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Abstract: Physostigmine (Phy). a shorl-acting reversible anticholinesteruse
agent is considered to be a potent prophylactic antidote for the highly
toxic organophosphorolls (OP) compounds. The toxic effects, if any, of the
probable prophylactic doses of Phy have been evaluated by studying its
physiological, biochemical and histological effects in monkeys. Phy only at
100 J.Ig/kg resulted in certain cholincrgic signs such as salivation,
lacrymation and muscular faciculations; physiological changes such as
mild tachycardia, tachypnea, higher amplitude in electrical activity of the
brain, clinico-chemical effccts like fall in P02, PC02 and alkalosis and
histologically an innammatory reaction in the lungs, On the other hand,
the lower dose, i.e. 50 J.Ig/kg appeared to be devoid of cholinergic signs
and symptoms. However, we observed a significant inhibition of both plasma
and erythrocyte ChE and increase in the rectal temperature in both the
Phy treated groups. From this study, Phy at a dose of 50 J.Iglkg could be
inferred as a safe, sign free intramuscular dose and may probably be used
in pretreatment regimen against nerve agents.
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INTRODUCTION

Physostigmine, a carbamate anticho
linesterase is considered to be a potent
prophylactic antidote for highly toxic
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organophospate (OP) poisoning in animals
by virtue of its reversible interaction with
cholinesterase (ChE) enzyme 0-6). It is
conceivable that the protective action
exerted by non-lethal dose of Phy when
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given prior to OP might result in the
reversible combination of Phy with a portion
of the active groups of ChE molecules,
thereby blocking access to OP and
subsequent formation of an irreversible
ChE-OP complex. During the time
necessary for the dissociation of ChE-Phy
complex (spontaneous reactivation), part of
the uncombined OP would be excreted or
hydrolyzed and the decarbamylated ChE
would then resume its physiological
function. Koster was the first to report this
seemingly paradoxical phenomenon of non
lethal dose of Phy capable of protecting
animals from the lethal effect of
diisoprophylfluorophospate (7). Since then
several carbamates have been used in
conjuction with atropine successfully to
protect animals from lethal effects of OPs
(8, 9). Among the carbamates Phy appears
to offer comparatively better protection
against exposure to OPs (2-4) because of
its ability to cross the blood brain barrier
and protect the central cholinergic system
as well. Physostigmine has also been tried
as therapeutic agent in atropine poisoning,
management of alcohol withdrawal,
myasthenia gravis and Alzheimer's disease (5).

Despite considerable research on
carbamates to be used as pretreatment drug
to protect from the acute toxicity of OP
compounds including the highly toxic nerve
agent, soman, the selection of the best
pretreatment drug for nerve agent is still
an open proposition. Inspite of better
protection that could be achieved against
OP compounds poisoning (2-4), this drug
has certain disadvantages necessitating
further study. A toxic dose of Phy is very
close to its therapeutic dose (10). An
excessive dose of Phy may lead to
cholinergic signs and eventually a
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cholinergic crisis (11). The toxicity of Phy
varies with the route of administration and
species (5). The primate model may be apt
for conducting a comprehensive study in
view of the close proximity t)f its
physiological and biochemical responses to
those of man. Hence, in the present study,
various physiological, biochemical and
terminal histology of the viscera, viz., lungs,
liver, kidneys and spleen after intramuscular
administration of Phy in rhesus monkeys
have been investigated. The primary
objective of this study was to evaluate the
toxic effects of Phy, if any, by employing
probable safe prophylactic doses which may
not cause more than 60-70% inhibition of
plasma ChE, based on the report of Harris
et al (12) and our previous study (3).

METHODS

Physostigmine sulphate (Sigma
Chemicals, USA) was used by dissolving in
normal saline for injection purposes. Always
fresh solutions of Phy were prepared and
used immediately.

Eleven male rhesus monkeys (Macaca
Mulatta) weighing 4.5-5.5 kg properly
quarantined for 60 days were used for the
study. The animals supplied from the
private colony of All India Institute of
Medical Sciences, New Delhi, were
maintained on a standard monkey feed
(Lipton) and supplemented with fresh fruits
and vegetables. Water was provided
ad libitum. They were maintained on a 12
hr light and dark cycle, housed individually
in metal cages in the primate animal house.
Occasional training sessions were conducted
to familiarize monkeys with attendants and
to minimize stress du.ring handling. The
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animal care was done in accordance with
PHS standards as described in "Principles
for use of Animals" and in "Guide for the
care and use of Laboratory Animals". All
procedures were approved by the local
Animal Care Committee. Monkeys were
divided into 3 groups: (i) control (N=3)
receiving normal saline (vehicle) injected
i.m., (ij) and (iii) Phy administered receiving
intramuscular injections of Phy at 2 doses,
50 Ilg/kg (n=4) and 100 pg/kg (n=4)
respectively. These doses were selected
based on our earlier study (13) wherein a
good prophylactic efficacy was observed with
pyridostigmine causing aboul 60% inhibition
of plasma ChE. The animals were fasted
overnight prior to the experiment while
water was allowed ad libitum.

Monkeys were anaesthetised with
pentothal sodium (Abbot Laboratories) given
intravenously through saphenous vein at a
dose of 35 mglkg, b.w. and maintained al
supplementary dose as and when required.
The right femoral artery was cannulated for
monitoring blood pressure (BP) using a
Statham P23 AA pressure transducer on a
polygraph (Beckman Instrument, USA,
model R-61l). The heart rate (HR),
respiratory rate (RR) and electrocardiogram
(ECG) were recorded continuously
throughout the experiment on a polygraph
as described elsewhere (14). Rectal
temperature (Tre) was measured by placing
a thermister probe 7 em deep inside the
rectum and connecting it to a
lelethermometer (Yellow Spring Instrument.
USA, Model 46 TUe). Skin temperature
from the medial aspect of left thigh was also
recorded on same telethermometer.
Pupillary diameter was measured using a
dial caliper (Mitutoyo Manufacturing
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Limited, Japan). Bipolar electroencephalo
graphic (EEC) recordings were carried out
from fronto-occipital montages (F,-O\; F.
0,; F,-F.; °1-0,), by using subdermal
scalp electrodes (Ag-AgCI) on an
IS-chan nel Electroenceph a laograph
(GRASS Instruments. USA, Model: 8-180).
In addition to EEG tracings. on-line spectral
analysis was carried out using a Nicolet
(USA) MEo-SO computer system for the
quantification of frequency and power
spectral changes (15). All these physiological
parameters were monitored prior to and at
15 min, 30 min. 60 min, 120 min and ISO
min after intramuscular administration
of normal saline (control) or Phy at two
doses, viz., 50 l1g/kg and 100 l1g/kg
respectively.

The right femoral artery and vein were
cannulated for repeated blood sampling.
Blood samples (approx. 0.25 ml of both
arterial and venous blood) were
anaerobically drawn in air tight heparinized
syringes for blood gas analysis of Po" Pco!.
pH and related parameters (14) in a
Radiometer ABL-3 Acid Base Laboratory
(Radiometer A/S, Copenhagen, NV,
Denmark). The sampling was done prior to
and at 30, 60, 90, 120 and 180 min after
either normal saline (vehicle) or Phy
administration. In addition, 0.4 ml of
arterial blood was also drawn at similar time
periods for the estimation ChE activity both
in plasma and erythrocytes by the
spectrophotometric method at 412 pm
and 2S-C using a Beckman (USA)
spectrophotometer. The details of estimation
have already been reported elsewhere (4).
The lung gpecimen obtained at autopsy were
used for determination of phospholipids
through extraction by the method described
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by Folch ot al (6). The individual fractions
viz., phosphatidyl choline, phosphatidyl
ethanolamine and sphingomylin were
quantified using a thin layer
chromatography.

Animals were sacrificed by intravenous
bolus of pentobarbitone sodium, at the end
of the experiment. They were subjected to
initial post-mortem and later
histopathological examination. The tissue
specimens of lung, liver, kidney and spleen
were removed at autopsy, fixed in 10%
neutral buffered formalin and processed in
an automatic histokinette. Paraffin sections
of 5-6 ~m thickness were cut on a
microtome and stained with haematoxyline
and eosin (4).

Statistical analysis of the data was done
by Student's t-test. Comparisons were made
with respect to control group for all the
parameters on unpaired data except for EEG
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wherein the comparison was done with
respect to the initial value using paired data.

RESULTS

Physostigmine (l00 J.lg/kg) administered
intramuscularly resulted in the
manifestation of a few mild clinical signs
like salivation, lacrymation and occasional
muscular faciculations over the facial and
neck region after about 45-60 min, while
the same was not apparent at the lower dose

50 "glkg,

Physostigmine administration at the
dose of 50 ~gfkg Lm. has not caused any
significant alteration in the heart rate (HR),
respiratory rate and the mean arterial
pressure (MAP) while with a dose of 100 J.lgi
kg there was a mild cardioacceleration and
tachypnea (Table I). However, there was not
any noticeable changes in the electrocardiogram
(ECG) recorded (data not shown).

TABLE 1; Effect of physostigmine on heart ra~e (HR) bpm, respiralory rate eRR),
min- l and mean arterial pressure (MAP)% at various time intervals (min).

Group Parameter 0 15' 3D' 60' 90' 120' 180 mill

Con~rol HR 170 :I: 10.0 161 :I: 9.0 \68 :I: 8.0 173 ± 4.5 177 :I: 3.0 185 :I: 4.5 \90:1:2.0
n;3

RR 21. I.5 20 ± 2.5 22 :I:: 2.0 22 :t: 2.0 24 :t: 2.0 23:1:: 2.8 21:t3.0

MAP' 100 107 :I:: 1.5 108 :t 3.1 108 :t 4.6 100:1: 7.9 97 :t: 5.5 100:t1.4

Physostigmine HR 172 :t 15.9 182:t17.4 192:t 16.1 201 :t: 13.3 209 :t 12.4 2\1:1:15.5 212:t14.6
(50 ~g/kg) RR 22:t 2.9 29:t3.1 30 :t 2.9 30 :t 2.9 31 :I:: 2.4 31 :I:: 2.4 34±2.9
n;4 MAP' 100 109 :t 8.5 107 ± 3.2 108 ± 8.8 Ill:t: 11.9 105 :t 9.0 111:1:13.8

Physostigmine HR 187 :t: 4.8 197 :I: 8.7 205 :t: 9.8 199:1:: 11.6 217 :I: 14.0 224:1: 4.2"213±8.6-
(l00 ~g/kg) RR 21 :t: 1.6 37:1: 4.P 37:1: 4.6 41:1: 5.3- 47:1: 6.5- 47:1: 4.7- 45:t:3.4-
n",4 MAp· 100 109 :I:: 6.3 \07 :t 4.1 96 :I:: 8.4 94 :I:: 6.5 95:1: 5.8 97:1:6.2

• Values are percentage change of the initial.
Values are mean :I: SEM
Statistically significant as compared to the control group; ·P<0.05, "1'<0.01.
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A significant increase (P < 0.05) in rectal
temperature (Tre) was observed in both the
treated groups at 90, 120 and 180 min after
Phy as compared to the control (Table II),
while Phy at the doses studied has not
influenced appreciably the skin temperature
(Tsk) and pupillary diameter (PO).
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Analysis of blood gases in both the
arterial and venous samples revealed
interesting changes. Arterial P02 showed
only a marginal fall (about 15-20%) while
that of venous blood was significantly
lowered (about 30-40%) at 60 and 90 min
after Phy in both the Phy treated groups

TABLE II: Effect of physostigmine rectal temperature (Tre), skin temperature

(Tsk) and pupilary diameter (POl at \'arious time intervals.

GrO/lp Parameter 0 15' 30' 60' 90' 120' 180 mill

Control T" 35.5±0.14 34.5±0.24 34.3±0,49 34.0±0.54 34.0±O.59 34.1±0.76 34.3:1:0.39

n",3 T,k 32.6 ± 0.44 32.4±0.79 32.6±0.64 31.9:1:0.15 32.9±0.15 33.0±0.15 33.l±0.29

PO 3.0± 0.3 3.0±0.39 3.4±0.64 3.0:1:0.24 3.0:1:0.22 3.0±0.22 2.8:1:0.32

Phostigmine T" 34.9:1: 0.33 35.5:1:0.34 35.7±0.41 36.2±0.54 36.5±0.22* 36.9±0.17* 37.1±0.44*

(50 lit/kg) T,k 32.0 ± 0.46 32.1:1:0.46 32.2±0.47 32.3±0.68 32.3±0.70 32.5±0.76 33.0±0.66

n:4 PO 3.0±0.17 2.8±0.22 2.1:1:0.21 2.6±0.21 2.6:1:0.21 2.7±0.30 2.4±0.18

Physostigmine T" 35.6 ± 0.43 36.4±0.49* 36.9:1:0,20* 37.0±0.41* 37.6±0.61* 37.8±0.52* 36,9±0.32*

(100 llg/kg) T'k 32.0 ± 0.30 32.8±0.39 32.6±0,36 33.4±0.45 33.3:1:0.70 33.6:1:0.48 '33.0±0.19

n:4 PO 3.0 ± 0.28 2.8±0.41 2.7±0.33 2.6±0.27 2.3:1:0.24 2,4±0.24 2.3±0.29

Values are mean ±SEM

Statistically significant as compared to the control group; *1'<0.05.

The computerised EEG data showed
prominent changes only with a higher dose
(lOa lJg/kg), even though minor alterations
were observed in the dominant frequency
(Table III - IV). Compressed spectral array
also illustrate these findings (Fig. 1). The
delta band showed a shift of dominant
frequency in 01-02 from 0.99 to 1.34 Hz
(P < 0.001) 90 min after administration of
physostigmine (50 J.lg/kg) (Table IV),
Prominent changes in power and dominant
frequency were observed at 100 J.Iglkg dose
(Table V and VI). There was trend of
reduction in power in delta band in fronto
occipital lead as well as increase in power in
theta band (Table V). The dominanat
frequency increased after physostigmine (l00

"g/kg),

(Fig. 2). The PC0 2 of both arterial and
venous blood showed a significant fall (P <
0.05) at 60 and 90 min after Phy (loa J.lgl
kg) while arterial PC02 showed considerable
fall at the terminal stage in both the Phy
treated groups (Fig. 3). The pH of arterial
and venous blood showed a trend of non
significant alkalosis (Fig. 3).

Figure 4 shows the persistance of ChE
activity of both plasma and erythrocytes at
various time intervals after Phy
administration. A dose related significant
decrease in the ChE activity was observed
in both plasma and erythrocytes, maximum
inhibition oc'curring at 60 or 90 min after
Phy and thereafter recovery of the activity
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Fig : Compreued spectral array in (a) PhYloltigmine. 50 pglkg and
(b) Physostigmine. 100 pglkg adminiltered to monkeYI.
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Delta

Theta

Alpha

Beta

TABLE III Dominant Ilower at different channels of EEG after
physostigmine (50 Ilg/kg) administration.

After drug administnHiof' (Mins)

Channels Initial 15 30 60 90 120 180

F3 - F4 70.50±28.86 53.00±26.51 47.50±7.42 75.00±24.98 52.50±9.26 68.75±12.53 49.75±10.38

01 -02 30.00±11.97 27.25±13.94 26.25±6.17 48.25±20.12 34.50±8.87 36.50.:.10.84 27.00:1:7.15

F3 - 01 49.25.t.l7.57 37.25±16.02 47 .25± 16.39 84.75:1:50.96 63.00±28.14 72.75.:.33.45 48.00" 15.15

F4 -02 66.25±25.00 65.15.:.33.12 44.25:1: 13.30 92.25:t38.31 41.00:t 12.63 59.50.:.14.93 46.00± 12.62

F3~F4 11.15.:.3.63 14.25.:.5.81 JO.00:l:3.45 14.25.:.3.82 11.15:t4. 19 12.5.:.2.25 14.00:1:4.16

01 -02 5.50±1.44 6.00.:.2.12 5.50.:.2.10 1.25.:.1.55 6.75.:.2.49 7.25±1.65 7.25.:.2.93

F3 -01 5.75::t1.60 9.25:1:5.92 11.50.:.6.55 10.50.:.4.14 13.00:t6.52 11.00:t3.81 1.25:t9.03
F4 -02 13.25:t6.60 1'.25:t8.59 10.25:t5.30 19.00:t10.16 10.50:t4.91 9.75:t2.56 12.75:t7.14

f3 - F4 6.17:t2.37 1.39:t2.50 6.31:1:2.46 8.03:t 1.33 6.64:1:2.23 8.33±1.67 8.99:t3.31
01 -02 3.63±0.8 4.11:t1.42 4.25:t 1.46 4.25:t0.57 4.20±1.23 4.17::t0.85 5.16:t 1.88

F3 -01 3.63:t0.61 5.09±2.58 5.66±2.69 5.43:1:1.47 6.11±2.21 6.90:1:1.71 9.33±5.49
F4 -02 9.15:t4.74 7.72:1:2.14 5.68:t2.28 9.25::t2.83 5.12±1.66 6.2l± 1.05 7.80::t3.69

F3 -F4 6.00:t2.42 5.15±1.75 4.50:t 1.26 5.15:t0.85 5.50:t1.85 5.50:t0.65 7.00:t3.39
OJ - 02 3.75:t0.63 3.75:t0.63 3.15±0.63 4.00::t0.60 3.75±0.63 3.75:t0.25 4.50:1: 1.26
F3 -01 3.50:t0.50 4.75::t1.49 5.00.:.1.73 4.75:t0.48 5.50:1:1.50 5.25±0.75 7.50::t3.84
F4 -02 8.25:t4.96 5.75:t1.65 5.25:t 1.49 7.00:t1.47 6.50:1:1.19 5.75.:.0.63 6.50±2.9

Values are mean ±SEAJ.
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Fig. 2: Effect of physostigmine on both arterial and
venous PO,. Values are mean±SEM.
Statistically significant 8ll compared to the
control group; ·P<O.05.

Fig. 3: Effects of Physostigmine of both arterial lind
venous pH, PCO" Values aTe mean % SEAL
Statistically significant as compared to the
control group; ·P<O.05.
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Delta

Theta

Alpha

Beta

TABLE IV; Dominant frequency at different channell of EEG after
physostigmine (50 Ilglkg) administration.

After drug admltllltratlon (Mltl!d

Chonntl. Initial 15 3a 6a 90 12a 16a

"'3 - t'4 1.01:1:.0.2 1.31:1:.0.29 1.41 :1:0.32 1.08.10.11 1.38.10.39 1.17.t0.15 1.4,\:1:0.43

01-02 099:1:0.18 1.19:1:0.14 1.09:1:0.33 101:1:0.10 1.34:1:0.33"· 1.2·\:1:0.24 1.22:1:0.34

F3 -01 0.71:1:0.09 1.18:1:0.36 1.07 :1:0047 0.99:1:0.04 1.42:1:0.52 0.98:1:0.13 1.20:1:163

F4 -02 0.8hO.06 1.22:1:0.37 1.16%0047 095:1:0,13 1.37:1:0.45 1.35.:00.18 1.32:1:0.44

F3-F4 4.15:1:0.11 4.56:1:0.11 4.62%0.16 4.54%0.17 4.52:1:0.13 4.59%0.13 4.63%0.54

01 - 02 4.5hO.13 4.64%0.17 4.99%0.23 5.01:1:.032 4.5hO.II 4.96%0.19 5.06:1:0.18

F3-01 5.79%0.78 4.91:1:0.25 5.3hO.69 4.5hO.ll 5.48%0.85 5.49:1:0.85 5.53%0.72

F4 -02 4.85.:00.21 4.92%0.50 4.79%0.11 464%0.24 5.08:1:0.24 4.85:1:0.22 4.11%0.09

F3 - F4 10.03:1:0.10 10.19%0.23 10.54%0.27 995%0.30 10.2hO.22 10.25:1:0.43 9.60:1:0.21

01-02 11.10%0.10 11.20%0.58 10.80%0.85 1.41%0.85 10.85:1:0.14 10.71%0.82 10.62%0. i7

F3-01 11.17.t 1.07 11.38:1:0.63 10.9hO.71 11.12:1:0.10 10.70%0.79 IOAhO.89 10.71:1:0.80

"'4 -02 10.02%0.16 10.20:1:0.15 10.78%0.57 10.14%0.18 10041:1:0.84 10.31:1:.0.22 10.12.t 1.06

F3-F4 16.34%0.45 16.69%0.84 16.67.t0.51 16.35% 1 06 11.13%0.77 15.91:1:.0.35 15.98:1:0.54

01 - 02 19.23%0.67 18.94%0.96 18.30:1:0.95 19.03%0.56 18.04:1:1.22 17.69.11.31 18.3hO.81

"'3 -01 17.8h 1.22 18.68% 1.23 17.66%1.31 17.5h1.31 17.52.11.38 17.26:1:1.53 16.99% 1.69

F4 -02 17.06:1:0.73 17.38:1: 1.45 18.15:1: 1.03 16.71:1:1.08 17.16:1:1.07 17.31:1:0.87 16.89:1: lAO

Vnlues nre mean :l:SEM ; Significant as compared to the initial
···P<OOOI e""",-..... ,... _.".'...,..-.......'

Fig. 4. Effects of Phytostigmine cholinesterase activity
In plum. and erythrocytes. StatisticaH)'
significant as compared to the control group;
·P<O.05. ··P<O.O 1. • ..P<O.OO 1.

,.. __.. _... _
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was noticed. The lung phospholipids did not
show any significant change in both the Phy
treated groups except for a significant
increas~ (P < 0.01) in the sphingomyelin
fraction of Phy (l00 Jlg/kg) treated group
(Table VII).

Morphological and histological
examination of the viscera, lungs, liver,
kidney and splcen did not show any
apprecible alterations with the exception of
lungs of higher dose after Phy trMtment.
In the lungs of Phy (l00 Jlglkg) group a
mild inflammatory reaction was observed in
the alveolar septa with normal bronchioles
and air-sacs (Fig. 5).
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TABLE V : Dominant power at different channels of EEG after Physostigmine (lOa Ilg/kg) administration. ""~,
•

After drug administration (MillS) 0

Channel! fnL/ia! 15 30 60 90 120 180 ""~•"3
Delta F3 - F4 507.14:1:97.68 467.17:1:82.37 482.21:1: 77 .61 391.79:1:82.79 370.45:1:68.99· 430.08±58.89 707.1l:t:9L67 •0

0

01 - 02 412.18:1:122.79 394.04.:1:81.77 430.19:t96.14 356.3.:1::60.77 345.19:1:112.70 411.63:1:131.91409.74:1:92.21
~

348.19:1:69.00"
~

F3 - 01 543.79:1: 124.27 617.01:1:89.31 579.38*101.60 470.65:1:100.46 486.79:tt51.71409.74±92.21 ~

~

F4 - 02 750.77:1:249.22 738.30±261.69 802.04:1:197.95 644.59:1:327.39 599.76:1:338.12 648.86.1"331. 73 710.62%281.43 ~

Theta F3-F4 102.21 ±S.05 I07.0h 12.82 106.23:1:17.35 96.74:1:20.13 84.8b6.99 85.84±5.92 157.64:1026.75

01-02 36.62:l:4.JJ 40.98±11.59 46.79± 12.5 53.66±llA9* 34.40±11.23 43.10± 10.68 60.29±4.32

F3 -01 66.88 ±10.04 80.37±5.59 81.72±13.04 71.8l±15.46 57.57±7.03 63.98±9.72 116.26±5.16

F4 - 02 108.94±34.46 112.48±25.43 129.38±37.06 131.28±69.13 105.11 %13.24 113.30:41.74 137.10%59.78

Alpha F3 - F4 39.59%4.34 40.08%4.27 44.52%2.68 33.99% 1.04 34.69%4.79 35.34%4.79 63.00±26.71

01-02 13.930:2.13 16.35%3.21 18.34%3.02 18.15%1.38 14.13%4.07 15.27:t2.74 17.05±3.27

F3 -01 21.58%2.82 27.01±4.24 28.38±4.59 24.07 %5.04 22.33±3.84 23.36±3.81 37.33±10.79 ...
F4 -02 36.76±5.66 33.97±6.15 48.16%10.92 34.46±9.28 46.76%5.25 32.11%13.43 34.17± 10.29

0
x
0
0

Beta Jo'3 -F4 30.640:7.86 30.65±9.81 40.50±5.59 33.39%7.09 30.75%7.88 35.17±7.81
~

37.97±14.89 ,
0•01 - 02 11.00:t1.89 11.490:2.28 14.86:1:3.84 15.00±3.12 14.08±5.56 14.07±3.26 10.49±2.56 3
0

F3 -01 16.66:t4.49 20.5l±5.13 22.29:1:4.45 21.94 ±4.88 20.06±6.49 17.5l::t1.39 19.09±5.34 •
0
~

F4 -02 26.08%3.49 23.80%6.82 39.37:t6.31 24.07 ±6.56 44.65± 11.89 30.7h14.13 20.68±8.30 ""~,
Values are mean j:SEM : Significant as compared to the initial •0•

"·P<0.005; "P<O.OI. "
~•••
~

~
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Delta

Thela

Beta

TABLE VI: Dominant frequency at different channels of EEG after
Physostigmine (100 ~g/kg) administration.

After drug administratiQII (Min II)

Channels InitlOl 15 30 60 90 120 180

1"3 - fo'4 1.27±0.19 l.2hO.OS L2hO.12 1.76±0,2S- 1.33±0.09 1.49±0.15 1.78±0.08

01 -02 1.00±0.1) 0.88±0.07 1.13±0.17 I.SS±0.09u 1.13±0.11 1.35:l0.27 1.SS±0.14

F3 -01 1.IhO.16 1.I3:l0.14 1.15±0.19 1.76±0.35 1.20*0.13 I.2hO.1S 1.80*0 16

1"4 - 02 0.99±0.06 1.12,,0.14 1.48±0.13 2.09±0. tl 1.39±0.17 1.79±0.12 1.74:l0.02

1"3 -1"4 '1.26:1:0.10 4.22:l0.04 4.31±0.04 4.36±0.06 4.3hO.l J 4.30±0.02 4.32*0.04

01 -02 4.33:1:0.13 4.31±0.06 4.24:l0.08 4.2S*0.08 4.40;t.0.08 4.33±0.08 4.4hO.06

1"3 -01 4.26±0.09 4.1S±0.03 4.3S±0.03 4.20:00.05 4.21 ±0.07 4.30±0.07 4.2hO.05

F4 -02 4.2hO.08 4.20±0.10 4.24 ±0.04 4.06±0.04 4.29±0.01 4.40±0.21 4.3h010

F3 - fo'4 9.18±0.23 9.84:l0.26 9.92±:0.2S- 9.88±:0.2S- 9.61:l0.39 10.08±0.59- 10,21±0.62

01- 02 9.94:1:0.40 9.8hO.39 9.56±0.35 9.75±:0.32 10.32%0.14 9.9hO.25 9.41±0.48

fo'3-01 10.19±0.75 9.89±0.49 9.5hO.37 9.64:l:0.39 10.10±:0.45 9.74±0.46 10,12:l0,82

1"4 -02 8.77:1:0.10 9.26±0.68 9.12*0.16 9.63±0.55 9.42±0.7I 8.93±0.08 9.62±:O,45

1"3 -1"4 14.91±:0.26 14.54±1.06 15.6S±:0.76 16.09±:0.05 16.6hO.42 15.72:00.89 14.37 ±0.22

01 -02 IS.thO.31 15,42±:0.S2 14.86±0.37 15.4hO.51 15.56*0.56 IS.9hO.72 15.02:l0.28

fo'3 - 01 14.8hO.34 14.41±0.48 14.64:0.71 14.89:0.41 15.15:1:0.77 14.87:1:0.14 14.3S±0.61

F4 -02 15.33±: US IS.96%2.18 16.26: 1.08 16.46%0.28 16.72*0.95 IS.3hO.30 14.48:0.09

Values are mean :tSEM : Significant as compared to the initial
-P<0.05; "P<O.OJ.

TABLE VII Changes in lung Phospholipids due to Physostigmine in monkeys.

Pnrameter
(mgl/-:, wet tissue)

Control
(1l~3)

Physostigmine treated (n=4)

50 1Ii:1 kg 100 ~glkg

Total phospholipids 19.7 :I: 0.92 18.8:1: 2.31 17.3 ± 1.42

Phosphatidyl choline 9.7 :I: 0.28 9.5:1: 0.S1 9,2 :I: 0.38

Phosphatidyl ethanolamine 3.4 :I: 0.42 3.7 :I: 0.23 3.6 ± 0.52

Sphingom)'elin 2.2 ± 0.06 2.5 :I: 0.17 2.9 ± 0.05"

Values are mean * SEM; Statistically significant as compared to control, "P<O.OL



i
\

l.

Indian J Physiol Phnrmacol 1998; 42(1)

Fig. 5: Histological chnages due to php;osUgmine in
lungs of monkeys, H&E lC 50 original: (a)
Control showing normal alveoli and
parenchyma; (b) Phy (50 ~g/kg) showing normal
alveoli and parenchymn; (c) Phy (]OO jJg/kg)
showing mild innammatory reaction.
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DISCUSSION

The data presented deal primarily with
the acute effects of Phy administered
intramuscularly at 2 different doses viz. 50
and 100 llglkg. tn the experimental design,
the above doses of Phy were chosen so as to
have a maximum inhibition of ChE upto
about 60% of the initial. Moreover, the
purpose of the present study was to evaluate
the possible physiological effects of Phy to
arrive at appropriate dose for prophylactic
treatment (as a pretreatment drug against
highly toxic OP compound, soman), wherein
the dose of Phy will lead to minimum
cholinergic effects. In general, Phy only at
100 llg/kg could result in certain cholinergic
signs such as salivation, lacl"ymation and
occasional muscular faciculations;
physiological changes such as mild
tachycardia, tachypnea, higher electrical
activity of the brain; the c1inico·chemical
effects like a fall in P0 2, PC02 and alkalosis
and histologically an inflammatory reaction
in the lungs while the lower dose 50 ug/kg
appears to be devoid of cholinergic signs and
symptoms considered to be untoward for
pretreatment regimen.

The primate model has been chosen for
the present study because of the marked
species differences in the response to the
protection afforded by carbamate
pretreatment against OP poisoning: guinea
pigs responded better than rabbits, whereas
rats were virtually unresponsive (9). Apart
from species differences the protection
studies invoking carbamate pretreatment
against OP poisoning have been inconsistent
due to different time of pre-treatment and
dosing schedule. Pyridostigmine and
physostigmine have been reported to protect
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guinea pigs against poisoning by
organophosphorous (OP) compounds
(6,9,13) on account of their reversible
reaction with the ChE. The phenomenon of
the protective action of short·acting
reversible ChE inhibitor against the post·
challenge of highly toxic irreversible ChE
inhibitors is now well established. They act
by protecting a portion of ChE enzyme from
the irreversible inhibition of OP and
allowing the excess un reacted or molecules
to be excreted or hydrolyzed rapidly. The
spontaneous decarbamylation of the
reversibly inhibited ChE leads to formation
of active functional enzyme. Among the
carbamates, Phy appears to offer
comparatively better protection because of
its ability to cross the blood brain barrier
and offer protection against the central
cholinergic effects of OP as well (17).

The early event occurring after Phy
(I 00 J.lg/kg) appears to be tachypnea followed
by a mild tachycardia (Table I). The general
sympathetic discharge may have been
responsible for the observed mild
tachycardia (18). The respiration appeared
to be affected due to the modulation of
central respiratory regulation (11), however,
the stimulatory effect of Phy on the
peripheral chemoreceptors either directly or
through alterations in blood gases can not
be ruled out. lnspite of augmentation in
respiration, the arterial and venous POl
shows a significant fall. Tachypnea may be
attributed to the relationship of the firing
rate of peripheral chemoreceptors and
arterial P0

2
. In this study a significant fall

of PC0
2

was observed with both doses of
Phy and an increase of pH leading to
alkalosis probably the result of tachypnea.
Phy at both the doses caused the elevation
of rectal (core body) temperature without

lndilln J Physiol Phllrmacol 1998; 42(1)

any influence on the skin temperature.
Either the continuous muscle faciculations
due to nicotinic effects of acetylcholine
accumulation or the initial excitement and
hyperactivity may have produced the
temperature rise (18). Temperature
elevations have been reported in animals
exposed to Phy by injection into the central
nervous system. Direct injection of
acetylcholine or a mixture of acetylcholine
and Phy into the hypothalamus of monkey
produced dose-related hyperthermia (19).
Our results of Phy induced
cardioacceleration and hyperthermia were
in agreement with the recent report showing
an elevated body temperature and
tachycardia in conscious pigs after
intravenous administration of Phy. The OP
anticholinesterase poisoning leads to
hypothermia due to a downward setting of
a central thermostat from cholinergic
stimulation of thermo-regulatory centres
(20). The temperature elevating of Phy may
be beneficial in OP poisoning which results
in hypothermia.

In the present study using anaesthetised
monkeys an increase in dominant frequency
was observed with both doses of Phy
administered intramuscularly while with
100 ug/kg Phy a shift in dominant frequency
in delta band towards higher frequency
alongwith a decrease in power was observed
suggestive of potentiation of central
cholinergic pathways corroborating with an
earlier study reporting on the effects of
various OP insecticides (21). However, the
influence of vascular and metabolic changes
due to Phy cannot be ruled out.

The histopathological findings reveals
inflammatory reaction in the lungs without
any evidence of alveolar collapse (Fig. 5).
The acute inflammatory response leads to
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depression of phosphatidylcholine (PC)
without affecting total phospholipids (22).
However, our results showed only a non
significant decrease in PC accompanied by
a significant increase in the level of
sphingomylin (P < 0.01) without affecting
total phospholipids. The significant increase
of sphingomyelin might have prevented
alveolar collapse.
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monkeys may be considered as a safe
prophylactic dose devoid of any adverse
cholinergic signs and symptoms for use in
the treatment regimen subsequent to
further evaluation of its protective efficacy
against highly toxic OP compounds.
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