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C H A T U R V E D I ,  A. K. Effects of mecamylamine, nicotine, atropine and physostigmine on the phencyclidine-induced 
behavioral toxicity. P H A R M A C O L  B I O C H E M  B E H A V  20(4) 559-566, 1984.- -Phencycl id ine  (PCP) has  mult ifaceted 
actions on the cholinergic functions, including interaction with the central and peripheral cholinergic receptors. Therefore, 
to evaluate the possible involvement of the nicotinic and muscarinic acetylcholine (ACh) receptors during the behavioral 
toxicity of PCP, influence of various cholinergic modifiers on the PCP-induced behavioral effects in male Swiss mice was 
studied. PCP-induced (45 /zmol/kg, IP) behavioral toxicity (circular movements, side-to-side head movements, and 
hyperactivity leading to convulsions) was blocked by pretreating the animals with secondary- or tertiaryamino-cholinergic 
modifiers, mecamylamine (ME; 14.9 and 29.9 ~mol/kg), nicotine (NI; 12.3 and 30.8/zmol/kg) and physostigmine (PH; 0.16 
and 0.31 gmol/kg). NI at 1.5 ttmol/kg significantly potentiated the PCP-induced convulsions. Atropine (AT; 14.4 and 28.8 
ttmol/kg) pretreatments shortened the onset of circular movements. The locomotor activity of PCP (16.4/zmol/kg) was 
blocked by ME, NI, and PH. AT at 7.2/zmol/kg significantly potentiated the PCP-locomotion by 62%. These observations 
indicated that the behavioral actions of PCP, at least in part, are mediated by the central nicotinic and muscarinic ACh 
receptors. The involvement of cholinergic receptors in conjunction with the dopaminergic actions of PCP during these 
behaviors also has been discussed. 

Phencyclidine Behavioral toxicity Locomotor activity Cholinergic modifiers Mecamylamine 
Nicotine Atropine Physostigmine 

PHENCYCLIDINE (PCP), an abused drug [35, 43, 44, 49], torius muscle [4, 5, 50]. Recently, an evidence for th 
has been shown to produce psychomotor  stimulant-like ef- cific involvement of the central muscarinic and nicoti~ 
fects in rodents [13] and psychotomimetic effects in man ceptors in the lethality of  PCP in mice has been rel 
[33]. In human, PCP intoxication is frequently characterized from my laboratory [12]. In the study physostigmi 
by an acute confusional state with disorientation and by ter t iaryamino-chol inesterase (ChE) inhibitor, 
motor ataxia and rigidity similar to the toxic effects induced mecamylamine,  a secondaryamino-nicot inic  re( 
by atropine and other anticholinergics [26,47]. Anticholiner- blocker at ganglia, were determined to decrease the le! 
gic behavioral effects attributed to a central mechanism [22] of  PCP. The quaternaryammonium muscarnic agonisl 
and potentiation of  the motor activity by atropine [2] also ganglionic blocker were unable to alter the lethality, 
have been reported in the PCP-treated rats. ably accounting for their poor ability to cross the blood 

PCP possess similar electron charge distribution as actyl- barrier to provide protection against the PCP-induced d 
choline (ACh) in relation to the muscarinic receptor  [34], and Despite these in vivo and in vitro studies indicatin 
exhibits both central and peripheral antimuscarinic activity the cholinergic neuron might be a site of  action by PC 
[5]. The antimuscarinic activity is evaluted by the ability of  mechanism of  action of the drug in the central nervo~ 
the drug to inhibit the muscarinic agonist-induced contrac- tern (CNS) is complex and the understanding of  the 
tions of  the longitudinal muscle of  guinea pig ileum [6, 22, anism is rather limited [36]. Therefore, in order to 
3 l], and the [3H] 3-quinuclidinyl benzilate (QNB) binding to understand the pharmacological pertinence of  the cent 
muscarinic ACh receptors in rat cereberal  cortex and brain fects of PCP on the cholinergic function, the influence 
stem and in the ileal longitudinal muscle [6,22]. The dis- secondaryamino- or tertiaryamino-cholinergic moc 
placement of  [3H] QNB from its muscarinic receptor  binding i.e., mecamylamine (ME), nicotine (NI), atropine (A7 
sites by PCP in rat brain membranes also has been reported physostigmine (PH), on the PCP-induced behavioral t( 
[53-55]. Moreover,  PCP has been demonstrated to inhibit the in mice is investigated. It is anticipated that the result~ 
actions of  ACh at nicotinic receptors in the frog rectus ab- the study might be helpful in elucidating the possible I 
dominus [42] and block the nicotinic ACh receptor-ion chan- central cholinergic involvement in the behavioral and 
nel complex and neuromuscular transmission in the frog sar- effects of PCP. 
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T A B L E  1 

EFFECTS OF CHOLINERGIC MODIFIERS ON THE PHENCYCLIDINE (PCP)-INDUCED BEHAVIORAL TOXICITY IN MICEt 

Behavioral Responses 

Circular Movements Side-to-Side Head Convulsions 
Pretreatment (Mean -+ S.E.) Movements (Mean --- S.E.) (Mean ± S.E.) 

Animals Animals Ani 
Response Showing Response Showing Response Shc 

Dose Onset Time Response Onset Time Response Onset Time Resl 
Modifiers (p.mol/kg, IP) (rain) (%) (min) (%) (min) (! 

Saline (control) - -  4.3 ± 0.2 97 ___ 1 5.5 +- 0.2 89 ± 5 7.4 ± 0.4 65 ~- 

Mecamylamine (ME) 7.5 3.8 +_ 0.3 98 ± 2 5.2 ± 0.4 85 +-- 2 9.0 -+ 1.5 60 _~ 
14.9 5.4 ± 0.5* 97 ± 1 6.9 ± 0.5* 96 +- 4 10.0 ± 1.0" 15 _~ 
29.9 6.8 -+- 0.5* 87 +_ 7 9.1 +-- 0.7* 77 +_ 14 - -  1 ~ 

Nicotine (NI) 1.5 4.3 ± 0.3 94 _ 6 5.0 _ 0.3 98 ± 2 6.1 +__ 0.5 85 _~ 
3.1 4.5 +--0.4 97+_ 1 5.1 ± 0.2 9 0 ±  8 9 . 2 ±  1.2 70~_ 

12.3 6 . 3 -  1.1" 60 ± 4* 9 . 7 _  1.2" 8 0 ±  7 9.1 ± 1.8 35_~ 
30.8 15.0 ± 2.0* 40 ± 10" 19.8 ___ 2.0* 40 ± 10" - -  b 

Atropine (AT) 7.2 4.6 ± 1.0 80 ___ 12 5.3 ± 0.6 80 --- 10 6.5 ± 0.9 60 -+ 
14.4 2.7 ± 0.3* 9 0 ±  6 3.2 ± 0.4 94-+ 2 7 . 6 ±  1.4 60_~ 
28.8 3.0--- 0.1" 9 7 ±  2 6 . 7 _  0.4 97-+ 2 7.4 ± 0.7 50_~ 

Physostigmine (PH) 0.08 4.2 ± 0.3 97 -4- 3 5.7 ___ 0.3 97 ± 3 9.7 +_ 0.9 55 _~ 
0.16 4 .0-+0.2 97 ± 3 5 . 4 _ 0 . 1  97 ± 3 12.1 ± 1.0" 264_ 
0.31 6.9 ± 0.7* 90 ± 4 9.8 ± 0.8* 95 --- 4 - -  b 

tBehavioral toxicity was produced by PCP at 45/~mol/kg, IP. The cholinergic modifiers were administered IP 15 rain prior to th 
administration. Circular movements, side-to-side head movements and convulsions occurring at this dose of PCP can easily be 
entiated, and the onset time of these effects with respect to the PCP injection time can easily be recorded. At the selected doses, 
modifiers did not produce any noticeable behavioral effects. Each value represents the mean ± S.E. of observations from a minim 
eight animals. Only animals showing the response are included in the mean onset data. A significant difference between a value a~ 
corresponding control is designated by an asterisk. The control group animals were pretreated with saline (10 ml/kg, IP). 

METHOD Determination of  the Effects of Cholinergic Modifiers o 
Materials Behavioral Toxicity of PCP 

Phencyc l id ine  (PCP) hyd roch lo r ide  was  suppl ied by  the  A dose  of  P C P  for  mice  was d e t e r m i n e d  and  selec  
Na t iona l  Ins t i tu te  on  Drug  abuse ,  R0ckvi l le ,  MD.  wh ich  the  behav io ra l  toxic  effects  such  as c i rcular  i 
M e c a m y l a m i n e  (ME)  hydroch lo r ide  was  k indly  p rov ided  as men t s ,  s ide- to-s ide head  m o v e m e n t s  and  convu l s ions  c 
a gene rous  gift by  M e r c k  Sha rp  and  D o h m e  R e s e a r c h  Lab-  induced ,  and  the  onse t  of  these  effects  c an  be  easi ly 
ora tor ies  (Wes t  Point ,  PA).  N ico t ine  (NI),  a t rop ine  (AT) sul- en t ia ted  and  recorded .  Mice,  cons i s t ing  of  10 in e a c h  
fate and  physos t igmine  (PH) sulfate  were  p u r c h a s e d  f rom were  p r e t r e a t e d  IP  wi th  the  se lec t ive  chol inerg ic  modifi  
E a s t m a n  K o d a k  Co. (Roches te r ,  NY),  Mal l inckrod t  Chemi-  sui table  doses  (Table  1). Con t ro l  g roup  an imals  w e n  
cal W o r k s  (St. Louis ,  MO),  and  S igma Chemica l  Co.  (St. t r ea t ed  wi th  sal ine (10 ml/kg, IP). The  doses  for  each  
Louis ,  MO),  respec t ive ly .  O t h e r  chemica l s  used  were  o f a n a -  ifier were  se lec ted  f rom the  in fo rmat ion  ava i lab le  in tl 
lytical grade  and  were  p u r c h a s e d  f rom c o m m e r c i a l  sources ,  e ra tu re  [3, 7, 10, 11, 25, 32, 41]. A t  the  se lec ted  doses ,  
All so lu t ions  we re  made  in phys io logica l  saline (0.9% NaCI  agents  d id  not  p r o d u c e  behav io ra l  ef fects  s imilar  to 
in de ion ized  water) .  T he  so lu t ions  o f  the  tes t  agents  were  obse rved  wi th  PCP  alone. Fi f teen min  af ter  the  p re t rea t  
f reshly  p r e p a r e d  before  use.  the  an imals  we re  cha l l enged  by  IP  admin i s t r a t i on  of  the 

of  PCP  (45 txmol/kg). For  obse rva t ion ,  an imals  were  h~ 
Animals in g roups  of  5 and  were  used  on ly  once .  E v e r y  m o u s e  

o b s e r v a t i o n  g roup  was cha l l enged  wi th  the  same  dose  
Male  Swiss  mice  weighing  20-25 g used  in this  s tudy  were  same  drug or  c o m b i n a t i o n  of  drugs.  The  drugs  were  adr 

p u r c h a s e d  f rom L a b o r a t o r y  Supply  Co.  ( Indianapol is ,  IN).  t e red  to the  g roup  o f  an imals  at  such  di f ferent  t ime int~ 
The  animals  we re  h o u s e d  in cages  o f  l l . 5 x 7 . 5 x 5 "  d imen-  so tha t  ind iv idual  r e s p o n s e s  in e a c h  an imal  cou ld  be  
s ions  in g roups  of  5 in the  cen t ra l i zed  an imal  care  facili ty,  t racked .  The  o b s e r v e r  was  " b l i n d "  wi th  r e spec t  t~ 
and  a l lowed food  and  tap w a t e r  ad lib. T w o  h r  before  the  t r ea tmen t .  Fo l lowing  the  PCP  admin i s t r a t ion ,  the  mice  
behav io ra l  e x p e r i m e n t s ,  the  mice  were  housed  in the  tes t ing  then  o b s e r v e d  for  the  o c c u r r e n c e  o f  c i rcu la r  moverr  
r oom in g roups  o f  5 pe r  cage u n d e r  the  con t ro l led  cond i t ions  s ide- to-s ide head  m o v e m e n t s ,  and  hyperexc i tab i l i ty  le 
and  g iven  free  acces s  to food and  water ,  to i n t e rmi t t en t  j e rks ,  ep isodes  of  t r emu lousnes s ,  and  
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CONTROL difference between two means was considered signi 
SOD with p <0.05. 

R E s u L t s  

200 t (7.s ~mot/ka) Influence of  Cholinergic Modifiers on the PCP-lnduc~ 
Behavioral Toxicity 

loo ~ ~  The behavioral responses of PCP were inhibited t 
ganglionic blocker, ME, in a dose dependent fashion ( 
1). At 7.5/~mol/kg, ME did not alter the behavioral act  

o ut (2e.0~mo0/ke) "t .t ~ -  " - " ~ ' - 1  of  PCP. However, at 14.9/zmol/kg it delayed the onset 
®~- behavioral effects. At this dose of ME only 15% 
z 
= animals exhibited the convulsions whereas in the c 
0 T PCP TREATED o group 65% of the animals responded. Similarly, the or 

SOD ~ circular movements and side-to-side head movement 
~.> further delayed in the animals pretreated with the l 
o ~ dose (29.9 txmol/kg) of ME. At this dose, animals were 
i t  400 o pletely protected against the convulsions produced by 
t -  
O NI also influenced the PCP-induced effects. Small dos~ os r UE (7.s ,umo0/ko) \ Y  
u I T T (1..;,mt/kt0 "*',, - and 3.1/zmol/kg) of N I  did not significantly change th 
o *DO ~ '~ . '~&l  ~ ' ~ [  ' & / ~ "  ME (14;, m,t/~t~"q' tern of the behavioral effects. However, a significa 

~ 'x~"  ~ "4,,  I ~ ( 1 4 . o + ~ , , / , E ) ~  crease in the convulsant activity of PCP was noted 
I ~ " ' ~  "f Pep (1~.4 ~,mv,,~ ~ r /zmol/kg of NI dose (Table 1). On the other hand, NI at 

2DO ~ _  ~ / ~ , ~  doses (12.3 and 30.8/zmol/kg) significantly delayed the 
of  these effects, and protected the animals against the 

E./" o . /k ' ' ["  ~ i ~  ~ ~ ~ induced behavioraleffects. 
~oo "~" - No change in the behavioral activities of PCP w~ 

, t  (,o. "~'- " ~" ~ served in the animals pretreated with antimuscarinic PCP 110.4 /~o l /kg)  ~ J'- "~,- ~ "~ 
AT, at 7.2, 14.4 or 28.8/zmoi/kg. Only the onset times f 

o s' ' 1'8 ' ' *'o ' ' 4'5 ' ' co' circular movements in the groups pretreated with th 
two doses of AT were significantly shortened by abe 

unu AFTEN nNJECV~ON re-Urn DLOCXS) min. 
Anti-ChE PH also exhibited influence on the 

FIG. 1. Locomotor activity in mice after PCP and the influence of induced behavioral effects. PH (0.08, 0.16, or 0.31/zm 
mecamylamine (ME). Each point depicts the mean_+S.E. For de- protected the animals against the convulsions in a do: 
tailed information about the number of animals used in each obser- 
vation (N) see Table 2. Top panel (control), N=6-26. Asterisk de- pendent manner (Table 1). The onset of  convulsion 
notes significant difference from the saline control. Bottom panel delayed by the PH pretreatment. PH at lower doses d 
(PCP treated), N =9-24. There was statistically significant difference alter either the onset or the activities of circular move: 
between the points of PCP vs. PCP and ME group, except the last and side-to-side head movements. However, delay i 
three points of ME (14.9 tzmol/kg) and PCP (16.4/~mol/kg) group onset of these two effects was noticed with the higher d 
where no such significant difference was noted. PH (0.31 /~mol/kg). 

Influence of  Cholinergic Modifiers on the PCP-lnduc¢ 
Locomotor Activity 

5-min intervals. At  the end of the session, total counts per 
mouse during the 60 min period also were noted. Pretreatment with the ganglionic blocker, ME, (7.5 

Doses of 8.2, 16.4 and 32.8/zmol/kg of PCP were deter- or 29.9/xmol/kg) inhibited significantly the locomotor 
mined to be effective in producing locomotion in mice. The ity induced by 16.4 /xmol/kg of  PCP as assessed b 
dose, 16.4 ttmol/kg of  PCP, produced a submaximal locomo- counts per mouse over a period of 60 min (Fig. 1, be 
tion in mice and the maximum effects were over by about 60 Table 2). The influence was dose related as 45, 49 ant 
min. At this PCP dose, a locomotor activity of 4182---224 inhibitions were noted with 7.5, 14.9 and 29.9/xmob 
counts/mouse/60 min was observed, which was 281% of the ME, respectively (Table 2). At 7.5 and 14.9/zmol/kg C 
basal locomotion activity associated with the saline control ME alone had no significant effects on the basal locoJ 
group (Fig. 1; Table 2). There was a significant difference in activity (Fig. 1, top). However, at the higher ME dose 
the activity of the PCP treated group from the saline control /zmol/kg), a 41% decrease in the basal locomotion over 
at every 5-min interval point over the 60 min period. Both in min period was distinguished (Table 2). The decline, 
the PCP treated and the control groups, the counts were tivities of the saline control and ME, as well as PCP, an 
initially higher and then gradually decreased during the ob- and PCP, were identical. 

The inhibition of  the PCP-induced locomotion by N 
servation, was dose related. As seen in Fig. 2 (bottom), 12.3 am 

/~mol/kg of NI significantly inhibited the PCP-in~ 
Statistical Methods locomotion during the first 40 min period. Later durir 

Wherever possible, values are presented as the rest of the 60 min observation period, the activities re; 
mean_S.E,  of determinations. The statistical difference be- close to normal. In contrast, the lower doses, 1.5 ar 
tween means was determined by Student's t-test'J23]. The /~mol/kg, of NI failed to inhibit the locomotion induc, 
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MIN AFTER INJECTION (6-MIN BLOCKS) MIN AFTER INJECTION (6-MIN BLOCKS) 

FIG. 2. Locomotor activity in mice after PCP and the influence of FIG. 3. Influence of atropine (AT) on the PCP-induced loco 
nicotine (NI). Each point depicts the mean_S.E. Refer to Table 2 in mice. Points represent mean±S.E. Also refer to Table 2 
for additional information about the number of animals (N) used for details of the number of animals (N) used in the experime] 
the observations. Top panel (control), N= 11-26. A significant panel (control), N=6--26. Bottom panel (PCP treated), N=6- 
difference between the saline control vs. NI treated groups is indi- terisk denotes significant difference from the saline in the tot 
cated by an asterisk. Bottom panel (PCP treated), N=13-24. As- and from the PCP in the bottom panel. 
terisk denotes significant difference between PCP, and NI and PCP. 

PCP. Inhibitions of  13, 34, 39 and 62% in the total 60 rain 4182±224 to 6782-+698 counts/mouse/60 min. On the 
PCP-induced locomotor activity were observed at 1.5, 3.1, hand, the AT dose (28.8/~mol/kg) which increased th~ 
12.3 and 30.8/~mol/kg doses of  NI, respectively (Table 2). NI activity by 149%, decreased the locomotion induced b 
alone (1.5 and 3.1 /zmol/kg) did not affect the locomotion between the first 10and 20 min periods, but later the a 
when compared with the control group depicted in Fig. 2, top reached normal. The 14.4/xmol/kg dose of  AT, wl~ 
panel. However ,  at 12.3 or 30.8/zmol/kg NI dose, a signifi- creased the basal activity by 95%, did not significantl 
cant decrease in the basal locomotor activity was observed the pattern of  the PCP-induced locomotion. The ob~ 
(Table 2). decrease in the locomotor activity of  PCP by pretreati 

The patterns of  the locomotor activity in saline control animals with the higher dose of  AT may actually 
and AT groups, as well as in PCP, and AT and PCP groups, potentiation of  the effect. Similar decrease in the a 
are illustrated in Fig. 3. The top panel of  the figure depicts also might be obtained by increasing doses of  AT o 
the effects of  AT on the basal locomotor activity at various alone. 
doses. AT at 7.2/zmol/kg did not significantly alter the basal Pretreatment with the anti-ChE PH (0.08, 0.16, an 
activity when compared with the control group. However ,  at p.mol/kg) decreased the PCP-induced locomotion in : 
14.4 and 28.8/zmol/kg, AT increased the total 60 min basal related manner. As illustrated in Fig. 4, the three dc 
activity by 95 and 149%, respectively (Table 2). The decline PH inhibited significantly the locomotor activity duri 
in the activity of  saline control and AT groups was parallel, first 20, 25 and 40 rain periods, respectively. Later  du~ 
The PCP-stimulated locomotion was altered by pretreating rest of  the 60 rain observation period, the locor 
the animals with 7,2, 14.4 or 28.8 /zmol/kg of  AT (Fig. 3, reached close to normal. PH, at 0.16 and 0.31/zmol/kg 
bottom). As given in Table 2, the dose, 7.2/zmoi/kg of  AT, had no significant effect on the total 60 rain basal locc 
which alone does not alter the basal locomotor activity, sig- activity, while at 0.08/zmol/kg PH increased the basal 
nificantly increased with PCP-induced locomotion from ity by 65% (Fig. 4, top; Table 2). 
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CONTROL investigations. PCP has been found to impair spatial 
SOO ' ,  tion performance in rats through a central anticholit 

" mechanism [22], and PCP-induced motor activity in ral 
]~, P.(o.oe~.,ol/kg) been found to be potentiated by atropine, but n~ 

" I 1  * * * 
, ~ .  . . . .  _ - . .  __~. .~ , .  • ..- methylatropine [2]. Furthermore, the hyperactivity e~ 

aDO ~ i ~ ! - -  "" " "{  ~ by PCP in mice was reversed by a lypophillic 
acetylcholinesterase (ACHE), tacrine [34]. 

loo /~"  . . . . . . . . .  PCP exhibits both dopaminergic and anticholil 
~ s ~ ' ~  properties [28,29]. It facilitates the release of dopamine 
t [29], antagonizes the increased metabolism of rat striat 

• PH (O.16 i I m o I / k g )  
o induced by oxotremorine [27] and inhibits the upta 

[3H]-DA [18,51]. Furthermore, PCP-induced stereotyp 
" PeP TREATED havior [40], circular movements [16, 17, 30] and 1ocol 
o activity [2] in rats can be modulated by cholinergi, 

sod ,.4 m. .) dopaminergic modifiers. These studies support the vie~ 
the anticholinergic property of PCP in conjunction w 

T "f ]" dopaminergic activity play a crucial part in the beha 
, 400 ~ l  l and toxic effects of PCP. However, due to the func 

pH (o.os ira, De/ relationship between cholinergic and dopaminergic ne 
pep (le.4 ,~t/kg) , /I I "i~-'x'r "k----4 it is rather hard to differentiate the influence of these ne 

2 ' 0 0  * i " , T '  " ~ ' " / 1  " L "  ~ " ~ .  ~ in these behaviors [46]. For example, it would be diffic 
evaluate anticholinergic activity of PCP in the presence 

± \~.* ~ 1"/ */I * - - w - ' ~ ' ~ ' ~ " ~  ability to increase the release of DA, since dopamil 
aDO , _ ,  ~,~,.~'" J" J- ~N~  agonists reduce striatal ACh turnover and inhibi 
loo ~ ,  . ~  ~, , ~ ; ~ : e l . ~ )  ~ cholinergic interneurons' firing [46]. In spite of such col 

mechanism(s), it can be rationally inferred thai 
enhancement in the cholinergic and/or the decrement 

cP (1s~ pml/kg) dopaminergic activity should decrease the behavioral e 
PH (O.1e?,n*l/k*), , , , , , , J ~ of PCP, while the effects should be induced by inhibitil 

S 1E 3 0  4 6  SO 
cholinergic and/or increasing the dopaminergic activity. 

MIN AFTER INJECTION (S-MIN BLOCKS) Even though the involvement of other neurotransl 
systems is associated with the effects of PCP [37,44 

FIG. 4. Effect of physostigmine (PH) on the PCP-stimulated present data, at least in part, can be interpreted on th~ 
locomotion in mice. Each value is a mean from 6-26 mice. For ception of the mediation of the dopaminergic and chili] 
details about the number of animals (N) used in the experiment refer systems in the PCP-induced behaviors. The ability of 
to Table 2. Vertical bars represent S.E. A significant difference from reduce the behavioral effects of PCP might be attribul 
the saline in the top panel, and from the PCP in the bottom panel is its capability to block the release of DA mediated th 
denoted by an asterisk, the central presynaptic nicotinic receptors [15, 19-21,2 

39, 56, 57] thus overpowering the PCP-induced incre.' 
DA levels [18, 27, 29, 51]. NI in the concentration raT 
10 aM to 10-SM has been determined to be effective 
leasing DA from rat striatal slices [21,56]. Therefore 

DISCUSSION more likely that the potentiation of PCP-induced convui 
The study revealed that the central nicotinic and mus- at a lower dose of NI could be related to such NI-in( 

carinic ACh receptors play a part during the exertion of release of DA. Since the pharmacology of the c, 
PCP-induced behavioral toxicity in mice. This is supported nicotinic receptors is somewhat similar to the ganglion 
by the ability of secondary and tertiaryamino-cholinergic 14, 38, 58], the potentiation of the PCP-induced convul 
modifiers, ME, NI, AT and PH, to modulate the behavioral at a lower dose of NI and the blockade of the PCP-e~ 
effects (Tables 1 and 2). Quaternaryammonium and sul- behavioral effects by NI at higher doses may presuma[ 
fonium compounds, i.e., muscarinic agents, 5- analogous to the biphasic action of NI at autonomic g.' 
methylfurmethide [41] and 0-ethylcholine [10--12], and where NI at smaller concentrations produces gang 
nicotinic ACh receptor blockers at ganglia, hexamethonium stimulation while at larger concentrations ganglioni 
and trimethaphan, were not as effective in significantly alter- pression. However, it appears that such blockade is 
ing the PCP-induced circular movements, side-to-side head uted to the property of NI other than DA releasing [2 
movements and convulsions (data not given). These obser- This could be the result of the interaction of NI wit 
vations could account for the higher potential of secondary- inhibitory nicotinic ACh, non-cholinergic nicotinic 
or tertiaryamino-compounds than that of quaternaryammon- mixed nicotinic muscarinic receptors of the CNS [ 15, 3 
ium or sulfonium agents to cross the blood brain barrier thus in a complex fashion leading to the biphasic effects. Ov 
influencing the behavioral toxicity. The involvement of the it may simply be the result of the stimulation of the CN 
central cholinergic receptors is in agreement with the results lower dose of NI and the depression of the CNS at ] 
reported previously from my laboratory in which ME and doses in a biphasic dose dependent manner. The obs 
PH were effective in protecting mice against the PCP- effects of ME and NI also could be associated with the 
induced death, while quaternaryammonium cholinergic of PCP at the nicotinic ACh receptor-ion channel cot 
modifiers were unable to alter the death [12]. The central level [4, 5, 50]. 
cholinergic mechanism of PCP is further supported by other Because of the anticholinergic property associated 
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PCP [2, 5, 22, 31, 53-55], ACh or muscarinic agents should crease in the anticholinergic property of PCP, presu 
decrease and atropine-like agents should enhance the effects dominates over the stimulation of nicotine receptor 
of PCP. In the study, a similar observation was noted where the behavioral toxicity of PCP. The in vitro AChE inhi 
PH treatment protected the animals, against the PCP- property of PCP [34,45] itself also may contribute towa 
stimulated convulsions and locomotion, and AT shortened behavioral toxicity. However, this is not of concern 
the onset time of the circular movements (Table 1) and en- PCP at 179/xmol/kg, IP, a dose higher than that was u 
hanced the locomotor activity of PCP (Fig. 3; Table 2). the present study, does not produce inhibition of 1 
These findings conclude that the anticholinergic property of brain ChE [12]. The data from the AT and PH experi 
PCP plays a part in the PCP-stimulated behaviors. This could support the anticholinergic property of PCP. This 
possibly be in conjunction with the dopaminergic property of agreement with the anticholinergic behavioral effects 
PCP [28,29]. The conclusion is in agreement with previous the PCP-intoxication [2, 26, 27] and the 
studies where PCP-induced turning behavior in rats can be antimuscarinic activity observed with the isolated 
antagonized by inhibiting DA synthesis, blocking DA recep- preparation and QNB binding studies [5, 6, 22, 31, 52 
tors and stimulating muscarinic receptors and potentiated by In addition to multifaceted effects on the choli 
anticholinergic agents [2, 6, 16, 17, 30]. Furthermore, functions and indirect dopaminergic property [28,29] 
oxotremorine-induced increase in the rat striatal DA metab- interacts with other neurotransmitter systems [37,4, 
olism was blocked by PCP [27]. As in the present study, possibly with its own receptors [52,59]. Consequently, 
anti-ChE agents have been determined to be effective in di- effects of PCP could not be completely reversed b,. 
minishing the behavioral effects of PCP, such as the reversal cholinergic modifiers. However, some of the beh~ 
of the PCP-induced hyperactivity in mice by tacrine [34] and toxic effects of PCP could be reduced by centrally- 
the partial antagonism of PCP by PH on the variable-interval ganglionic blockers, ChE inhibitors or muscafinic ag~ 
performance in squirrel monkey [9]. It appears that the PH- 
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