a salivary .
, S ‘ ' ’ N G

conditioned reflex. American-Journal of Physiology,

‘ 927, 79, 571-614. D \ : A

L9 ar, R. Morphine dependenge in rats: %&pcondary'reinforcement : ' '
from énvi;onmental stimuli. ,Psychogharmacolddia, 1972, .

- 1 . T

- ¥ ‘ I

L. N f
Co J 25, 332-338. : , , : |

- —_—
. 3

TR e —

e T e, g . .
R W e L. . .
N TR ntn oo %g Yo g i3 el e Ry W o oo,
I L 0 bt et S DR PR AT A IR IRAPO WA




7 .
| K . . . v ) K

79

.

Lal, H'.', 'Mi)gsic. S., & Smith, N. MNaloxone antagonism ‘of condi-
‘ tioned hyperthermia: An evidence \’fo,x; reléasequ endo- —

~ o

o genous opioid. Life Séiences, 1976, 18, 971-976.
. ' Lomax, P. Measurement of 'core' temperature in the rat. - b

Nature, 1966, 210, 854-855. ' -

™ Co ‘ ) l}‘ :: -
Lomax, P., & Kirkpatrick, W, E. The effect of n-allylnormorphine

8n the development of acute tolerance to the analgesic ‘ .

4 .

and hypothermic effect of morphine in the rat. Medic:ina

» -

Phaymacologia Experimemitalis, 1967, 16, 165-170,"
“ Lorens, S. & Mitchell, C. L. Influence of morphine on ‘ - .\ )

lateral hypothalamic self-stimulation in the rat.

Psychopharmacologia, 73, 32, 271-277. o .
24 . .y
. Llotti, v..o., Lomax, P.7 & George, R. N-allynormorphine anta- o @
, v o . Y “ \ 3
chp’isu'z of the hypothermic effect of morphine in, the rat ) o A
. ) " | . l' i
"following intracerebral and systemic administration.
~ . ' CT '
Journal of Pharmacology and Experimental Thertapeutics, T o
¢ - ' ’ .
. . 1965, 150, 420-425. ‘ N *
. * . ’ ’\ ‘ .
Martin, W.'R. Opioid antagonists. Pharmacoloqgical Review, 1967, ‘ :
. . . .
{5, 463-521. .
Martin, W. R., Wikler, ‘A., Eades, C. G., & Pescor, F. T. Tolerance ) l
‘ »
tg and physical dependence on morphine in rats. Psycho-
"*  pharmacologia, 1963, 4, 247-260. ’ ’
e o
.t , > . . s
+ ‘ N ! *
v . C ; d. .
f h - ¢ . & .
g *' "
4 - , , . .
; ‘ -0 ‘ e \ '
\} " _ s '
C ) , |
s P S o |
- C ; . P, S PR e DL T el
i . ;:‘; ' » » R L Lo : :, "o ia R 3{ R et ;‘_‘Zf"* TSP N8 MR ) L.




‘ L - | _, .

)

Miksic, S., Smith, N., Numan, R., & Lal, H. Acquisition and -

extinction of a conditioned hyperthetmic respodse to a
g .

. tone paired with morphine administratdion. _Neuropsycho-
biology, 1975, 1, 277-283. . ' . - v

O'Brien, C. P., Testa, T., O'Brien, T. J., Brady, J. P. & Wells,

B. Conditioned naroetic v@thdrawal in humags. SCiénce,

i977, 195, 1000-100z2. . '

.JPaolino, R. M., & Be;nard, B. K. Environmerit temperature éffects‘ - g
y

on the thérmoregulatory response to §ystémic and hypo-

thalamic administration of morphine. Life Sciences, 1968, .

7(1), 857-863.
e - ™

Pavlov, I. P. ‘Conditioned reflexes (G. V, Anrep, trans.). London: =

v
«

Oxford University Press, L92/. -

.
-

Roffman, M., Reddy, C., & Lal, H. . Control of mofphing—wiﬁhdrawal-

>

.hypothermia by conditional stimuli. Psichqph%rmacolqu,

1

1973, 29, 197-243. ’

Schuster, C. R. & Woods, J. H. The, conditioned reinforcing effects
of stimuli associated with morphine reinforcement. The

International Journal of the Addictions, 1968, 3, 223~

i

. 230, .

‘Seevers, M. H., & Deneau, G. A. Physiolbgicai aspects of tolerance

o . - c ey

and physical dependence. In W. S. Root & F. G, Hofmann

(Eds.), Physiological pharmacology (Vol. 1). New York:

v ‘\
, Academic Press, 1963. - . ‘

s " L »




- : ' K

81

lSiegel,'S.' Evidence from rats that morphine tolerance is a learned .

response. Jourhal of Comparativc and Physiological

Psychology, 1975, B9, 498-506. . g

A “

- . ' Siegel, S. Morphine analgesic tolerance: 'Its situation
specificity supports a ?avlovian conditioning model.
Science, 1976, 193, 323-325;

' - ) - Siegel, s. bephinq tolerance acquisition as an associative

‘) ' ‘ process. Journal of Experimental Psychology: Animal -

] b

Behavior Processes, 1977, gj.l-13. . . }

Trost, R. C, Differential classical conditioning of abgtinence » R

syndrome in morphine-dependénbgraté. Psychopharmacologia,
1973, 30, 153-161.°

Tye, N. C., &-Iversen, S. D. Some behavioural signs of morphine ,

| 3y _ withdrawal blocked by conditioned stimuli. Nature, 1975,

225, 416-418.  ° S , - -

7 Weinstein, S. H., Pfeffer, M., & Schor, J. M. Metabolism and y
] .
'pharmacokinetics'of,naloxone. In M. C. Brande, L. S.

Harris, E. L. May, J. P. Smith, § J. E. villarreal (Eds.),

. Narcotic antagonists: ~Advances in biochemical psy cho-

pharmacology (Vol. 8).. New York: Raven Press, 1974.

Wikler, A., & Pescor, F. T. Classical corditioning of a morphine ;. %
¢ . . .

oA s

abstinence phénomenon. reinforcerent of opioid-drinking ) .

'

behavior and 'relapée'Jin morphine-addicted rats. Psycho- '

. . pharmacologia, 1967, 10, 255-284. . . ST B

’+

TN ardg it T R i)




1

.. . . ‘ Summary tables - .

L ) S y : . for the ’ ) . .

‘ A ! b . * - " 3) .
’ R -analysis of variance : rh .

3 ) T - . B
< " . - = o t
o ¥ av - . PO e
b ldn - RSTTIE ekt [{ e N Hie )
g.g,j TR "'m‘t‘u e f’uﬁ-» e e o Tl : &}.e u“m}"\e P Sk
B B T At .“rxA' TR N




- TABLE 1

<

-
\

" The.analysis of variance of the effect of the time of day on the

tempigrature of _animals in all groups on days: prior to the start

of the experiment,
e
. Source N

Group (G)
Subjects* (S)
Time (T).
Gx T
TxS | .
J ' ‘
© Days (D)
GxXxD
DxS,

»

GXTxD
TxXxDx$§

*p £ 01, -

- 78

12
36
312

v

»

e

MS - )
1.50 1.607 . -
-V \7
6.99 - 30.53%

.16 .72

.23 -

J44 3.93*

117 1,52

L
1.49 13.55%%

12 . 1.08

.11 '

'( - .
R

-y




TABLE 2

.

The analysis of variance of the salihe baseline temperature of

‘animals in all groups for all times of Days 1-to 4,

-

a ‘¥
14

source R ' oM E

Group—(G) K L3 .20
Subject (8)°

| -0 '\' °

I ' R

;- P © Time (T) ) L, 4 T 12,59 46.81** ﬁ?
R o GxXT 12, T .70 , 2.60** : :
| o . i L. i \/ .

'y . . - T X S " . . “ - - 104 o - .27 . X -

B " ° .

. Days (D) .30 ¢ 2.0

" ‘ewp, s . .10 .82
., Dxs 78 a5 0 T
- = _' . "' ', . ’ . , ’

- 3

' _ T x°D .12 ' 2.98 16.83%%
GXTxD ' 36 R N -

) %1 TxDxS : T 312 .18 . . ) ‘
. . ] ' ’

#1p.<..01. ) S o o : .

-
.
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.

eRE TR ot PN S S
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o TABLE 3 o .
* .

, The ‘a}\alysis-of variance of ‘thé saline baseline temperature of

" animals in all groups at 9 h in the home cage for ,Days~ 1l to 4.
' - !
Source ' —daf ‘

n - ‘ ) ’

|&
I

CGrowp (6) S .36 ~ . \&61/
Subject (5) - <26 - 59 s
[ N " -4 © S

pays () . . R 218 1L.37%
GxDp ° .9 RS ¥ . .88

D xS o 78 . .19 S




' TAB§4 ‘

¢

Days 1 to 4. | -

°

N T e
Group (G). R J .47
.+ . subject (S) 26 B 4

Days (D) Vi 3 - 1M
v -6xD " ' :
pxs . . . 718 . . .05

t + v .. N
R co ! - o
£} . " .
kS ‘ . + .
- f PR L ="
- ¢ ! Wt . - . . . Y ¢
. - e e . R e e
4 . . 0 . ta
f , N " . I w7t .

The analysis of variance of th'é saline baseline temperature of

. : - animals_in all 'gr’oups‘ at 11 h in the pre-injection environment ‘

o . Sourcg/ ' - at- \nr""

’

24.68%*
.62'



- TABLE 5 . S e 7 o

. The analysis variance of the/ saline baseline temperature of )

) animals in all groups at 12 45 h in the post-ij jection s

va:.ron- ¢ o M ’
o -
. p mént for Days l to 4. P B '
. . s v .0 r - . . ). : * -_ - “ A

, . v - v R n M ~

’ source - . ) ar . Ms | F 1 ’ - .’ g
A : Group (©) R § Ca il1g gw . .: © '
: Subject (s) A . 26 S , ) .
. ‘ R - C - v . ’
) Days (D) A 3. . 21 v sl2aws :
) G xD e ; € S .02, SN - L N

Dx§S8"
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The analysis of variance of the saling baseline ‘temperature of

. .

. ' [ v ’ S )
animals in all dYoué; at 14:15 ?ifg the post—inje%;ioﬁ?environ— ~
' ' . . : f

>

ment for Days 1 to 4,

.

A 1]

Source s .
. 2ou , ,

“Group (G)

© Subject (s)

_Days (ﬁ;
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prg ..
L

¥




’ * * -

TABLE 7

: » ' 'y * ¢ , ' ) . -~ ’
- ' - , N o ; o .
¢ - : o . : ey
. . v The ‘analysis of variayce of the saline baseline‘ temperature of . LY. -
STON .. ' +- animals in all groups at 18 h in ithe home cage £dr Days 1 to, 4.
'.. N ) . '~ y j . . . . ’ ‘ R
& - . o . N ' , ’ * y ¥ R . . , n‘
T "« . Source - ag - . MS ¢ "F o, : ’
- . .. . ' == . . - B 5
. e o ’ v A oD o - : v e
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‘The analysis of variange of a comparison of the temperaépre of ) i}
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The analysis of variance of a comparison of the’ temperature of

animals in all groups at 9 h omyDays ‘94 and 120 and on Days 95

and 121.
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The " analysis of var:.ance .of the compari on of the temperature of

mimals in all gtoups at 11 h on days in the home cage, Days 94
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The analysis: of fariance of the’ é%mperatqz:e'of animals in all ’
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The analysis of variance of the comparison of the temperature of
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The analysis of variance ofthe comparison of the temperature of ) - .-
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The analysis of. variance of the compariéon of’ the Eemperature e

*  TABLE 39
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difference between 11 h and 14:15 h of animals.in all g;oupé in s

‘ the conditioning environments during conditioning, Days 37 and 79 .

“and after. abstinence, Days 95 and 121.
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“'The analys;s of variance of the ccmparzsou of the temperature of

anlmals in all groups aftcr abstlnence. at 12:45 h. on a saline

test day, Day 96 and a naloxone test day., Dag 97.
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The analysis of variance of  the cemparison of the’ temperature of . . -+ , . ¢
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‘ The following tables contain the group mean‘ and
& . . ]

»  staridard deviatian for the five daily temperature reédinQSu The

’

first four tables \afe for the days #n the home cage prior to the

a

start of the experiment proper.f (pays i to iv). 1In the subsequent-*

' o

tables the daily temperature means and standard deviations for

the days of the experiment proper are presented. Thé, days refer

.

to the day of the experiment and the number after the means refers

to _tﬁe Group size.
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For the four days prior ‘to the start of

.7 . the experiment ‘proper, the temperature’ 4 .

readings were taken-at 9 h, 12 h, 18 h,

: and at 21 h (Times l/to-5 respectively). .
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During the'_expei‘iinent the temperature
. ? . ‘-\

*, xreadings “Were taken at S h, 11 b9

12:45 h, 14:15 h, and 18 h (Times 1 -
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Day 1 1 MEAN_ . . 38,075 38,337 38,057 38,129
SeDoa " 0,634 g 0,548 ! 0.721 90582
t - t . < ' . .
e 5 MEAN 38,550 . 38,625 38,471 28,386
. . SaDa 0,151 9.1 206 0,168
. 3 MEAN 37,750 37,775 37,7% 37,729
\ . S¢D,° 0,338 . 0,377 0,336 0,435
‘ . < ’ B -
. &4 MEAN 37,287 37,250 37.329 3ar,es57
LY 8 aDa [Py 2 6f§"‘\ O_A 312_—..___‘1.)58.“._____.0.‘3.&1_
M M » -
T .S MEAN ° 37,112 37,200 37,100 37,343
.o S.0. L 0,285 0,370 . 0,082 0,412
N , i
. LI ’ ‘ 3
- ,L' 3 ’ - .
. s : ,
\-Q - ) . \ . *
1 MEAN . 37,887 38,175 37,843 38,443 7
S.D, 0.416 0,260 04635 0,395 -
S @ wEan 7 38,275 35,187 | 384073 37.05% (
$20a 0e€25 ' Qegee | wasad_ (uZal :
3 MEAN " ar.e2s 37,737 37.629 37,5%7°
' S.D. . 04260 0,475 0,206 0.181
"4 MEAN 37,43 - 37,275 37.329- 37,057
— _SaDs 0 0,292 0.
5  HEAN . ar.ee7 IT.412 37.557 . 38,071
S.0, T 0412 04562 0.574 04475
¢ - b
) LN
.
N »
. i -
v -~ ' . . A
Y MEan )3 ag.ee7 37,437 . 37,643 37,657
S.0. - 04259 .. 0,513 0odeT 0,635
. & . . . ]
-Sab. 04233 _______ 0,387 534, 0,328
['3  mean 3,531 {31,018 374600 3773308
S.D, © 04307 0,430 0,356 W™ 0,227
"4 MEAN 131,337, 37,413 37,500 WAL
SaDo_ 0,366 0,360 0,523 0,214
5  MEAN W 38,012° 36,337 38,300 38,457 -
S.D. \ 00519 00389 “‘00666 . “0.535 .
e .




Day 4 1 MEAN NG 37.900 38,000 37,757 av.omn .
S:De ' . 0,407 0.588 0.836 0.509,
. 'w‘ R .‘ -
2 MEAN 38,200 38,075 . 38,157 37,871
— 52D 0,000 0,410 0.424 0,261
3. MEAN 3ar.512 37,675 37,571 37,429
S«Ds 0.327 - 0,301 0,442 . 0.287
4 MEAN 37,350 37,338 37,643 37,357
T S 0,273 0,378 0640 0,326
.8 AN . 38,075% 7 38,087 37,914 - 38,400
Saba .67 0,439 0.780 0,238 "
~ ‘ ' . ' ) ' '
R i 4
e Q - ,
Y. MEAN 38,12 8 38,386 7 38,383 7
! -7 0,304 - G267 0,364
"2 Tweaw T 77T 38,187 8 R.A14 T 38,043 7
- €.n, n.2n0 9,400 a,arn
‘3 MEAN _ 37,1258  37.308 38.081 7 38,657 1
SeDs 90231 " 0,48 . 04612 0.619 )
A mMEAN 7T 37,5758 37,987 8 39.071 7 39,514 1
: 20, 00443 0,675 0.528___ ~ 1.230
.8 NEAN 38,100 8 - 38,237 8 . 38,871 7 38,014 7¢ |
SeDs 0,739 0.850 0.320. - 0,899 ¢ .
e . ’ ¢’ K ) .
. . A .
1. _ _MEAN _ . 38,250 8 ' 38,063 8 38,0717 38,386 7
TS, o 0.469 0,358 0.588 0.4586
27 TMEAN T T 37,962 8 ¢ 37,987Y8 - 37,886 7' 38,143.7
! S.O. 0‘-320 0.21 . 0.389 0.215
. - ‘ -
3 ° MEAN - 37,762 B' 38,862 8 - 38,871 T _ 39,057 7
DR 71 P ‘04316 . 0,325 0.577 04360
TATTTUMEAN 7T 37,662 8 38.950 8 ~ 39.871 7 [39.851 7
5.0, 0.481 0,400 . 0,403 0,571
5 MEAN 37,5008  37.512 8  37.7T29 7 3T.429 7 .
T Se0, - 04351 . 04473 D680 0,559 — '
’ ' * ' ’ ‘ . ’ ' .
- ~ v ’ . - o
. . ~ . " - ) .
- - [ .. . . . . . " B P -

B




o+ 1

-

1 MEAN 38.212 8 30,000, 8° 37,943 7 38,100 7
: S.0, 0,196 0.362° | ‘04465 o.5u7 k
2 MEaN 38,325 8 37,900 8. 37,943 7 37,857 7.
5.0, 02238 0,302 0360 0,159
3 MEAN _ T 37,8128 39,188 8 39.(57 7 38,971 7
5.0, - 0,270 0,285 8310 0,229 °
& MEAN 37.512 8 39,000 8 39,986 7 %,.929 7
$.0, ¥ 0,485 0,239 0,406 0,275
5T T MEAN 37.750 8 . 37,412 8 37,186 7 37,7577
sho, - 0,639 0,336 0,69) 0,399 .
. .
; ' -
/ L
/ L
1 MEAN 38,0R7 8 37.95¢ 8 38,143 7 37.929 7
S.n, 0.405 0,370 . 04387 04355
Y — (g * o PR
277 HEAN 384050 8 37,575 & 37,366 7 3749536 7'
S.h. n.267 0,292 . h.26) —f0:3R9__
3 MEAN 37,5378 39,237 8 38,914 7 38,4147
5.0, 0.421 0.329 0,273 0,438
4 MEAN T 37.500.8 39,075 8 40.114 7 40,071 7
$.0, 0.355° 0,260 0,157 0373
5___ MEAN - 38.012 b 37.312 8 37,457 7 37.671 7
S.0. 0.488 0,432 0:616 0,461 -
w - 0
‘ 3 " . ,Ti
1 - MEAN 38.300 8 38,012 8 37,957 7 38,029 7
.0, 04417 © 04290 0,360 0,293
2, MEAW _ 38,3128 37,6378 37,371 7 37,757 7
.0, = 0,223 0,277 04180 10,431
¥ MERN 37,587 6 , 39:337-6— 39,171 7 38,514 7 -
.0, 0,391 0,169 . 0,364 ° I.082
A MEAN 37,587 8 39,087 8 39,871 7 39,886 T
. S.D, 0.318 0,189 0,482 0,825
5  MEAN 37,650 8 ' 37,6758 37,186 7 37,529 7
S.D. v 00573 ) 0.754 00.26 00559




o

38,387 8° 37,900 8 T 38,114 7
S.0. o ) * 0,372 0,160 013‘8 "
2 MEAN 38.150 8 37,575 8 37,386 7 37.629 7
“* Sy0¢ . 0,338 0,301 - 0,256 . " 0,411
i . - . v J-‘ .
3 mMean " 37,375 8 36,9258 39,014 T 38,814 7
. ‘ SJ0e  _ 0,337 0.776. 00438 " - 0,659
& MEAN 37.550°8 ' 38,650 8 39,966 7 40,129 7
" S04 0,382 0,632 0,321 ___ 0,180
5 MEAN 3g.212 8 , 31,712 8 37,557 71 37,414 7,
S.Ds ’ 0,452 04455 04553 0.390
. : ~
| y . y
” v (L ...? . .
| . . . E .
Fl o ’
" “ox ) :
® 31,962 8 37,625 8 37,543 7 - 37.818- 7
0.358 - °l333 0.098 ) 0.389
38,025 B 37,525 3 31,270 7 37.58 7
$42234. 2,142 Se12¢ V3,533 ‘
37,425 8 38,9258 38,771 7 38,300 7
TN 04349 0.801 0,522 1elés
T TTU37.402 BT 38,712 8 39,643 7 T 39,457 7.
0,439 0,714 0.127 0,387
N 37,975 8 37,562 8 37,286 7 37,443 7
0,465 . D.400 04358 0,486 °
X " :
° ' v
r
, | o
38,212 8 37.900 8 37,814 7 37,929 7
0.290 \‘0.207 6,212 0,373
! . D, e s
36,012 8 37,650 8 3r.229 7 37,714 7
0.25_9 0_._309 . 0.228 LY 0,543
/ ,
37,275 8 .38,825 8 38,843 7 38,543 7
X 0.406 0,698 0.428 0.976
i . :
ﬁ 37.562 8 38,412, © 39,586 7 39,157 7
0,403 0,718 0,372 0.408
36,088 8 37,637 8 37,329 7 37,757 1 °
0,544 0,421 0,591 " 04493
i)
) ' . . '
%




‘Day 13 1 38.212 8 37.729 7
S 8.0, 0,372 "0.345 0.206 0.490
1 A L 3 -
. Cop L MEAN 38,067 8 , 37.467 8 »3T.28Q T 37.643 7
' S.D, 0.362 ./ 0.253 0.263 0,346 .
* . ,‘ o T
N~ 3 MEAN 37,437 8 39,267 8 38,857 7 38,529 7
: v S.0, 0,627 0.348 0.5 0,671
& MEAN 37,7128 38,900 & 39,314 7 39,657 7
S.0, 0,541 0,532 0,649 0,351
L4 ) . . . .
S  MEAN 37,775 8 - 37.263 8 37,100 7, 37,457 7
S.0, 0,362 0.417 0,342 04619
T 1
o \ i &
. ' \ :

| , v ‘

Day- 14 1. MEAN  37.462°8 37,462 8 37,2577 . 37,457 7
- SeDe 0.521 - 04400 0,399 0.408
el mean 37,887 8 27,3758 37,1437 17,400 7

€0, - 0,308 o_3iE 3,144 n.c23
S 37.187 8-+ 38,925 8 38,457 7 33,314 T
. S,0, 0,242 0,443 0,680 04667
P4
" T84T MEAN TT7 37,325 8 38,662 8 39,400 7 . 39,186 7
SID' 00315 00686 OQ‘SS 0.9(0'
5 MEAN . 37.862 8 . 37,0878 37,386 7. 37,7297
S$,0. . 0,501 - - 0,275 00‘38. 04423
) , o
— i /; ~ ’
a ’ . L
. .'\' R ’ W ' .
1y L M : b , - v _

Day 15 ' 1  MEAN’ 37.775 8 37,512 8 37,571.7 37,686 7

5.0, 0,430 0.491 00439 0,402
.2 MEAN  _ 38,075 8 37,576 8 37,243 7 37,457 7

_ S,04 04345 0,423 04355 04355

. . 'g" ; —

s weaw 37,325 8 39.3008 39,186 7 38,729 7

.SeDs’ } 0,369 04396 0e344 0,824
& NEAN ' 37,6008 38,850 8 39,571 7 39,743 7

' - $,0,, 0,481 0,561 . 0,368, 0,378
. 8 HEAN 37,550 8 31,x§g 8 " 37.200 7 37.4437

SoD. °obl6 P 0.26 » 0.&30 00535

/ “ .
N7 _

"17,837 8

38,000 7

.
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4 " ‘ - ’ R A
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1 ' - , S - —
. o ' ) , o T o135 .
 -GROUP 1 2 . ' 3 '
‘IME . ! ' L3
Day 16 * 'y wgaw - 38,325 8 37,712 B 37,729 T 37,729 7
S L S0, 0396 0:26‘ 04275 " .0.‘§7 .
. 2 Mgl - 38.125 8 37,150 8 .37.014 T  37.186 7 ,
o ' $.D, 0.337 0:093 84157 0,273 N
3 HEAN 37.212.8 39.125 8 . 38,800 7 38,9007
‘ . v “SeDe 0.259 0,202 04952 0,503 .
' 4 MEAN 37,4128 38,862 8 39,557 7 39,786 7 .
S0 - 0,439 - 0.748 0e264 - 00414 ‘
S MEAN | 37.7T12 8 37.212 8 37,314 7.) 37,900 7 l
: S.0. 0e422 0,591 0,612 00572
] - ‘
.\ - '
Day 17 ¢ MEAN 37.800 8 37.650 8 37.300 7 37,543 7 -
: S$.0, 04605 0,283 + " 392 - 0,351 .
2 MFaN " 37.8Q008 37,3008 37,143 7 37.100 7 T o
5,0, _0.298 0.382 04355 . 04294 :
3 MEAN 36,900 8° 39,225 8- 39,100 7 - 38,286 7 ;
§ 50 0.251 04301 04503 " 0,587, . ,
LT 6 M '37/462 8 38,9638 439,471 7 39,629 7 '
. s,D, 403 ' 0,316 04355 0,462
5 MEAN -+ 37,4378 36,875 B 37,186 7 37,263 7
. S.D. 04650 0.225 0,641 0,299 ,
- N o o _/_// .o .
Day_ 18 '1 . TMEAN. . 37.837 8 A7.750 8 37,414 7 37,429 7
) -S40, ) 0,573 0.330 0,376 0,457 .
- 2 weaw 37,987 8 37.162 8 37.086 7 37,157 7
- S.D, 0,372 - 0,329 04329 0.172
- 3 MEAN | 37,4008 39,137 8  38.657 7  -39.200 7 .
. S04 0,239 0.338 0.591 0,443
; & MEAN 37.525 8 39,1258 39,7437, 39,829 7.
e S,0. . 0,198 _0.287__ . 04454 0,335
: .5 . Meaw 37.887 8 36,975°8  37.214 7  37.929 7 .
. . Se0e . - . 0,603 0,396 0.291 0,626 -
a . . s ! .
’ . - ‘ ' - . ’ ! ¥
’ LY
i
. -




GROUP 1 R 3 3
b ‘ )
MEAN 38,075 8 . 37,687 8  37,5290'7 ¥37,657 71
S.0. 0,486 . 04210 0.293 0,486
MEAN - . 37.987 8 37,338 8  36.943 7  37.057 7
$.0, . - 04506 0,407 _ 04140 “0,181
MEAN "37.250 8 39,100 8. 38,963 7 38,386 T
S.‘Dg 04346 04346 0,408 - 04576 .
MEAN 37,025 8 38,650 8 39,471 7 39,257 1
S.0. " 0.385 0,685 0,150 0,455 -
MEAN, 37,350 8 36,888 8 37,171 7 - 37,400 7
Su0. " 0,682 0,442 0439 ¥ 0,792
hd [} ~
-~ e
MEAN 7 37.687 8 37.475 8 37,3297 37,200 7 .
$.0. 0.419 0.212 04395 04342
MEAN 37,875 8 37.2R7 8 35.971 7 30,218 T
S.0, . G047 34331 _Se20% 8,282 &
MEAN . ° 37,150 8 39,162 8 39,200 7 38,186 7
. S0, . . 0.338 . 0e14) © 04523 0.788
. v 4 . MEAN . 37,412 8 38,9258 39,7007  39.714 7
< S.0, 0.429 0,123 _~ 0. 440 04273
“ 5T MEAw T 1,000 2. 2,000 2 3,000 2 4,000 2
. Se0 0 o0 v 0
. x - .
. ., . . - . ~_ . - , . )
e *pay 21 T 37,662 8 37,2128 37,271 T 37,529 7
T "S.0, . 0,493 . 0,280 0,206 - 0,214
E : .- : . . [ . .
. ‘ ‘ - 2 HEAN . 38.100 8 37.475 8 37,071 7 37,457 7
pooe . -S40, 0.393_ 0,403 " %0,095 0,336
va . ° . N i ) , . ~
) : 3 MEAN - 37.162 8 19.113 8 38,886 7 38,586 7
iy ) . - R S.D. 002_56 00136 "0.659 ‘ 0.‘30 -
' o MERN 37.575 8 38,837 8, 39,557 7 39,871 7
: $400_ . 0,560  0,431"7 0,461 0,395 _
MEAN . 37.862 8 37.150 8 37,229 7 37,414 7
S$.0e ' 0,657 .003,51' ""., 0e243 » 0.50\
bl [ 3N » a
A ] l‘
. R R j




c Day 22 |  Meawn 37,987 8 37,462 8 37,500 7 37,871 7
: SuNe 0.439 0.475 D428 0,403
I ’ 2 . MEAN 37.975 8 37.200 8 37,029 7 37,2097
. : SeNe . _ 0,803 0,177 _ . 0.180_____ 0,300 _ __
: e S s o y
3 MEAN- 37.262 8 39.037 @ 39,243 7 38,486 7
- ’ S.0D, 0,320 0,637 04399 0,639
: . 4 MEAN 37.587 8 38,950 8 39,800 7. 39,857 7
¢ SeDo 0,323  © 0,396 "7 - 0,269 0,486
' s MEAN 37.950 8 , 37.600 8 37771 7 . 37,614 7
S4Ds 0.571 0.532 00450 0.422
v
. st ]
- o le
. L&
; N $
3 ' l -
y ) . .e .
t Day 23, 1 MEAN 37,637 8 37,112 8  37.429 7 3T 35T T
- S.0, V644 0,210 0,368 0,199
- 2 Meaw AA.150 8 37.53/ 8 3l.e?t 7 3T.Foo 7
S.0% 0,293 0,141 -0.236 0,183
‘ 3 MEAN 37.362 B 39.175 8 39,063 7 38,886 7
" S.D, 0.329 0,406 0,472° 0,564
[ ‘s . MEAN 37.500 8 38.975 8 39,729 7, T40,0717
. , $4Do 0.267 0,333 0,515 0,403
.- . S - MEAN . 372875 8 37,350 8 37.700 7 37.514 7
$.0, - 0.495 | 0.378 v 0374 0,227
“ ' ¢
@ ). oL /f
- rd ‘ —_—
- . ' e
. . ) ) 5, I
., 1 13 ’ - . ‘
. Day .24 1 MEAN 37.937 & 37,350 8 37,500 7 . 37.629¢7
- S.0¢ 0.484 0,245 0,332, 0,189
I - , , -t .®
. ‘2 MEAN 38,187 8 37,500 8 37,171 7. 37,229 7
. 54D 0,562 " 0,278 04256 0,320
3 MEAN 37.425 egj7 39,325 8 39,2147 38,757 7
. , S.De 0.437 0,392 0720 0.438
4 MEAN 37,987 @ 39,078 & 39,457 7 39,814 7
) SeDy’ ’ 0030___31 0,23) . 04435 003587
. 8 MEAN 37,937 8 37.562 8 37,829 T 37.529 7
. $.D. 0,475 0,614 0626 0,577
. . 1 .
o o 7
- * , ’ ' . .
- ¢

B

frmig”
—

’
4 s w e — s ey an

SR
L4

-
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oRouP 1 2 ¥ ’
B "!“E v .
1 . MEAN 384050 B 37,7508 37,386 7 . 374147
SeNe 0.382 . 0.346 0,380 0.302
.2 , HWEAN 3s.100 8 37,350 8 37,086 7 AT 7
o SeDe D283 __ _ 0,233 0,334 ______.0.521 _
3 MEAM 37,217 8 39,1628 39,186 7 . 38,751 7
SeDe 0.320 0.346 0,491 0,574
4 . MEAN 37,537 8 39.125 8 39,786 7 39,871 7
S04 03447 0,282 0,157 0.281 _
5 MEAW 37.787_8 37,3250 37,663 7 37,414 7
SeDe 0,544 0.%55: .0,655 - 0,219

-~ R

I MEAN 37.862 8 37,562 8 37,629 T 37,786 1
o stOt 4 00568 N - ooJ?S . 00325 0026’ i
‘2 ' MEAN 39,22 B 37,500 8 ¢ 7,329 7 . 37,429 7
i __SLD_! Q. 213 ] 256 0 !,X."_O 005 bis —
3 MEAN . 37,187 8 39,312 8 - 39,229 7 38,771 7
S.Ds 0,275 0.181 04350 0.395 |
4
4 MEAN 37.500 8 39,025 8 39,714 7 40,014 7
SsDy 0,273 04205 0,186 _ _0e313 . .,
5 MEAN 7 37.612 8 . 37,338 4 37,600 7 37.700 7
0,500 0,262 0,400 0.705

$,0,

37,457 1

1 . 37,8008 37,7378 37,514 7
.. Sebs 0.507 0.220 04376 0,276
2 MEAN 738,312 8 . 37,6008 37411 T 37,1007
' S.0, __9:223 0.406 . 0._221, 0,129
» ’ .
3 MEaw 37.662 8 39.450 8 39,2117 39,229 T
A4 5000 0.-426 0-13‘ °l~“ 00359‘
& MEAN 37,725 8 239,125 8 39,98 7 39;7¥: 7
S.D.. 0.518 0,271 0.463 0,298
8§  MEAN 37,3758 37,487 8- . 37.9% 7 38,057 7
: S.0, 0.276 0,442 0,698

04715

4

R

P

—
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- Day 28

7 37,257 17

SeDs 0+ 662

MEAN 37,462 8 37,162 8 - 37.129
'S,D; 0,396 0,267 04320 . 0,305
ME AN 37.850 8 37.612 8 37,029 7 37,114 7
SyDe_ - 0.866 0,275 _00125_____ 04121 __
MEAN 37,263 8 39,175 8 38,986 7 38,414 7
S.0. 04407 0,301 04372 0,13
MEAN 37.475 8 . 39,012 8 40,0297 404100 7
S.D. 0.430 '~ 0,223 04111 0,392
MEAN 37.512 8 37,6628 37,6297 37,500 7
$.0, 04479 0,245 0,362 0.548
) A .
{ =
MEAN - .37.737 8 37;412 8 37,214'7 37,357 7
S.Dn, 0% 350. 0,300 0.273 0,237
MEAN 32,066 & -3T.475 8 7 37,1577 16,088 7
SeG. . 0.4 8,377 0,326 0,198
3 THMEAN | 37.4508 39,175 8  39.086 T 38,629 7

S.D, S .47 0,358 0.64b 04439
MEAN .37.7371 8 39,012 8 39.971 7 39,900 7
S.Dc 0.523 __0:_@_95_ 00263 9_22_62_; .
. MEAN 37.662 8 37,625 8, 37,7297 38,186 7

. §eD. 04605 0,453 . - 04634 0,669

- - ‘v
MEAN 37.550 8. 37,263 8 _ - 37,229 1 37,600 7-
S.D, 0507 0,262 0,256 0.342
MEAN - . 3R.337 8 38,0258 37,3867 - 37,300 7
S.D, 0.213 0,219 0,297 _ 0.812_ °
* MEAN 37,500 8 39,162 8° 39,3297  39.029 7
S0, ~0e302 0.623 0,399 0,842 -
MEAN 37.525, 8 © 39.075. 8. 40,1437 39,971 .7
S.D, 0.489 0,354 0,140 0,811
MEAN 38,087 8 37.550.8 37,4437  3T.671 T-
0,411 0,275

0,675

‘.
.

L

’




, 37,6628, 37,562 8 374429 7 37.286 7 -
0.393 Oohad ‘0e350 - 0,297

38.212.8 37,625 8 37,100 7 37,071 7
0.230 0,462 - 0200 . 6.180

37.312 B°  39.237 8 39,243 7 38,929
p.376 0,350 . 0,288 0.320

37.762 B, 39,050 8 40,1437 39,871
0,424 0.382 0¢15) 0.492

17,862 WT.587B  37.629 7 37,986
0.607 0,482 0.359. °  0.662

1 - »

37,375 37,357, “37,486
0,420 . 0,346 0,302

. Y
S AR IT.ALs, 17,084

8,308 LTS R S YT

I P4 1 S,

.38,912 39.614 38,042
0,810 . 0,367 0,428

38,825 29,786 - 40,157 .
Q480" 0,361  ° 0.207
F

37,512 37,529 37.586
0,368 0e214 . 0,715

3

-~ -
. e

. 38,025 3T.787 ° 37,400
. 0,698 0.452 0,265

38,250 © 37,762 arone
0.251 04262 0,146

an22s 39,400 - 39,129
0,249 L 04227 0,338

37,550 39,137 39,814 .
0350 . 03226_7.___04105_:.___9;321.-

37,67% 37,4150 671 37,871
0,711 . Cothl} . 0:,47S . 04089




P

L e pem

37.525 8 3

37,600 7 . .

NEAN 7.300'8 37,363 T ,
S.N. - 0,512 0.400 0,294 . 0,238
MEAN S 38,275 8 17.700 8 37,486 77 _37,486 7
Sefe 0,175 -0.404_ 0,227 __ 0,518 _
N . ‘Y ' ' | ‘
MEAN 37,587, 8 19.100 8 ; 39,657 7 - 39,314 7
S.0, 0.511 0.438 0.355 0,806
MEAN 37.776 8 38,750 8 ° 39,586 7 .- 39,557 7
SeDe_ 0534 04466 0,380 0.369 __
MEAN 37,400 8 37.30008 . 37,486 7  37.829 T -
S0y ‘0,441 270,407 .. 0,268 0,767
[} - 9 ‘ ’ e .
IS E] -
MEAN ©37.450 8. 137,300 8 37,143 7 37,383 7
S-O. ’ °|273 e . 003‘6 0-355‘ 0.11!
" ey .08 B 17.575 9 37,2007 37,157 7
sloi 0_9_32‘8 o __o_-_‘_!_o__. o_.~2_9‘ o. Ls_l S . =
MEAN 37,150 8 - 39.300 8 39,486 7- 39,186 7
S0, 0,262 0,298 0,393 - 0,339
4 MEANE 37.537 8 39,050 8 39,857 7 19,786 7.
.7 _S.0, . 0.647 9.141 0.172 0,348 R
.5 MEAN ¢ 37.450 8 37.175 8 37,351 1 37.543 7 .
S« 04605, 0.149 0.412 0.331 °
N . A ‘
. . . ) / -
. o . e . -
) . - ® . <
! ) . ‘ . P . .
1 HEAN ‘37,650 8 ° 37,413 8 37.500 7 37,529 7
S.D. N 00529 0.270 } N 0.224 - . -00390 K
2 . MEAN. 38,187 8 37.362'8  37.186 7 37,243 7 %
e ... SeDy_ .. 0,205 . 0:329 . 0.234 0,351
3 MEAN 37,712 8 38.812 8 39,600 7  39.414 7 )
A S.D. 0.336 0376? +« 560 . 0,478 ‘e .
. } . . .o
& . MEAN 37,650 8 18,762 8 39.914 7 39.916 7
. _SOD.____ R . 0.‘@7 . .056?5 L. 0'5297_ _ 0.206 . -
a /* ,
S . _MEAN 37,325 8 37,225 8. 37,471 7V 38,343 7 .
S0, 0,450 " 0,183 .7 0,382 ° 0.621 r
. ~ \ , .0

b
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TivE

37.637
0,540
38,350
0,169

37,612

0.340

37,737
0.507

" 37,475 8
0,271,

17,750 8
0,293

37,386 7
*04279

/37,443 7
04207 0,6} __ -

32.700 8
0307

8

’ 37.263 7
0,190

37,243 7
0,360

37.486 7
0.267

37.257.7
37.257 7
0,223

37,057 7
0,18}

37,363
0,532

38,114 7
0.422

v

37.457 17
0,268

3T R 7

0.268

A
39.871 7
0.559

40,114 7
0.297

38,271 7
0,263

f

38,014 7
(00334

‘37 3290 ?

—_Ne2rr

38,571 7
0,670

39,771 7.
0.35%

LN

8 - 137,600 8

0,239

8 37,837 8

9.?.88‘
8 39,312 8

\9:2.‘7

39,125 8

0,292

37.851 T
0.735 *

TaT.514 7
00‘53'

37.586 7.
39,386 7
0.456
39,829 7
0.236

38.857 7
0,299

.

37.871 7
003‘0”

ig.086 7

L 39,386 7

0.527 . .

39,784 7
704334

37,312 8
0.429

~

37.314 7
0.385

37,7187 1
0,315
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- cROUP 1 2 3 .7
TIME o . N
Day 40 }  wmean 37.900 8 7.450 8 3T.67T1 T 37.700 7.
5.0, 0,421 0.207. . 0,364 0,283
Ve 2 MEAN 38,075 8 . 37,7258 37,316 7 37,314 7
J SeDu, ___ ... .0.507 _0.282  __ _-0.195 _ 0,248 _
- 3 MEAN "< 37.600 8 39,225 8 38,986 7 39,429 7
) : 0.46h 0.515 “ 0,684 0,492
‘ ’ , 13 ’ .
' h‘\ = 4 37,675 R 38,962 8 39,386 7 39,757 7
R . . _0-_3_5__‘ R 9'} lil*_'____ " 0.596__ L 00382__‘ ..
5 " 37,4758 37.162 8 37.757 7 38.271 7
. 0.523 - 0.262 0,688 0.390
v > ‘,‘.’ ( ‘
- LI P \ . -
B [ -, ¥ . .
. ' # , - ! <_/
l [ o ) " . - ]
' - ‘, f' I -
.. Day 41 _ upaw ¢ 37,937 8B 37,550 8 37.571. 7  37.583 7
" SIOI. 1: 00‘50 q.396 0.‘11 - 0.190 ’
» ? MEAN 33,337 8 . 37,662 0 37,500 ¢ 37.383 7
T )Trﬂn 04239 GLEED Gedl? - 22404
N 3 MEAW 37.637 8 - 39,350 8 39,700.7 39,014 7°
TSt s S.0, ~ 0.106 D.160 0.321 0,534
; o~ @y mean 37.575 8 39.05% .8 39,971 7  39.871 7
* Sl 0.56% . 0.239_ 04345 04439
: 5 MEAN 37,787 8 - 37,137 8 37.329 7. 37,229 .
. S.0, 0.694 _0.288 0.486 0.359
; + ! 8 . .
. i ' t
. LI “
&~ - . : ¢ > . .
. , = . » - ,
Day 42, 1 Mg ¥ 37,800.8  37.587 8- 37.443 7  37;257 7
' ’ SQID' 10‘3563 . 9‘.;!’:\2‘ 04420 00321 ’
2 MEAN - 38.262 8 37,788 B.  37.171 7  37.000 7
N ‘ Sefs._. 0267 - 04236, 0,355 0,191
.3 MEAN 37.487 8 19,188 8 .39,143 7 3¥.3s7 7
"~ S.D. N v 00591 ) 0,376 ° 00562 U|597
L6 MEMN ,37.400 B, 38,987 8 ~ 39,8007  .39.614 7
s Sah, 1104312 - 0.259 0,316 Qo304
S MEAng 37,228 8 ,.37,1AT 8 37,2437  37.786 7
Y 5., 0,565 04494 0.315 0,631 -
k) . . £ I
Pt 4 p“ & N h‘,’ o
[ - - - L
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4
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. . Day 44
k]
. & ] )
X
-
. J
Day 45

37.837

3T.486 7

1 MEAN 38,000 8 8 37.514 7
S.0, ‘ 0,441 -, 0.320 0212 0.334
IS
. v ., . .
2 MEAN /38,450 8 © 38,262 8 98,014 7 37,529 7
S:N. P 0,227 0,297 - —0+221, 04459
. 4 Fy 1 ‘. s
3 MEAN_ .37.537 8 37.412 8 37.386 7 ‘37,457 7
S0 . 0.396 0.223 0177 0.’230
& MEAN 37,307 @ 37.450 B 37.314 T 37,671 7
SaDa 0,352 0,293 0g321 0,320
5  MEAN ' 37,675 8 37,687 8 37,800 7 - 38,171 7
S0, $.658 0.318 0,224 0,315
. M ’ . L3 -
1 E . b - o -
) ' AN ]
1. Mean  / 38.112° 8 T 37.800 8 37,671 7 37,871 7 _
. S0, - N0.412: - 0,346 " 0,198 I 0.364
2 ugan 38.652' @ 77 38 342 @ 37,7007 2,987 7
S0, 0,213 9,213 L4y 0.227 _
3 MEAN = 38.275 8- 39,637 8 39,571 7 38571 7
SeD.. 0.333 0.226 0.881 0,359 °
& MEAN . T'38.,050%  39:325 8 , 39,886 T . 39,757 1
S, 0,637 9.183 0,845 0.326
5  MEAN 37.237 8 37,062 8- 384043 T 38,786 7
S.0. 0,498 0.250 0,761 - 0,286
L] .
- - ‘5‘ - B *
]
L ¥y . )
‘ i ' A L 4
1\, ' MEAN 37.962 8 © 37,537 8 37,386 7  37,B43 7
\ s.o, 0,553 1 .0,329 0,441 0,591
2 MgAN) 38,487 B. 38,000 8. 37,729 7 37,911 7
3 MEAN 37.725 8 39,350 8 39,671 7 39,286 7
. S.D, 0.287 0,293 0.468 0,376
3 MEAN 37,837 8° 39,037 8 39,914 7 39704 7
——Ss0 0.481 0.169 0,212 _0e%45.
5  MEAN _37.263 8 37,125 6 37.086 T 3P300 7
5000 0-233 0,266 0,204 (‘) 0,356
n"‘“ ) 4 . ( v B
- ‘I
u.m ,

0

.

*

v
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Day 46 1

37.550 8

-

HEAN 37.312 8 . 37,443 7 37,543 7 ‘
L X . S.0, 0.389- D402 0,112 - 00181 T _ ,
o ?; 2 HEAN 38,225 @ 37,675 8 37,243, 7 ATAST T .
: e . 5D 04306 04377 R 00 . 0,150
' : , ' ' ) , . - * i
- 3 ’HEAN 37.562 8 394275 6 39,171 7' 39,286 7
% o . SeD, V3 0,245 04337 0.709 0.618 _
N . . 4. HMEAN N 37,712 8- 39,062 8 - 39,743 7 39,886 7
T T 8404 0.%02 04297 04529 0,398 N
C ] MEAN 37.662 8 . 37,200 8 37,700 7 ITTI8 T
~ . SeD, 0.524 CaDed6d 04762 0,308
) . - ’ « o
. . . I . .
’ ) Y ‘ "‘} 9 ui N ‘._‘L
[ o "‘!" T
.o 2 .
- Day 47 .. 1  HMEaN | 3T.7758 - 37,5378 31,357 7 37,657 7
S.D. LY 0.609 . '0052‘ : . 30399 0.008
L - 2 MEAH 38,11z 8 3T0E37:3 3V.284 7 37,232 } )
, 8.0, 8,173 8;388 - ‘#2048 f.1a0
' 3 . NEAN 370263 8  39/125 8 38,971 7. 38,557 7
_ . S$.0, - 0,262 ' 001?5 . 0,632 04387 - .
. : . -4 . MEAN . _  37.525 8 36,962 8 39,757 7 39,529 7
' 5,0 00‘19_2 0262 0e151 : 0_‘_28,&_\
* B MEAN 38,075 8 37,187 8 37,429 7 - 37,514 T~ °
. ‘ EN 0.616 04360 04340 . 04348 .
. - : - ’ . oo
- N ” P
. ¢ i ’ ", - '
. Day 48 1 MEAN 37.787 8 37.612 8 37,486 T~ 37,471 T
S.0, 0.497 04360 0,146 04359
- 2. MEaN 38.000 8 37,787 8 37,071 7 36,9577
‘ A 5.0, ¢ 1.293 - 0,242 0.298;, ° 0,190
) f  MEAN 37.125 8, 38,962 8 . 36%957 7 38,714 7
/L S.O. 00231 00‘69 00‘6l ' 00771
. T MEAN 37,412 8¢ ‘38,875 8- 39,471 7 39,600 7
S . ‘S.D. > 00636 0,373 OQZQJ" . 0,374
.0 "8 MEAN 37,779 8 37,362 8 37.829 7 3T.57T1 7
, S.0. . 0.570 '.90Q31 0.565 0,281
| . ’ .c Y !
. 0 -
) * » - ‘) rd ’ A -
/’ / bb‘ . > i ‘.
i v v
- - . . .S




%

k.
§
4

e

N

t 2 3 6
o
37.637 8 37,487 8  37.286 r‘? 37,529 7
0.595 0.511 0,302 0,442
» 38,200 B 37.687 8« -37,071 7 36,814 7
...0.316 - 0.452 0,250 0,273 .
37.362 8 39,162 8 , 38,943 7 ° ,"38,986 7
0.466 0.46Q ' 0,237 0,334
37,412 8 39.162 § 39.671 7 39,457 7
D470 0.177 0.189 0,399
37.700 8 37.262 8. 37,586 7 37,6437
0.670 0,292 - 04453 0,472,
, o
37.125 8 37.212 8 37,414 T 37,186 T
0:385. 0,331 0,297 - 0,227
T O3V.A3T 6 . T37.3TS 8 . 3T.25T Y 34,814 7
0,458 8,408 0 18y 0:212
. -~:. o ~
37,050 8 39.062 8 39,000 7 38,900 7,
00256‘ 01‘87 00583 ‘ 00726
T, 37,400 8 ° 39,050 8 39,757 1 39,514 7
0.504 0,245 . £ 0,310 0,558
37,812 8 37.050 8 37.35T 7 37,657 7
0,608 04131 704315 0,321
L
3r.70n 8 - 37,4258, 37,443 7 37,329 ¥
0,515 0.489 . 0,36 0.198
' )
£ 37.800.8  37,500,8 37,029 7  36.729 7
0.518 0466 0.236_- 0.138
36,956 8 36.875'8 . 36,818 7 36,30 7
0.417 0.377 0168 0.821,
v, . v
0,293 0,318__ 0,198 0,438
, : ‘ -
30,025 8 38,037 8  37.671 7 37.886 7
0,673 0,463 . 04095 0.234
) , ! ! - i
3 . l'
(4 ’ )




o;sgo

. ~\} ' ~ ’ .
. ! ‘ b
R v
¢ , . B
. - - s
o = . - - '
3 g
. . Y .. 147,
. \ . _
{ ’ \ .’ -
. GROUP | 1 2 3 3 4
TIME , .
' ‘l, Day 522 1 MEAN 36.717 8 36.6812 8 . .37,257 7 37,357 7
} ‘S4Dy -, 0.403 " 0.196 0,244 0,399 :
) 2 _MEAN - “37.562 8 37,425 B 37,343 7 37,029 7
-~ .S,0, 0,490 0,520 0,270 0.340
- ° 37 MeaN 37.187 8 38,975 8 39,071 7 38,657 7
. S.0, ‘0,327 0,662 0,824 0,424 ,
» . g -
& ' MEAN 37.450 8 38.787 8 40,057 7 39,614 7
. $,D. 0,454 0,799 0,230 0.463
- S MgAN 37,713 8 - 36,950 8 #7437 38,243 7
© S$,D. 0.514. . 0,245 D.M16 0.574 :
/// .‘ ad ° ‘ '
. N ¢ ' C ( K
~ Day 53 1 MEAN . 3T.415 8 37,350 8 37,371 7 3T e 7 .
- S SeD. 0.632 04374 0,457 ° 04329 }
. 2 Hean 27,728 87 27.%37 a 37.57 ? 27483 7
3 S,D, 04599 0,659 0,399 0,321
T . 3 MEAN 37,062 8 38,537 8 39,200 7 39,014 7 -,
S.D. 0.316 . 0,986 0,906 0.438,
" ° 4 MEAN""T " . 37,187 8 38,500 8 39,263 7 39,071 7
. . - S.0. 0,348 0,35} 0,447 0,475 )
. , 5 MEAN 37,862 8 36,975 8 37,143 7 37,800 7
S;D, 04697 0,276 0.33) 0,283
. . % v . '
. ‘ | ‘
K] . - -
._/—'/ ‘l" 7
[ ' —
R :
‘ + € . !
Day 54 1 MEAN ©37,387 B 3r.350 8 37,386 7 3t 7
. ) 5.0, 0,755 . ° 0.421 0,204 . 04320 .
' 2 Mean 37,787 8. 737,812 8 37,157 7 37.314 7 )
N _§QD.‘ ~°.‘eﬂ ______ 0031" s 0,310 0.560___ _
) 3 MEAN + .37,038 8 39,050 8 39,071 7 39,043 7.
S.0, : v 0,389 0,363 . 04315 0,438 ;
- " 4 MEAN 3%.137.8 38,925 8 39.286 7 39,386 7
-’~S_Q°(.> 0‘.2_5_0'______ 00205 ‘_Olalo‘_ ___00‘22‘-_
S MEAN 3z,%25 8 36,912 8 37,057 7 37,786 1 o
0,592 0,374 04555 . e

N e et
i A AP e T




&

- _ GROUP 1 z 3 )
-0 TIME :
p— ‘ 4 .
T Day 55:¢ 1  MEAN 37.750°8- 37.263 8 37,129 7 - 37.457 7
\ . ' " SeDs 0,630 04329 0,243 > 0e351
\- 2 MEAN 37,750 8 37,175 8 36,971 7 37.014 7
oL d L SeDe .. 0,393 0,399 ___, 0,198 ______ 04261 ____
: ; .3 MEAN - 37,000 8 39,150 8 38,929 7 39,086 7
| 0T ‘ $.0. 0.302 0.267 0,640 04543
- 4 MEAN 37.215 8 3a.850 8 19,385 7 39,529 7
. s : S0, 0,453 00233 ___ 0,460 __ 0,399
: - 5  MEAN 37.412 8 36,950 8 37,386 T 37,443 7
. . . S.0, . 04567 20,214 0,501 0,230 *
| ‘ .
Q - Y
| N / .
. . 14 - @ )
. %
B .
- - . ’ v !
¥ Day 56 ) MEAN 37,100 8 364888 B 36,943 7 37,083 7
. 77y SaDs o.;gov 0,295 * 04215 0199
2 MEaN - 37.550 B 374137 B .35.814 7 36,743 7
. X -S4Ds 04563 . 0,510 04281 04162
i : - v
3 MEAN 36,888 8 ~ 38,925 8 38,986 7 38,414 7
. 5,0, 0.25,3 ! 04266 . 045§1 0,628
) T ’ : ; -
C & Meaw 37.150 8 38,912 8 39,418 7 39,429 T
' ' $.04" 0370 TO,LZ_‘] g.212 0,198 -
§ 5  HMEAN © 37,788 B 37.162 8 37,314 7 37,486 7
5.0, 04394 0,378 0,380 . 0,267 © .
. . -
- ! P . «
' i
Day 57 4 uean- A15226 8 36,950 8 37.000 7 - 37,014 7 N
. : - 5.0, 0.337 0.3ab 0.294 0,254 i
. T2  MEAN 37.775 8 - 37,537 8 " 37,2862T 37,114 7 . i
> - 8.0, 20,510 0,329 0,219 0,212 ‘
i . 3 MEAN - 36.875 B 37,025 8 36,886 7 36,371 7 R !
-7 5,0, B 0.183 0,292 0.135 0.763 ;
! "4 MEAN 36.962 B 37.212 8' . 37,143 7 236,871 7 L
N 0.a185 0,146 noa62 0,650 .
S MEAN 37,450 8 37.775 8 37,757 7 - 37,714 T
'S'o. 00581 0,264 0.353 !

0,531

*




oo Day 58 1

ran 7

MEAN 36,900 8 37,012 8 37,571 .7
v - | .0, 0,379 o.gz:y | 04377 9.281 |
: 2 MEAN 38,225 8 37,762 8 37,486 7 36,957 7
| : S.D, 04249 0,481 0,376 _ _ 04428 __
| 3 MEAN . 37.600 B 39,188 8 39,400 7 38,686 T
r S.D, 0,307 0,467 0,980 0,567
| , &  MEAN "37.512 8 39,037 8_ _ 39,643 7 - 39,571 7
) SeDe  ° 0,528 0.817_ 0,387 0,287
k) .
) 5 MEAN 36,862 B © 36,825 8 37,957 7 38,814 7
; Se0, 0,165 ° 0,149 . 0,678 04515
! . . ‘ °
) . P
! ° /
Day 59 1 MEAN 37.375 8 37.225 8 37,086 7 - 37,186 7
, ) S0, 0,595 0.373° 0,418 . 0,157
3 Mean 37,600 8 37.5TS 8 . 37.286 ! 3T.596 7
L - $.0, 0,363 04396 0,453 Oo456
-3 MEAN 36,912 8 38,687 &8 38,929 7 39,071 7
D4 0,203 0.766 0,519 0,330 -
. e s MEAN 37,700 8 38,737 8 39,351 7 39,206 7
s ‘ S.0¢ £ 00338 0,648 0,172 04456
S  MEAN 37.675 8 37,387 8 37,229 7 37.986 7
$.0. 0,713 0,467 0,298 0,426
¢ 45. 1 .
. ' .
_ . [ ~ [] ) -
"Day 60 ' -1 MgAN 37,4758 37,0008 37,071 7T  3T,129 T
. S.D. 0.568 04293 0,345 0,229
2 HEAN 37.650 8 37,375 8 37,086 7 37,043 7
’ SeDe 01_525 0,62:! 0_0_31_0_ oo_?_ls
" 3 MEAN 36.900 8 733.762 8 -238,606 7 38,557. 7
‘ $.0. 0.330 00628 .  0.558 De443
. & MEAN 37.100 8 38.800 8 39,306 7 39,500 7
. 54D T0.265 04256 __ 04372 0,386
, - S NEAN - 37.625 8 37,1758 37,529 7  37.800 7
SeDs 0.547 0,23] 04306 ' °,0'523 . .
v , . . ’ . . .
‘,‘: ] . oo v y » o ! N




T kg yume PRI

Day Gl

Day 63’

1

‘2

MEAN
S.0,

MEAN

-.5:0,

MEAN

S.D,

HEAN

HEAN
S.D,

Se0s _

»

37.700 8 l.at.sod 8
0.586- 0.605
37,637 8 37.400 8
0.524 0,312 .
36.800 8 38,7371 8
0.256 04393
37.137 8 18,537 8
0817 0.555 _ -
37.662 8 37.200 8
De8A7 h

0,256

'37.400 7
0,306

s

37.151 7
_0.2T76

3R.729 7
0,320

39,2717
..0.150

374,343 7
0e412

37403 7 -
0,341

16,857 7

0,321 _

38,643 7

04613
39,529 7

00479 _

374529 7
0,325

5.0,

0,456 0.325

‘ -

i“ Sy b
37.3gv¢a 37,350 8

1 MEAW
' 5.0, - 0,424 0,414
2 MEaw 37.750 8" 37.625 8
‘s _5:0, _0.490_ 0,260
L
3 MEAN 37.075 '8 39,100 8
S.0, 0,477 0.251
4 MEAN 36,925 B 38,750 B
o SaDe. ' t04388 0,302
-8 MEAN 37,550 8 . 36.987 8
S.D, 0,540 0,242

.

J

2

1 MEAN 317,562 8 37,475 8 37,206 7 37,014 7
S.0, 0,550 0.498 0+463 0.508

2 MEAN 38,087 8. 374525 & si?qis 1 *38,729 7
$.0, 00247 04276 0s2)6 Qs269

3 ' MEAN 37,025 8 39,225 8 39,1060 7 39,100 7
‘ 8,0, "0.296 0,243 04557 0,705

4 MEAN 37,175 8 38,925 8 39,057 T 39,600 7
.0, 0,437 04116 04562 0,473

S . MEAN 37.625 8 37,037 8 37,743 7 37,657 7
0.522 04544

.
-

37,014 7 37.186 7
0e449 0,426, ,
36,943 7, 36,771 7
.. D326 0,236 -
38,514 7 38,586 T
°o7§9 0,638
38,929 77 39,571 7
04819 0,868
37,657 7 37,600 7
04479

. Oa#a0

"

+

)




- - ]
R .o
o 151
‘. GRoup r . - 2 3 4
TIvNE )
1 MEAN 37.437 8 37,600 8 37,329 T 37,400 7
S$¢0, 0-61’6 (P YY ] 0.287 + 0e231

2 MEAN 37.962 8 37,375 8 at.oTy 7' 3s.700 7
o SeDe_ . 0,2Y7__ Q%243 _ 0,306 __ 0,141 _

3 MEAN - 37.112 8 39.212 8 39,114 7., 38,800 7

S.D. e 04295 04173  ° ‘0,488 ‘0,231
. , A%

4 - MEAN 371.275 8 38,950 B 39,657 7 39,871 7
et SeDe 0,486 0,160  __0.282_ 0,298
R Y N -
° 5 MEMN 37.500 8 3T.112 8 37.429 7 37,357 7

S.0, 0.590 0.196 - 0,660 * 04479
: ‘ ’

I MEAN 37,475 8 ' 37.350 8 37,229 7 37.271 7
g . S.O.( 0.7‘57 0-28& - 0;386 0.1&0

2 mEan ‘27,617 8- 17,032 8 36,957 T 36,771 7

-9 ) PO R ) b,304 1,300 0,173

3- MEAN ¢ 38,1R7T 8 139.100 B 38,263 7  37.600 7°

SeD. 0.318 0.472 0,932 0.645
. MEAN 38.750 8 - 38.850 8 34,214 7 37.071 7
SaN, 0,338 0,278 0,527 0,210
5 MEAN - 36,9378 37,1128 37,543 7 37,557 7
~ SeDs 0,414 0.300 0.331 0.299
. - ‘{‘?" .
‘ v . .
\ ? }
e _.
. & - : ‘ ; .
1 MEAN 3T.725 ¢ 37,5378 T 37,300 7 37.614 7
. S.D. 0.50‘ 0-320 0.163 00157
.2 HEAN 37.3%0 8 I7.425 8 36,963 7 36,629 7

__.‘____S_.D_., I 'oqo_‘3‘ X “~_°-3aa__ . ‘_001‘_0 - ‘0_02‘36____

3 MEAN 36,775 8 30,8258 38,357 T 37,829 7
. SeDe- 0.175" 0,459 "04936 < 0.57)

&  MEAN 37.112 8 38,8258  39.657T 7 39,311 7

___'____‘s_,g.;__'__'_ —_— .0.2‘Z_~,_,~__0L358 —— 9.37‘ ______ 0"‘9‘5___

S  MEAN "37.812 .8 ;1.358 8 37714 7 38,429 7

SeDs 0.391 0,443 © 04436 0,335
1 : - v ’ .
- ~ 1 B
N

o

T

.




o

B - e a s AN IR

N aaﬁrmw

a

67 .1 MEAN .,  3T.6128  37.338 8 37,214 T °, 37,186 7.
S.D. °‘3‘8 9.356 0.2‘9 00157
2 MEAN 37.637.8 37,537 8 37,257 T 37,443 7
... S, D463 0,220 _ 04326 __ 0,461
3 - MEAN | 37,1378 . 39,250 8 39,457 7 39,014 7
S.0, » 0,370 0.256 0.538 - 0,453
— A MEAN 37,3258 38,7628 39,186 7 39,486 7
Co 8.0y 0.427 0,307 . 0.372_ _ 0.288__
— N 5 .
st mean - 37.775 8 37,275 8 7,471 7 ,37.886 7
S.0, 0.373 0.301 0,229 0,422
v
M [ ) s
14 s ) ” e N
' 14 \\f
Day 68 , MEAN 37.881 8 37.687 8 37,014 7 37.614 7
T . SeD. [ — 0.488 0,398 0,219 0,313
2 MEAN  S_—"37.975 8B  37.650 B 37.029 T  3T.71 7
5.0 © 0,48) 2,392 8,269 8,493
N ]
‘3 MEAN ’ 37,125 8 39,025 8 38,929 7 38,0800 7
- S0 0.225 04623 0.512 0,361
&7 MNEAN. ‘37,387 8 38,837 8 © 39,500 7 39,586 7
° §,0,° 0,360 0,325 0.283 0.488
”~ , R
5 MEAN 37,529 7. 38,029 7
- S.D. 0.546 0.605 .
Day 69 | MEAN 37.600 8  37.037 8 ‘37,3867 . 37,429 7
: . S.0, 0,366 0.463 0.267 0,278
2, MEAN L 3T.TIS 8. 37,725 8 36,9717 37,200 7
S4Ds - 06399, .- 0,266 0.111 0,483 -
3 MEAN 37.0128 39,025 8 39,114 7 39,0007
Sebe 0.173 0,504 . 04426 0,365
& CNEAN 37.062 8 38,750 8. 39.3T1 7T 39,471 7
S.0, 04207 0.499 04250 0,328
.8 MEAN 37.800 8 37,237 8  .37.629.7 ~ 37,857 7
S0 - T 0,665 0,410 0,519 - 0‘561 b
. ¢ '
- ) b .

-



A37.057 7

37,025 8 _ 37.062 8 37.143 7
S.0, 0,315 0,329 0207 0.181
2 MEAN 3g, 112 8 37,787 8 374114 7 36,871 7
e SeDe_ . DlAs&2 0,364 0424) 0,598___
3 HEAN 374150 8 39,237 :8 38,843 7 38.5%0 7
, " S40. 0.214 - 0,362 0.583 0,529
A V. MEAN 37.112 8 38,950 8- 39.75F7 39,443 7
. S.D. 0.210 0,177 7 0,237 00435
5 MEAN _ ', T 37.462'8 37.000 8 37,157 7 37,943 1°
SuD4 ; 04612 0.262 04244 04594
] N '
4 ~ h ’ % '
R ) h - A
“' ! N
‘Day 71 A.___MEAN 36,987 8 ‘' 137,225 8 37,000 7 e 1
‘ S.D. °n253 °¢3l5‘ 500289 00‘30
# - -
2 MEAN 37.7°5 & 31.750 8 37.486 7 37.543 7
cee. <SaD. 0,856 0,214 ° 0.157 .e.2ar
. 2 -,
3 MEAN 38,287 8 19.162 8 38,500 7 37.7%0 7
. S0, 0,426 0.267 04600 0,548
. T T MEaN 38,487 8 38,687 8 37,700 7 37,443 7 -
5104 0,525 0,426 0,458 0.215
- s MEAN 37,012 8 37,162 8 37,5577 37,843 7
- scDO ¢ oozlo 0,169 0+435 ! '0.251
Day 72 1 MEAN - 37,687 8 37,575 8 - 37,229 T. ~37.686 7
" S0 0.295 0.287 0,150 0.219
Y2 MEAw 37,850 8 37.662 B 37,229 7 364714 7
S¢0, 0,646 04414 04293 0,254
T MEAN - 37.350.8 , 39,300 8 39,229 7 38,286 7
S0, , 04513 0,273 04556 - 0.339
- ¢ HEAN “37.250 8 38,987 -8' 39,843 T 39,5677 .’
Sely 0,414 0,223 0,461 0,522 .
5 ., MEAN 37.612 8 37,137 8 37.700 7 38,600 7
© T 84D, 0.786 0,262 00542 0,043
’ 1 - ’ . ’ PL M ‘
— \ . 0\/")
1] .. ' '
. 4 . . .
. 4 E - ) \.-
. JT N .

‘
&

f e e b o
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CTIME : e 2
' Day 73 1  MEAN - ° 374362 8 37,512-8 37,0007 37,3577 )
.o O P 0,513 . 0.412  _ 0,183 0,447
. 2° MEAN 37,775 8\ 37,675 8 37,357 7 37,900 7
L SeDe 0,333 0,271 __ 0,331 __ __ 0,648 ,
d ' 3. MEAN: 37.100° 8 39,325 8 39,343 7 39,200 T,
o’ 'S.D. toe 00278 N 003‘5 N 00629 : °u365
., - co ar  MEAN 37,550 8 38,900 8 .39,543 7 39,343 7 © .
SeDo 0,220 0,342 04502 04559 _ *
- 5 MEAN 37,687 8 37,050 8 37,314 7 38,129 T
- . SeD, © 0.449 0,273 0,501 0,6L3 . : T qf
4 L ' ‘ y ) ~ :
. . N . . e
Day 74 ) ¥ "umgan 37,2378 37.350 8 31T T 3r.2m v an ;
) i S.0, fe518" 04334 04489 0,320 .
) , .. e MEZAN | 37.812 8 .37,675 8 374657 7 37,157 7 - .
: S.n. 0,470 0.606 8.3R2 0.678 ° A
3 T ——— —= g < N -
3 MEAN 36,987 8 39,112 8 38,886 7 38,929 7
. SeDe 0,327 - -0,508 . 0.508 0,435
C . . & “MEAN ’ 37.187 8 38,687 8 39,243 7 39,243 7
Lo . . S0, _.. 0336 L _0.217 ' 0.315 De282 - . :
o - 5  MEAN 31,775 8 37,4758 ° 37.61407. 37,7867
. . , N _ S.D. °.~568‘ 00623 . 0.312 ' '00.53
-‘ ' ‘ N N .
. ; : :
\ . " L} .
» ‘ ’ ‘ . B ) ' ' ! T
) Day 7% 1, MEAN 37,287 8 37,575 8 - 37,186 7 37,400 7 o f
. KRR ‘ SeDs. -+ 04409 0,427 0,234 0.311 - o :
\ 2] MEAN 38,187 8 37,687 8 37,186 T - 37,300 7
' S.Ds © 0,223 0,340 0,372 0,458 ° _
& co ’ - ' ' ' - . '
£ - 3 MEaw '37.162 8 39,112 8 38,714 7 38,629 T. o
i . : ' SeDa - 0,277 0,356 0e324 o.t18 - . . T |
i ’ 4 MEAN 375062 B | 38,762 8 . 39,5437  39.271°7 T
SeD. 0,381 0.376 0.215 0.298 . ;
i S MEAN . 37,700 8 37,187 8  37.3T1 1 37,829 7 A
. ¥ o, SeD, . P.b0S 0,293 ' 0,442 P 0,008 T , .
3 \ [ . . ‘
* _D \ r
. . . « ~ > ;
, - ‘ ’ ' . . . ) . A « . i s
. ' N . . E . ' : . l
—— e ° ,,,:...4.'.\__,_,, / - L —\_“ 1‘ - [




atfenntlp

37.312 8
0.603

7.862 8
0.510

36,963 B
0,192

"ar.212%8
0,383 .

37,737 8 .

9;‘07

-
)

37.488 8
00‘97 a,

Telts 7
0.901

37.314 7
0.219

37,100 7

04342 0,318

36,686 7

" 39.162 8
0.277 ’

39.8A8 B
g.avo

38,743 7
0,207

38,400 7
04396,

!
39,500 7

“0.289 0,302

37,650 8
0,581

37.050 8
o.‘qQ

3r.125 6
0,301

37.162 8
" 0,385

37,937 A&~ 3;,72< A

0.4R1

36,807 8

~ o230

37.225 8
354

- 0,328

37,957 7
0,526

IT.452 7 -
0.678

1

37.084" 7
0,445

\
37,200 7

’

3TN Y
0,368

36,887 T
01350

‘39,000 8
0.729

38,775 8

0,354

0,298 + .

39,100 7 - 38.300.7
0,443 0,420
39.500 7

0,208 0,117

'-i%a:fz'a

0.530

LN

I AT

S+0, '

37.62% 8
0330".

MEAN-
S.D,

YL 0.832 ~

37,237 8
0.553

3T.112 &
0,203

37.575 8

3707%7 T
0,506

37.200 7
0,263

’
?"

£ 374304 7. 3207

" 0.219

37,0007
04173

0,353
36,729 ¥

36,950 @
0.267

MEAN -
S+,

MEAN
S.0,

37,262 8
0.450

0,311

39.038 8 - 38.557 7

0,498
38.813 8

0,283

?q;329 4
0.315

T

0.973

39,214 7

c39, 314 7
Qosgﬁ toe

0,261

37.T00 8
0,034

MEAN

0,309

‘36,987 &
‘ 04327

“37.543 7'
Q299

-

T 0856

39.286 .7

39,286 7

3TanT

£




\ \’1'1
y &_ v 3,
’ ' ) ’ o .
. ’ © ) 4
. . 156
) - 6ROUP 1 ) 2 ‘3 . ‘
- TIVE™ , ~ . , , 2 :
Y N - : °,
Day 79 1 Mean 36,950 8 37,112 8 37,157 7 37,329 71
S.D, 0,278 0,356 0,310 . 0,28}
' - 2 MEAN 37,750 8 37,712 8 - 37,083 7 36,814 T
. S.D. 0,273 0,275 ‘- 0,360 0177
3 NEAN . 37,100 8 37.287 8 36,886 T 36,757 7
' R 7 SQD‘ N 0.283 °l318 0.206 . °0l72
o & HEAN 37,012 8 37.187 8 37,014 7 36,700 T -
.  SiDe ) 0;)6% 0.318 04267 0,183
. S .5 MEAN 37,737 8 38,063 8 37,800 T 37,814 7
. .‘ N T S’ODQ ' 0060’ 00302 00310 °|3~‘.
: . ' e o0
1 — .51 ‘x -
-~ Q . ~ . -
N v ' &
" . . 0 + . -
< - , * >/0
o ] [N L]
’ 4 - & -~ N - ' [} . ’
Day 80 .1  Mean 37,087 8 37,125 8' 37,029 7 37.443 7
Con . SeD, . 0,449 0,413 0.229 . 0,374
2 HEAN, 37,987 A 37,917 8 A7.3T1 T . 36.971 7
- SeDe 0,398 04327 ° 04180 04304
*3, MEAN [ T~ 36,987 8 39,3388 39,186 7  3W.257 T, -
‘ ) Se0. 0,323 0,362 0.609 0,864 7
o ' . N T 5 : . ]
oL & MEAN 37.137 8 39,050 8 39,957 7 39357 7 .
5,0 ~ 0,410 ° 05131 04 0 N
) -o T ’ e 131 02?_"_'5% ‘J,jsaz \
5  HEAN. 37{387 8° 37,037 8 . 37,9437 38,500 7
' Se0, 2, 0..562 0,226 0:+583 , . 0,252 L]
. I ~ .
¢ . . » ¥
. ] R . Y] . . . .
. o .. . ’ .-
s > Day 81' ° 'Nem ‘ 37,038 8 37,3758 37.400 7 37,086 ql
: : S.d, - T 03850 - 0,282 0.271 0,241
. . ) ‘2 MEAN 37,687 8° 37,7008 37,571 7 37,7297 . -
- " ‘ ) 5.0. 0.‘55‘ °__.25§ .. M : 0_-2_22 0,§6_8
. _ % MEAN_ '+ 3649258 39,100 B 39,486 7y 238,886 7 B
. . $.0, " - 0,413 7 " 0,529 04449 0,576 . .
. DN e MEAN (".3T.250°8  3B.712.8 - 39,700 7 ° 39.486 7 . . T .,
. R NS . SR P O 1 TS 1/ SN
- B S  MEAN -7 37,3258 37,1378 37.086.7 37,7297 . ’
. e S04, 0.761 " 0,151 © 04344 o475 y
st « . “ . . . . . .4"




. ‘. - N
. N o . j - f 3 .
Day 82~ § heaw 37,387 8 . 37%5 8 37,329 7 37,257 7
. S.D. Y 0,730 »0 337 04275 0,374
27 MEAN 38,037 B 37,425 8 .37.043 7 37,129 7
S,N, - 0,256 0,468 _ - 0,140 o'sn
J 0.£236_ o 06180 . O5A7 /.
l- ‘ R - /M
) 3 :gau 3;.;3; 8 qg.g$s 8 30,443 7 .38,829 7 -
L LN . ’ 5178 0,648 0.697 ' .
\ ¥ ’ !
. 4 MEAN 87,437 8 38,862 8~ ] ) 54
. SeDe o:§75 0,644 3;;;1: T 3::;23 T
5  MEAN _37.1A7 8 37,225 8 “37.829 v 37,800 7
. S.0, 0.522 00403 0,486 0,523
h N ‘
. - - . — : o '
: . 2 e o °, ~ ’ - -
. N e . N ~ v '
Day 83, 3 ' MEAN 37,225 8 37,287 8 {7.071 T 36,957 7
. S.0. 0,465 ° . 0,452 Yo,320 0.391 ™
‘ 2 Hiaw Y 31.965‘3 7.7°5 8, 37.2B5 7 37.%g0 7 .
5.0 5.5% 5,402 ¢ 3R 8,422
3. MEAN & 3r.l25 8 38,738 8 38,614 7 38,686 7 .. ;2
S.0, 0.459% 04354 00654 . 0,456 R
. v \ ' 4 ' ,. *
- . &  MEAN 37,062 8 38,600 8 38,971 7 39,329 7 \
. S0y, 0.437 0,472 . 0,355 00399
N ] ' . T o ‘
>
N 5 :z;u , 37.;1; 8 37,0000 37,300 7 37.371 7
. S40, 4 04551 0,262 0,383 ,0.678 ‘U
- ’ ® ’ ) \
. ' 5 » ‘ \ l’
' - —~
v . ‘\ ‘
. ' 2 N ' )
s 37 .
1. MEAN 36,862 8 . 31,212 8 :
N ' 0:23?‘ o:gés ° 3::?:: ! 3:.32; T
i A [ ]
2 - MEAN' ' +37.600 8 37,5008 % ’
) £ , 37.043 7 - 36 . .
S0, 0283 _o.309_,_;,k“‘o:gaq_”__";fgfgz; . WU
3 .“ ) ‘ . N >. . "—‘—‘. &
sfs? agzglg 8 3:.§g; 8 33,5;3 7 38,25 7
. ! 0. 458 0,3 .
e rd
Y HEAN 37.450 8 $38,963°8 Y
L . 39.471 7 -
so”g . ,0¢‘72____ _-‘0-‘239_“*- _00359 -_-‘__'3::‘:;‘ !
5 - MEAN 37,263 8 36,925 " : -
: 19258 37,300 7 ° .37.886 7 .
. s.?./ . “o.sxh\ 0,205 0.258 0,463
(ﬁ : * o ‘ " -
1 ' ’ % " ’ ‘ )
» + L
- foe S, ’
i \
. | ¢

~n

L

- —,~l—-—-1~0—¢ [

v
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. EASS .. - o
- Day 85 1 MEAN 37.237 6 37.300 B 37,286 7 37,116 7
» 'S.O. 006‘7 00207 Q.363 0025‘ .
. Y - .
‘ 2 MEAN 37,637 8  37.812 8  37.300 7 37.386 7 '
. S.0. 0.487 0,279 D.27) 0uds9
\ 3 MEAN ' 37,1008 37,150 8 37,0437 37,7l 7.
> - “So.Dr i 00370 00193 0.2“ 00350
/ / . . s . ) R . - .
C, ) 4 MEAN 37.050 8 37,350 8 36,971 7 37,386 7
. ¥ S,D, 0,382 0,251 0,250 0,308
A ot 3 g -
) T . MEAN, 3v.512 8 37,700 8 . 37,718 7 __ 37,614 7 .
) TV SeDy - T T T 04577 0,428 0,348 £.291
e g . N .
:«‘ - )
. N . y - . * )
. . 7 . - '
' Day 8 1. MeEAN 37,237 81 37,287 B_ 37,529 7__ 37.511'7Y
e : 5.0, T 04490 0.391 0.368. 0.275
2 . FUTMRAN T 738,050 8T 37,675.8 37,5147 37,5007
. Se0. 8,270 8,610 . 0:23 n.a1A, -
£, 7 . ) - N Sl
P . 3 MEAN__ 37,200 8 37,362 8 37,229 7__ 37,071 7.
Eoc SeD. 0.563 0,463 0,150 0,565 .
B 14 - : . .
& ' PR 4 —— - . E— - L e ¢
; b2 ‘ Y MEAN "7 36,950 8 37.425 8 37.314 7 37,211%7
gh! s e SeDs 0,239 07354 04157 0,386
- . . 5 "
& v . * . L3
- me————— % MEAN o 37,075 8 | 37,962 8° . 37.971 7 _37,800_7
' . SeDe - 0,636 0350 0.243. 0.383 .
: ,* “ ' ‘ . N
y , ' . - - R
- ) h ’ - d —' v .
A -q‘ ’ . -~ o TN - )
- . ~ .m . “‘x,f‘—y’ \k . ,‘
R\‘ v / L. o " - . ” ! - 1 e
b _ v » " - , . M ¢ Y N !
. . ,Day 87 1 Fuean 37,037 8 / 37,150 8_ , 37,529 7 37,357 7 '
X ) ’ '.1 o s.D- 004‘07 ‘// 0.513 v . 00373 00305 - 3 |
.. . Y + , r-d " A 3 -
' § ! o . 2°  HMEAN 38.)12°8  ar.962 8 37,786 7, 37.429 7 . |
. : " ’ SeDy 0376 0,302 0.313 6,348 - ;
Lo B - (22 ] . - N Al L ] A t
. » 3 HEAN £ 377950 8 @37-5758  37.486 7 37,5117 .
s L " SsDe 0.57% 0.‘62 ) 0.308 0.250 . 3
j \ & o MEAN “ 37,212 8 37,250 8 37,386 7 37,3867 . .-
} T ' X S:De . oo?_‘“' B 0.‘267 03}57 04135 .
. i . . - .
k, : \ X 5  MEAN 37,325 B 3Z,662 8 37,900 T 3T.I57 7 L
i “ v 8,0, 0,807 © 0,226 0476 0218 B
.! B * o x H . .
, - o "k . . - R . ‘ L
Ve ~ . 4 . N R . _'
: a :
,ii . ‘, L '} v LN e’ [ 4 :,’.




GROUP ‘ 1 2 .3 )
HMEAN 370263 8~ 37,337 8 37,657 7 37,318 1
SeDs 0,689 0,434 0,424 0.402
MEAN 37.825 8 37,762 8 37.800 7 37.271 71
SpDa 9'3575 9,542 0.208 - 00355

) . - -
MEAN 37,075 8 37,662.8 37,843 7 37,600 7
$40, 0.365 0,358 . 0,190 0,306
MEAN 16,967 8 37,325 8 37,429 7 37,186 7
Se0, 0,169 0,198 0..259 _0,157

MEAN 37,025 8 37,387 8  37.729 7 37,500 7
S0y * 0.504 . 04300 0.325 04191

\ Ny , 3
. ) - . ‘ R -
1 MEAN . '37,200 8 36,912 8 37,300 7 _ 37,200 7 _
TUTSeD. T T T 04490 70,125, T T 04370 0,379
2 TTTMEANTTTTTTTT37.837 877 37,937 870 37,900°7 737,643 77
. SN, . 0.3—3_@____“ . _1'9_0_‘.0__3 ; 0271 DRELT]
MEAN  37,162°8_ 37,487 8  37.300 7 37,257 7
Se0, 77T, 0,498 0,402 S 0elé) 0,3317
FMEAN T T 37,0258 T 37,225 & 37,457 7 TdT,de6 7
S.D,. 0.\301 0.311 0483 ‘ 00!17
MEAN ' 37,125 8 _ 37,362 8 _ _37+486 7 __ 37,214 7
SeDe _o.SSg 0.311 04326 ., 04339
- ! + ‘
7 .
s . ’ : : -
MEAN 37.287 8 37,175'8  .37:500 7 37,157 7
S0, "+ 0.666 0,477 . 0.580 04364
MEAN °  © 37.862 8 ., 37.812 8 37,814 7  37.529 7
SeD, 0,334 0,389 04367 0,335
MEAN () 37.0028 . 374258 37.3437 37,457 7
S.0, 0.436 04440 0.34] 0,496
MEAN & 36,987 8 37,050 B_ 37.114 T 37,157 7
S0, ~ 0,136 0,220 0,240 04336__»
MEAN 37,2298 37,300 8 37.343 T 37,329 7
Ss0.. 00462 0,310, 0,355 0,446

;"
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T A T AOSIAC:
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I, GROUP 1 4 2

i, TIME |
Day 91 1 ' MEAN 37.250 8 37,325 8. 37,386 7 atTan 1
- S‘D. 0.540 " 0.4'10 0.516 0029.3
- 2 MEAN 37,800 8 17,800 8 ~* 37,729 7 37,729 7 ¢
- o SaDa 04550 . 0.60%.__ . 0,55b_____ 0.489
.3 MEAN " 37,237 8 17,800 & 37.457 7 37,286 7 4
7 , S.D, 0,540 0.478 0,412 0,393
y ¢ MEAN 1364850 8 - 36,925 8 37.000 7 36,914 7
R 1Y + P m._..._os_l3j___..._°|205’__ 0.11% 04291
. — =
5 . MEAN - 36,962 8 37,2378 37,486 7  37.186 ] .
2 $i0, 0.338 0,434 0.261 0,329 *
- ‘ w! * A | : i ‘
v & -
, - B . N
‘ - ' : , 1 - ‘ . I
Day 92 1] _MEAN - . . 37,3258 37,300 8 37,186 7  37.557 7 )
: Se0a 0,618 0,396 04667 0.577
2 " MEAN T T3v.562 8 38,075 8 37.929 7 37.571 7
.0, a0, Rap __ 0,R&T__ _ _ 0.&57 0.386 ‘
N 3. MEAN 37.375 8 37,475 8  37,271'"T 37,263 T
- S.D, 0.661 - 0,306 0,287 . 04374
’ , T8 TmeaN 37,075 8 37,212 8 37,314 7 37,083 7'
P Sala - 0.2_87 ‘03210 \ 0.324 0,399 " ‘\.
g S, . MEAN _____ . 37.287 8 37,637 8 37,943 7 3T.07¥ 7 '
' S.0, 0.4356 0,487 0,382 , 04198 - .
. L .
- 4 . L S
. . : " n -
Day 93 1 MEAN 37.212 8 37,037 8 37,214 7 37.286 7
- ‘ S40, 0,557 0,358 04581 0,393 °
. .. 2 . MEAN 37.863 B 30.025 8 37,671 7 37.614 7
) S0, 0,665 0,392 0,496 0,590
. 3 MEAN 37.1715 8 37.525 8 37,657 7 37,520 7
. . S0, 0.349 0,369 0439 T 0.629 :
‘ A MEAN 37.175 8 37,312 8 374357 1 3T.271 1.
S.D. ' 0,417 0,230 » 0e127 ' 0,275 .
o .
. 5 . MEAN 37,450 0 37.462 8 37,786 7 37.343 7 ,
‘ S0, D614 0,424 0,445 0,496 . -
. + ’
—. v - ° . p'
¢ T - '
. \ . , » i \J Y




. Day 94

—p—r

. 4

. 04545

0,435

- i
‘ 3
Y N e [ ¢ "“, ;s
4 : H
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;\‘ '\ -t ‘:&
) N . ) o - ;,:
: * . 161 } e
[} N L _5."!
. . - ) . - . - . N 'i
“ GROUR B 2 3 ‘4 N
TINE . . . |
“1  MEAN . 97,125 8 37,137 8 37,229, 7 | 37.043.7 oo
' $,0, 0,420 0,320 0,350 D264 .
2 MEAN 37.625 8 - 37,837 8 37,800 7 37,729 ¥ . )
‘ 5.0, 0,495 0,358 " 0.3%6 0,446
R ] ' »
3 MEAN 37,175 8 37,575 8  37.486 7 37,371 7
S.D, 0,362 0,486 0.438 - 0,15 )
s MEAN 36,987 8 37,312 8 37,143 7 . 37,157 7 v
§,D, 0.203 " 0,485 \ 02223 0,321 : ;
5 - .MEAN 37.125.8 37,387 8 37,386 7 g
SODQ 01139 0047‘0 00430 2
- ‘ ) . ?
/ . ':
7 / :
i MEAN 37350 8. 37,162 8 37,343 7 37,143 7 e 0
S.0, 0,711 - 0,350 04550 © 0,378 .
2 NEAN 38,6250 36,650 6 38,520 T 38,485 7
SeDs 54350 ¢,227 3,204 0,273
.3 MEAN 37.912 8 38,300 8 387329 7 38,3437
- S,D, 0,624 0.%59 " 0e263° 0,361 -~
. 13
Y MEAN 37.4715 8 37,975 8 38,486 7T ' 38,0717
5.0, 0,680 0,580 0.318 0.236 .
8  MEAN 37,100 8 37,062 8 37,129 7 37,1437
S.D, 0,335 0,177 * 04189 0,519 ~
. ; A'
s i
1 MEAN 37,300 B ° 37,362 8 37,071 T © 37.3007 . i
S./U. 0.550 0,609 0.“2 0.507 - 4 {
i , . ' o . |
2  MEm 3e.§§o 8 38,3758 38,257 7 38,1867 . 1
S,0, 0,351 0,373 0,207 0,195 ' . .
3 MgAN 37,700 8 38,187 8 . 3AT1 T 38,029 7 A !
] S0, ) 0,325 03387 0,206 ; 0,256 . o
4 MEAN 37,3758 38,2258  38.243 7 - 37,971 7 §
. S.D. 00“ ¢ 0.637 0'305 0.26! N \ :
. 7] R s N e
3 MEAN 37,662 8 37.900 8 37.971 7 37,916 7 ,
© 84D% 0,646 0,324 :




37,057 7

- Day 97 1 MEAN . 37.275 8 37,275 8 _ 37,520 7
5.0, 0,523 0,534 04634 _— ' 0,315
. 2 . MEAN 37.937 8 38,262 8 38.200 7 38,157 7
SeD, ) 0,431 0.302 0,271 04336
- 3 MEAN 36.912 8 37,587 8 37,400 7 - 37,357 7
S.0, 0.300 0,533 0486 0,310
. w4 MEAN 37.212°8 37,937 8- - 38,086 7 37,943 T
: - S.0, 0.352 0,605 0.515 0,562
5  MEAN 37.800 8 38,100 8 38,414 7 38,257 7
= ) .$.0% 04713 s, 0,586 0.297 0,571
~ N 9
a ! ‘
) . Day 98 I MEAN 136975 6 36,625 8 37,200 7 36,800 7
, S.0, 0.361 T 04249 De432 0,224
e ' 2 MEAN {37,750 8. 38,112 8 38,014 7 37,97 7
{ R S,0, N 0&38?'7 04259 . 0.267 ___0_.? 7_____
N . 3 MEAN . 37.512 8 37,887 8 38,100 7 37,886 7
{‘.’ S'.D. . 00‘61 , 0026‘ 00163. 09’329‘
i : . 4 . MEAN 37.687 68 38,175 8. 38,300 7 38,143 7
E‘ : S'QD. \00706 o.‘ob °|216 0026‘
) 5 MEAN 37,250 8 37,537 8 37,814 7  37.914 T
; . $.0, 0,568 0,362 , 0,527 0obT4"
~ ‘ R | | Co.
v - s
» -
& L4 ¢ - .
- Day 99 ° 1  MeEaw 37,150 8 37,387 8 37,3437 37,129 ]
oo . .- S.0, 04524 0,376 * 0,503 - 0,468
$ .
. . .
. 2 MEAN 37.787 8 38,063 8 38,0437 37,829 7
SeOf g - 0:439 - 0.28 0,288 0,457
Lo e 3 MeEAN / 37.112 8 37,925 8~ 38,000 7 37,929 7
* S¢0s 0,318 0,260 0s163 04206
. L .4 MEAN 37.387 8 37,962 8 38,071 7 . 37,943 7
1 ' S0, 0,494 0,478 0,138 0,244
- ‘ © 8 MEAN. 38,012 8 38,000 8 38,0637  37.771 7
$.0, ‘s 04405 - 0,317

0,215

-t

.




Day'100

Y

-3

. 1 2 4
TINE ' . ’ ,
1 ' MEAN 37,075 8 - 36,888 37.,371°7T 36,957 7 -
Sen. 0,620 ° 0,467 0.315 0,583’
2 MEAN, '37,375 8 37,500 37.743 7 37,503 7 '
S.n. 0.406° 04400 04435 0,465 ‘
3 .MEAN - . 37,4)]2. 8  37.637 & - 37.814°7 37,586 7
S.0. 0,533 0.316 0,402 0,353
"4 MEAN 37.212 8 ® 37,350 I7.703 7 37.543 7
S.D. 0,242 0,267 0.435 0,321
> ] o4
S HEAN _37.712 B8 38.412 38,271 7 37,971 7 K .
: 5.0, 0.476 0.217 00364 __ 0,335 _
. o - .
1°  MEAN 37.387 8 37,225 37,471 7. 37,6434 )
S,0, 0,394 0.392 0,727 0,550
2 FFAN 28,225 8 38,025 38,300 7 33,586 7
84D, 0.526 0.392 04379, 8.329
3 MgAN 37,762 8 37.912 38,000 7 37.929 7
S.Dy 0,410 04479 0606 0.594 .
& MgaN -37.337 8 37,237 37.386 7 37,229 7
' S.0. . 0.277 04325 04573 0.377
5 MEAN ay.225 8 37,250 37,200 7 > 37,514 7
5.0, 04443 0,501 L0217 0o 04367
’ ! " — ¢
o l' ’ ‘ ’
1 MEAN ~ 37,9158 38,275 38,188 7 384029 T
S40. 0.876 0,358 0,530 0,660, S
. + N d ' - 1?
2 MEAN . 38,575 8 38,637 38,529 7 38,600 T '
—Sae 0,282 04185 00373 0.163:" y
3 MEAN 37.862 8 38,250 384300 T 38,443 T .
" 54D 0,457 0,214 0.974 0,190 ‘
‘& ' MEAN 37.700 8 38,037 3,257 7 . 38114 T
Sty 0685 0,635 00304 0.273_°
S - HEAN ¢ 37,012 8 37.363 37.114 7 37,3007 | .
540, . 0e242 0,521 - 0,195 0,383 .
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- , Day 122 1 MEAN . | . 37,337 8 37,562 8 37,000 7 37.671 7 )
. . S.0, . 0,374 0,571 0,864 6.522
2 MEAN - 37,900 8 38,288 8 38,400 7 38,129 7
S0, 0.532 0,340 04361 0206 _
Py
. . . MEAN 37.713 8 38,138 & 38.029 7  .38.014 7
- _ S.D, 0,584 0,469 0,535 0,679 ) .
A MEAN 37.525 8 37,637 8 37.543 7 37.,457.7
" . S.D. 0'38‘ 0._‘2‘ ‘D46 00096
. 5 MEAN 38,012 8 ' 37,875 8 37.%00 7 38,243 7
' S0, 0.700 . 0,800 L 0eT1A 0,772
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