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Abstract

| _. ‘ ’
‘Several rapid cardiovascu}ar responses to blowing

wind at-tiye-differeht'temperatpres on a discrete area of
the‘fage‘and the‘effect of alcohol ingestion on these
‘reSponses were‘studied. The temperatures used were 33C,

- 30C, 21C,_15C‘ahd 9C. 'Subjects yere male volunteers, .aged
" 21-32 yeane The- subjeets were tested on two different

occas1ons, once after éhgest}ng alcohol (1 5 ml/kg body

‘wt.) and once without havlpg ingested alcohol.. The order

.,
a R .o

3

+of the tests {alcohol vs no aicohol) was”randomiZed as was

the order in which the several temperatures were
PR . TR
presented. The physiological”variables measured were

heart rate, arterial pressure,‘finger blood flow and face

"

.

} ‘
temperature. Mean ‘arterial pressure and gean finger

he data. A

-

thermal comfort questlonnalre was also admlnlstered to

vascular resistance were calculated from

assess the subjects perceptlon of tfhe thermal’ stimulus

K3

effect on the varlables measuged with the excegtlon of —

1]
-

dheek temperature. In splte»of a drop in cheek- .
temperature of " 10 5C when a 9C w1nd was - used no changes

were observed 1n heart rate or arter1al pressure. Flnqer

blood flow and mean finqer;vascular resistanCe showed a
. -‘ . . ) . ‘ .o . ) X . Yo . ® . . . ‘._ «
tendency to decrease and increase respectively when 9C and
e : . . s P oo T , ‘ S

v



. 15C winds were' used. | : ‘
o “-“

,

-

Alcohol had no apparent effect .on most of the

variables measured although finger blood flow tended ao be

higher and mehn finger vascular reszstance lower when
alcohol had beenulngested. Theyresponse ofomean finger

vascular resistance’to the wind stdimuli. also appeared to
\ .
‘have been attenuated when alcohol had been 1ngested

-

SubJects also reported they felt warmer after they had

i

rngested alcohol when air at any of the temperatures used

was bloyn on them.

© +

1

. . = . "
Previous studles have suggested ‘that blow1ng cold

w1nd on the face causes a rapld decrease in heart raté and
- '{
an 1ncrease 1n perlpheral re51stance. It has also been

suggested that thls response is med1ated via the

itrigeminal‘nerve and that the,ophthalmic branch of this

- -

nerve is the most important. This response has been
associated with the‘diving~reflex. The results of the

present study suggest that stlmulatlon of this branch’

LA

alone may not be suff1c1ent to produce a respdnse when are

at the above temperatures is used Addltlonally, in

'llght of the modest increase in vascular re51stanceyseen

in the flnger and the lack of heart rate response, It 1s

n

postulated that\changes o served may be as much a part of

.

.

—

_-the thermorequlatory resp nse as’ they are assoczated wlth

5 .

‘a reflex simllar'to the v1ng reflex. | S

Vi




Acknowleddements

.-

The autho: wouldwlike to écknowledgé‘the

contrlbutlons of those who gave ass1stance and support 0

¢

a

throughout th1s pro;ect.

To Dr. Wélly Cottle my adv1sor, thank you ﬁor 2 r

'
el

advise, technlcal and ed1t0r1a1 contrlbutlons and moral

o

support not Jhg; durlng the period  in wh1ch thls the51s

was completed. but dur1ng my ent1re t1me as a graduaée

-

student.

N
N

To Dr. Angelo Belcastro thank you for yiyr donatlon

z‘of lab space at a time When it was sorely neeﬁéd and alsq
"

for your editorial and methodologlcal contr1but1ons and

. ‘ £ o
suggestlon37 C ' L : T

To Dr. Ken Hutchison, thahk-you for your critique and
"editorial suggestions and for ﬁéking me think more

o —_ ' - S '
carefully about my~resultsl‘

To my _friend‘s’invgraduai' studies, thanks for ‘be‘ing“

there to:talk;to; laugh with and survive with.

Speclal thanks o Gord Marchlorl and Plerre Beaudln

for their 1nva1uab1e a551stance w1th the computer.‘

. -
{

e .



r

. ' '.(‘:v“ o '
Very special thanks to Marlene Mellish who suffered "

thf dqhminnumefabléwarafts and my handwri

~

ting and did.a
‘ . ‘ . ‘ I . .

wonderful job of typing up this manuscript. I don't know /-

what I would have done without you. 3

. e "

 Finally, to‘my wife Aﬁdrey‘for all thé'love, support

ané undérs;éndind throﬁghout this entire experience. May
' N N 4

Y ‘ e
it always be so. "
\,
]
i -
A \ .
“
.\. - “
! . .
B -
‘ I f
. e
L}
- h » » ’ 1
.
b Y
( N\ ",
! '
)
_'|
.
i
R !
-,
e
t \
R .
=
, , .
- -
N ]
SR :
R ~
. 4
— - . B
«
LI .
. e




] « K | . : . % o -
f " A sy

 TABLE OF CONTENTS = KR
CHAPTER ‘ \ : c " PAGE

S S INTRODUCTION o |

A. General Overview _ . . ., . .1
‘ s )"n o } " ‘
" B. Statement of the Problem ' " .6

1T REVIEW OF LITERATURE - ' -~ ~° ' - 8

‘A Stpdieé on Animals . C ' “\‘ 8

P ‘B;‘ Studies on Human SUbjects- ; 11
_‘Féce‘Immersidn‘ih Water 11 3
Cold Air on the Pace ! - 18

Cf Mechénﬁbms Uﬁderlying the Response ' 20°

D. Effedts of‘Alcohql¢oﬂ:Varioua
Systéms of the Hodyf '/~ A | 27
C o e //’ A

Central Nervous System . - 27
‘ ° ey .

‘ : / . .
Cardiovascular. Systeéem - . 30
T ‘ A ) ’ .
Peripheral Circuldtion. ' 34
. : : / .

/

N

/

IIT METHODS AND PROCEDURES - -’36

A. équects 36

B. Apba:atus‘and'Techniques R 36

C. ' Procedures’ ‘ - 41
D. Data'Analyéis .44
- ) b 1

IV . _ RESULTS "
e Y Y S EP A I o = .
- e ‘3. _31006 Alcdholeevelsa;"' I - 45"

C e e e : L L e

.' ’ . ! \{\‘ ) R
N . . . N Pl - N
.




N ‘ N ‘ ' S ' ! ! ) ' :'J ‘ ' . .
?Biy Face Temperature = - " ' N 45
‘ 3 . ‘ ' ‘ I

' o iCﬂ‘,Heart Rate ~ | ; |

\ - “U 5.‘ Fingér Blood Flow ' ;'.' B ‘7‘ '50 
LR " E. Mean Finééﬁ Vaséulaf é§§is£ance-5 .50 -11
‘F‘ﬂ Aftérial‘gre§5ure .52 | |
G. Perceytion of‘Colé\' 55

) : '
B 1}

V . DISCUSSION

,,.,ﬂ.ﬁ" " : 56

»

| REFERENCES | |
| ‘ .- | P
APRENDIX I ' Data Tabkes . -7 - oM

P

APPENDIX II ‘Thermal Comfort Questionnaire 83
) \ : , i ’

. | ' . A '
APPENDIX III '~ Subject Consent Form 84

~ g . ! .
5 e ) “\ [ L ' ' o
L SRR L ' ~~

A » . l,'
- ' . <
. ' \ .
, . -
® : o
' ”
‘ “ L
¢ : '
- . . L [l
. ' ¥
. v > ‘
L : -
. ) s
- . ! ~. N
.‘ B B . / .
e - /
. - [
‘ : ‘ /
- j
. N
o ¥ —
f v
- o f
s /
S /
S v /‘,
. ' . - —
s K 9 / o
A ; i ‘
[t - —
T o "‘ ' --.




LIST OF TABLES. L S R

‘ha \a ‘ ’.' '
. g , ) , ‘ ) ' : (- i , ' " ) o v “\ »
TABLE : DESCRIPTION . & = . © PAGE |
e ' - ’ o ‘ L=

1 Cardlovascular Response to Cold on S SRR

‘- the Face in Humans . = . - ." G 1e
. , . o ‘ -r‘ . ,’
2. 'Mean Heart Rate ' 72 R
| /) ) T
3 ‘Heart Rate — Beat by Bﬂ\‘ 73-74
Y - \ )
, o ‘ ~ | w
4 . Finger Blodd Flow ' . Lot e s )

5 - Mean Finger Vascular Resistance ', 76

6. Mean Arterial Pressure, B 7T ‘F

' L . | - -

7 ",Sys;olic Préssurqf e ) 78

- .8 ‘ Diastglid‘PreSsure‘ , o ~j¥7 | C 79
. ’ ) Gr%: ¢ '

. - Lo SO . o
9" . Face Temperature L _ 80

10 Thermal’Comfort . - Y U

Yo

11 - Blood.Alcohdl Levels e ., 82 .

n
[adl -
s R .-
O s .
;
. P [
. .
. -~ t «
— ‘ 2
. - ~ .
A
N R
. . )
Lo
' K o
i ' . . } ) y.‘
o oo -
&) : - -
. t - - - .
0 . xi‘




3>

FIGURE

N

Y

LIST OF FIGURES

DESCRIPTION OF FIGURES

‘'sample Blood Flow ?racindl

Face Temperature

Mean Heart Rate

-

Heart Rate ~ Beat by Beat
4
Finggr Blood Flow

Mean Finger Vascular Resistance

Arterial Pressure

PAGE

39

46

48

49

51

53

54



/ N
! ’

I, . INTRODUCTION

~ Ve

A. General Overview

Bradycardia in response to immersion of the face in

cold water has been observed in a variety of animals

»

including man. This has been found by some workers to be:

paralleled by an increa;e in peripheral resistance, These
phenomena are often refefred to collectively as the diving
reflex presumably because they were first described in

diving animals. In man, a similar response can be

”

elicited by blowing cold air on the face. The responses,
-7 ,

-

which 'occur rapidiy following stimulation, apparently

reflect relatively simple reflex mechanisms. Mowever,
A

there is evidence that these mechanisms may be affected by

activity of "higher centres" of the brain, acdtivity

'

associatéd with conscious sensation and presumably’

perception of the intensity of the stimulus. Ingestion Qf
' T . - .
ethanol has been found to reduce the '\perceived intensity

of cold stimuli in human subjects. Whether or not this

~ i
means of altering the perceived intensity of the stimufus
would alter the cardiovascular responses to cold is

L3

,uncertain

From studies of the response.in man, Elsner et al
(1963) reported both a decrease in heart rate as well as -a
fall in calf blood flow as subjeéts immersed their faces

in cold water; "Irving (1963) observed slowing of heart

1-



L)

\ ‘ .

rate in‘subjecte when immersed in water in a swimming

pool. It wesAstill evident when they swam vigorously
. T

underwater.

The magnitude of the responeerhas been found to be
témberetufe dependent'in man. ~For example Craig (1963)~
found in human  subjects that bradycatrdia was more
pronodnced when the wate; was at 22C than when it was
warmer (29.5-34.5C). Similarly Magel et al (1382) found a
greater decrease in hearﬁ rate updn face immersion in cold
(5C) than in'warmer (24C)‘water.. Wolf et al (1965)

dehonstrated a temperature effect in subjects using
20-40C, a rano; of temperaturee which may not oave '
provided a‘sdfficiently cold stimulus to elicit the
_response. | -
/ ! :

The bradycardia in responSe to cold ai; on\the face
has been descrieed by several authors. For example,
LeBlanc et al: (1975b) when studying ogtdoor workers
(mailmen) observed a decrease in heart‘rate when coldwair
‘(OC).was blown on them et a rate of 40 mph. Hayward
et al (1976) also repogted having found a decrease in
heart rate in response to cold air being blown on the
) face. This they found was accompan1ed by an 1ncrease in
'forearm vascular resistance aS'galculated by dividing mean
: arterial pressure (MAP) by mean forearm blood'flow Riggs "
- et al (1981) noted a decrease in submax1ma1 exercise heart'

rate at a given workload when ‘cold air was blown on a

>

o o('
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-

subject's face indicating that the response can be

N r
elicited even when the heart rate is elevated during

'
»

exercise.

/

The bradycardia and associated responses appear to be
mediated via a\multigghroﬁal ﬁgflex acting through centers
in thelﬁeéulla oblohgaéa wiéh the efferent outflows in
botq parasympathetic ana Qym athetic nerves. According to
LeBlanc (197§b) tﬁélparasympathetic efférents responsible

for the cardiac slowing lie within the vagus nerve. 1In
keeping with LeBlarnc's conclusion Lifig—(1979) found that
atropine, the.action of which would block the funétioﬂ of
the vagal endings  at the heart,ﬂabolishgd bradycardia In Tow
bullfrogs when they ﬁere immersedhin water. He also foun& '
that beta-adrenergic blockade which would inhibit  the

action of adrenaline at receptor sites onuthe heart, héd

no effgcghoh ;he brédycardia produced by immersion;
suggesting little if any particibation of the symﬁatheﬁic
‘nervoﬁs system in this respo;se. Finley et al (1§79) in
human subjects fguné‘that atropine'also réduced of
aeliminated'the bradycardic respoqse’to facial immépsioﬁ
indicatind Ehe same mechanism functions in man. vThey
concludea'alsd that there was an ihcfeasé in sympathetic,
‘tone nét directly responsible for: the bradycagdiakbufifor
‘thé increasé in,biéod pressure seen during such-
égimulationl Sucﬁ én in¢rease wéuld aqcbun: for the
beriﬁﬁérél vasoédnst;iction»seeﬁ durihq the—;ééponse by
Hayward et al §1976); o

e
'
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The afferent fibers involved in this reflex seems to

be primarily in the ;ribeminal ner&e,~specifically in the
opnthalmic’branoh, althoughlfhere may also be some input
by way of fhequossopha;yngeal nerve. This was suggested
by Andersen (1963a) after nis finding that .cutting the

4

trigeminal nerve in ducke’abolished the oradycardic
response‘to immersion.. He also foundA;het,‘prior to nerve -\
section, the gfeatest reeponse'okcnrred when .the level of

. the water‘reabhed tne nostr;ls of the ducks;'zn-area
innervated by the opthalmic branch of the trigeminal_,
nerve. That the afferent pathway is similar in nammals
was indiéated by Dykes (1974) who reported that N .
desensitization of the facevof seals, either by section of
tne nerve or by locdi anaesfhesia, feduced or elininated
the bradycardic resbonee to immersion. Both LeBIanc‘et afﬁ
(1975b) and Parfrey and Sheehan (1975) Postulated that in

humans the afferent pathway for this response is via. the

trigeminal nerve.

o _ S
, b Y
The pathway$ involved in the reflex response

‘appérently synapse in ﬁhe lower brain stem with the.effect
that the cerebrel'cortex is not esﬁential for the’
nesnonse; This was indioeted_by findings such as ehoEe of
Andersen (isqaa) who , found thet the.bradyeardia could be
Ieiicited in decerebfete'dncgs as long as the trigeminal

nerve and ower brainstem remained intact. .Martner et al
_-.‘-__—/-
(1977) demonstrated a’ sxm:iar response 1n decerebrate

cats. From flndlngs Such as those above one can conclude

-~
-
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that thEQreSponse inﬁolves a basic refleX arc ﬁith
afferent fibers in the trigemlnal nerve and efferent
fibers in the vagus nerve affectlng the heart and

sympathetic fibres affecting the blood vessels. . - '

Although not essentlal for eliciting the bradycardlc

————

reflex the hlgher centers of the brain appear to exert a

1

-

strong influence .over its occurrence.. For example,
L B . \ -_ .

. . | o . .
Scholander (cited by Blix and Folkow, 1977), observed that.
ch ‘ , :

the seals on whgph he was experimenting-would at tlmes
exhibit bradycardia even‘before immersion and sometimes
simply upon a gesture by one of the investigators. ‘On the
other hand, reducing this influence‘bf.distractinq the

attent1on of the 1nd1v1dua1 from the stimulus has been
¥
found to raise the threshold for the response. Thls 1s

evident in the findings by Ross and Steptoe (1980) that
having human subJects pertorm mental arlthmetic during
facral 1mmer51on.reduced or abolished the bradycardic

response. A more pa531ve type. of mental 1nvolvement, that_‘

L
£

of llstenlng to readlng of prose d1d not seem to alter 5
\ !

the response. WQlf et al (1965) observed that oral

-

£ - [ &

distraction i.e. talking or yeIllng, the 1nvest1gator " ‘Qi

could reduce Q;_ellmfnate the bradycardla ,in humans dur:;;\\ti
Y
facial immersion. The same authors§;n a later paper (Wolf

.

.et al, 1978) noted that preoccupatlon wzth‘other matters
attenuated or abol1shed the response whereas tear appeared i*@
to accentuate 1t.- Simllar observatlons byf?uredy (1985)

L}

also 1nd1cated that physical control over the immerszon

P AN . B ) L. ) h
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Y

ettenuated the bradyéardia while knowledye of impending
oL » »“»‘ ‘ . .o i , N

immersion had nbﬁeffectb These types of observation

. [ N " . “.

»sugqest that'mental activity, which would include that

1nvolved 1n one's perception of the strenétn\zf ‘a

stimulus, may act to raise or lower‘the threshold of the

‘reflex response. “ - —
B. Statement of the Problem
W

A series of rapid cardiovascular responses to blowing

cold air on the face similar to that seen during the
! . . - . . ' ' ‘;h ' '
diving reflex have been reported in humans. .These

i -

responses 1nc1ude bradycardla, increased peripheral
‘re31stance, decreased perlpheral blood flow and

malntenance of arterial pressure. The number of“

‘investigations offthis phenomena have been 1imited: The

:‘poesibiiitf that alcohol inoégtion may modifydthese
cerdioveecular reeponqes‘hes,not‘been.investigeted.'
Aleohol ‘may alter the pnysiological responses directly
it may act by alterlng the subJects SErceptlon of the
thermal stlmulus It has been_suggested that subject
“response (e.g. bradycardia) to stimuletion of-the‘face
cold water is 1nfiuenced by hlqher .brain centres (Ross
,"Steptoe 1980, Wolf 1978) | | L

The purpose of this study was to examlne the

cardlovascular responses to- bIOWIHQ a1r at a serles of

temperaturespon the_face of human male subgeots_and,to‘

s e

or

by

and
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BN

L4

IS

determine 1§ alcohol had an effect on the nature of: these
responses. The physxological variables measured included

heart‘rate,.arteriel‘pressure, face .temperature and finqer

~blood flow. Blood flow to the finger was chosen to be

measured because of its.easyvaccessibility, extreme'

Al

'sens1t1v1ty to.environmental change and its apparent

sen31t1v1ty to tﬁe subjects mental_ ﬁtate i.e. perCelved y;

-

thermal comfort.

{
=
N i
! o 3 o | '

. , £

12
\

It is postulated that blowing air‘at the area of the

face 1nnervated by the ophthalm1c branch of the trzgemlnal

nerve, will%cause a ser1es of rap1d ‘reflex-~ type

n

cardlovascular responses to occur in. These responses may

be attenuated by 1ngest10n of alcohol- whlch may exert a

»

direct. phys1ologlcal effect or alter the subjects

perceptlon of the 1ntenslty to thermal stlmulus.

-



——

II. REVIEW OF LITERATURE

A. Studies on Animals . o - L
Y

F Bradycard1a 1nduced by water 1mmer51on has been

f%cognlzed 1n an1mals for many years.‘ Accordlng to Bllx &
" Polkow (1977) in—their'review on cardlovascular
'adjustments to diving 1n mammals and b1rds the flrst

.observat1ons of this phenomenon were reported in 1870 by

¢ i -

Paul Bert a French phy51ologlst. Bert noticed that ducks )
exhlbited ‘a. profound decrease 1n heart rate when d1v1ng
He speculated that thls response comb1ned with-much larger | ’

blood volumes were respon51ble for the ducks much longer

r
..

‘div1ng times compared to hens. Subsequently, a great deal

 of research has been concerned with the further

b
characterlzatlon of the responses to d1v1ng on facial

‘immersion in anlmals, as poxnted out by Blix and'Folkow

.~

" (1977). In general theseé. responses have. been found to

include the bradycardla mentloned above accompanled by an

»”

1ncrease 1n per1phera1 re91stance and: an assoc1ated

‘decrease in perlpheral blood flow.‘ Blood pressure is
"generally malntalned or sl1ght1y elevated even durlng AT
periods of extremely low heart rates as 1ndicéted ‘in a-
review by SCholander (1962) e
The aforementioned responses to dlvmng appear to be L

3
the result of an underlying reflex arc w1th afferent

3

.

f1bres oriqinatinq 1n the ophthalm1c and maxlllary




branches of the‘trigeminalfnervel ‘This concluslon is

4

_based on flndlngs 'such ‘as those by . Andersen (1963) in
ducks and has been corroborated by others 1nclud1ng Dykes

(1974) who performed experlments on se&ls ('The complete

pathway is reviewed below (see p. 20).

" , . .
' ‘ \ ' “
The deprease in peripheral‘cirCUIation in seals has

been graphlcally demonstrated by Scholander as c1ted by'
Blix and Folkow (1977).3 A seai was subjected to head

A A ;, -
immersion and a section of skeletal muscle exposed. When

‘this piece of muscle was cut"no bleeding occn“ed. When

the dive was terminated the cut muse®le bled pro'ﬁ“ely

'Y

’ keep1ng with this, Grogaard & Sundell { Found that

holding a cold wet towelk against the snout of newborn
lambs decreased aortic blood flow by an average of almost

25% below control levels. Interestlngly, carotld_flow

increased although only by an average of‘about 8%
' f"’ ) ) ' Sy ’ . . B
suggesting. that flow to‘the'head was maintained. .

R
f '

‘A decrease‘in heart rate is the mOst commonly
S -

observed phenomenon in’ response to fac1a1 immersion. f,/

‘Scholander, in hls 1962 rev1ew noted that thls responsé
has been shown to occur: in mammals, blrds, reptlles.
amphlblans and even flsb when removed from water. As a’

SpélelC example. L1n (1974) observed that slowlng of the

‘heert rate occurred 1n rats when thelr heads were lmmersed

+ -

In

D

PR

“Ln»water,n Both Andersen (195J) and Lan0111e (1983) havea‘f,;'

Y
L4

'made 51m11ar obserVatlons usxng ducks.
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}

. In addition to decreases 1n heart rate there is

’
.

‘apparently a decrease in cardlac output durlng d1ving as

well. Blix and Folkow (1977) c1te several references
. z ~ |
supporting this. In keep1ng wzth these stud1es, a more '

’F

' recent investigatlon (Grogaard & Sundell, 1983) has shown

a decrease infcard1ac output of approximately 20% 1n '

neWborn 1ambs on application of cold to the snout. In his

1982 review, Lin states that there is apparently no ;

significant change in strokelvolume."According toBlix;\[ﬁ'R

" and Folkow, the decrease in heart’rate and cardiac‘output'

along with the maintenance of stroke volume 1nd1cates a
reductlon in myocardlal contractlllty It should be noted

here that the c1rcumstances surroundlng the experlment may .

-,

also affect the responses seen. For example, Butler-ln‘e,
" réview publlshed in 1982 1ndicates that free d1v1ng
.experlments have shown a much greater var1ab111ty 1n the

. heart'rate responses 1n both mammals and blrds. Thls may\

1nd1cate 1nf1uences of other factors such as'fear in -

. captive experlments, whlch 1nfers p0581b1e part1c1pat1on

P

1of h1qher braln centres as modiflers of a ba51c reflex

Al\;ndlcated above,varterzal pressure remalns the

"same or is: sllghtly elevated durlng d1v1ng or fac1al

' fimmerslon.v For example,lan 1ncrease 1n both systolzc and"l

e ,«‘_.

."dlastollc pressure was found in newbord lambs durlng

!
l

V'_51mu1ated d1v1ng (Grogaard and Sundell 1983) ZLin“

'~(1974) found a s;mllar response in rats.' Slmllarly Lllloﬂl‘l

‘i,(1979) found that arterlal pressure was malntalned or



;oo . [ ’ . . ' v ‘. . '
/ ‘ ‘ ‘ o . '

slightly elevated in bullfrogs when they were submerged in

water.i This response was also observed.in deCerebratei

/

y :
.cats - (Martner et al, 1977),

h / \

.ot

In summar}} it'would appear.that‘there'is a general

response_to div1ng or fac1a1 1mmersion seen in most
animals which is at least partly characterized by a

decrease in heart rate w1th assoc1ated chaﬂbes 1n cardiac

&
performanceq an 1ncrease'or‘ma1ntenance of arterial

pressure, and a decrease in peripheraI”blood flow. These
\‘ ” !
wresponses appear to " vary in intensity between spec1es and

——

also depend on the circumstances of the particular

'experiment. P

N

B. .Studies on Human Subjects '

Face_Immersion‘in‘Water'
In’iine with the research carriead out‘on‘hnimal
‘models concerning the various cardiovaSCular responses'to‘
. d1v1ng and/or facial immersion, studies‘have SEen‘carried

,out by numerous 1nvest1gators using human subJects to

Jdetermlne 1f the same reflex 1s present 1n man and to,
' o

feluc1date the underlyzng mechanisms by which they are

triggered. Among the earlier 1nvestigations of thls Op

'response were again carried out by Scholander et al

(1962) ; For example, they found a decrease in heart‘ratet'

in free diving pearl dlvers during underwater swzmming

_ “Arterial pressure measured during facial 1mmersion while

Ly ..' . [ 2



.

f./ . ‘ i .l . ‘.’ .o lz
at the'surface“showed little‘change. o

A
v

To obtain an 1nd1cation of muscle blood flow dur_ng-

the dive, Scholander and co—workers (1962) measured pre

. — 1

and post dive blood lactate values. They found that

.

lactate values in blood taken 1mmed1ate1y after diVing ‘f

while subJects were still’ holding their breath were the.
. |\. v N
same' as pre~dive values. Blood samples taken followrhg;
4+ \ ..\

the resumption of respiration had much: higher lactate

1

levels, -a response similar to that found in seals They
concluded that this delayed increase in lactat p0551b1y
indicated a decrease in muscle blood flow during a dive L

which resulted in ‘a buildup of lactate in the muscle.‘ The

’ .

increase seen in lactate values after breathing was SN

-
s ~

resumed was 1nterpreted as reflecting an 1ncreased muscle‘
blood flow which essentially washed the lactate out of the' ,'

- muscle, 1nto the Cinculation.

-

»

The bradycardia response éas also béen found to be. : "

RIS

accompanied by a reduction of blood £low to various parﬁ ‘
"of the body as has been suggested abbve (SEHElander, ", ' "

1962) For example, Elsner (1963) found a decrease both

]

-din heart rate and calf blood flowfduring facial 1mmersion. N
fn

In keeping w1th this,‘Heistad et al (1968) found a’

decrease 1n heart rate and finger and forearm blood flow.f |
. . L - L e

N as well as an increase 1n arterlal pressure 1n human‘i'xﬁ“‘@_.

- XY

subjects during facial 1mmer81on.t The responses in fact .

were quite marked For example, finger blood flow




o
)

A
~

decreasqd‘by‘72% within the first ten seconds ofvimmefsibn«

while forearm flow decreased by ébout S0%. Mean artgriaf;
preésurég%hc:eaéed approximately 20%‘while‘heart raté

A ' Joe T ‘ . o ‘
decreased approximately 23%. In fact similar responses

N '

have been found in varying degrées:by,many authors (see
' - . ‘ " ' [ ] ' . -
. Table I, pg. 14).
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The magnitude of the responses seems.ao be at least

. ! v['
partly dependent on both water temperature and whecﬁér\or
: —

4

not gubjects are holéing their Sreath. Breaéh‘hol
alone seems to produce at least some slowing'of the .hea f.
For‘examplg, Moofe et al (1972) observed a siiqht decrea;k
in heart rate when subjects held theirybreath in air. |

This has been demonstrated by many other authors (Olsen

4.

et al 1962, Elsner 1963, Irving 1963, Kawakami et al 1967,

Paulev 1968). The combining gf breath holding‘and facial

immersion seems to magnf%y the response. This finding is ,

‘apparent in the work of Khurana et-al (;980)‘who found‘
that the greatest decrease in heart rate was seen when
breath.holding and facial immersion were combined aé
compared to‘breatﬁ holding alone and facial immersién'
while breathipg through ‘a snorkel. This is supported by

" various authors includiﬁglMukhtar and Patrickl(1984) and
Speck and Bruce (1578). 'Based on such evidence it appearé
that bradycardia induced by diving is produéed by two

stimuli which will act on their own or in combination.
—a |
‘Arterial pressure also appears to be affected to

different degrees with‘fespectito these various stimuli.

.
T

A . ' ’ . o8 B
For example, Khurana et.al (1980) indicate that mean
arterial pressure roée significantly durinqureath hold in
air and breath hold during face immersion. Fécial‘

immerSion.while breéthing using a Snorkel. thus avoiding.

«fbreathholding, did not produce a 51qn1f1cant:1ncrease in
mean arterial pressure however, whereas abplidation of a

o
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cold at1mu1us in the form of an ice bag d1d

[

The effect of water temperature on these responses

has also'been examlned. In general, most authors have
found that colder water produces a greater response. For:
example, Kawakami et al‘(l967) found that subjects showed

‘ .
a greater decrease in heart rate and increase in blood

pressure in cold water tham in coolkwaterf 1"Si'mil'arly,
Furedy et al‘f1983)’examimed the effeéts of dir£Eremt‘
‘water temperatures rang1ng from 10C to 40C.f They also
reported that decrease in heart rate and\f ger blood flow Lot

(as measured by flnger ptlse volume) were greater in the
group exposed to water at 10C. This has'been-conflrmed by

a

many_authorsm‘(Table I pg. 14)

This indicates that the intensity of cold may be'an‘
important factor in producing the so-called diving
response in humans. This has not been found to be the
case in animals; ‘This discrepancy prompted Paulev (1968)

to question the supposed similarity of the observed

"

- responses in humans and animals. Whether or'not.these
reported responses to breath-holding and facial immersion

are the same in humans as in animals, it seems clear?ihat

- some kind of reflex-like reaction takes‘plaoe in response_;

3 ) t
to these two stimuli alone or -in combination.

yo
S

Cold A;r on the. Face

There are many reports that 51m11ar heart rate and



v
1 !

blood pressurxe responseS’haue been seen ih mandwhen cold
_air islblown on the face. For example, Paulev (1968)
observed a decrease in neart rate‘of‘dk in subjects'iyinq
‘prone ﬁ;th-zld air blowing on their faces;u.Similarly,
Hayward et ai (1976)'reported a decreasetof 6+1% in heart
rate when cold air was blown‘ontomthe faces’of subjects
Sittinq upright on a couch. No.chanoe;was observed‘in
mean arterial pressure in 'this study. but'forearm piood

'floﬁ,‘measured by strain gauge plethysmography was seen to

decrease wnile forearm vascular resistance increased by a

‘mean value of 30%. Similar but greater responses occurred

when air was blown onto the‘sidelof the face. In keepino
with' these results, LeBlanc et al (1976) also reported a
decrease in heart rate upon appldcation of a cold stream

of ‘air on the face. These authors reported“similar

findings in -a paper published in 1975.

The degree of slowing of the heart in response to

cold a1r blown on the f—ce appears to be temperature

19

dependent. Paulev (1968)ﬂfor example, noted a decrease in.;

[y

heart rate of 2.4% when 35C air was blown onto subjects'
faces and a‘decrease‘of 4% when'colder (21C) air was used.
. LeBlanc et al (1976) also noted that varylng air

‘temperatures from 25C to -15C at a 91ven wind speed

-

produced progre531vely greater decreases in heart rate as

..

air temperature decreased. Cabanac and Caputa (1979)

reported a decrease 'in heart. hfte and a m11d ¢

-vasoconstrlctlon (as 1nferred by flnqer temperature) in

-



20
subjects exerc1sing on a blcycle in a' cold (10C) chamber
when the face’was fanned. S1m1larly nggs et al (1981),
reported a decrease ir exergise heart rates 1n subJects
pedaling a b1cycle dur1ng incremental work when cold air
(lOC) was directed on the face aslcompared to control, (n i
air) conditions. | “ , | | ' '.' n’-k_ y

o

‘One can conclude from these studies that cool or cold

air blowing.on the face in humans can produce similar’
Ly
N

responses to those observed during face 1mmer51on and/or LA

'vbreathholdlng or other cold st1mu11 applled to the face

i.e. ice packs. The fact that there seems to be a

[N

temperature effect 1nd1cates a role of "’ cold reéeptors in,

v

the skin. although Cabanec and Caputa has postulated that’

_the response may be related to selective braln (presumably

hypothalamlc) coollng via blood collected from the orbltal

region of the eye by the angularls‘ocull ve;ns.'

~.

c. . Méchanisms Underlying the Response

—

' (N T

The cardlovascular responses to fac1a1 1mmerszon seen g 5

\_ in various specles Ancludlnq man,‘are thought to be

. med1ated by way of a multxneuronal reflex w1th synapses in '

'the medulla oblongata.A The prlmary afferent pathway is
;thought to be in ‘the triqemlnal nerve v1a nerve flbers 1n,‘
the opthalmlc branch.‘ The efferent pathway 1; belleved to -
.“be by way of the vagus nerve and sympathetlc flbres

1origlnat1ng from the splnal nerves Tl to L2 (Berne and "



Levy. 1972). ‘ 2 T .
. Evidence that the primary afferent pathway lies

- ’

within the trlgemlnal nerve has feen put foreh by many
authors,‘ For example Andersen (1963a) found that

immersion of ducks heads 1n water produced the greater

bradycardla only after the nostrlls were covered.v This .

21

area of the ducks bill (correspondlng to the nasal and eye

area in humans) is 1nnervated by the opthalmlc branch of

the tr1gem1nal nerve., Thls was supported by Andersens

_ flndlngs that cuttlng the trlgemlnal nerve abollshed the

Kl

response. In keeplng Wlth thls, Dykes (1974) found that

\,

of ! the face supplled by that nerve anesthetized, the

response to fac1al immer51on was attenuated or. abolished.

| Evidence that the afferent pathway of the reflex is also

by way of the trlgeml’%l nerve in humans 'is prov1ded by\f

'Khurana et al (1980) who found that cold compresses
‘(1 e. cloth soaked in 1ce water) applled to the area of

' N
the face 1nnervated by the opthalmlc branch of ‘the

- if the trlgem1na1 nerve" 1n seals was sectloned or the area

2 : .
trxgemlnal nerve produced a greater decrease in, heart rate

'.than that produced by appllcatlon to the areas 1nnervated

nerve ..

¥

o It has been noted by many authors (Brlck 1966 Olseh

'1962) that breath-hold1nq produces some bradycardla su'

fw1thout any simultaneous stlmulatlon of the trzgemlnal

I

'by elther the maxlllary or mandlbular branches of theﬁsame ﬂt\



‘nerve. Therefore it would seem that'inhibitiOn‘of

respiration alone provides.a type of stimulus-which causés‘

'this‘reduction in heart rate. In hls rev1ew' Lin (1982)_

_receptors around the glottls, ;h?ervated by the

states that this observed reductlon 1n heart rate 1s at
'least partially due to the e11m1nat1on of the sllght ’
' tachycardia that would otherwlse occur during 1nsp1rat10n

Bllx and Folkow (1977) in the1r revzew of cardlovascular B

L4

glossopharyngeal nerve seen to also play an 1mportant role

”in the e11c1tat10n of bradycard1a. Stlmulatlon of these.

1

‘-receptors causes the reflex closure of the glottls and

_apnea w1th a. concommltant reductlon of heart rate. They

L]

also 1nd1cate that other, papers report that sect1on1ng of

these nerves d1d not completely abollsh the decrease in

‘heart rate seen upon stlmulatlon of the trlgemlnal nerve

‘bradycardla seen dur1ng d1v1ng.

. 22

adJustments to d1v1ng in mammals and b1rds concluded that‘

endlnqs,'aqaln suggestlng that the tr1gem1nal nerve f1bres

" are an 1mportant afferent pathway 'in the med1at10n ‘of

Other st1mu11 can also e11c1t a bradycardla.‘ For i

L example, pressure on the eyeballs has been shown to cause

'roculocardiac reflex by Gandev1a et al (1978) These K

‘pduthors reported bradycardla 1n response to both pressure

-

'these two d1fferent Stlmull m1ght have the same reflex ’

>

such a response. Thls phenomenon is referred to as thei‘f'

>fpathway The oculocardiac reflex has apparently been used

v'?,on the eyeball and fac1al 1mmersxon. They postulated that ;?ffff*



- to pred1ct the degree of bgadycardia that mlght be

the heart. For example Lin (1974) reported that
‘ heart decreased the heart rate response to 1mmersxon xn

‘and Flnley et al (1979) have reported slmllar results in,

-f‘and phehtolam1ne.a These druqs affect the actlon:OV

-

| expected in scuba dlvers, however, Folgerlng et al (1983)

found a low correlatlon between the heart rate responses
A

.811C1ted by the two stlmull.

-

' . N , )
t

The‘efferent pathways by'which the‘cardiovasCular

responses to fac1al immerslon are: affected appears to be

_contalned in both the parasympathetlc and sympathetlc‘

nervous: systems as ment1oned previously. The slow1ng of

the heart‘rate seems to be mediated by way of

'parasympathetic fibres‘inythe yagus‘nerve; This'has bjen
sed

elucidatedmin‘stndies using atropine, a drug which is

to block parasympathetic postganglionic receptor'sites at

admlnlstratlon of atroplne to block xhe act1on of

parasympathetlc fibres in the vagus nerve leadlng to the

_rats. Slmllar effects were seen in bullfrogs by Lillo

‘(1979) Several .workers 1nc1ud1ng Helstad et al (1968)

‘

‘humans. . . " ‘ o , ‘f ;

P

P . —

' Although slowmng of. the heart could posstbly reflect

e

. reduced sympathetlc stlmulatlon the ev1dence seems to be

>

mitO the contrary Varlous workers have found other

'Mcardlovascular responséﬁato facxal 1mmersxon such as blood

A

“‘;pressure can be changed uslng drugs such as prop anolol

C—_

: thg"'.l-“

23

A
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sympathetic nervous s&stem. fropranolol blocks the
‘Pbeta—receptors 1n var1ous t1ssues such as the heart whlle
Iphentolamlne blocks the alpha receptors in tissues such as
'the blood vessels in the skin. For example, Flnley et al

—

(1979) found that adm1n1strat1on of propranolol d1d not

affect the heart. rate response to fac1a1 1mmer81on in *®
’humans but prevented the usual rise 1n arter1al pressure
Adm1nlstratlon of phentolamlne whlch should prevent a
r1se in d1astol1c pressure by preventlng vasoconstr1ct1on
in the skln, had no effect on heart rate response to
lmnerslon,‘suggesting that rncreases in dlastollc pressuﬂe
are not’ necessary to produce bradycardla. In add1t1on
_Helstad et al (1968) found that admin1strat10n of atroplne
‘/abollshed bradycard1a durlng face immersion, it d1d not
affect the vasoconstrzctor response in forearmﬁand :
ffinders.‘ | o

»

S Ev1dence for an 1ncrease 1n both parasympathetlc and

[
—

sympathetzc outflow to the heart and the relatlvei
Ipredomlnance of parasympathetlc act1v1ty has recently been.
fput forth by Furedy (1985) “Thls author has suggested '
{that changes in the amplltude of the T—wave (TWA) of the
‘”dECG reflect changes 1n sympathetlc act1v1ty in the heartr
He reported that faclal 1mmerszon resulted in. an'
lattenuatlon‘of-TWA in human subJects Accordlng to the ¥
‘f tauthor, a reductlon 1n TWA'1nd1cates an 1ncrease‘1n

sympathetlc act1v1ty to the heart i In splte of thlS

squested 1ncre§ked sympathetlc act1v1ty, heart rate st111 ;dd-ﬁﬁ



. declinedhdurind‘imnersiOn.‘ The author concluded that
‘although sympathetlc act1v1ty had 1ncreased asA}Ad1cated >
by.the'attenuated TWA s, parasympathetrg,act1v1ty‘nust
‘have‘beenwoverridinglthis; because the{heart rate ,
‘decreased. B

< o ‘.“ ‘ __ fl““h‘~'

hAlthOUQh_activity'of the‘parasympathetic nerves seen

‘to exért control effect over[heartgrate during the P
response‘to cold stimulue'to’thelface 'the stimulus'might

"1ncrease sympathetlc actlvity whxéh whlle not‘affectlng'
‘heart rate.,mgk\cause other changes in cardlac
"performancem' As indicated above, Furedy (1985)‘concludéd

\

that there 1s an increase 1n sympathetlc dlscharge to the»

-

heart during facaal immersion. Thls may be supported by
evidence. glven by LeBlanc (1975a) who reported that
exposure of the face to cold w1nd results in an 1ncrease"

in ventrlcular performance'asﬂlndlcated by‘an 1ncrease 1n>

left ventricular ejection time- (LVET) and a decrease in

pre//\ecchon perlod (PEP) . Thls however, is not in j
.-keeplng w1th Lin (1974) who found a decrease>;n,left 4

ventricular poyer‘of 61% in rats during head'down,
immersion.
N "FrOm the above discussion}‘the-cardiovascular

responses to d1v1ng, face 1mmer810n or applicatlon of cold"f
to the face appears to be a reflex._ Thls appears to be‘
fazrly certain 1n an1mals such as the seal and the duck

both aquat1c anlmals as well as the cat ,which 13

{



-definite1y>noneaqnatic.‘ For'example,‘Andersen (1§63)

‘statea that decerebrate ducks demonstrated a functlonlng

"
q.\

response to fac1a1 1mmers1on,:suggest1ng a basic, reflex

'pathway capable of funct10n1ng without cErebral 1nfluence

1 A

Similar results were found by Martner et al (1977) 1n'
‘decerebrate*cats‘ animals whlch 1nherently avoid water
ﬁThe evidence is less .clear for the: mechanlsm in humans
‘For,example, Asmussen and Kristiansson §1968) suggest that
face immersion bradycardla‘may be sinply‘afcondltioned .
reflex developed:from‘an nnconditioned‘apneic ihhibitory
‘reflen'; In other words, the lelng response.seen in -
,anlmals may not really have a counterpart in humans
“rather lt may‘be an'artlfact of some other reflex.“
However, results‘from other studies.using various methods

of e11c1t1ng t&1s so- called d1v1ng reflex, such as face

1mmers1on, cold alr, cold compresses etc. would preclude

‘d18m1851ng the 1dea of a ba51c reflex. = . -

ngher bra1n centres also appear to play an 1mportant

:role in the modzf1cat1on of the reflex ever in nd%human
Qspec1es. For example, SCholander (c1ted by Bllx and |
;Eolkow, 1977) noted that seals he was study1ng would
‘sometlmes exhiblt bradycardla prlor to 1mmer51on and fi\
‘lﬁoccas1onally even upon a slmple gesture by one“of the
Ll?finvest1gators. Slmllarly others clted by Bllx and Folkow

ithave 1nd1cated that anlmals allowed to engage 1n free

'ﬂ*diving, that 1s unrestralned and of thelr own accord d1d

‘“fjnot always exhiblt the response,,a dlscovery which sparked

e
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' some controversy which st111 exlsts today. This suggests-

'y

‘that hlgher brain centres may 1n some cases ﬁac111tate and

.

in others 1nh1b1t the reflex

0
.

In,humans, varlous types of mental actzvity or

dlstractlon have. been found to attenuate the . response ‘As

1nd1cated prev1ously, Ross and Steptoe (1980) noted that

A

performlng mental ar1thmet1c durlng face 1mmers1on"
' »

'attenuated or. abollshed the bradycardla seen durlnq

control perlods. Llstenlng to prose being read d1d not
seem to affect ‘the. response Sxmllarly,,Wolfvet,@1‘(1965)'

noted thatldis'racting subjects during face imhersibn alsoj‘

‘ L ;
reduced or abglished the heart rate response. In a. later

“paper, of 19 8, the same authors found that preoccupatlon

A - ) o,
~.

with other matters had.a,slmzlar effect whlle fear

i
.

accentuated tfe heart rate response to immeRSion.’ In a’

¢

~ similar study: Furedy (1985) noted that 1f subjects were

I \
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able to physlcally control the t1me of face 1mmerslon, the a

heart rate response was attenuated However,‘51mply

A

know1ng when 1mmer31on wa?/eo\occur did‘not Seem to affect

I / BEENY * !

the response. ~Thus it appears that h1ghbr centreslof the

: P
v ) [

bra1n can exert an 1mportant 1nf1uence over what!' seems to .

-\'
\

be a ba51c reflex mechanlsm., .

L0

),

N .

Central Nervous System

-~
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" drinking small amounts of alcohol as being one of.
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-one's mental function, involving higher centres of the

CNS, in particular the cerebral cortex, Ritchie (1975)
describes alcohol s a central depressant. Although most

individuals ﬁould describe the subjective effect of

' R

'stimulaticn' Ritchie interprets its effect as being more a

depresslon of normal 1nh1b1tory or controlling 1nf1uences

of thq hlgher centres. He describes the effect as being
A ' ‘ ,
due te depresslon of polysynaptic structures of the

¢ 3
retlcular actlvatlng system and certain cortical "

b

&
' mechanisms which in effect acts to release the cerebral

cortex from integrative control.

¥
\

N N ,
One's perception of sensory stimuli can also be

"altered by ingestion of alcohol. Shch an effect is

‘indicated by findings such as those of Gurney (1983). He

fcund Subjects constantly judged the temperature to which
they Qere exposed to be warmer when they had first
ingested alcohol' Similarly, Keatlnge and Evans (1960)
found that although ingestion of ethanol (75mL absolute)

had llttle effect on heat loss when 1mmersed in cold water

their subjects reported that the water felt warmer after

they had drahkwthe alcohol.

-

A

Alcohol may also affect the function of peripheral

nerves directly. .This was 1nd1cated in the flndlngs of
%».‘ . . N RS -

‘Sauerland et al (1970) who examined the effects of alcohol

on the stimulation'threshold.of:the trigeminal nerve.

.
.



'They found that blood alcohol levels greater than 50 mg% .

caused depolarlzatlon of. sensory neurons in the trlgemlnal
nerve, decreaslﬁg nerve conduction. The authors concluded
that alcohol caused a presynaptic inhibition which is at K
least partiallyhresponsible\for its central depressant
effect.
l-IngestiQn of alcohol has.also been shown to act at
the spinal level altering the threshold of some spinal

co

by .
reflexes. According to Ritchie (19%5) small amounts of
' .,,/‘
. alcohol appear to facilitate some reactions whereas
,ingestion .of .large quantities causes elevation of their

thresholds:‘,

Tne effects of alcohol.on neurons of the nervous
system areﬂlikelf'the result cf alteration of‘certaln
functional characteristics of the cell membrane in the
nenron; For ekample Grenell klng)‘in a review,‘indicated
that alcohol seems to interfere with*the.g:neration of the.
action potential by the neuron. This ie apparently caused

" )

by a change in membrane permeability to sodium and

potassium which may.occur as a result of changes ln Ehe
élevels of extracellular calc1um. .As neuron exc1tab111ty

decreases in. the ‘presence of high concentratlons of

extracellular calcium and, accordlng to the author,

meﬁgrane conductance decreases'in the presence of ethanol

it is poss1ble that ethanol somehow increases the level of

extracellular calczum. The author concludes that synaptzc

4/‘/



transmission is affected as a result of these and other

changes. This is in agreement with the conclusions of

Sauerland et al (1970) above.

Cardiovascular System

The ingestion ofialcohol appeers'te affect the heart
directly, both in terms of heart rate aﬁd.contractility.
The results of sthdies which have examined the effects of
alcohol on heart rate -and cardiac performance (i.e;
cardiac output, stroke volume, ceneractility)-in both -
humans anaweniﬁals are eomewhat'conflicting. Although 1t
is commonly assumed that alcohol ingestion causes an’ :
increase in heart rate, experimental evidence does not
‘4always bear it out. Regah et al (1971),.in a review
examininq”the effeéts of alcohol on the heart, cites‘only
two studies that indicate that -acute alcohol consgmption
increases heart rate in humans. Segal et el (1984) in
their review of the effects.of alcohol on tﬁe‘heart,
concluded that moderete deses oé alcohol have a minimal
effeét‘ongﬁggygthanical properties of the heart:
Accordinq‘toAthese‘authors,‘alcohol may increase‘heert
rate and depress myocardial contractility'in.human
%ubjects. Ahmed et al (1973) found that, low doses of
alcohol (6 oz whlskey ingested over a 2 hour period or a 1
tour period) produced a decrease in myocard1a1 |

contréctility in huhens.- According to the authors, this

-

gas 1Ld1cated by an increase 1n the ratzo of pre eJectlon.

perlod (PEP) to left ventrlcular eJectlon tlme (LVET)

\

R
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These: measures have prev1ously been shown to be valid

1nd1cators of cardiac performance and myocardlal
contractillty (Ahmed et al 1972, Welssler‘et al 1961).

'Although in the same study, Ahmep et al (1973) stated that
. g ) . :
the heart rate was not elevated py a statistically

81gn1f1cant amount examination of the data reveals a 4%

and' 2% increase in heart rate over the .2 hour gnd 1 hour
-— ' . :
periods respectively. In keeping with this, Friedman et

‘al (1979) found that infusion of alcohol into dogs caused
a decfease in an index of myocardial contractility (as

calculated by d1v1d1nq the first derivative of left

M
‘

ventrlcular pulse pressure (dP/dt) by left ventricular end
‘dlastollc volume - (EDV), both measured invasively and an
yincrease of myocardial oxygen consumption. Al though heart
rate‘wasﬁnot.determined by the authors, examination of the
data indicates that alcohol tfeated animals _had, slightly

higner heart rates than animals which had not been infused

v

with alcohol. Since heart rate has been shown to

1. . '
correlate well with direct measures“gf.myocardial oxygen
‘ N ' , ‘ » b
consumption and coronary blood flowf(Hedworth—Whitty et al -
\ R !
1970 Ritamura et al 1972), an 1ncrease in heart rate

m1ght have occurred as they found an 1ncrease 1n
~
myocard1a1 oxygen consumptlon. -In contrast ‘to thls Child

et al (1379) concluded that ingestion of moderate amounts
\

of ethanof\dld not result in any siqnificant'effect on

S LR

‘cardiac fu ction in humans.. However, examination of thelr
datahahows hat heart rate was 1ncreased by about 7% over

control values and the ratio of PEP/LVET showed a sllqht

¥ ———— s

\ ' . - —
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decrea

| . .
increase, suggesting a.small decrease»in myocardial

'contractility. However, they also examined the effect of

alcohol ingestion on cardiac performance under autonomic
blockade induced by the drug propranolol, which would
block the stimulatory effect of sympathetic activity, and
;tropine,‘which‘would block the inhibitory effect of
stimulationlvia the parasympathetic‘system Ingestion of
alcohol with the autononic blockade produced an 1ncrease |
in heart rate of 43%\over control values. . However, this
represented a lb%vdecrease when compared to heart rate
measured under autonomic‘blockade alone. ﬁeasurement of

myocardial contractility (as calculated“by the ratio*

PEP/LVET) under the conditions of hoth‘alcohol and

}autonomic blockade and blockade alone,‘revealed’ah

incréase in the ratio of PEP/LVET of 4% when the“alcohol.

and autonomic blockade condition was compared to blockade

, T ese’ authors concluded that this 1nd1cated a

alone.
in left ventricular performance which suggested a
decrease in myocardial contractility. Theyvspeculated
further that the absence of anyfobservable significant
effect of alcohol on cardiac performance in normal.human
subJects is likely due to compensation by the ad%onom1C'

——

nervous systenm. In support of this they stated that

: ‘alcohol has been known to increase the levels of

c1rculat1nq catecholamines which may enhance this

compensation. In summary they concluded that alcohol

tends to reduce the force of contractlon of cardiac muscle

(neqative 1ntrop1c effect) ‘but that this effect 1s masked

/" . i - R . c q-‘~
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1

by an ANS and'circulating catecholamines. .

On the basis of the'above findings'it'would appear

that low to moderate doses of alcohol may have some direct

influence on cardlac functlon in normal 1nd1v1duals Thls

~
i

1s not always readily apparent due to 1nfluences of other
' \

,factors such as the action of the ‘autonomic nervous system

and of catecholamlnes c1rculat1ng in the blood.

Peripheral Circulation )

éeripheral circulationﬁxin‘particular that‘of'muscle
and skin, may also be afieoted by alcohol. Ingestion.of
alcoholuhas been shown to lncrease‘b%sod flOtho the skln
in the_fingers, hands legs and forearms For'example,'
Glllesple (1967) reported a greater skln blood flow in the

wrists and feet of twelve healthy subjects ‘who had

1ngested whlsky (2 mL/kq body welght).' The author did not

‘record ambient”temperature. Blood flou to the muscle,

measured in the calves and forearms'was not inoreased.
Blood flow in thls experlment ‘was determlned by venous
occ1u51on plethysmography u51ng mercury in rubber stra1n
a?auges." ;hls 1s 1n keeplng w1th the earlier flndlngs of
Few1ngs et al (1966) who reported anvlncrease 1n blood
flow to the hand and in skin flow 1n the forearm but a
decrease 1n blood flow to the muscle'ln'the forearm.

These measurements were also made uslnq venous occ1u31on;§

plethysmography but u51ng a water fllled plethysmoqraph

for the hand and capacltance plethysmoqraphs (usinq a

o
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L 7
: copper cyllnder and the skin as plates of the capac1tor)
”for the forearm. leferences 1n skln and muscle flow in

the'forearm,were determlned by determlning the oxygen

saturation of blood taken from both skln & muscle veins

via catheters. Both groups of 1nvest1gators reported that

1ntra arterial infu81on of alcohol caused a

vasoconstriction. They postulated that partlal metabollsm

\

of alcohol must occur for vasodilatlon to occur. Hughes

et‘alu 84) also report a greater skln blood flow in the
lower izss of‘males who.had 1ngested alcohol. Sk1n blood
flow, as determlned by the Xenon 133 sk1n perfu51on |
technique, was observed to 1ncre;se after the 1ngestlon of
alcohol at environmental=temperatures of 25 and 30C. This
change in skin blood flow was not seen at temperatures of
20C or 35C. The authors concluded that w1th suff1c1ent
;cold stlmulus, the vasodllatory effects of alcohol may be
overrldden and with suffzclent heat stlmulus; vasodllatlon-
'15 max1ma1 and wlll not . be affected by alcohol.‘ Thew
.effect of cold on skin blood flow response to alcohol
1ngest10n obserVed by these authors is 1n keeplng w1th | L
_that seen by other 1nvestlgat6rs“'-ﬁbr example, Andersen

.et al (1963) reported that 1ngest1on of l 1 to 1.5 g/kg of f'i:&
falcohol by male subJects who then rested for 8 hours in a \ "
‘room ‘at 20 or 15C d1d not cause an appreclably greatervﬁl

Ki

heat loss than when alcohol was not 1ngested ’ They

| ‘-:concluded that the cold stress at these temperatures waS\._ .

v enough to counter any vasodlldtory effects of alcohol.

”»fSlmllar results have been found by other workers((Fellowsdd-“’



et al 1984, Lomax et al 1981).

. , o o s . . .
'From‘such“evidence one can ‘conclude that ingestion of

Crelativgly modefaté amounts of aléahql‘may cause an '
increase inuskiniblood flow in‘normal‘subjeéts at‘near‘;ol
or thermépeutral ambiént tempergturés.“This efféct mqy”be
due in.pgft,to_thg afféct of a1c9ho1:on the‘CNS, however
Giliesbie (1967)obser;eq_a greater‘skin‘biood fléw‘in the
‘uppef limbs of recently §Ympathectomized patient$ after

alcohol ingestion.
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‘III. .METHODS.AND PROCEDURES
‘ : | . e
A. Subjects S S . L
Ten males 21~ 32 years, all studentslln the Department
of Phy81cal Educatlon and Sport Studles at the Un1vers1ty
of Alberta acted as subJects.‘ Each took part in tﬁo
‘experlmental trlals. Prlor to the flrst trlal each
subJect ‘was 1n£ormed of the requlrements and risks.
1nvolved after_whlch'each signed a statement'lndlcating,,
that they understOod and agreed‘to the conditions of the

‘\\\’ )

experiment. . (Appendix III)

Subjects were requested not toVingest any.food,
y'consume<any beverades containino caffeine‘for at‘least‘3g\
hours on the da} of:each trial andfmere not to have
!x }.consumed alcohol smoked c1garettes or taken drugs for 24
ihours.v They were also requested not to take part in
‘strenuous phy51cal actlvxty for at least 6 hours prlor to
the experlment.' All tests were‘carrled out between 8 00
am: and 12 00 noon.‘l | | BT
“H‘ﬁ;"dApbaratus andﬁtechnioues:::

. -
-~
.’;;.

Alr flow was supplled v1a a’ boxllke a1r duct through

“Jﬂby means of a blower attached at one end.c Ins1de. the

~duct was“dlvided 1nto two channels in one of whlch was ;;”j?”‘

| mounted a heat exchanger through whlch cold alr could be fi'Qi”

2,
[ e A R e o o .




c1rcu1ated to cool the a1r and in the other,‘an electric
‘heat1ng c01l to heat it. By moving a slxdlng damper the

‘ relatlve amount of the a1r pa551ng through each channel

\
. v ' "

could be controlled maklng a wide’ range of temperatures‘

(33cC to. 9C) avallahle The air next entered a space where
mixing could occur. After passing through a. screen

(palnted wh1te so subJects could not see the damper) it

,~

‘ )
exited v1a a cone- shaped duct through a square openlng

'»1measur1ng 10 cm * 10 cm. V The air veloc1ty was
approxlmately 8m/sec at the open outlet. The outlet had a

strip of foam paddlng attached to the top edge aga1nst

—- )

wh1ch the subjects were 1nstructed to place the1r
foreheads. ThlS standardlzed the dlstance of their faces

from“the opening.

Heart rate and‘blood'flow were recorded on a
'polygraph (Dynograph model R, Beckman Instr..c “{. Heart

; I 4 . ' ’
rate was monltored using a cardlotachometer coupler. ‘This '

.latter dev1ce determlnes the 1nterval between succe551ve
" R= waves of the ECG and updates each beat The‘.l_jmﬁ‘”' e

‘.cardlotachometer output recorded on the polygraph -;;

resui%ed 1n a serles of hor;zontal 11nes on_ the chart eachp“

,

: b
~of whlch represented a spec1f1c heart rate.,‘The‘
, o :

_‘cardlotachometer was callbrated prlor to each experlment -“h_“ﬂk

‘u51ng a 51mulated ECG generator (Qulnton Instr. Incr).ke/Jh.ﬂ'k

N, " Pt : - . o

Flnger blood flow was determlned by venous occlus;on

hplethysmography u51ng the method~s1milar to;that descr;bed\ffﬂf”f




‘n.“ - [ i1-~7' | ~ '1““ 31 “- kfl"i‘ i‘ﬁ : 'i fﬁh
' by‘Greenfield et‘al (1963). ‘In”this procedure venous.‘
\‘rdrainaqe from the finger is occluded and the resultant
change in finger volume determined. The initial rate .of
increase in volume is assumed to be the result of and
Tequivalent to the rate of blood flow into the finger.
‘Volume changes were recorded by means’ of an oncometeri
,sealed over the finger sliqhtly distal to the seqond '
finger JOint uSing a silicon based dental impre551on'
p’materialn(Permlastic, Kerr Inc ). ‘ The- small nipple on the .
oncometer was attached via: small bore latex rubber tubing

z)\
to a low pressure transdu@er (Grass Igstr. Co. Model

PT 5) .Q The output of the transducer was recorded on the
‘polygraph. A sample record may be 'seen in fig 1. The
system was calibrated for each subject by inJecting a'
known volume of air into the system With the frnger in.
place.l A smallvinflatable cuff was placed about the base
of the finger and held in place by velcro strips was

»

o inflated to a presSure of 70 mmHg during each

=

{‘.”fdetermination to prevent venous drainage while presumably
.not affecting arterial flow to the finger.

The sequence of events for each blood flow

""

;determination was initiated by a puséﬁbutton sw1tch and

prroceeded automatically.i This inclu'ed

DTS e
T e e T g

oy inqr,egsgﬁrijc;;gft‘ 'speed from 25 mm/min to' 25 -
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'3) A5 sec recording period.

AN

jd) Release of cuff pressure and slowlng of chart
s . .

speed to 25 mm/mxn.

+

Blood flow was measured 3: times durlng the flrst
' \ r
flfteen seconds of each mlnute of a two m1nute per1od

durlnq WhiCh'W1nd at each ‘specific temperature was blown

on the‘subjects face.' it was measured‘in the same fashion

for each minute of a three mlnute 1n1t1al no w1nd or

basellne, perlod at the beg1nn1ng of each tr1al and durlng
L . »~ » \ .
the final mlnute,of a~control'perlod hetween dlfferent

A

wind temperdtures.

Arterial‘pressure was measured, at the same time as

blood flow and waﬁ*determlned u51ng ‘an automatlc AN

o
: v‘l\

~;a; d1g1tal readout (Arterlosonde)

sphygmomanometerﬁ'
It - was only p0881br to measure arter1a1 pressure once

each mlnute .as thls procedure took 45 50 seconds. The‘

. RN

T

"cuff for thls was placed\on the arm (1eft),‘opp031te thatw

,;1n whlch blood flow determinatlons were made, mldway

T b

“between the axllla and the elbow. Mean arter1a1 pressure‘

fwas estlmated uslng the equatlon MAP ‘d;ast011C'pressure

.\, i

f* (1/3 pulse pressure)

S . . B : . S . . .

DR
'otn oollng of the face durlng w1€-

Cleat

Cheek temperature was monikored tq\assess the degreeﬂfo

exposure.' For thls,-aﬁf"i




flne thermocouple of #30 gauge w1re was attached to the

cheek Just 1n£er1or to .the left orblt by means ot a small :

qLare ‘of adhe81ve tape (Mlcropore, 3M Inc ).’ The
) ' ! .
thermocouple was connected to an electronlc thermometer

’w1th.a 'digital readout (Baxley Instr._ Co. BAT—8).-

Blood alcohol levels were estlmated from breath
samples u81ng a Breathalyser jmodel 900A Smlth & Wesson,
'General'Qrdnance Equlpment Co.). Measurements were taken
'.immediately before testing began and‘again at the end of‘

the experiment.

.
\ '

Mean‘finger vascular resistance (MFVR) was calculated
in . ‘order to obtaln a better 1ndex of vascular tone 1n the
. w
flngers. As re51stance is determlned by the relatlonshlp

‘between pressure and flow it may better 1nd1cate the state',

of the blood vessels i.e. degree of constrlctlon 1n the

»

flngers., A decrease in flow may' be ‘a result of a. drop in

L

cardlac output or vasoconstrlctlon. Calculat1on of,the

‘ ) 7‘" l
-re51stance would hopefully e11m1nate the former. MFVR was
calculated by d1v1d1ng ‘mean arterlal pressure (MAPﬁ by

nflnger blood flow (FBF)

c.. ,PfDﬁedﬁres’p';“ :fy‘fxt' . Lk ‘:‘ﬁ”vt?fru

R

Upon arr1va1 1n the laboratory,‘an oncometer ¢j5“"'3

Lg japproprlate to the 51ze of the subJects rlght. mlddle

‘fﬂfaner’was pos;tloned on the flngeyrfo as to obtaln fo”" '



o
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maxzmal coverage without blocking the. nipple. . A llne was

drawn on the subjects flnger to 1nd1cate~the p051t10n of

e PR

the ﬁroxnnal end of .the oncometer. The oncometer wvas

A

removed and the volume of the subjects flngerﬁbas then
determined. For this the subject lowered his finger, to

" the 1ebe1 of the line previously draﬁn, into a 100 ml

n

graduated cyllnder fllled w1th water. On removal the

water dlsplaced ‘by the flnger (flﬁger volume) was read

I
- 1

fromfthe scale. Followxng thls, subjects were given a
‘ o
by

'.volume (750 ml) of liquid to drink. This consisted of

diet type dinger alerr a mixthre of this ginger ale and
vodka (Smirneff's Blue Label 48.5% alc/vol). ”This.wae
éonsﬁmed over'a period of half an hour. The amouetlof
alcohol adeed was.determined‘by multiplYing the"subjects
weight in kg: (obtainedlpreviopsly) by the‘deaired dose

level (l.Swml/kg body wt.). The'drink was served cold.

The subJects weremyoﬁ 1nformed a; to which mixture they

J
would be tngesting. The order of the trlals (alcohol vs

no alcohol) was assigned in random order.

Chest elegtrodes for recording ECG were next attached

R (CMS placement) n? the phygmomanometer cuff ‘was put on

the left arm. The oncometer was then sealed over. the

. ?
¥
‘

riqht middle finger.  One half hour after the last.of the
" . s .

drink had been ingested, the breath sample was taken for
determination of the level of blood alcohol. 'The Subject
then put on a medium weight sweater to prevent general

"ceoling.- Followlng;thls he sat in front, of the a1r flow

-
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_control periods as previously mentioned.

| 43
appargéus and heldt+his f&reheéd,on the pad as&descriSéd
above. This position resulted in the area of thé.tacé
approximating that*iﬁgﬁrvated‘by the Opg;halmic branch of

the trigeminal nerve to be exposed to the air flow. -

1 .
\

Finaily the thermocouple was‘attached to the cheek. ' The
subject was"reqﬁestédvpp reiax and to remain quet during’
the test period and if possible avoid falling asieep.'
Tésfing began after the subject had been sittiﬂ&

undisturbed for, 10 minutes.

The experimental procedure‘fequired approximately 35

minutes during which time the several different conditions

‘were imposed. The experiﬁynt began with a 3 minute no

wind period during which resting measure;ents of all
variables wére made. This period was referred to as
bgseline: Following this, wind at five different
temperatures was blown on the subjects faces. The period
of each exposure lasted two minutes. Each wiﬁd exposure .
ﬁas'separated'fromvﬁhernext by a contfdl périod of varying

length without ﬁind during which time the‘subjects face

temperature was allowed to return to the 1evél observed .

during the initial baseline period. The order of

»

presentation offthe different temperatures was randomized.

"The temperatures used included 33C, 30c, 21c, 15cC andeC.

All variables were measured during wind exposure and

s On éompletion of the experiment, after the second

.



44
breath samble was taken for blood alcohol determination,

subjects completed a quegtibnnaire, designed to asses

i

their.perceived thermal comfort. Answers were rated on a

~'scale ranging from -3 to +3, negative numbers indicating
degree of“éoldness, positive numbers indicating degree of

warmth, zero indicating neutral. This questionnaire and

scale were adapted from those-developed by Bedford (1958)

(Appendix II). = : . .

As a safety pr cadtion, subjects were required to
remain in the lab until their breath sample measurements
deciined below 40 mg%.

D. Data Analysis
—— o , -

‘Statistical analysis of the data consisted of two-way
Analysis of Variance with repeated measures for all data
except that from the perceptual questionnaire. Analysis
on the lapter was made using a simple t-test. Statistiwral

0

" significance was accepted -at the .05 lewel in all cases.

~;\<\f
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RESULTS

A. Bloodvhlcohol Levels

" 70 mg% + 3.
\

B. Face Temperature

-

Thg effect of wind of vafi?us'temperaturés on mean
face temperaturé can be seea in’fig. 2;' ‘Mean face
temperature dropped.significantly frpm control'vélues when
‘subjects were exposed to winds of 21C, 15C and 9C in
triais where alcohol was not ingested (b(0.0S). They

maximum drop in face temperature was 10.5C * 1 (mean =

-

sem) and occurred during the second minute of.exposure to

a 9C wifd. Similar’changeé in mean face temperature were.
@ i Lm - .

" seen during trials. where alcohol had

»

been ingested.’

" -Alcohol had no apparent effect on the magnitude or

rapidity of this changé. Mean féce~tem§eratu}e tended to (
. . v . . {

"“be slightly higher when glcohol had béen consumed. This 'i

difference<approached_stgtigfical signif{cance (p=0.06). ¢

;") ) . ‘ ’ ) . ' P

.
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C. ~ Heart Rate
D) ‘
Mean heart rate was not s1gnif1cantly affected when

4,

a1r of any temperature was blown on subJects faces This

is evident in fig. 3.

Since heart rate has been reported to decrease‘fairly
rapidly in'response'to‘cold air'heing blown onwthe faced
LeBlanc ‘et al 1975ah Hayward et al 1976) 1t was decided to
‘examine the beat by beat’ change in heart rate response
‘durlng exposure to the coldest wind (9C).“This was done
to determine'if‘a transient bradycardia had occurred..yA
tranSdent bradycardia may‘have been‘masked by the -
arithmetica} averaging.procedure'used‘to‘calculate meanv
heart rate. Accordingly, heart rate was determined
.dlrectly from the chart paper during each 5 second perlod

.assoclated w1th blood flow measurements and were not

" combined. to glve an average for that perlod | This.
Iresulted in a. temporal record spannlng the last S seconds
w‘of.control prior to wind exposure and the flrst‘flfteen
seconds of each’minute‘of.wind exposure:as ca;“;elseen‘in
figr 4. Heart\rate tended to decrease'fron control;values
after flfteen seconds of wind exposure but thls change was:"
not statlstlcally 51gn1f1cant (p>0 05) Heart-rate had
returned almost to control values by the end o§h7é;seconds‘

of wind exposure.

- -Alcohol had no apparent effect on‘heart;ratebalthough"
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, 50
the mean values for heartxrate tended to be slightly

" higher. This difference was not statistically = f
.\; N L B ‘ n : ‘ . . ‘ v

significant.

D. = Finger Blood ?low‘

AN

‘Meanufinger bloodhflow‘(FBF) tended to decrease.
immedlately from control values when w1nds of 21C 15C and
9C were blown on the subjects faces as can be seen in f1g.

“‘5. The magnltude of the decrease proved not to be

‘stat1st1cally sign1f1cant (p)O 05) . however there aﬂpeared
to be a trend toward a rapld response as is suggested in
“.‘, fig. 5. Wlth the 9C w1nds. FBF decreased 53% from control
| values w1th1n 15 seconds and 71% from control ‘after 75

Ry
‘secondf'ln trlals when‘alcohol had not‘been consugzd;

Alcohol had no apparent efﬁqpt on e1ther the
‘lmagnltude or tlme course of the response of FBE. However
the magnitude of the response to 15C and 9C air was used ’;
-although 81m11ar to that observed when alcohol was not |
"‘1ngested proved to be statlstlcally 31gn1f1c nt'ﬂp<0 05) ?‘h
'fi_Mean FBF was also algnlflcantly hlgher when alcohol had 7>'

',_been inqested.‘“v

R RS, A . . . .

(ng'dl‘néan“finge?’VaséularlgESistancef]

Mean flnqer vascular reszstance (MFVR) d1d not change lf:fﬂ;f

f?saniflcantly in response to exposure to wlnd at any ,
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ctemperature“(p>0 OS)Q However it would appear that there.

‘was a trend toward an 1mmed1ate response to the stlmull as

can be seen in fig.ts.‘ MFVR more than tr1pled from

];tontrol values during the first 15 seconds of exposure to
a 9C wind 1n trlals where alcohol had not been 1ngested
‘This change approached stat1st1cal s1gn1f1cance at the

0 05 level (p=0. 06)

Consumption: of alcohol slgn1f1cantly lowered (MFVR)

(p<0 05) ‘ F1g 6 1llustrates that changes in MFVR were

- much less pronounced 1n these trlals A s1m11ar response
"time is apparent upon appllcatlon of a st1mulus but the
'magnltude(of the response 1s 'S0 small that 1t is almost
negllglble. None of the Stlmull evoked a change in MFVR

wthat agproached stat1st1cal 51gn1f1cance in trlals where

alcohol had been consumed.
F. ‘Arterial Pressure

Mean arter1a1 pressure (MAP) and its components

systollo and diastol;c pressures were not 51gn1f1cantly '

',affected by appllcat1on of w1nd on the face as 1s ev1dent

Mzn f1g.,7; Thls was also true when alcohol had been

"hingested Average MAP tended to be hlgher 1n tr1als where -?‘

,, .

«alcohol had been consumed but thls dlfference was not .u“ N

- fstatlstlcally 51gn1f1cant (p>0 05) “["[nﬂﬁ,&;Q",f
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G. Perception of Cold o

‘ : | o | . I/, | v‘ ,l .v : o ‘.“."

B! - N A : T -
'Analysisfof ‘the data‘from'the thermal‘perceptien

questlonnalre revealed subJects %eported that they felt

o
Mwﬂ/ﬁharmer when they had 1ngested alcohol than when they*had

" not. Th1s dlfference was stat1st1cally 51gnificant at the
- LT TR EES ‘ ‘ ) o

l

0.05 level. o - AR .

Although blood flow 1n the flngers was higher when
1 ‘

subjects had 1ngested alcohol the subjects dld not report

—

a feellng of greater warmth in . thelr hands than when they

had not 1ngested alcohol even though they felt warmer



o,

V. DISCUSSION

o
"

The cardiovascular responses to face immersion have

' |
.

been reported to occur ‘quickly i.e._within 15-30 seconds: .
For example, Heistad ét al (1968) found 'an average
decrease\in.heArt rate of 23% during 39 seconds of'face
immersion. .They aléo‘foupd an abrupt decféase in finger
blﬁod flow of 72% within the first 10 seconds of face
immersion. Furedy et al (1563) ilso,reported a decrease
in heart rate 6f 5 to 16 beats per miﬁute depending on

. \ i - )
~water temperature during facial immersion. The drop had

begun Within approximately 7 seconds after immersion and

\

was well developed within 20 seconds.

'
\

Similar buf less ptronounced results haveé ‘been found

Ay

when cold air has been used as the stimulus. For example,

f§

ﬁayward et*al (1976) reported a significant decrease in.

heart rate of 6 + 1% after 30 seconds of wind exposure.

I3

Blood flow‘td fhg forearm decreased'and’forearm vascular
resistance idtreas?d over the'same time period. Similar
lreéhlts have been reéértéd,bf LeBlgnc et al (1975a, 15761A
1978) . | l

' " N '

. Tpese results suggest that-~the qardiovaéculér
résponsés ;o appli§ation of cold oﬁ'the fade, referred to
as the diving fetlex,,a;gﬁgpipe rapid. 'The actual .

magnitude ot‘the responsé@& Rppear to depend_on'the'f

stimulus modality i.e. water or air. L

56
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In view of the above it was somewhat shrprising thet

heart rate did not fall signlflcantly in the present study

when air at any of the temperatures used was blown an

.

subjects' faces. Even when the change in heart rate from
beat to beat was analysed, no statistically significaht
changes were found This lack of’response occprred even
when face temperature had dropped by 10C.

The tendency for finger blood flow (FBF) and:m%ah
finger vascular resistance (MFVRS to droo rapidl&
{although not statisticaliy significant) is in keeping
with the resglts of Hayward et al (1976). who found ‘a
decrease in forearm blood flow of 22% and an increase in
forearm vascular resistance of 36% within 30 seoonds of
exposure to a stream of cold air on the side of the face.
The results of the present study indicate that some rapid
retlex-iike response to the st1mulus seems to have taken
place. :The magnltude of these responses appeargd to
inereaee as w1nd temperature decreased. This was
paraileled by a greater decrease in face temperature which
suggests that there may be.a relationship between degree
of face cooling and the magnitude of at’ least some
cardlovascularlresponses. ‘This would be ‘in keeplng with
the results of LeBlanciet al (1976)-who reported~a
eignificant negative correlation (-.76)*ﬁetween.cheek.

temperature and change in hdart rate.

. _ _ o | -
- The apparent absence of any statistically significant
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response ih the‘variables measured eveﬂ undef the goldgst
conditionﬁ in spitev?f the drop in face température in
this study may reflect the methods used in‘presentatiqh of
the stimulus. Thelsfimulus was ingentionally réstricteq
to a épecific portion of the face partly to enhanée a

uniformity and reproducibility and partlyibecausé previous
studies had implicated the area of the face innervaﬁed‘by
the oﬁhthalmic branch of the trigeminal nervé as playing a
key‘rdle §n the elicitétion of the diving reflex: In
\ .addition, subjects were clothed so as to reduce the chance
of their being cooled elsewhere. .In-contrast, Hayward et
al (1976) positioned the outiev af‘their wind source 6‘cm‘
.——from their subjects faces. Their subjects were only
1iéhtiy clad (e.d. shorts and no top~£or'ma1es, shorts and
sikini'top for females). LeBlanc et -al (1975b, 1976,
1978) dressed their subjects in snowsuits~but allowéd the
‘entire face t6 be exposed to tﬂe wihd source‘the outlet of
which was p§éi£ioned gsvcm from subjects' faces. Both
authqrs report ‘significant cérdiovascul;r'responses e.g.
bradycardia of varying degrees. It may be that exposure
. of the entife faceis fequired to‘eiicit a significant.
response whén air is being used as a stimulﬁs. Thié ﬁould
.:resdlt_in stimulation of Afareater number éf skin
~receptors. There may alsd be a thermoregulatory mechanism
operating that takes input‘from‘thermoreceptors in other
.. parts of the bédy.' This is suggested frﬁm'thé results of
-Hayward ét 51;(1976) who.fépofted a décrease iﬂ heért rate
of 8§ whenzgold was bloﬁn.ontofsubjeCts' abdqmehs;

;' T ., <L '.- "/ . \\‘ /7



The‘aboee results suggest that stimulatioﬁ of the
ophthaimic branch of tte'trigeminal nerve may be
ineufficient in itself to produce bradycardia when cold
air is used as the stimalus.. Strﬁulation of this |
* particular branch of the trigeminal nerve was shown to
produce the greatest degree.of bradycardia n humans
compared to other branches by Kharaha et al (1380). These

authors reported a 28% reduction ‘in heart rate within one

minute when cold was applied to'the area of the face:

innervated by this branch. The stimulus used in this case |

was a cold pack, temperature 1-2C, placed directly on the.

. . . -
face. They also found decreases in heart rate of
approximately 11% when>areas‘of the face innervated by the
maxillarf and mandibular branches of the trigeminal'nerve
were stimulated individually using the-~same method:
Stimulation of the whole face using cold packs resulted in
a drop fin heart rate of 21.4% suggesting that the effect
of stimulation of all branches simultaneously was netr
cumulative. This would seem to argue‘against the need for
app11catlon of the stimulus to a larger area of the face
‘1n the present study However ‘the difference in apparent
stimulus strength should not be overlooked. | '
Unfortunately, the above authors d4id not provide any data
en face temperatare so it isi&gpossible to assess the
degree'of face cooling that toek‘placer.

8

Another possible explanation for the lack of any

significant decrease in-hdgrt rate in the present study-

[

59



-mayybe the range of resting heeft rates observed'among_the
~subjects. Five oflthe‘ten suojects‘hed resting hea;tf
rates below 60 beats per minute. Pwo of those five had
resting heart rates between 40 and 45 beats per minute.
These heart“fates indicate a resting b%adycardia likely
caused by falrly substantial vagal act1v1ty. It is
possible that even the coldest stimulus used in this study

was insufficient to st1mulate an increase in thls already

pronounced vagal.activity.

Alcohol diaqd not pfoduce any significant effect on
most of the cardiovescular responses to,the.etimuli
presented. The leck'of effecg ls not su;prisipob
considering the lack of response'to the‘stimuli without
alcohol; The only effect'observed was an apparent
.decrease ln the ﬁa&nitude of the response of MFVR. This

suggests that alcohol may have ettenuated the response of

MFVR to the:stimuli.

Alcohol lnflueuced'eubjects' perceptions of thermal-
comfort; This uay have reflected vaeodilation in the:ekinj
as'suggested by hiqher fingervblood flows and somewhat‘
hioher face temperaturee'when alcohol had~beendinge3ted.'r
The‘general pereeived increase iu‘thermal'eomfort when H
eldohol:had been ingested had né apparent effeetton3the
T:;bhyeiolooical variables measured. This may agaln be due

to the fact that llttle 1f any response to the st1mu11 was ;

) seen even without alcohol 1ngestlon. PR v ; ‘

B » . . . B .
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On the.basis of the findings of this study the ‘

following conclusions may be drawn.

The stimu;gsfprovided uhder the experimenteld
ioonditions of dress end room temperature were epparently
insufficfeht to brodﬁoe.statisticélly sighifieant changes
in‘heért rate, arterial pressure, finger.olood‘floﬁ or
" mean finger yascular resistance despite a droo in facek
temperature of 10C ﬁhen;9c air was blown on subjects
faces. These results may be dué to the laoh offexposure'

f a sufficient area'of the face to the stimulus. In
jddltlon, the facthth;t subJects were warnmly dressed ‘and .
sitting in a fairly warm (21~ 22C) room may have had an
influence on the effectiveness of the stimulus. ~The
methdds used in stimulus presentatlon in the present study"
.dlffer somewhat from those.of others (e g. Hayward et al
l1976 LeBlanc et al 1976) and may account for the. lack of

A
significant results.

.The responses of finger blood flow and mean finger
‘_vascular-resistance, whlle not of statlstzcally

151gn1f1cant magnltude, seem to 1nd1cate the presence of a

fast reflex-llke response go the'stlmull. The,statlst;cel
ahainis revealed a trend toward sighifiéahce~fnxthel

‘;magnltude of chanqe of these varlables 'as . w1nd temperaturer,“ft
jdecreased. Thls may 1nd1cete that the reflex 1s C
\temp;rature dependent. Thzs would be 1n keeplnq}w1th the

flndznqs of other authors who have used varylng water .
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,temperatures to elicit the diving reflex.v For example,”
Moore et al (1972) found that face 1mmer51on 1n SC‘ﬂater
Hproduced a much greater bradycardia than did face
1mmersion in 25C or 15¢C water; Although the stimulus of
face immersion is not the same as wind the above results

AR

do illustratevthe apparent”temperature dependance.of this"

- o~

reflex in humans. -
' h
Alcohol had no significant effect on the
cardiovascular responses td. air blown on the face. In
variables uhere_somehresponse was evident.without alcohol.

(e.g. FBF and MF?R), alcohol appeared not to influence the

time course of the-responses to the stimulus although

\
A -

“there may have been some attenuation of the magnitude of
the responses. Alcohol dia have a statistlcally |
-significant effect on subJects ‘perception of thermal

comfort but this did not appear to. have any 1nf1uence on

' the physiological responses to the stimuli

The results of this study suggest that the production
of a reflex 31m11ar to the d1v1ng reflex in. humans u51ng '
v«air as a stimulus may require exposure of a more | -
; rgeneralized area of the face to the applied stlﬁhlus. It.
is also possible that this reflex 1s as much ‘a
thermoregulatory reflex as it is related to the lelng
ireflex and may be enhanced by total body exposure to the
jgstimulus.H Further studies u51ng more 1ntense stimuli

“i“andIOr a 1arger area of stimulus application would be of

AN '



interest. ,It‘ig.recpmmended that untraiﬁed:indiViduaIs be -

used also.

,oe
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APPENDIX II

t

/VA vl ‘- Lo -
Thermal Comfort Questionnaire

. A. ¢ How do you feel?

-3 Cold ,
" =2 Cool ' ‘ ‘
~1 Slightly Cool : ' S
Neutral . " . :
Sllghtly Warm v .
‘Warm . o :
Hot '

WO

B, How are your hands?

=3 cold | | L
: * " -2 cool A | T )
-1 Slightly Cool -
.0 Neutral )
1 Slightly Warm , o , -
2 Warm | e o .
3. Hot . , e
. | ;
. | . \ v N . "‘
‘ o ' 8 “ .
: ‘ - N + o ’ A
‘ . e
2 :
, - H
R 4 ‘ i ! ‘." ) ‘ \‘ \
fl“ ‘:“ ~ )
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APPENDIX III

Subject confent Form

¢

' »,
I am willing to act as a subject
in two cdbld air tests to be carried out by Mr. B. Bain in
the Department of Physical Education and Sports Studies at
the University of Alberta. During the tests I agree to
drink a certain amount of ethyl alcohol mixed with orange
juice knowing the tests are intended to determine the
effect of ethanol on physiological responses to cold air
blown on the face. I know I am free to withdraw from the
tests any time I wish and agree to withdraw at the request
of Mr. Bain should he wish to terminate the test.at any
time. At the conclusion of the tests I agree to remain in
the laboratory until measurement of my Dlood alcohol
indicates 20 mg/100 ml or less,

In agreeing to take part in this study I waive the
University of Alberta of any and all legal claims in

.Gpnnection with these tests.
: a'tv

P\

'

N . ,
K

-

DATE: : - SUBJECT:

(Signature)

Y

SUPERVISING STAFF MEMBER: : . .
. {Signature)

84 ) v



