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KANT, G J , L LANDMAN-ROBERTS, T EGGLESTON AND J L MEYERHOFF Atroptne sulfate ~ncreases 
p~tuttary responses to stress PHARMACOL BIOCHEM BEHAV 26(3) 619--623, 1987 --The effects of atropine sulfate 
pretreatment on p~tmtary lnd~ces of stress response were examined lhtmtary cychc AMP and plasma prolactm increases 
followtng 15 mln of acute stress were used as measures of stress response Over a range of doses (0, 5, 10, 30 and 60 mg/kg), 
pretreatment wtth atropme sulfate Increased the measured stress responses to footshock but had httle or no effect on 
resting or non-stressed levels of the substances measured. The effects of atropine on response to ~mmoblhzat~on were 
tested only at 5 mg/kg At th~s dose, atropine sulfate, but not methylatroplne nitrate, increased p~tmtary cychc AMP 
response to ~mmoblhzat~on stress demonstrating that the potentmt~on of the p~tmtary cychc AMP stress response was not 
limited to footshock stress and suggesting that this effect of atropine was central rather than peripheral Netther atropine nor 
methylatropme pretreatment at th~s dose potentmted prolactm response to tmmob~hzatlon stress 

Atropine P~tmtary  Stress Cychc AMP Prolact~n 

OUR laboratory is engaged in a long-term effort to elucidate 
b~ochemical mechamsms that underlie observable physiolog- 
ical and behaworal responses to stressors. As part of these 
studies, we have stud~ed the effects of acute exposure to 
stressors on levels of pltmtary cyclic AMP and on the release 
of  pitmtary and adrenal hormones [8-13] Acute stress ~n- 
creases levels of p~tuitary cyclic AMP tn vlvo and this in- 
crease is related to the subsequent release of  p~tuitary hor- 
mones In order to determine which neurotransmltters or 
releasing factors might be ~nvolved ~n the regulation of  these 
stress responses, we conducted several experiments ~n 
which antagonists of  putative regulators were injected prior 
to stress ~mtiatlon. In a preliminary experiment, pretreat- 
ment of rats with atropine sulfate, 15 min prior to lnterm~t- 
tent footshock, markedly increased hormonal and pituitary 
cychc AMP responses to th~s stressor [16] 

This prehminary finding was of  particular ~nterest to our 
laboratory because atropine sulfate is currently fielded m the 
U.S. Army as an antidote to nerve agent pomomng (nerve 
agents are chohnesterase inh~bttors). Antidotes also might be 
m~stakenly injected when no nerve agent exposure has actu- 
ally occurred, especially under cond~tlons of  extreme stress. 
In the civilian community, atropine is s~milarly used chni- 
cally to treat victims of  organophosphate pestacide exposure 
[28] Interactions between atropine and other factors likely 

to be present (e.g., stress) during conditions in which an 
antidote might be reqmred may be important in determining 
appropriate dosages or predicting side effects of  atropine 
injection For these reasons, we performed the series of  ex- 
periments described in this report to further characterize the 
potential interaction between atropine and stress. 

In order to assess stress response, we measured two 
neuroendocrine indices that demonstrate relatively graded 
responses to increasing intensities of stress, levels of pitui- 
tary cyclic AMP and plasma prolactln [11]. These two re- 
sponses appear to be independently regulated, and therefore 
provide two relatively separate assessments of  the degree of  
stress response. Pituitary cyclic AMP levels reflect stress- 
induced release of  hypothalamic corticotropln releasing fac- 
tor [9, 13-15], while prolactin release is affected primarily by 
changes m dopamme, endogenous opiates and serotonm [20]. 

We first rephcated our original finding at a dose of  60 
mg/kg of atropine sulfate usmg footshock as a stressor We 
then assessed the role of  pain threshold In the observed ef- 
fect of atropine. We next performed a dose response experi- 
ment m whtch lower doses of atropine sulfate were used 
prior to footshock. Finally, using the lowest and most phar- 
macologically relevant dose in terms of  organophosphate 
antidote use, we tested and compared the effects of  atropine 
sulfate and methylatropine nitrate (a quaternary compound 

~Research was conducted in comphance w~th the Ammal Welfare Act, and other Federal statutes and regulataons relatang to animals and 
experiments ~nvolwng ammals and adheres to pnnclples stated m the Gutde for the Care and Use of Laboratory Amrnals, NIH pubhcatlon 
85-23 All procedures were reviewed and approved by the WRAIR Ammal Use Rewew Comrmttee 

ZI'he wews of the authors(s) do not purport to reflect the pos~tlon of the Department of the Army or the Department of Defense (para 4-3, AR 
360-5) 
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T A B L E  1 
EFFECTS OF ATROPINE PRETREATMENT ON RESPONSE 

TO FOOTSHOCK 

Pretreatment Control Footshock 

Pituitary Cyclic AMP 
(pmoles/mg wet weight) 

Saline 1 43 _+ 0 09 2 13 -+ 0 26* 
Atropine Sulfate 2 19 _+ 0 157 12 2 _+ 3 0*f 

Plasma Prolactln (ng/ml) 

Saline 39 _ 8 237 _+ 54* 
Atropine Sulfate 21 _+ 4 578 _+ 254* 

Values represent the mean _+ SEM N =6  Ammals were pre- 
treated with saline or atropine sulfate (60 mg/kg) 15 min prior to 15 
min of footshock Following tnjection, controls were replaced in 
their home cages for 30 min 

*S~gnlficantly different than non-shocked controls, p < 0  05, Stu- 
dent 's  t-test, one-tailed 

?Significantly d~fferent than saline-Injected 

tha t  poor ly  pene t r a t e s  the  b lood  bra in  barr ier )  on  p i tmta ry  
cychc  A M P  and  p l a sma  pro lac t ln  r e s p o n s e s  to ~mmoblliza- 
t~on s t ress  

METHOD 

Ammals 

Male Sprague-Dawley  rats  were  p u r c h a s e d  f rom Z~vlc- 
Miller and  h o u s e d  for  a m t n i m u m  of  one  week  in ou r  an imal  
hous ing  factlity.  A m m a l s  were  h o u s e d  m single hanging-wire  
cages  wi th  food and  wa te r  f reely ava i lab le  Lights  were  con-  
t rol led on  a 12 h r  hght-12 h r  da rk  cycle  (lights on  0700 to 1900 
hr) 

Drugs 

Atrop ine  sulfate and  m e t h y l a t r o p i n e  n i t ra te  were  pur-  
chased  f rom Sigma Chemica l  C o ,  St Louis ,  M O  and  pre- 
pa red  daffy. Drugs  were  d i sso lved  in saline and  doses  are  
exp re s sed  as the  salt  

Experimental Procedures 

Footshocl~ A m m a l s  were  r e m o v e d  f rom the i r  h o m e  cages  
and  p laced  tnto a s t anda rd  ope r an t  cage (33x33 .5  cm 
equ ipped  wi th  paral lel  f loorbars )  h o u s e d  ~ns~de an  ~solation 
box .  The  cages  and  boxes  were  p u r c h a s e d  f rom BRS 
For inger .  S c r a m b l e d  in t e rmi t t en t  f o o t s h o c k  was  de l ivered  to 
the  f loorbars  on  a var iab le  in te rva l  schedu le  w~th an  ave rage  
i n t e r t na l  in te rva l  o f  30 sec.  F o o t s h o c k  dura t ion  was 5 sec,  
f oo t shock  tn tens l ty  was  1 6 m A  T he  shocke r s  and  t iming 
con t ro l  e q u i p m e n t  was  p u r c h a s e d  f rom C o u l b o u r n  Ins t ru-  
ments .  A n  ave rage  of  30 shock  tr ials  was  d e h v e r e d  d u n n g  
the  15 rain sess ion.  

Immobdtzatton Rats  were  ~mmobdized m 5.7 cm diame-  
ter  p las t tc  cy l inders  for  15 mln  pr io r  to sacrifice.  The  plas t ic  
tube  also se rved  as the  a m m a l  ho lde r  for  use  wt th  the  m~cro- 
wave  dev ice  used  to sacrif ice an imals  in some  e x p e r i m e n t s  

Experiment 1 Effects of Atroptne Sulfate (60 mg/kg) on 
Response to Footshock 

T w e l v e  ra ts  were  inJected wi th  sal ine and  twe lve  ra ts  

o 
E 

No Shock 

Shock 

0 5 I0 30 60 

ATROPINE SULFATE (Mg/Kg) 

FIG 1 Effects of pretreatment with various doses of atropine ad- 
ministered 15 mIn prior to onset of 15 min intermittent footshock on 
levels of pituitary cychc AMP Control ammals were replaced in 
their home cages for 30 mm following injection and then sacrificed 
*Significantly d~fferent from saline pretreated and shocked, p <0 05. 
Student's t-test, one-tailed 

were  in jec ted  wi th  a t rop ine  sulfate (60 mg/kg, IP) Cont ro l  
ra ts  ( unshocked ,  six ra ts  f rom the  saline and  six rats  f rom the  
a t rop ine- in jec ted  group)  were  p laced  back  into the i r  cages  
for  30 mln  fol lowing m.lectlon and  then  sacr i f iced us ing 
m i c r o w a v e  i r radiat ion.  S h o c k e d  rats  (six saline p re t r ea t ed  
and  six a t rop ine  p re t r ea t ed  rats)  were  p laced  back  into the i r  
h o m e  cages  for  15 mln fol lowing in jec t ion  and  then  exposed  
to 15 mln o f  In te rmi t ten t  f oo t shock  (descr tbed  above)  pr ior  to 
sacrif ice by  m~crowave ~rradiatlon 

Pi tu i tary  cyclic A M P  and  p l a sma  prolact~n were  meas-  
u red  by  rad~o~mmunoassay (see be low)  

Expertment 2 Effect o f  Atropine Sulfate on 
Tad Fhck Latency 

Tml fhck  l a t e n o e s  m 12 ra ts  were  d e t e r m i n e d  pr ior  to 
in jec t ion  Six ra ts  were  t hen  in jec ted  w~th sal ine and  s~x rats  
were  re jected w~th a t rop ine  sulfate (60 mg/kg) Latenc~es 
were  m e a s u r e d  agmn at 15 and  30 mln pos t - in jec t ion  At  each  
t~me point ,  3 trials utihz~ng 3 separa te  tall a reas  were  aver-  
aged to ca lcu la te  the  l a tency  

Experiment 3 Footsho~k Response Following Varmus 
Doses of Atroptne Sulfate 

Rats  were  p re t r ea t ed  w~th 0 (saline),  5, 10, 30 or  60 mg/kg 
a t rop ine  sulfate (IP) Twe lve  rats  were  ~njected w~th each  
dose  Cont ro l  ra ts  (six ra ts  f rom each  dose  group)  were 
p laced  back  ~nto the i r  h o m e  cages  for  30 m~n pr ior  to sac- 
n f ice  S h o c k e d  rats  (s~x f rom each  dose  group)  were  re- 
p laced  into the i r  h o m e  cages  for  15 m m  and  t h e n  exposed  to 
15 m m  of  ln t e rmt t t en t  f oo t shock  ~mmediately pr ior  to sac- 
n f ice  Rats  were  sacr i f iced by m~crowave ~rradiat~on P~tui- 
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FIG 2 Effects of pretreatment w~th various doses of atroptne ad- 
ministered 15 m~n prior to onset of 15 m~n ~nterm~ttent footshock on 
levels of plasma prolact~n Control ammals were replaced ~n their 
home cages for 30 m~n following ~nject~on and then sacrificed *S~g- 
mficantly d~fferent from sahne pretreated and shocked, p<0 05, 
Student's t-test, one-tailed 

tary cychc AMP and plasma prolactln were measured by 
rad~o~mmunoassay 

E~:pertment 4 Compartslon o f  Atroptne Sulfate and 
Methylatroptne Nttrate 

Rats were pretreated with 5 mg/kg atropine sulfate or 5 
mg/kg methylatroptne nitrate or saline. Twelve rats were re- 
jected with each drug Control rats were placed back ~nto 
their home cages for 30 m~n and then sacrificed. Immobdlzed 
rats were placed back into their home cages for 15 m~n and 
then restrained ~n plastic cyhnders for 15 m~n prior to sac- 
rlfice. Rats were sacrificed by decapitation ~n th~s experi- 
ment because animal housing was no longer avadable near to 
the m~crowave system In stress studies, movement of rats 
from the housmg area to the microwave could ~n itself be a 
stressor Therefore, animals were sacrificed by decapitation 
and the p~tu~tary t~ssue was quickly heated as described 
below to avoid post-mortem changes ~n levels of p~tuitary 
cyclic AMP. Under these conditions, we have found that 
levels of p~tmtary cyclic AMP and plasma prolactln are 
equivalent following e~ther decapitation or m~crowave sac- 
nfice [11] 

Sa~ rtfi~ e 

Ammals were e~ther sacrificed by decapitation or by h~gh 
power m~crowave irradiation (2450 mHz, 5 sec, 2 5 kW) de- 
pending upon the experiment. Pituitaries were d~ssected and 
weighed Pltmtar~es from animals sacrificed by decapitation 
were placed ~n 90°C sodium acetate buffer (pH 6.2, 0.05 M) 
to inactivate p~tultary enzymes and mimmlze post-mortem 
changes ~n cychc AMP Since m~crowave irradiation ~nac- 

t~vates enzymes tn sttu [6,19], pituitaries from microwaved 
animals were placed ~n cold buffer. Following sonicat~on and 
centnfugat~on, supernatants were stored at -70°C untd as- 
sayed for cychc AMP by radiolmmunoassay Trunk blood 
was collected m hepannized beakers and plasma was stored 
at -40°C untd assayed for prolact~n 

Assays 

Cyclic AMP was determined by rad~o~mmunoassay using 
antibodies produced in rabbits in our laboratory [18]. A 
highly specific antiserum was used at a final dilution of 
1 400,000 The antiserum exlub~ted cross-react~wtles for ATP 
and cyclic GMP of less than 0.00007 and 0.14% respectively 
W~th~n assay variation was 7% and between assay variation 
was 18% 

Materials for the prolactln assay were provided by the 
National Institute of Health through the Rat Pituitary Hor- 
mone D~stnbutlon Program. Prolact~n was radioiodmated as 
previously described [18]. W~thin assay variation was 8% 
and between assay variation 12% 

Stattsttcs 

Planned comparisons were made using Student 's t-test. A 
one-taded test was used s~nce these experiments were per- 
formed to test the specific hypotheses that atropine m- 
creased responses to stress and decreased pa~n threshhold 

RESULTS 

AS shown ~n Table 1, footshock stress increased levels of 
pituitary cyclic AMP and plasma prolactin Atropine sulfate 
pretreatment (60 mg/kg) increased these responses as com- 
pared to sahne-pretreated rats Atropine sulfate also s~gmfi- 
cantly increased levels of pttultary cyclic AMP in the non- 
shocked rats However, th~s effect was not replicated in the 
dose-response experiment described below The effect of at- 
ropine pretreatment plus stress was much greater than the 
additive effects of atropine and stress g~ven separately 

Atroplne-pretreated rats exhibited a significantly de- 
creased latency between application of heat source and tall 
flick as compared to sahne-pretreated rats. F~fteen m~nutes 
following ~nject~on, tad fl~ck latenctes for atropine sulfate 
pretreated rats averaged (mean-SEM) 4 04---0.39 sec as 
compared to saline pretreated rats, 5.75___0.26 sec. This 
d~fference was statistically sigmficant, p < 0  05, Student 's 
t-test, t=3.5, one-taded The latenmes of the atrop~ne- 
pretreated group at 30 min post-~njection averaged 5 30---0.58 
as compared 1~o 6 20---0.38 for the saline injected rats, but this 
d~fference was not statistically s~gnlficant 

Potentiation of stress response by atropine sulfate was 
not limited to the 60 mg/kg dose as seen in F~gs. 1 and 2 Rats 
pretreated w~th 5, 10, 30 or 60 mg/kg atropine sulfate showed 
an Increased p~tu~tary cyclic AMP response to footshock 
w~th statistically s~gntficant d~fferences observed between 
the 30 or 60 mg/kg pretreated groups vs sallne-pretreated 
rats. Prolactln response to footshock was also increased ~n 
all atroptne-pretreated groups with statistically slgmficant 
d~fferences observed between the 5, 30 and 60 mg/kg groups 
vs sallne-pretreated rats 

This potentiated stress response following atropine pre- 
treatment was not limited to footshock stress as seen ~n 
Table 2 Neither atropine sulfate nor methyl atropine nitrate 
s~gmficantly increased non-stressed levels of p~tu~tary cyclic 
AMP or plasma prolact~n Atropine sulfate (5 mg/kg) but not 
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TABLE 2 
EFFECTS OF ATROPINE AND METHYLATROPINE ON RESPONSE 

TO IMMOBILIZATION 

Pretreatment Control Immoblhzat~on 

Pituitary Cychc AMP 
(pmoles/mg wet weight) 

Saline 0.8 -+ 0 2 2.9 -+ 0.9* 
Atropine Suffate 1.2 _+ 0 5 13 4 _+ 4.6"t 
Methylatropine Nitrate 1.0 -+ 0.2 1 9 -+ 0 4* 

Plasma Prolactm (ng/ml) 

Sahne 14 _+ 4 86 + 17" 
Atropine Sulfate 13 -+ 3 100 _+ 21" 
Methylatropme Nitrate 15 -+ 2 74 _+ 11" 

Values represent the mean _+ SEM N=6. Animals were pre- 
treated with saline, methylatropme mtrate (5 mg/kg) or atropme sul- 
fate (5 mg/kg) 15 rain prior to 15 ram of unmobilization. Following 
rejection, controls were replaced in their home cages for 30 mm 

*Sigmficantly dtfferent than control, p<0 05, Student's t-test, 
one-tmled 

~'S~gmficantly dtfferent than sahne-mjected, p<0.05, Student's 
t-test 

methylatropine mtrate (5 rng/kg) increased pituitary cyclic 
AMP response to immobilization. Immobfllzataon signifi- 
cantly increased levels of  plasma prolactin, but neither at- 
ropine sulfate nor methylatrop~ne mtrate potentiated 
prolactin response in this experiment.  

DISCUSSION 

The experiments presented in this report  demonstrate 
that atropine sulfate potentiates pituitary cyclic AMP and 
plasma prolactin responses to stress. Atropine 's  effect could 
be due to three different types of mechanisms or to a combi- 
nation of  them. Atropine could directly affect biochemical 
regulation of the pitmtary gland, either by direct blockade of 
cholinerglc pituitary receptors or wa effects on cholinergic 
neurons involved m neuroendocnne regulation. A third 
possibility is that atropine affects the perception of  the stress 
intensity. These possibihties will be considered in turn. 

Although cholinergic muscarinic receptors are located in 
the pituitary gland [4, 22, 27], we feel it is unlikely that the 
observed potentiation of  p~tuitary cyclic AMP stress re- 
sponses by atropine occurs at the pituitary level. Since the 
pituitary gland lies outside the blood brain burner,  methylat- 
repine nitrate would have been effective if the effects of 
atropine were mediated via direct blockade of  pituitary mus- 
carinic receptors.  The failure of  methylatropine mtrate, a 
peripherally acting atropine compound that poorly pene- 
trates the blood brain barrier [29], to mimic the effects of 
atropine sulfate suggests that the relevant site for this acUon 
of  atropine is central rather than peripheral. Since neither 
atropine sulfate nor methylatropine nitrate affected prolactin 
response to immobilization at the low 5 mg/kg dose used in 
this experiment,  the site of the effects of  atropine on the 
prolactln response In the footshock experiments cannot be 
determined from these data. 

Hypothalarmc cholinergic neurons are Involved in 
neuroendocrine regulation, and the effects of  atropine might 
be mediated at pre or post-synaptic receptors of these 
cholmergic neurons. We have shown that stress-induced m- 
creases in pituitary cyclic AMP are primarily the result of  
stress-induced release of corticotropin releasing factor 
(CRF) from the hypothalamus and the subsequent stimula- 
tion of  pituitary CRF receptors linked to adenylate cyclase 
[13] The Increased synthesis of pituitary cyclic AMP is re- 
lated to the stress-reduced release of  pituitary hormones 
regulated by CRF, i . e ,  ACTH, /3-endorphin and 
/3-1ipotrophic hormone [9]. However,  cholinerg~c neurons 
appear  to be stimulatory for CRF release [7], and therefore 
cholinergtc agonists rather than antagonists would be predic- 
ted to increase CRF release and thereby increase levels of 
pituitary cyclic AMP. In fact, administration of  chollnerg~c 
agonists such as the muscarimc agonlst, oxotremonne,  in- 
creases levels of  pituitary cyclic AMP [17,21] Thus, it seems 
improbable that dtrect pharmacological actions of  atropine at 
hypothalamic cholinerglc sites directly involved in CRF 
regulation are the cause of  the observed potentiation of 
stress responses by atropine pretreatment.  However,  at- 
ropine might act at other central cholinerg~c pathways. 

Cholinergic neurons also appear  to be involved In pain 
perception and reactivity to stimuli. Depletion of 
acetylcholine by electrolytic lesion or neurotoxln adminis- 
tration has been reported to increase reactivity to handling 
[5,25] Scopolamine (a muscannIc antagonist) decreases the 
amount of  footshock required to elicit escape behavior [3]. 
Chohnergic agonists or cholinesterase inhibitors have been 
shown to Increase pain threshholds [24,26]. In the present 
report,  atropine (60 mg/kg) decreased tail flick latencies 
These data and reports are consistent with the hypothesis 
that cholmerglc agonists tend to increase pare thresholds, 
while chohnergic antagonists decrease pain thresholds The 
potentiation of stress responses that we observed might thus 
be due, in part,  to decreased pain thresholds. However,  we 
also tested a stressor that did not involve pain (immobiliza- 
tion). Yet, the pituitary cyclic AMP response to this stressor 
was also potentiated by atropine pretreatment. Therefore, 
lowering of pain threshold is probably not the sole mech- 
anism of action for a t ropme's  effect in potentiating stress 
response. 

Recently, it has been reported that atropine pretreatment 
potentiated corticosterone response to immobilization, cold 
exposure or  footshock of  1 to 4 hr duraUon [1,23]. Atropine 
also has been reported to potentiate plasma glucose re- 
sponses to some stressors [1]. In addition high doses of at- 
ropine (>80 mg/kg) combined with cold (16°C) swim stress 
produced convulsions and death m male mice [2]. 

Thus, while the exact mechanism has not been deter- 
mined, the experiments described in this report  and others 
demonstrate that the response to stress may be influenced 
by pretreatment with atropine and conversely that the re- 
sponse to atropine may be influenced by stress 
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