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Abstract-Four systemic effects induced by S.C. Injection of physostinminr and neostigmme to mice 
were investigated by the “quadro-test” procedure, a novel design in which salivation. tremor. hypo- 
thermia and the rotarod-effects are simultaneously and continuously recorded. The time profiles of 
these effects were used to construct doseeresponse curves, which were compared to those of brain 
acetylcholinesterase (AcChE) inhibition by the drug. A good relationship was found between the dose 
and time dependency of these pharmacological and biochemical parameters, as well as between the 
relative potencies of physostigmine and neostigmine and their affinity to the enzyme. 

Using scopolamine.Hbr and its quaternary analogue. as well as tertiary cholinerglc agonists and 
other cholinesterase agents. it was found that the physostigmine-induced hypothermia is mostly a 
central-muscarinic response, while the tremor is most probably a non-muscarinic peripheral effect. 
The peripheral-muscarinic origin of the salivation was confirmed. The effects measured in the rotarod 
test were found to be muscarinic and mixed central-peripheral for physostigmine. and non-muscarinic 
for neostigmine. The lethality caused by physostigmine seems to be partially centrally mediated. while 
that of neostigmine is peripheral. 

Reversible anticholinesterase agents were shown pre- 
viously to induce changes in brain acetylcholine con- 
tent, distribution and release [l-4). Although it is 
widely accepted that most of the acute effects induced 
by anticholinesterase agents can be attributed to the 
accumulation of the neurotransmitter [S]. there is 
some evidence suggestive of direct action of cholines- 
terase inhibitors at the neuromuscular junction C&9]. 

Several investigators described the correlation of 
cholinesterase inhibition in brain and in the periphery 
with diverse behavioral effects, both spontaneous and 
forced [l&17]. This subject was reviewed at length 
by Brimblecombe [5]. 

In the present study we undertook to establish the 
relationship between brain acetylcholinesterase 
(AcChE) activity and several systemic effects induced 
by physostigmine in mice. These responses can be dif- 
ferentiated into peripheral versus central and muscar- 
inic versus non-muscarinic. This characterization pro- 
vides a starting point for the elucidation of the bio- 
chemical basis of tolerance to physostigmine. 

MATERIAL AND METHODS 

Drugs 

Physostigmine (eserine) salicylate, neostigmine 
(prostigmine) bromide, acetylthlocholine (iodide) and 
5.5’Dithiobis (2-Nitrobenzoic acid) (DTNB. Ellman 
reagent) were obtained from Sigma. (- ) Scopol- 
amine.HBr ((I$~ = - 13.3”. C = 2.04 in 1 N HCI) 
and pilocarpine (HCI) were obtained from Plantex 

(Israel). The Methiodide salt of scopolamine was pre- 
pared from the free base and methyliodide in anhy- 
drous ether. Oxotremorine (free base) and tacrine 
hydrochloride (1,2,3.4-tetrahydro-9-amino-acridine) 
were obtained from Aldrich. and (_+ ) 3-acetoxyquinuc- 
lidine hydrochloride was prepared according to 
Robinson ut al. [lS]. The drugs were dissolved in 
saline and injected S.C. in a constant volume of 0.1 
ml/animal. Fresh solutions were prepared every 2- 3 
days. and stored refrigerated until used. 

.4nimu/s 

The ICR male and female mice used were approxi- 
mately four weeks old and weighted 19-22 g. Rats 
of the Wistar strain weighing 2OG25Og were used 
in several experiments. The animals were housed in 
plastic cages, with food and water available ad lib. 
The temperature and light were kept on constant 
schedules (ambient temperature 23 f 0.5 , 12 hr light, 
I2 hr dark). The animals were allowed a minimum 
of two days to acclimatise after shipment before any 
experimental procedure was begun. 

Methods 

The pharmacological tests will be specified for the 
mice. Essentially the same methods were applied in 
the rats experiments. 

Immediately prior to each test. groups of animals 
were removed from the housing cages. placed in new 
20 x 30 x 40cm plastic cages and food and water 
were withdrawn for the 1-2 hr of the experiments. The 
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“quadro-test” procedure was employed whereby four 
effects induced by the drugs were measured con- 
tinuously in 6-min cycles: hypothermia. sahvation. 
tremor and the effects measured in the rotarod test 
(vide infra). The experiments were conducted between 
14:OO and 93:OO. 

Hypothrmiu. Rectal temperature of the animals 
was recorded by a YSI (model 456 TUC) teletherm- 
ometer. at a constant ambient temperature 
(23 k 0.5 ). The rectal temperature of each was read 
30sec after the probe of the telethermometer was in- 
serted 2.5 cm into the rectum. Results are expressed 
either as the mean temperature reduction. or as the 
mean rectal temperature. as a function of time. Six 
mice were tested with every dose. 

Salir~iol~ and tremor were recorded according to 
Inch et u/. [19]. and are represented as the percentage 
of affected animals versus the time. Nine mice were 
tested with every dose. 

Rotclrod rest. Mice were placed on a rod 32 mm 
in diameter, rotating at 16.5 revjmin. Sideward move- 
ments on the rod were limited by circular discs set 
19 cm apart. After 5- IO min of pretraining on the rod 
all the mice were able to stay on for at least 120sec. 
These mice were injected with test drugs and sub- 
jected to test trial lasting 120sec. Mice which fell off 
the rotarod within the first 30 set were returned to 
the rod and the trial was continued for an additional 
90 consecutive sec. Those mice unable to stay on the 
rod within these 90sec were scored as affected. The 
mice were tested in this manner every 6 min until a 
complete recovery from the drug effect was achieved. 
Results are expressed as the percentage of dropout 
as a function of time. In each test 9 mice were used 
per dose. 

“Quadra-test procedure”. During the “h-minute 
cycle” of this procedure 9 mice were tested: first on 
the rotarod (2 min). then simultaneously for tremor 
and salivation (I min). and finally the rectal tcmpera- 

ROTAROD / ____ 
100 ? 

tures of 6 out of the 9 animals wcrc recorded (3 min- 
utes). Figure I is an example of the time profile curves 
obtained by this procedure for 0.48 pmoles/kg (0.2 
mg/kg) physostigmine salicylatc. The standard devi- 
ation ranged between 8- IX”,, for the peak effect and 
1% 15”:, for the duration in a11 4 measurements. and 
for all the doses used. 

Acrtl/cho/i!2r.src~r~l.s~, (.4cCLE) wttrit~~. The enryma- 
tic hydrolysis of acctylthiochohnc was determmed in 
whole brain homogenates spectrophotometrically. 
according to Ellman (‘I (I/. [?(I]. using a Varian Tech- 
tron spectrophotometer model _‘?S The mice were 
decapitated and their brams quickly removed and 
homogenized in a Potter-Elvehjem glass homogenirer 
fitted with a motor-driven Teflon pestle. From the 
dependency of AcChE activity on the substrate toll- 
centration. it was found that the reaction was linear 
in the concentration-range of 0.X 6 y IOmJ M. This 
activity was found to depend linearly on the amount 
of brain homogenate within the range of I 17 mp of 
tissue per assay. Thus. a typical reaction mixture COW 
tained in a final volume of 3.0 ml. 8 mg tissue. 0. I ml 
0.01 M DTNB and 0.1 M phosphate buffer. pH X. The 
tissue was prepared as a lo”,, homogenate in 0.1 M 
phosphate buffer. pH X. containing 0.1 M 
NaCl + 0.5”,, Triton X-100. and diluted to a final 
concentration of 20mg!ml with 0.1 M phosphate 
buffer. pH 8.0. All AcChE assays were carried out 
at 25. pH 8.0. and were initiated by addition of 
0.015 ml of the substrate. No butyrylcholinesterase ac- 
tivity was found under these conditions using butyryt- 
thiocholine as substrate. Determination of the degree 
of AcChE inhibition by physostigmine and neostlg- 
mine was carried out 111 ritr~~ after 10 mm prelncuba- 
tion of the diluted brain homogenate (20 mg;ml) with 
the antichotinesterase drug. at 2 pH 8.0. using 
6 x IO-‘M substrate. 

The time profile for the inhibltion of brain AcChE 
by physostigmine 111 r,it>o and its spontaneous reacti- 

_L_-A., J-_-J II 
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lime (min.: 
Fig. I. Time profiles of 4 systemic effects induced by 0.2mg’kg (0.48 /Irnoles:kg) physostlgmine in 
mice. Results are the mean i S.D. of 6 experiments. 9 mice in each. using the “quadro-test” procedure. 
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Fig. 2. Dose-dependent time profiles of 4 systemic effects induced by physostigmine in mice. (A-A) 
0.1 mg/kg (0.24 nmoles/kg); ( M) 0.2 mg/kg (0.48 pmoles/kg; ( x -- x ) 0.4 mg/kg (0.96 pmolesikg); 
(M) 0.6 mg/kg (1.44 ~~molesikg). Results are the mean of 3-5 experiments. 9 mice in each. The 

SD. is identical to that in Fig. I. 

vation was carried out as follows. At various time 
intervals after S.C. injection of the drug, 3 animals 
were decapitated and their whole brains quickly 
removed. A 10% homogenate was prepared from each 
brain in an ice-cold 0.1 M phosphate buffer (pH 8.0) 
as described above. The AcChE activity was deter- 
mined in each homogenate in triplicate within 4 min 
from decapitation, using 6 x 1O-4 M substrate. This 
activity was stable at 0” for at least 6 hr and was 
completely inhibited by addition of IO-’ M physo- 
stigmine in vitro. 

LD,, o&es. The LD~~ values of physostigmine and 
neostigmine with or without preinjection of scopol- 
amine. HBr or scopolamine CHJ were determined in 
30-day-old animals of both sexes, using 10 mice per 
dose, according to Behrens [21]. 

RESULTS 

Both the peak and the duration of the systemic 
effects under study were found to be dose-dependent 
in the range of 0.12-l .45 pmoles/kg (0.05-0.6 mg/kg) 
physostigmine (Fig. 2) and 0.02-0.6 pmoles/kg 
(0.0060.18 mg,kg) neostigmine, which served as a 
quaternary reference compound. Higher doses could 
not be used without fatal results and a prior adminis- 
tration of anticholinergic drugs was required (Table 
1). The time profiles of the tremor, salivation and 
rotarod effects are similar for both drugs, while the 
hypothermia, induced by physostigmine only, has a 
much longer onset time and duration (Fig. 2). The 
peak effect obtained at each dose was plotted versus 
the logarithm of the dose, yielding dose-response 
curves (Fig. 3) from which EDGE values were interpo- 
lated (Table 2). It seems that neostigmine is more 
potent than physostigmine in two of the three com- 

Table 1. LD~~ values of physostigmine and neostigmine in 
mice with and without preinjection of scopolamine.HBr 

or meth-scopolamine 

Muscarinic L% (mg/kg) 
antagonist* Physostigmine Neostigmine 

None 1.0 * 0.1 0.3 + 0.04 
Scopolamine. HBrt 9.3 f 1.2 1.3 + 0.22 
Scopolamine. CH,IJ 2.8 + 0.34 1.2 f 0.19 

* Injected 10min before administration of the anticho- 
linesterase drug. 

t 0.52 pmoles/kg (0.2 mg/kg). 
IO.52 pmoles/kg (0.23 mg/kg). 
Each dose was tested on 10 mice. Results are the mean 

of 3 experiments. 

mon effects-salivation and tremor-while they exhi- 
bit approximately the same potencies in the rotarod 
test (Table 2). 

The dose-dependent time profile of brain AcChE 
inhibition by physostigmine in uiuo is illustrated in 
Fig. 4. A maximal obtainable inhibition of 90 per cent 
was reached starting at 0.4 mg/Icg. Increasing the dose 
to 5 mg/Icg (10 min after preinjection with scopol- 
amine. HBr) did not lead to a higher measurable inhi- 
bition. This 10 per cent “residual” activity could be 
completely blocked in vitro by 1O-5 M physostigmine. 
indicating that it is due to cholinesterase activity. 
Neostigmine at doses up to 0.2 mg/kg did not inhibit 
brain AcChE in uioo 5, 15, 30 and 60 min after admin- 

istration, while both drugs inhibited the enzyme in 
vitro (Fig. 5). Plotting the maximal percentage inhibi- 
tion of brain AcChE by physostigmine in uiuo vs the 
logarithm of the dose yielded a dose-response curve 
comparable to that obtained in vitro (Fig. 6): for 
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Fig. -i(A). Dose-response curves for the physostigmir~c-ilIdllced systemic effects. The curves were con- 
structed by plotting the peak effects (Fig. 2) versus the appropriate dose. Key: (M) rotarod. 
(A--A) tremor. (h-0) salivation and I*----xf hypothermia. (8). Dose-response curves for the 
neostigmine-induced systemic effects. Key: (*--_*I rotarod. (A --AL) tremor. (O-_-O) salivation. 

Results are the mean of 2-4 experiments. 9 mace in each. See legend to Fig. 3(A) for details. 
. 

Table 7. ED,~ values for systemic effects induced by physosti~mine and neostigmine 
in mice 

EtTect 

- 

%a* 
physostigmine neostigmrne EPMRt 

physostigmine 

mgikg pmoles:kg mp.:kg pmoles.!kg neostigmine 

Salivation 0.15 0.36 0.015 0.049 7.3 

Tremor 0.10 0.74 0.020 0.10 2.4 
Hypothermiat 0.30 0.72 . . 

Rotarod 0.12 0.29 0.13 0.43 0.7 

*The data are taken from Fig, 3. 
+ EPMR: equipotent molar ratio. 
:Chosen arbitrarily as that dose which induces a maximal l~ypot~lerrn~a of 3.5 
Results are the mean of 2-S experiments. the S.D. of whrch is X-18 per cent. 

L-. LLi 
50 100 150 200 250 

Time (min.) 

Fig. 4. Dose-dependent time profile for the inhibition of brain AcChF bv physostigmine in ciao. Mice 
were injected SC. with various doses of physostigmtne. They were killed in triplicate at different time- 
intervals and the residual AcChE activity determined 3 times in each brain homogenate. Key: (@-*) 
0.05 mg/kg (0.12 pmoles/kg), (A----A) 0.1 mg,%g (0.24 pmoles/kg), (n---n) 0.2 mg/kg (0.48 pmoles/kg). 
(o----O) 0.4 mg/kg (0.96 Ccmoles/kg) and (b--e) 0.6 mg/kg (1.44 pmolesikg). Results are the mean 
of 3-6 experiments. The SD. was found to range between 3-15 per cent. The 100 per cent activity 

is given as the mean of 1%) separate readings. 
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[Drug] CM) or (moles /kg) 

Fig. 5. Doseeresponse curves for the inhibition of brain AcChE: by physostigmine, (+---+) in t’iuo 
and (M) in vitro; by neostigmine (w) in vitro. 
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[Phvsq](M) or (moles/kg) 

Fig. 6. A comparison between the doseeresponse curves for the inhibition of brain AcChE by physostig- 
mine in ciao (-----) and for the physostigmine-induced hypothermia (M) and rotarod effects 

(O~--o). 

I 
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n I II 

1 I i i 

Fig. 7. A 2-cycle experiment of the physostigmine-induced systemic effects. 0.4 mg/kg (0.96 pmoles/kg) 
physostigmine were injected to the same group of animals at a 1-hr interval and the time profile 

of systemic effects followed continuously after the 1st (I) and 2nd (II) injection, 
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Fig. 8. A I-cycle experiment of the physostigmine-induced 
brain AcChE inhibition ifi IWI. Mrce were Injected with 
0.4 mg:kg (0.96 pmoles;kg) at l-hr interval and decapitated 
at various time Intervals after the 1st (II and 2nd (II) injec- 
t~on. The time profile of brain AcChE inhibition is repre- 
sented (broken line). In additmn. the spontaneous reacti- 
vation of the enzyme after one injectron of this dose (taken 

from Fig. 5) IS represented too (solid line). 

example. a 60per cent inhibition occurred at 
0.1 x lo-” M or at 0.1 pmolesikg. Interestingly. this 
dose was found to be the minimum required for the 
induction of measurable systemic effects. 

This point was further investigated in a “two-cycle” 
experiment. in which both the systemic effects and 
brain AcChE activity were measured after two con- 
secutive injections of 0.4 mg/kg physostigmine given 
one hour apart to the same group of mice (Figs 7 
and 8). The termination of the systemic effects was 

SC ph. 
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accompanied by recovery of the enzyme to 40 per 
cent of its pre-injection activity. and the time of peak 
effects coincided with that of maximal inhibition (90 
per cent) in both cycles. 

Characterization of the systemic effects induced by 
physostigmine was attempted using scopolamine. HBr 
and its quaternary analogue, scopolamine. CH,I. Ir 
was found that these antagonists do not modify the 
pattern of brain AcChE-inhibition by physostlgmine 
in I+IY), when given 10 min before the latter. in the 
dose range of 02-0.4 mgikg. The kinetics of the ama- 
gonism of physosti~mine-indu~d systemic e&e&a by 
scopolamine HBr is depicted in Fig. Y. Administration 
of scopolamine.HBr 10 min before phrsostigmine 
resulted in a complete blockade of the sahvation and 
hypothermia, and about 80 per cent antagnmrm 01 
the rotarod effects. Scopolaminc.Ct-i,I, on the other 
hand. antagonized the salivation only. A similar par- 
tern was observed when neostigmi~e was used (Table 
3). It should be noted that 1Omm was found to he 
the time of peak presence of labeled scopola- 
mine.HBr in mouse brain and the time of maxrmal 
mydriatic activity of both antagonists [:22]_ The tre- 
mor. unexpectedly. was not affected by either antag- 
onist and therefore it was necessary to establish 
whether a similar pattern exists for other cholmcrgic 
drugs and in other strains of animals. It was found 
that the tremor induced in mice by three anticholtnes- 
terase agents--- physostigmine. neostigmine and tat- 
rine (Table 3t-and in rats by physostigmine (Table 
4) was not blocked either by scopolamine. HHr ot 
by scopolam~ne.CH~~ while the tremor caused hj 
acetylchoiine-bike muscarinic tertiary drugs-- OYOWC- 
morine. ( -+)-3-acetoxyquinuciidine and piiocarpmc 
could be completely antagonized, as demonstrated for 
mice (Table 3). 

I 
1 ph- sc, +,Om,n 

I 
i I - 

(min.) 
Fig. 9. Antagonism by scopolamine. HBr of the physostigmine-induced systemic effects. Scopol- 
amine.HBr (0.2 mg/kg; 0.52 ~~moles/kg) was administered at the indicated time-intervals relative to 
physostigmine (0.2 mg/kg; 0.48 pmoles’kg). Key (W------r) tremor. (e-e) rotarod. (o--- 01 saliva- 

tion and (O---. Cl) hypothermia. 
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Table 3. Antagonism by scopolamine.HBr and scopolamine.CH,l of systemic effects induced by cholinergic drugs 
in mice. 

Antagonistt 

Drug 

Physostigmine 
(0.2 mg.kg) 

Neostigmme 
(0.1 mg:kg) 

Tacrme 
(IO mg:kg) 

Oxotremorine 
(0.08 mg/kg) 

( ?C )3-acetoxy- 
qumuclidine 
(6 mgikg) 

Pilocarpine 
(10 mg,ikg) 

Scopolamine. Scopolamine. 
None HBr CH,I 

peak dur.1 peak dur. peak dur. 
Effect* (%) (mm) (%) (min) (%) (min) 

Anticholinesterases 
T 100 43 100 30 100 35 
S 60 32 0 0 0 0 
H? 2.9 35 0 0 2.5 40 
R 80 29 17 I6 66 34 

T 100 60 I00 53 IO0 53 
S 100 65 0 0 0 0 
R 33 20 44 22 55 22 

T 100 64 I00 59 88 35 
S 100 50 0 0 0 0 
H 2.3 62 0 0 2.1 60 
R 62 62 22 34 17 40 

Acetylecholine-like 
T 100 84 0 0 
S I00 94 0 0 
H 5.8 51 0 0 
R 71 8X 0 0 

T 88 46 22 23 
S 100 46 0 0 
H 5.6 48 0 0 
R 44 62 0 0 

T 88 53 0 0 
S 100 120 0 0 
H 3.0 56 0 0 
R 22 28 0 0 

*T = tremor: S = salivation; H = hypothermia; R = rotarod. 
t 0.2 mg/kg scopolamine. HBr and 0.23 mg/kg scopolamine. CHJI (0.52 pmoles/kg) given IO min before the cholinergic 

drugs. 
$ Dur. = duration. from injection to complete recovery (tremor, salivation, rotarod) or to 25 per cent recovery (hypo- 

thermia). 
s The peak hypothermic effect is expressed as the maximal temperature reduction. 
Results are the mean of 3-5 experiments. The SD. is as specified in Methods. 

DISCUSSION 

The systemic effects chosen for evaluation of toler- 
ance to a certain drug must meet a few basic criteria: 
(1) they should be “nonlearned”. (2) easily recorded 

in large groups of animals and (3) the response should 
be dose- and time-dependent, since both reduction 
of the peak effect and shortening of its duration are 
extensively used to define tolerance states [23]. For 
these reasons, we chose to characterize four physo- 

Table 4. Antagonism by scopolamine.HBr of some systemic effects induced by physostigmine in 
rats 

Systemic effects 

Drugs Tremor Salivation Hypothermia* Rotarod 

Physostigmlne peak (i;) 100 + 8 100 + 10 I.8 f 0.2 100 f 6 

(0.4 mg/kg) durationt 53 + 6 47 * 5 44 f 5 50 + 6 
(min.) 

Physostigmine peak (%) 100 + 10 0 0 0 
(0.4 mg!kg) 

+ 

Scopolamine. HBr$ duration 53 + 7 0 0 0 
(0.4 mg’kg) (min.) 

* The peak hypothermic effect is expressed as the maximal temperature reduction. 
t Time from injection to complete recovery (salivation, tremor, rotarod) or to 25 per cent recovery 

(hypothermia). 
1 Given 10 min before physostigmine. 
Results are the mean of 3-5 experiments. 
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Table 5. The relationship between the duration of bram AcChE inhibItIon and the 
systemic effects Induced by physostlgmine in vim 

Duration of 
brain 4cChE Duration of systemic elTectst (mln) 

Dose inhibition* 
mg!kg (mm) Rotarod Salivation Tremor Hypothermia 

0.05 0 0 0 0 (I 
0.10 20 * 3 22 + 3 _- 27 * 5 i-1 * 4 30 * 5 
0.10 38 & 7 2x * 3 34 * 5 12 * 6 3% 2 7 
0.40 50 * 5 58 & 2 42 f 4 54 * 5 44 +- 4 
0.60 56 f 3 X? * 6 46 f 1 5x _t 5 55 li_ 6 

* Data are taken from Fig. 4. from injectlon to recovery to 40 per cent of mltial 
activity. 

t Data are taken from Fig. 2. from InjectIon to complete recovery (rotarod. sal~v:~- 
tlon, tremor) or to 3 per cent recovery (hypothermia). 

Results are the mean of 2-5 experiments. P < 0.0025”,, for all 4 measurcmcnt\. 
as determined in student’s r-test for slgnificancc of correlation coeficwnts 

stigmine-induced effects -tremor. salivation. hypo- 
thermia and those measured in the rotarod test. While 
the first three arc natural and spontaneous. the 
rotarod test represents a behavioral model of a forced 
response. Neostigmine. which does not readily enter 
the brain. severed as a quarternary reference com- 
pound. 

Salivation IS a well-known muscarinic peripheral 
response to cholinergic drugs 119. 241. The five-fold 
higher potency of neostigmine relative to physostig- 
mine (Table 2) may reflect a higher afinlty of the 
former towards the salivary gland cholinesterase. In- 
deed. using brain AcChE as a model. It was found 
that neostigminc is IO times more potent an inhibitor 
irl L’I~~O than physostigmine. the lusO values being 
I.25 x 10mH and 1.4 x IO-‘M. respectively (Fig. 5). 
Furthermore, it is tempting to suggest that the two- 
fold higher lethality of neostigmine (Table I) is also 
a reflection of its higher affinity towards the enzyme. 
This lethality seems to be peripheral in the case of 
neostigmine. since both scopolamine. HBr and its 
methiodide salt increased the LD~" value by the same 
factor (Table 1). On the other hand. a central involve- 
ment in the lethality of physostigmine is probable. 
since scopolamine.HBr proved to be about 3 times 
more potent than scopolamine. CH,I in increasing 
the physostigmine LD~~. Indeed, antagonism to 
physostigmine lethality was used as a screening pro- 
cedure for the anti-parkinsonian activity of drugs. all 
of which were believed to act centrally [25]. It is note- 
worthy that the LD50 values of both drugs are 3~-lO 
times higher than their respective ED5" values. A simi- 
lar ratio was reported by Chermat et al. [26]. for 
i.p. injections. 

It was suggested previously that temperature regu- 
lation involves a cholinergic mediation [27-~281. How- 
ever. the reports in the literature vary as to the effects 
of cholinergic drugs on body temperature. depend- 
ing on the route of administration of the drugs 
[26.29+337. In our study all the tertiary muscarinic 
agonists and cholinesterase inhibitors used caused a 
marked hypothermia in mice when injected S.C. (Table 
3). This response could be completely blocked by 
prior administration of scopolamine. HBr (Fig. 9, 
Tables 3 and 4), implying a muscarinic mediation. 
The central origin of the hypothermia was established 
by two means: (I) no detectable effects were induced 

by neostigmine. which does not affect the braln 
AcChE irk ciro in doses up to its I_D~,, and (2) no 
significant antagonism of the physostigmine-induced 
response was caused by the quaternary analogue sco- 
polamine.CH,I which dots not readily enter the brain 
(Table 3). Similar results were reported by Varagic 
er d. [33]. The complete antagonism of the hypo- 
thermia by scopolamine.HBr could not be attributed 
to decreased uptake of the cholinesterase inhibitor by 
the brains of the scopolamine-treated mice. since no 
change was found in the pattern of brain AcChE Inhi- 
bitlon 111 1,ir.o in the latter, relative to control. Cher- 

mat (Jr (I/. 1261 also presented dose- response curves 
for the hypothermic effect of physostigmine in mice. 
hut this response was much less pronounced than 
what WC mcasurcd. This discrepancy can be attributed 
to strain differences and to i.p. versus S.C. injecttons. 

The circadian fluctuations observed m the rectal 
temperaturrs 01 tt1c mice during the day 
(07:OO 24:OO) ranged from 37 _t 0.3 3X.X + 0.3 . 
with a minimum at about 12:OO and a maximum 
around 24:OO. However. the maximal hypothermic 
effect induced hq physostigmine could not be directly 
correlated either with the circadian rhythm or with the 
initial temperature. as suggested previously for the 
pilocarpine-induced hypothermia (3-C 351. 

The tremor induced by anticholinesterase agents 
could not be blocked by prior administration of SCO- 

polamine. HBr or scopolamine.CH,I, in contrast to 
the results with tertiary muscarinic agonists (Table 
3). These results imply a non-muscarinic mediation 
of the tremorogenic en‘cct of the former. This is In 
contradlction to other reports in which atropine [36] 
and scopolamine r-177 were found to antagonize the 
physostigmine-induced tremor III rats. The reasons for 
these discrepancies arc not clear but may be the result 
of differences in the antagonists’ doses and or In the 
experimental design: for- example. we repeated the 
procedure reported by Dandiya and Bhargave [37] 
and found that. although the tremor was not blocked 
by scopolamine. HBr (5 mgikg), its duration was rc- 
markably shorter, It is most probable that the long 
intervals used by these investigators to evaluate 
physostigmine’s activity led them to overlook the trc- 
mor. On the other hand. Seth) and Van Woert [ 361 
found that neither ben7tropinc nor trihexylphenidyl 
blocked the physostigminc-induced tremor in rats. 
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while the oxotremorine-induced tremor was com- 
pletely antagonized. 

The rotarod test could be considered as measuring 
a tremorogenic side-effect. We found, however. that 
in physostigmine-tolerant animals there is a complete 
dissociation of these responses: while a full tremor 
could be induced. no measurable effects were 
observed in the rotarod test [38]. Furthermore. while 
80 per cent of the rotarod effects were blocked by 
scopolamine. HBr, the tremor was totally unaffected 
(Table 3). It seems, therefore, that the rotarod effects 
are completely independent of the tremor. Our results 
seem to imply further that physostigmine and neostig- 
mine induce the rotarod effects through different 
mechanisms: while those produced by the former 
could be almost completely blocked by preadminis- 
tration of scopolamine.HBr, indicating their muscar- 
inic nature, no such antagonism was observed for the 
latter (Table 3). It may be suggested that this effect 
of neostigmine is due to its direct nicotinic action 
at the neuromuscular junction[G-91. The central in- 
volvement in the physostigmine-induced rotarod 
effects is reflected in the lack of antagonistic activity 
by scopolamine. CH,I (Table 3). 

In an attempt to correlate the pharmacological ac- 
tivity of physostigmine with biochemical events, we 
compared the dose-dependent time profile of the 
former (Fig. 2) with the kinetics of brain AcChE inhi- 
bition (Fig. 4). using 3 different approaches. (I) A 
comparison of peak effects revealed that a minimum 
of 60 per cent inhibition of this enzyme is sufficient 
to produce measurable effects, while 90 per cent inhi- 
bition is required to elicit the maximal systemic re- 
sponses (Fig. 6). These results are in good agreement 
with those reported by others, as reviewed by Brimb- 
lecombe [S]. (2) The duration of the systemic effects 
changes concomitantly with the duration of the inhi- 
bition of brain AcChE in r+ru to less than 40 per 
cent of its initial activity (Table 5). (3) The same pat- 

tern was found after a second injection of physostig- 
mine to the same group of animals (Figs 7 and S), 
indicating an intrinsic correlation between the phar- 
macological and biochemical activities of this drug. 

The fact that a preinjection of scopolamine.HBr 
did not modify the pattern of AcChE inhibition, while 
3 out of 4 systemic effects were blocked (Fig. 9. Tables 
3 and 4), points to the muscarinic receptor as a 
mediator in these responses. The possible involvement 
of brain AcChE and the muscarinic receptor in the 
tolerance to physostigmine is reported else- 
where [3X, 391. 
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