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GALINA, Z. H., C. J. SUTHERLAND AND Z. AMIT. ~[Jb.:'ts of  heat-stress on behavior and the pituitao~-adrenal axis in 
rats. PHARMACOL BIOCHEM BEHAV 19(2)251-256, 1983.--Three experiments were performed in order to analyse the 
behavioral and biochemical correlates of four different intensities of the same stressor. In Experiment I, rats were exposed 
to heat stress (hot-plate) of varying temperatures for 30 seconds. Activity was recorded in an open field immediately after 
stress for 30 minutes. The data revealed that the milder temperatures increased (21~ 47, 52°C), while the higher temperature 
(57°C) decreased activity. Experiment 2 assessed the pituitary-adrenal response to the different temperatures by measuring 
levels of plasma corticosterone 30 minutes after stress. The fi)ur levels of hot-plate temperatures induced differential levels 
of corticosterone which may best be described as an inverted U-shaped function, with only the extreme temperature (57 °) 
inducing a significant elevation in levels of the steroid. Experiment 3 further manipulated the pituitary adrenal axis by 
administering dexamethasone 25 hr and I hr before stress and ACTH 15 rain before stress. Both affected activity levels by 
depressing locomotion regardless of the stress intensity. These results are compared to other studies that have addressed 
the question of stress-induced activation and it is suggested that stress is not a unitary concept, but interacts with the 
performance of certain behaviors to produce both facilatory or inhibitory results. 

Heat-stress Activity Corticosterone ACTH Dexamethasone 

T H E  P R E S E N T  inves t iga tors  have  been  invo lved  with the  
s tudy of  s t r e s s - induced  an t inoc i cep t ion  (SIA) and  pi tui tary-  
adrena l  i n v o l v e m e n t  in this  p h e n o m e n o n  for a n u m b e r  of  
years  [2, 3, 4]. One  me thod  of  pain a s s e s s m e n t  of ten used in 
these  s tudies  cons i s t s  of  a hot -p la te  hea ted  to specific tem- 
pe ra tu re s  on which  roden t s  are p laced and  the i r  b e h a v i o r  
recorded .  During the course  of  e x p e r i m e n t a t i o n  we not iced  
that  var ia t ions  in the t e m p e r a t u r e  of  the hot -p la te  would not 
only  p roduce  d i f fe rences  in pain r e sponses  but  would also 
change  o t h e r  ca tegor ies  of  b e h a v i o r  (i .e. ,  locomot ion) .  

S ince  the in t roduc t ion  of  the hot -pla te  t e chn ique  by 
Woo l f  and  M a c d o n a l d  [46] and  the modi f ica t ion  by Eddy  and  
his c o w o r k e r s  [15,16] many  labora tor ies  have  used the pro- 
cedure  to tes t  for  the analges ic  p roper t i e s  of  drugs.  

T h e r e  seems  to be no  single t e m p e r a t u r e  which  is used 
ac ross  labora tor ies .  N e v e r t h e l e s s  there  is a range  of  tem- 
pe ra tu r e s  which  are c o m m o n l y  used:  45-60°C. Use  of  differ- 
ent  t e m p e r a t u r e s  has  been  found to change  the  behav io ra l  
r eac t ion  when  used to tes t  the  e f fec t iveness  of  narco t ic  and  
non -na rco t i c  analges ics .  Fo r  example ,  it has  been  found that  
the sens i t iv i ty  to analges ic  drugs  to the pawl ick  r e sponse  
differed accord ing  to the t e m p e r a t u r e  of  the  plate  [38]. Fur-  
t h e r m o r e ,  in s tudies  o f  na rco t ic  an tagon i s t s  it was  repor ted  
that  at 55°C there  was a sepa ra t ion  be t w een  the two 
p r o m i n e n t  behav iora l  measu re s ;  pawlick and  j u m p - o f f  (es- 
cape)  [29]. At h igher  t e m p e r a t u r e s  de tec t ion  o f  d i f fe rences  
b e t w e e n  the la tenc ies  of  the behav io r s  b e c o m e s  more  dif- 

ficult. In addi t ion ,  it has  been  s ta ted  that  na loxone  was able 
to modify  l icking r e sponses  when  the ho t -p la te  was  at 50°C 
but  not at t e m p e r a t u r e s  of  55 or  even  80°C [28]. it is in teres t -  
ing, howeve r ,  to note  tha t  these  inves t iga to rs  were able to 
de tec t  d i f fe rences  in j u m p - o f f  la tenc ies  at the  h igher  tem- 
pera tu res .  

Changes  in co r t i cos t e rone  levels  can be de tec led  af ter  a 
wide var ie ty  of  ave r s ive  e v e n t s  such  as: exposu re  to novel  
e n v i r o n m e n t s  [34, 35, 39, 40], p red ic tab le  vs. unpred ic t ab le  
shock  [27], rapid but  not  gradual  b lood loss [19], and 
a v o i d a n c e  parad igms such  as cond i t ioned  tas te  ave r s ion  [44] 
to name  only a few. Brain  levels  of  co r t i cos t e rone  af te r  
nove l ly  s t ress  and pharmaco log ica l ly  induced s t ress  have  
been  found to increase  and the  magni tude  of  the increase  
c o r r e s p o n d s  to the magni tude  of  the  p lasma increase  [30]. 

Co r t i cos t e rone  can also be cons ide red  a rel iable indica tor  
of  the  initial in tens i ty  of  an ave r s ive  or nox ious  even t .  
S tudies  have  been  c o n d u c t e d  where in  co r t i cos t e rone  levels 
have  been  measu red  af te r  var ious  " d e g r e e s "  of  novel ty  
s t ress ,  e lectr ic  shock  [18] and e n v i r o n m e n t a l  change  [26], 
and  the  resul ts  indica ted  thai  there  were signif icant  differ- 
ences  as a func t ion  of  in tens i ty  and dura t ion .  

In addi t ion to i t ' s  usefu lness  as an ind ica tor  of  ave r s ion ,  
the  co r t i co s t e rone  r e sponse  can also be used as an indica tor  
of  A C T H  release.  Leve l s  of  co r t i cos t e rone  are raised a l te r  
A C T H  is exogenous ly  admin i s t e r ed  [37] or  a f te r  nox ious  
st imuli  when  A C T H  is p r e sumed  to be re leased  [34]. 
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Recently, several investigators have reported that at least 
two forms of SIA seem to exist. For example~ Bodnar and 
his group [10] consistently showed that some stressors are 
dependent on opiate mechanisms while other stressors are 
unaffected or at best only partially affected by opiate sensi- 
tive systems. Others [32] reported that footshock-induced 
ana lges ia  and its a t t enua t ion  by na loxone  and dex- 
amethasone was time dependent. They found that 30 rain of 
intermittent footshock could be blocked by both naloxone 
and dexamethasone; but that continuous footshock of three 
min duration was not affected by these manipulations. In 
another  exper iment  [22] also using inescapable  shock 
(applied by electrodes attached to the tail) it was found that 
20 shocks (l/rain) produced analgesia which was not re- 
versed by naloxone. When the shocks in this paradigm are 
continued for 80 rain the resulting analgesia is naloxone re- 
versible. The results of these two studies [22,32] which re- 
port differences in the reversability of  SIA as a function of 
time can also be interpreted in terms of intensity. It is rea- 
sonable to assume that the longer the stress is continued the 
greater its intensity. It seems likely that two separate mech- 
anisms of SIA do in fact exist. 

Pituitary peptides (i.e., endorphins and enkephalins) have 
been shown to modify motor activity in a number of behav- 
ioral paradigms [8, 12, 45]. ACTH has also been known to 
affect motor activity [1, 6, 17, 36]. Hypophysectomized 
animals that are exposed to stress exhibit reduced activity 
levels relative to control animals [2] indicating that some 
pituitary factor plays a functional role in the expression of 
stress-induced activity. In addition to the studies showing 
locomotor activating effects, other studies have found that 
ACTH and the endorphins are released from the pituitary 
during stressful procedures and are taken up by the systemic 
circulation [23]. 

In view of some of the similarities between stress-induced 
analgesia and stress-induced activation we decided to em- 
ploy one stressful procedure (hot-plate) and vary its inten- 
sity dimension in order to examine its effect on stress- 
induced activation. Using various intensities of the same 
stressor may reveal that activation by stressful manipula- 
tions may also be a function of activating different mech- 
anisms as do diverse forms of SIA. Specifically we asked: 
First, can hot-plate stress induce different levels of activity 
in an open field and is there a relationship between the stress 
intensity and activity. Secondly, does corticosterone reflect 
the differences in activity and intensity and, thirdly, do ma- 
nipulations of  the hypothalamic-pituitary-adrenal (HPA) sys- 
tem through pharmacological means affect the stress induced 
activation. 

EXPERIMENT 1 

The temperature of the hot-plate has been associated with 
the onset of different behaviors. The first experiment used 
four different levels of hot-plate stress in an attempt to de- 
termine if stress-induced activation follows a predictable pat- 
tern. 

M E T H O D  

Subjects 

The subjects were 32 male Wistar rats (Canadian Breed- 
ing Farms and Laboratories Ltd., Que.) weighing 200-300 g. 
Animals were received ten days before experimentation 
began and were handled each day. They were allowed free 
access to food (Purina Lab Chow) and tap water and were 
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FIG. I. Mean (_+SEM) activity counts after acute hot-plate stress. 
Solid bars indicate activity levels after 30 min in open fields. Dashed 
bars indicate cumulative levels after 120 min of same group. (n=8) 
(*) Represents significant difference from controls (21°C) of at least 
q~<0.05). 

kept in individual steel cages under standard laboratory 
conditions (lights on: 8:00 a.m. to 8:00 p.m.). All experi- 
ments were conducted between 10:00 a.m. and I:00 p.m. 

Apparatus 

A Plexiglas box was constructed to hold the distilled 
water that heated the hot-plate; and a circulating water pump 
and heater (Haake, model E2) was attached to one side of 
this box. An aluminum plate was cut to fit snugly on top of 
the Plexiglas box and served as the actual hot-plate. A round 
Plexiglas tube was placed on the hot-plate (25 cm dia., 30 cm 
high) so that the rat could not escape. The control hot-plate 
(21°C) was nearly identical but had no heating or pumping 
apparatus. 

The open field (45.7x45.7x39.5) chambers were con- 
structed of wood and were painted with black enamel. Four 
photocells were strategically embedded in the chamber wails 
dividing each chamber into nine equal squares. Each photo- 
cell was connected to an electronic monitoring apparatus and 
would yield a single count each time the rat crossed a beam. 
Chambers were wiped clean after each test. 
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P r o c e d u r e  

The hot-plates were heated to specific temperatures (21, 
47, 52, and 57°C) before animals were brought to the test 
room containing the hot-plates. They were carried in a box 
which consisted of eight separate compartments and were 
left undisturbed for 30 minutes. At the end of the 30 minute 
period each rat was separately placed on a hot-plate for 30 
seconds. The top of the Plexiglas tube was covered with 
styrofoam allowing no escape. At the 30 second mark 
animals were picked up by hand and brought to the open 
field room (approximately 5 feet down the hall) and placed in 
individual open fields. Activity was recorded for two hours 
and sampled every 30 minutes. 

RESULTS AND DISCUSSION 

Activity levels of the four different temperature groups 
are depicted in Fig. 1. Both the first 30 minutes and the total 
of 120 minutes of open field activity are shown so that com- 
parisons could be made between this experiment and those 
that followed. A one-way A N O V A  revealed a significant 
group effect, F(3,28)=151.72, p<0.0001. Post hoc Tukey 
tests revealed that all three experimental groups were signif- 
icantly different from the control temperature group (21 ° ) 
(/)<0.05). A trend analysis revealed a significant quadratic 
trend, F(1,28)=302.16, p<0.00001, which accounted for 66% 
of the variance [31]. 

Different intensities of the hot-plate induced levels of ac- 
tivity which closely resemble an inverted U-shaped curve. 
Some authors [7,25] have predicted such a relationship be- 
tween arousal and different forms of behavioral activity. The 
present paradigm may therefore prove useful in further in- 
vestigations of the activating effects o f "mi ld"  stress and the 
delibilitating effects of "severe"  stress. 

EXPERIMENT 2 

In Experiment 1 we found that different temperatures 
could elicit varying levels of activity. These activity levels 
fluctuated as a function of hot -p la te  temperature. Experi- 
ment 2 was designed to explore the possibility that the HPA 
was also affected by hot-plate manipulations. An assay for 
plasma corticosterone was utilized to answer this question in 
the hope that it may yield an index of the intensity of the 
stressor and magnitude of HPA involvement. 

METHOD 

S u b j e c t s  

As in the previous experiment, 32 male Wistar rats were 
used. Housing and handling conditions were as previously 
described in Experiment 1. 

Prot  "~'dllF~ ~ 

The procedure was identical to that described in Experi- 
ment I except that after 30 minutes in the open field the rats 
were quickly removed, decapitated and trunk blood was col- 
lected in beparinized tubes and frozen to be assayed at a later 
date. Plasma corticosterone levels were determined fluoro- 
metrically by the method of Glick, Von Redlick and Levine 
120]. 

RESULTS AND DISCUSSION 

Figure 2 illustrates the data obtained from the corticoste- 
rone assay. A one-way ANOVA indicated that there was a 
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FIG.2. Mean (+SEM) levels of corticosterone after 30 rain in open 
field. (H.C. indicates home cage controls.) (*) Represents significant 
difference from control (21°C) of at least (p<0.05). 

significant effect of temperature, F(3,28)=6.39, p<0.005. 
Also depicted in Fig. 2 are the corticosterone levels of the 
home cage control subjects (H.C.) which were part of the 
same batch delivered by the breeders (n=5). They were 
simply removed from their cages on test day, immediately 
decapitated, and their trunk blood was assayed at the same 
time as the other groups. They are presented for comparison 
purposes and were not included in the statistical analysis. 
Further analysis with post hoc Tukey tests revealed that the 
57°C group differed significantly from every other group 
(p <0.05). The 47 ° and 57°C groups did not differ significantly 
from the controls. Trend analysis revealed a significant 
quadratic trend, F(1,28)=11.48, p<0.005, which accounts 
for 55% of the variance. 

As seen in Experiment 1, when the behavioral activation 
was measured, the levels of corticosterone measured in Ex- 
periment 2 also fluctuated in conjunction with the different 
levels of heat stress. This finding seemed to support the no- 
tion that the HPA and specifically corticosterone are ac- 
tivated by stress. 

The results of this experiment are also in agreement with 
the results of Friedman et al. [18], and Hennessy and 
Levine, [26], in that there was a graded release of corticoste- 
rone as a result of different intensities of stress. 

EXPERIMENT 3 

Having established that plasma corticosterone was differ- 
entially affected by temperature manipulations, further 
analysis of the HPA was warranted. The previous experi- 
ment did not indicate whether the changes in the HPA 
mediated the activity or was only concomitant to it. Dex- 
amethasone (DEX) is known to inhibit pituitary hormonal 
responses to stress [23] and ACTH has been shown to influ- 
ence activity in our open fields [1]. Experiment 3 was de- 
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FIG.3. Mean (_+SEM) activity counts after acute hot-plate stress of  
either (21 °) or (57°C). Drugs: Saline (S), ACTH (A), Dexamethasone 
(D). The first letter indicates which drug was given 25 hr and 1 hr 
before test. The second letter indicates which drug was given 10 rain 
before. (*) Represents  significant difference of  at least (/7<0.05) from 
its (21 °) control. (**) represents  (p<0.05) from (SS21). 

signed to examine the possible modifying effects of both 
DEX and ACTH on"stress-induced activation." 

METHOD 

Subjects 

Sixty-four male Wistar rats were housed and handled in 
the same manner as that described in Experiment 1. 

Drugs 

Dexamethasone sodium phosphate (Merck Sharp and 
Dohme) and ACTH (lyphilyzed porcine ACTH (1-39) Ar- 
mour Pharmaceuticals) were dissolved in 0.09% saline solu- 
tion. 

Pro~'edl¢re 

Once again the same protocol as described in Experi- 
ment 1 was used except for the following changes. DEX was 
administered (IP) to the animals (0.4 mg/kg) 25 hr and (0.02 
mg/kg) 1 hr [23] before placement on the hot-plate. Some 
animals also received ACTH (20 IU/kg SC) l0 min before 
placement on the hot-plate. 

RESULTS AND D|SCUSSION 

The various drug and temperature combinations and their 
resultant activity levels are represented in Fig. 3. A three- 
way ANOVA, (ACTH × DEX × Temperature) was per- 
formed and revealed the following results: There was a sig- 

nificant main effect of temperature, F(1,56)=42.16, 
p<0.00001, ACTH, F(1,56)=4.18, p<0.04, and a significant 
ACTH × DEX interaction, F(I,56)=8.04, p<0.006. There 
were no other significant interactions. Post hoc analysis 
using Tukey tests indicated significant differences between 
groups (p<0.05). These can be seen in Fig. 3. 

The effect of ACTH in the present paradigm is not sur- 
prising since it is in line with previous studies. ACTH, given 
before placement in open field can evoke biphasic responses. 
Low doses produce excitation, while high doses are sup- 
pressive I 1 ]. The dose used in the present experiment is the 
same as the dose employed in our previous experiment 
where it produced a suppression in activity. The 21°C hot- 
plate (which represents room temperature) had no measura- 
ble effect over that which was previously observed after 
open field alone. That is, ACTH administration again re- 
duced behavioral activity. The addition of ACTH to heat 
stress (57°C) in the present experiment did not further reduce 
activity. 

GENERAL DISCUSSION 

Experiment 1 demonstrated that four intensity levels of 
the same stressor could produce differential spontaneous lo- 
comotor behavior within an open field apparatus. In Exper- 
iment 2, measurement of plasma corticosterone levels under 
the same conditions as Experiment 1 revealed that cortico- 
sterone levels also fluctuate in response to stress intensity. 
Finally, in Experiment 3, using pharmacological manipula- 
tions of the HPA it was found that ACTH administration 
inhibits the expression of activity following the stressors 
regardless of intensity. 

It is of particular interest that the data generated in the 
first study resembled an inverted U-shaped function of stres- 
sor intensity and subsequent activity. Several decades ago it 
was postulated that a similar function would be present for 
the interaction between arousal and behavior [7,25]. Though 
the present experiments did not directly address the question 
of whether stress is detrimental or not; they may indirectly 
clarify some findings from learning experiments involving 
ACTH. For example, Gold and Van Buskirk [21] found that 
the effects of ACTH on memory are dose related. Exoge- 
nous administration of various doses of ACTH (0.03, 0.3, 3.0 
IU/animal) in a passive avoidance paradigm resulted in the 
generation of an inverted U-shaped curve on memory per- 
formance. The lower doses enhanced memory while the 
higher doses impaired it. Also the effects of shortening the 
chain of amino acids contained in the ACTH sequence in 
conjunction with increasing molecular weight of the ACTH 
compound resulted in an inverted U-shaped curve when at- 
tentional processes were studied [42]. Similar results were 
obtained by Sands and Wright [43] in their study of memory 
processes and ACTH. Since the corticosterone response re- 
flects a concomitant release of ACTH, use of the present 
paradigm which effects a differential release of corticoste- 
rone, may be used as part of learning experiments, in place 
of (or in addition to), pharmacological manipulation. Instead 
of placing animals into open fields after stress, placement in 
learning situations where their responses can be measured 
may add credence to the pharmacological studies. 

The three milder stress intensities raise the activity level 
of the animal in a manner analagolus to a dose response 
curve. The drastic change in activity seen with the 57°C 
group would suggest that perhaps a pain threshold had been 
passed. It is possible that 57°C is sufficiently painful to the 
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rat making locomotion aversive. There is in fact some evi- 
dence supporting this contention. Hardy et  al.  [24] and 
Cunningham, Benson and Hardy [14] have done some exper- 
iments that indicate that a pain threshold may have been 
surpassed. They have observed that the "'reflex twitch" and 
~'flight reaction" occurred at different skin temperatures. 
Thermal radiation was used as the stimulus to evoke these 
reactions. In contrast to studies of antinociception where the 
animal is subjected to a stimulus of known temperature, 
these investigators actually studied the skin temperature at 
the spot of stimulation. (The location on the skin where the 
radiant heat was focused.) The reflex twitch (i.e., tail flick) is 
initiated when the temperature of the skin is between 45-46°C 
and the flight reaction (escape) occurs between 51-52°C. In 
the present studies, temperatures of up to 52°C induced in- 
creases in activity while 57°C reduced activity. This may be a 
reflection of different intensities of heat on pain sensitivity. 

The behavior of the rat on and off the hot-plate is consid- 
erably different and warrants discussion. One would assume 
that painful paws would elicit vigourous pawlicking behav- 
ior, however observations of the animals in a near identical 
situation to that reported here indicates that this was not the 
case (Galina, Sutherland and Amit, submitted). In that 
study, while the stressors were exactly the same, five behav- 
iors were recorded including pawlicking. Subsequently paw- 
licking had to be dropped from the data analysis because the 
amount of  pawlicking from any of the temperature groups 
was negligable. This is in contrast to the behavior while on 
the hot-plate where vigourous pawlicking is seen at 57°C. 
Also when escape attempts were analysed (using simple 
dichotimous analysis, i.e., yes escape or no escape) none of 
the 21 ° or 47°C group made any attempt to escape; the 52°C 
group was inconsistent (3 yes, 5 no), whereas each rat in 
group 57°C attempted many vigourous escape attempts dur- 
ing the exposure to the hot-plate. This data lends support to 
the notion that the different temperatures induce different 
levels of pain sensitivity. Also, since there was no negligable 
pawlicking behavior during observation after stress may 
indicate that the pain induced is of a transient nature. 

There have been two studies which have shown that cor- 
ticosterone plays a role in SIA [11,38], however, only one 
dose of corticosterone was employed thus making it im- 
possible to ascertain if a dose response relationship existed. 
Since the corticosterone response parameters of the present 
experiment are known, experiments are now under way to 
find out if heat stress also induces analgesia, and if so, is the 
magnitude of analgesia related to the magnitude of cortico- 
sterone release. 

Perhaps a clue to the nature of the observed suppression 
of behavior may be found in those studies suggesting that 
/3-endorphin can induce immobility [13]. The decrease in ac- 
tivity seen in the present experiment after the stressors may 
be due to the release of /3-endorphin from the pituitary. 
However,  two observations argue against this suggestion. 
First, a reversal of the depression was not found after DEX 

treatment which should have blocked the stress induced re- 
lease of/3-endorphin [23]. Secondly, our subjective observa- 
tions revealed neither muscular rigidity nor loss of righting 
reflex which are usually associated with/3-endorphin related 
immobility [13]. (However,  in support of the above sugges- 
tion it is worth noting that fl-endorphin has been found in the 
brain independent of the pituitary. It is premature to exclude 
the possibility that brain opioids may induce immobility.) An 
investigation into the possible effects of opioid antagonists in 
the present paradigm are being carried out to determine 
opiate participation. 

Attempts to compare the results from the present studies 
with similar studies reported in the liturature present numer- 
ous anomalies which exist concerning stress-induced activa- 
tion. In most available reports locomotor activity was only 
measured when it became apparent that motor debilitation 
may underly stress-induced analgesia or learning after stress. 
For example, exposure to cold water swims (3.5 min at 2°C) 
increased subsequent activity levels of  rats [11]. These alter- 
ations were not affected by hypophysectomy or corticoste- 
rone supplements. Forced swimming in warm water (25°C 
for 15 min) can result in immobility [41]. Initially while in the 
water the rats make vigourous movements and then they 
exhibit increasing periods of immobility. Subdermal formalin 
injection in combination with hypophysectomy was found to 
reduce behavioral activity [2]. When immobilization stress is 
applied before formalin, hypophysectomized animals in- 
creased their activity relative to control animals which re- 
ceived injection alone. Immobilization for 30 min did not 
affect locomotion [9]. In experiments which utilized foot- 
shock as a stressor it was reported that animals initially ex- 
hibit a transient increase in activity which was followed by a 
reduction in activity [5]. 

At present it is difficult to reconcile all of the above data 
to form a unitary hypothesis to describe and explain all 
known phenomenon concerning stress-induced activation 
and its neural and hormonal mechanisms. Many of the dis- 
crepancies which exist in the liturature may be explained in 
terms of methodological differences in the execution of  the 
respective studies. These differences include such factors as: 
The time relationship between onset of  stress and the meas- 
urement of activity. The effects of  different environments on 
activation and also the type of measurement used to quantify 
activity. Perhaps of  greater importance is the notion that on 
the basis of the data obtained in these studies, the concept of 
stress does not appear to be a linear unified concept which 
follows an established psychophysical relationship between 
stressor and behavior. Instead it would seem that stress 
interacts with certain behaviors in complex multifaceted, 
both facilatory and inhibitory fashion. 

To summarize, we have found that different intensity of 
stress evokes varying effects on behavior and biochemistry 
of  the HPA. The HPA response is not an all or none phe- 
nomenon, but is sensitive to gradient of intensity. 
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