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Summary

Garmavy, H. M. S. & F. K. Mohammad, 2023. Interaction of physostigmine with three in-
jectable anaesthetics in a young chick model. Bulg. J. Vet. Med. (online first).

Propofol, thiopental and ketamine are injectable general anaesthetics with different mechanisms of
action. Reports vary with respect to the antagonistic action of physostigmine against these anaesthe-
tics. The purpose of the present study was to examine the possible interaction of physostigmine with
the anaesthetic action of the three anaesthetics in a model of young chicks (7-14 days old). Chicks
(8/group) were anaesthetised with propofol at 10 mg/kg, intraperitoneally (i.p.), thiopental at 20
mg/kg, i.p. and ketamine at 10 mg/kg, intramuscularly (i.m.). The anaesthetised chicks were subjected
to treatment challenges with physostigmine (0.25 mg/kg, i.p.) or neostigmine (0.125 mg/kg, i.p.), 5
minutes before the anaesthetic injection or after the induction of anaesthesia. When physostigmine
was injected before anaesthesia, it prevented propofol but not thiopental or ketamine anaesthesia.
Physostigmine given after the anaesthesia reduced the sleep time of propofol, but not those of thio-
pental or ketamine in chicks. Neostigmine treatments did not significantly affect the anaesthesia in-
duced by the three anaesthetics in chicks. The median effective doses (ED50) of the anaesthetics in
chicks were determined by the up-and-down method with or without concomitant physostigmine
(0.25 mg/kg, i.p.) after the loss of the righting reflex. The ED50 values of propofol, thiopental and
ketamine in chicks were 7.712 mg/kg, i.p., 14.744 mg/kg, i.p. and 10.168 mg/kg, i.m., respectively.
Physostigmine differentially increased the ED50 of propofol by 137%, and did not affect those of the
thiopental and ketamine. Plasma cholinesterase activity was significantly reduced in the propofol and
thiopental anaesthetic groups of chicks, whereas that of the ketamine group was not affected. In con-
clusion, the results suggest that physostigmine, being a cholinergic stimulant, could specifically an-
tagonise propofol anaesthesia in the young chick model, with clinical trial awaiting further studies.
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INTRODUCTION

Injectable general anaesthetics such as commonly used in human medicine (Bro-
propofol, thiopental and ketamine are han & Goudra, 2017; Sahinovic et al.,
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2018; Kohtala, 2021) and in veterinary
clinical practice (Gozalo-Marcilla &
Ringer, 2021; Gomes et al., 2022). The
mechanism of anaesthetic action of propo-
fol is mostly related to potentiation of
GABA ,-receptor-mediated central inhibi-
tory effect and also, inhibition of the N-
methyl-d-aspartate (NMDA) receptor
(Kotani et al., 2008; Sahinovic et al.,
2018), whereas thiopental causes anaes-
thesia via a GABA-mimetic action (Bro-
han & Goudra, 2017). Ketamine antago-
nises  N-methyl-d-aspartate  receptors
(NMDARs) and ion channels mainly re-
lated to the excitatory glutamatergic neu-
rotransmission (Sinner & Graf, 2008;
Kohtala, 2021). All these anaesthetic ac-
tions are mediated centrally (Brohan &
Goudra, 2017; Sahinovic et al., 2018;
Tripathi, 2019; Barrett et al., 2020).

No specific antidotes are yet available
for propofol, thiopental or ketamine an-
aesthetics. It has been reported that gen-
eral anaesthesia can be modulated by ma-
nipulating the cholinergic tone by phy-
sostigmine (Plourde et al., 2003; Holle et
al., 2023). However, physostigmine by
inhibiting central cholinesterase (ChE)
activity was reported to partially antago-
nise propofol and isoflurane anaesthesia in
rats (Reed et al., 2013; Kenny et al.,
2016) and the centrally-mediated propofol
toxic depression in chicks (Naser & Mo-
hammad, 2014a), and its antagonistic ef-
fect on other anaesthetics such as sevoflu-
rane appears to be controversial
(Paraskeva et al., 2005). Based on these
studies, it is apparent that any antagonistic
effect of physostigmine against anaesthe-
sia is not specific to a particular anaes-
thetic. Within this context, the reversible
ChE inhibiting carbamate compounds
physostigmine and neostigmine can be
used to manipulate the general anaesthet-
ics (Tripathi, 2019; Andrade & Zafar

Gondal, 2023; Neely et al., 2022; Holle et
al., 2023). Physostigmine gains access to
the central nervous system, whereas neo-
stigmine does not penetrate the blood
brain barrier (Tripathi, 2019; Andrade &
Zafar Gondal, 2023).

In the light of the uncertainty regar-
ding the antidotal action of physostigmine
against propofol, thiopental or ketamine,
the purpose of the present study was to
examine the possible interaction of phy-
sostigmine with the anaesthetic action of
the three general injectable anaesthetics
using the model of young chicks which
was proven to be a useful animal model
for assessing the interaction of various
anaesthetics or analgesics therapeutically
or toxicologically (Mohammad et al.,
2007; Naser & Mohammad, 2014a,b;
Mousa & Mahmood, 2022). The deve-
loped young chick model and anaesthetic-
antidotal manipulations can be applied in
the avian species as found in previous
reports using the central depressant meto-
clopramide (Al-Zubaidy & Mohammad,
2005; Mohammad et al., 2007), the gen-
eral anaesthetic propofol alone (Naser &
Mohammad, 2014a) or in combination
with the sedative xylazine and the general
anaesthetic ketamine (Naser & Moham-
mad, 2014b) as well as in cases of exam-
ining the hypnotic actions of ketamine
(Mohammad et al, 2007), xylazine-
ketamine (Rashid & Mohammad, 2023) or
thiopental (Mousa & Mahmood, 2022).
Whether physostigmine or neostigmine
can influence anaesthetic effects in chicks,
when given before or after anaesthesia,
needs further elucidation, a possibility
which was addressed in the present report
taking into account the determination of
plasma ChE activity, which is synthesised
in the liver and affects metabolism of neu-
romuscular blocking agents (Benner et al.,
2022).
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MATERIALS AND METHODS

Animals

One day old unsexed Ross broiler chicks
were obtained from a certified local
hatchery in Duhok, Iraq. They were raised
in batches of 20 to 30 chicks at a time in
the animal house of the College of Medi-
cine, University of Duhok at a tempera-
ture of 30-34 °C controlled by electric
heaters with a constant lighting. The
chicks were used as an animal model for
the anaesthetic action in the experiments
when they were 7 to 14 day-old with body
weights of 75-120 g (Naser & Mo-
hammad, 2014a,b). The litter consisted of
wood shavings; water and feed were sup-
plied ad libitum. The Committee of Post-
graduate Studies at the College of Medi-
cine, University of Duhok, Iraq has ap-
proved the present study according to the
institutional regulations and ethics on the
animal use and handling in biomedical
research in accordance with ARRIVE
guidelines (https://www.nc3rs.org. uk/arri-
ve-guidelines) and the Guide for the Care
and Use of Laboratory Animals
(https://www.ncbi.nlm.nih.gov/books/NB
K54050/).

Drugs used

Drugs used were as follows: propofol,
1%, 20 mL emulsion ampoule (Astra
Zeneca, Switzerland), thiopental sodium 1
g vial (Sandoz GmbH, Austria), ketamine
HCI (50 mg/mL), 10 mL vial (Rotex-
medica, Germany), physostigmine salicy-
late (1 mg/mL) 2 mg vial (Apotheek
UMCG, Netherlands), neostigmine methyl
sulfate, 2.5 mg/mL  (Laboratoire
Renaudin, France). Before each experi-
ment, the required drug concentrations
were freshly prepared using distilled water
(propofol) or physiological saline solution
(thiopental and ketamine), and the volume
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of administration was 10 mL/kg of body
weight (Mohammad et al., 2007; Naser &
Mohammad, 2014a,b). Ketamine was in-
jected intramuscularly (i.m.), whereas
other drugs were injected intraperitoneally
(i.p.). Pilot experiments were conducted in
chicks to determine appropriate doses of
the drugs to be used in the present study,
and they were also comparable to those
reported in the literature (Mohammad et
al., 2005; 2007; Naser & Mohammad,
2014a,b).

Effects of physostigmine and neostigmine
on injectable anaesthesia

Chicks (8/group) were treated with propo-
fol (10 mg/kg, i.p.), thiopental (20 mg/kg,
i.p.) and ketamine (10 mg/kg, i.m.). The
anaesthetised chicks with loss of the right-
ing reflex, were subjected to treatment
challenges with either physostigmine
(0.25 mg/kg, i.p.) or neostigmine (0.125
mg/kg, i.p.) at two time points: 5 minutes
before the anaesthetic injection or after
the induction of anaesthesia. The latency
to onset of righting reflex and the duration
of the loss of the righting reflex (sleep)
were recorded for each chick.

Median effective anaesthetic doses
(ED50) of injectable anaesthetics and the
influence of physostigmine

The up-and-down method (Dixon, 1980)
was used to determine the ED50 values of
propofol, thiopental and ketamine for the
induction of anaesthesia (sleep) as judged
by the loss of the righting reflex with ster-
nal or lateral recumbency (Al-Zubaidy &
Mohammad, 2005). Physostigmine (0.25
mg/kg) was given i.p. 5 minutes before
each anaesthetic was injected. Each ED50
value of the anaesthetics with or without
physostigmine was computed using the
formula of Dixon (1980):

LD50=xf+ kd,
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where xf was the last dose of anaes-
thetic administered, d was the increase or
decrease in the anaesthetic dose and & is a
value from the table of Dixon (1980) with
a standard error of 0.61. The 95% confi-
dence interval (95% C.I.) of each ED50
value was determined according to Zhang
et al. (2022) as outlined earlier (Moham-
mad, 2022). Each ED50 experiment, as
determined by the up-and-down method,
can be concluded using < 10 chicks/test
(Mohammad, 2022; Mohammed & Mo-
hammad, 2022).

Determination of plasma ChE activity

Chicks (8/group) were treated with single
doses of each of the anaesthetics, propofol
(10 mg/kg, i.p.), thiopental (20 mg/kg,
i.p.) and ketamine (10 mg/kg, i.m.), with a
control group chicks given physiological
saline solution (10 ml/kg, i.p.). Hepari-
nised blood samples were obtained from
chicks two hours after treatments by car-
diac puncture (Kelly & Alworth, 2013).
Plasma ChE activity was determined by a
modified electrometric method as de-
scribed before (Mohammad et al., 2014).
The enzymatic reaction mixture of the
electrometric method for ChE determina-
tion in the plasma consisted of 3 mL dis-
tilled water, 0.2 mL plasma sample and 3
mL of barbital-phosphate buffer (1.237 g
sodium barbital, 0.163 g potassium dihy-
drogen phosphate and 35.07 g sodium
chloride/L of distilled water, pH 8.1). The
pHI of the mixture was measured with the
electrode of a pH meter (CamLab Co.,
Cambridge, U.K.) before the addition of
0.1 mL of the substrate acetylcholine io-
dide (7.1%). The enzymatic reaction mix-
ture was incubated at 37 °C for 30 min.
Thereafter, the pH2 of the reaction mix-
ture was measured for a second time. The
plasma ChE activity was estimated as fol-
lows: ChE activity (A pH 30/min) = (pH1

— pH2) — A pH of blank (no plasma sam-
ple)

The percentage of ChE inhibition was
calculated as follows: % ChE inhibition=
[ChE activity (without anaesthesia) — ChE
activity (with anaesthesia) / ChE activity
(without anaesthesia)] x100.

Statistical analysis

Multiple means were statistically analysed
by one way analysis of variance followed
by the least significant difference test
(Petrie & Watson, 2013), using the statis-
tics software program SPSS (IBM). The
level of statistical significance was
P<0.05.

RESULTS

The initial anaesthetic analysis in the
young chick model included examination
of the nature of interaction of the ChE
inhibitors physostigmine and neostigmine
with the three anaesthetics, taking into
account the possibility of their antidotal
action against the anaesthetic response.
Physostigmine, given after the onset of
propofol anaesthesia, reduced signifi-
cantly (P<0.05) the duration of sleep in
chicks in comparison with the correspon-
ding control group (Table 1). Physostig-
mine injection after the onset of thiopental
or ketamine anaesthesia had no significant
effects on sleep durations in chicks in
comparison with the corresponding con-
trol groups (Table 1). When physostig-
mine was injected before the anaesthetic
dose of propofol, loss of the righting re-
flex did not occur and the chicks were not
anaesthetised. Aside from propofol, phy-
sostigmine injection did not prevent the
onset of thiopental or ketamine anaesthe-
sia, and it did not significantly affect their
durations of sleep (Table 1). In contrast to
physostigmine, neostigmine did not sig-
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Table 1. Effects of physostigmine on injectable anaesthesia in chicks (mean + SE of 8 chicks/ treat-

ment group)

Treatment groups

Latency to onset of loss of

Duration of sleep

(mg/kg) righting reflex (s) (min)
Propofol (10, i.p.) alone 30.0+£33 10.0£0.7
Propofol (10, i.p.)+ 30.0£2.2 8.6+0.3"
Physostigmine (0.25, i.p.)*

Physostigmine (0.25, i.p.) + Nilf Nil
propofol (10, i.p.)°

Thiopental (20, i.p.) alone 350+£29 9.3+0.6
Thiopental (20, i.p.) + 30.0+£3.5 109+0.9
physostigmine (0.25, i.p.)*

Physostigmine (0.25, i.p.) + 320+24 10.1 £0.6
thiopental (20, i.p.)°

Ketamine (10, i.m.) alone 138+5.5 10.7+£0.7
Ketamine (10, i.m.) + 120+5.0 103+£0.5
physostigmine (0.25, i.p.)*

Physostigmine (0.25, i.p.) + 150+ 6.0 11.6 £0.8

ketamine (10, i.m.)°

*Physostigmine was given after the loss of the righting reflex induced by the anaesthetics; "Phy-
sostigmine was given 5 minutes before the anaesthetic injection. “Significantly different from the
corresponding control value, P<0.05; TPhysostigmine pretreatment prevented propofol anaesthesia.

nificantly affect the onset and duration of
anaesthesia induced by the three anaes-
thetics in chicks in comparison with re-
spective control values (Table 2).

The anaesthetic ED50 values of pro-
pofol, thiopental and ketamine as deter-
mined by the up-and-down method were
7.712 mg/kg, i.p.; 14.744 mg/kg, i.p. and
10.168 mg/kg, i.m. respectively, which
caused loss of the righting reflex and sleep
(Table 3). When physostigmine (0.25
mg/kg, i.p.) was administered after the
induction of anaesthesia (loss of the right-
ing reflex), the ED50 value of propofol
was differentially increased by 137% to
18.280 mg/kg, i.p., and those of the thio-
pental and ketamine were not affected.
Concomitantly, physostigmine delayed the
latency to the onset of propofol anaesthe-
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sia by 100%, and prolonged the duration
of anaesthetic action (sleep) by 48% (Ta-
ble 3).

Plasma ChE activity was significantly
reduced in the propofol (33%) and thio-
pental (39%) anaesthetic groups of chicks
compared to the respective control value,
whereas that of the ketamine group was
not significantly affected, as it was re-
duced by only 8% (Table 4).

DISCUSSION

The main finding of the present study is
that physostigmine differentially affected
propofol anaesthesia (increased EDSO0,
reduced duration) when given after the
injection of the anaesthetic, and it preven-
ted the anaesthetic action of propofol
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Table 2. Effects of neostigmine on injectable anaesthesia in chicks (mean + SE of 8 chicks/treatment

group)

Treatment groups

Latency to onset of loss of

Duration of sleep

(mg/kg) righting reflex (s) (mins)
Propofol (10, i.p.) alone 33.6+2.6 9.3+04
Propofol (10, 1i.p.) + 321+£1.8 10.1£0.6
neostigmine (0.125, i.p.)*

Neostigmine (0.125, i.p. 314+2.6 9.6+0.4
+ propofol (10, i.p.)°

Thiopental (20, i.p.) alone 32.1+£38 9.6+ 0.9
Thiopental (20, i.p.) + 314+2.6 83+04
neostigmine (0.125, i.p.)*

Neostigmine (0.125, i.p.) + 314+1.8 89+03
thiopental (20, i.p.)°

Ketamine (10, i.m.) alone 135.7+6.6 103£0.6
Ketamine (10, i.m.) + 1314+5.2 10.1£0.5
neostigmine (0.125, i.p.)*

Neostigmine (0.125, i.p.) + 133.6+5.8 10.9+0.6

ketamine (10, i.m.)°

*Neostigmine was given after the loss of the righting reflex induced by the anaesthetics; *Neostigmi-
ne was given 5 minutes before the anaesthetic injection.

when given before its administration. This
effect was specific to propofol and not to
the other anaesthetics thiopental and ke-
tamine used in the present study.

Such a selective action of physostig-
mine has been reported during deep
isoflurane anaesthesia in rats (Kenny et
al., 2016). However, physostigmine did
not affect the early recovery from sevoflu-
rane in human patients (Paraskeva et al.,
2005). Part of the reason for this discrep-
ancy could be related to anaesthetics used
in different studies as well as to the spe-
cies variations in response to physostig-
mine when administered during anaesthe-
sia (Naser & Mohammad, 2014a; Kenny
et al., 2016).The effect of physostigmine
on propofol anaesthesia in the present
study correlates with previous findings in
young chicks, in which it shortened the

propofol sleep time in the birds (Naser &
Mohammad, 2014a). Furthermore, in hu-
mans, physostigmine was reported to an-
tagonise propofol anaesthesia (Meuret et
al., 2000), and increase the dose of propo-
fol needed to induce anaesthesia (Fassou-
laki et al., 1997). In the present study,
physostigmine increased the ED50 anaes-
thetic dose of propofol in chicks almost
1.4 fold. In contrast, thiopental or keta-
mine anaesthesia in chicks was not af-
fected by physostigmine treatments, sug-
gesting a differential specificity of physo-
stigmine in modulating propofol anaesthe-
sia in our experimental-anaesthetic para-
digms in chicks. This effect of physo-
stigmine appeared to be related to the cen-
tral cholinergic effects of physostigmine,
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Table 4. Plasma cholinesterase activity (A pH/30 min) of anaesthetised chicks (mean + SE of 8 chi-

cks/treatment group)

Anaesthesia Cholinesterase activity % decrease from control

Control (saline)

Propofol (10 mg/kg, i.p.)
Thiopental (20 mg/kg, i.p.)
Ketamine (10 mg/kg, i.m.)

0.438 + 0.052
0.293 +0.027" 33
0.269 + 0.024" 39
0.403 + 0.033 8

i.p: intraperitoneal; i.m.: intramuscular; “significantly different from the control value, P<0.05.

as it crosses the blood brain barrier to
inhibit neuronal ChE activity reversibly
(Tripathi, 2019; Andrade & Zafar Gondal,
2023; Holle et al., 2023). Neostigmine, as
expected, did not affect any anaesthetic
effects (Table 2), because being a quater-
nary ammonium compound, it does not
cross the blood brain barrier with only a
peripherally inhibitory action on the ChE
activity (Tripathi, 2019; Neely et al,
2022).

In the present study, physostigmine, in
contrast to its action on propofol anaes-
thesia, did not affect anaesthesia produced
by thiopental or ketamine in chicks as
seen by the three experimental protocols,
which were the ED50 of the anaesthetic,
and pre- and post-anaesthetic treatments
with physostigmine. Such results, espe-
cially those of propofol have not been
reported in the avian species before, and it
is difficult to extrapolate the present find-
ings to humans or other animal species
because of the considerable limitations of
species variations in response to drugs
including the anaesthetics. Therefore, our
interpretation on the possible antagonistic
effect of physostigmine against propofol
anaesthesia should be dealt with cau-
tiously, and it should be taken as a guide
towards the avian species at present. Fur-
ther studies are needed on other animal
species regarding the antagonistic effects
of physostigmine on different types of

anaesthetics or their adjuvants. Similarly,
contradictory results were reported about
effects of physostigmine on the antago-
nism of other types of anaesthetics, includ-
ing the injectable ones (Mimura et al.,
1990; Kenny et al, 2016; Holle et al.,
2023). Such antagonistic discrepancies
regarding the antidotal effects of phy-
sostigmine could be attributed to the spe-
cies variations involved in the studies,
drug dosages, routes of administration and
to the differences in the experimental pro-
tocols regarding the timing of physostig-
mine administration relative to the onset
of anaesthesia (Naser & Mohammad,
2014a,b; Gozalo-Marcilla & Ringer, 2021;
Kohtala, 2021; Louro et al., 2022; Mousa
& Mahmood, 2022; Holle et al., 2023).
Furthermore, different regions of the brain
are affected by the anaesthetics and hence
possibly a differential reponse to physo-
stigmine is to be expected (Pedersen et al.,
2004; Kushikata & Hirota, 2014).

The plasma ChE activity is usually
monitored during general anaesthesia
(Brzezinski-Sinai et al., 2021). ChE is
synthesised in the liver to be secreted later
into the plasma (Benner et al., 2022). In
the present study, the reductions in plasma
ChE activity in propofol and thiopental
anaesthetised chicks call for careful con-
sideration of the fact that that animals
anaesthetised with propofol or thiopental
could be at risk of plasma ChE inhibition.
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This enzyme is important in the metabo-
lism of various anaesthetics and neuro-
muscular blocking agents (Zhang et al.,
2018; Andersson et al., 2019; Brzezinski-
Sinai et al., 2021). The benefit of moni-
toring plasma ChE activity lies in the fact
that it is considered a biomarker of expo-
sure to antiChE compounds (Odisho &
Mohammad, 2022; Mohammad et al.,
2023), and it is associated with the effects
of anaesthetic and neuromuscular block-
ing agents at the level of the autonomic
nervous system (Zhang et al., 2018; Tripa-
thi, 2019; Athiraman et al., 2021; Brzezin-
ski-Sinai et al., 2021). Additional studies,
however, are needed for biomonitoring
plasma ChE activity during propofol or
thiopental anaesthesia, preferably when
combined with various adjuvants usually
used with anaesthetics (Brown et al.,
2018; Athiraman et al., 2021; Karam &
Mohammad, 2022; 2023).

The present study successfully used
the young-chick animal model to find out
differential antidotal effect of physostig-
mine against propofol anaesthesia. Over-
all, the results of the present study suggest
that physostigmine, being a cholinergic
stimulant, could specifically antagonise
propofol anaesthesia in the young chick
model, with clinical trial awaiting further
studies in the chicken and possibly other
animal species.
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