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Anaesthetic and postanaesthetic effect
of  isoflurane on the multiple-unit activity
of the immature rat hippocampus

We investigated anesthetic and postanaesthetic effect of isoflurane on the multi-unit activity (MUA)
in the CA3 region of immature rat hippocampus. MUA amplitude did not significantly change
during application of isoflurane. On the other hand MUA frequency significantly decreased during
the anesthesia. After isoflurane discontinuation two phases of MUA frequency recovery were ob-
served: initial rapid increase followed by a slower recovery to the control level. Comparison of
recovering period of the receptor mediated systems and spontaneous field activity from isoflurane
anesthesia is discussed.
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INTRODUCTION

Isoflurane is a volatile anesthetic which induces
and maintains general anesthesia by depression
of the central nervous system. Isoflurane is
widely used in clinical practice in children and
adult patients; however the precise mechanism
of the action of this anesthetic is not clear. In
spite of that fact that general anesthetics result
in loss of consciousness, structures such the
medial septum and hippocampus remain active
during the general anesthesia. It has been pro-
posed that these forebrain structures participate
in maintaining awareness and movements dur-
ing general anesthesia [11].  In our previous re-
port we showed that isoflurane effectively stop
seizures induced by intrahippocampal injection
of high potassium/low magnesium contained ar-
tificial cerebrospinal fluid (ACSF) in immature
rats [6]. The goal of the present study is to char-
acterize spontaneous field activity in the rat hip-
pocampus during isoflurane anaesthesia and in
postanaesthetic transition period.

METHODS

Acute hippocampal slices were prepared from

Sprague-Dawley rats aged postnatal (P) days
8-15 as previously described [8].  Briefly, hip-
pocampal slices (500 ìm) were cut using a
Leica VT 1000S vibroslicer (Leica Microsys-
tems, Nussloch GmbH, Germany). For record-
ings, slices were transferred to a chamber
mounted on an Olympus BX51WI (Japan)
microscope with an X40 water-immersion
objective and infrared, differential interfer-
ence contrast optics. The slices were contin-
uously superfused with oxygenated (95 % O

2
-

5% CO
2
) ACSF consisted of the following

composition: 125 mM NaCl, 3.5 mM KCl,
2 mM CaCl

2
, 1.3 mM MgCl

2
, 24 mM NaH-

CO
3
, 1.25 mM NaH

2
PO

4
, and 11 mM glucose

at a rate of 2-4 ml/min at 30-32°C. Extracel-
lular field potential recordings were obtained
from CA3 pyramidal cell layer. Field poten-
tial recordings were made using borosilicate
glass capillaries filled with ACSF and two-
channel AC differential amplifier (A-M Sys-
tems, Carlsborg, WA). Pipette resistance
ranged from 1-3 MΩ. All recordings were dig-
itized (10 kHz) online with an analogue-to-
digital converter Digidata 1322A (Axon In-
struments, Union City, CA) and analyzed us-
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ing Clampfit (Axon Instruments, Foster City,
USA) and Origin 7.0 (Microcal Software,
Northampton, MA) software.  Application of
isoflurane was made using isoflurane vapor-
izer (Isotec 3,  Ohmeda Medical System,
Herts, UK). To minimize loss and binding of
isoflurane, application was made using poly-
tetrafluoroethylene tubes.

RESULTS AND DISCUSSION

In the extracellular recording, MUA reflects
the action potentials from 10-100 neurons lo-
cated in the vicinity of the recording electrode.
Spike amplitudes ranged 50-150 µV from the
noise level, suggesting that electrodes detected
discharges from multiple neurons. MUA was
always apparent in extracellular records from
the CA3 pyramidal cell layer (Fig. 1).The av-
erage inter-event interval of detected spikes
in control condition was 88.3 ± 20.3 ms
(n=12). Following the application of 1.5 mini-
mum alveolar concentration (MAC) of isoflu-
rane the inter-event interval of spikes greatly
increased consistent with a general sedative
action of the anesthetic agent (Fig. 1 and 2A).
We did not find a significant difference in
maximal amplitude of spikes recorded from
slices in control and isoflurane exposed con-
ditions (p=0.96, Mann-Whitney test, Fig. 2B).
After isoflurane discontinuation two phases
of spike frequency recovery were observed:
initial rapid recovery (2 min) followed by a
slower recovery (near 50 min). Only in 4 slic-
es out of 12 the frequency of spikes reached

their control level after 10-20 minutes of
washout. In the rest 8 slices MUA frequency
rapidly and greatly increased comparatively
to the control MUA frequency. The MUA fre-
quency was still significantly increased com-
paratively to control conditions thirty minutes
after isoflurane washout (p<0.05, Mann-Whit-
ney test, Fig. 2A). The amplitude of MUA was
not altered by discontinuation of isoflurane
exposure.

Recording of MUA reflects the spontane-
ous activity of large number of neurons in the
vicinity of the extracellular electrode. This
activity of a neuronal network may depend
on afferent signaling or being result from pro-
cesses intrinsic to the network.  In vitro stud-
ies suggest that many brain areas, including
CA3 pyramidal cell layer, may generate dis-
charges in the absence of external inputs
(Cohen and Miles, 2000). Both intrinsic cellu-
lar properties and synaptic connections within
the network could contribute to MUA activity.
There is  general  agreement that  GABA

A

receptors are an important target for isoflu-
rane [1, 2, 9, 10]. On the other hand, many
studies show the excitatory synaptic system as
a potential target of general anesthetics includ-
ing isoflurane [12, 14, 17]. Also non-receptor
mediated action of isoflurane was shown in
neocortical and hippocampal neurons [3, 5].

In our previous report we show that ap-
plication of isoflurane significantly increased
the tonic conductance, decreased the ampli-
tude and frequency, and prolonged the decay
of  spontaneous  inh ib i to ry  pos t synapt ic

Fig.1 Isoflurane decreases the hippocampal spontaneous firing activity. Extracellular recordings were made from hippo-
campal CA3 pyramidal layer of P11 rat before (upper panel) and during (lower panel) exposure to isoflurane
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currents (sIPSC) recorded from hippocampal
pyramidal neurons [6]. Also isoflurane re-
duced the amplitude and charge transfer of
nonNMDA mediated spontaneous excitatory
postsynaptic currents (sEPSC). Decreasing of
the MUA frequency during isoflurane anes-
thesia can be accounted at least in part on its
effect on synaptic transmission.

Previous report demonstrates that recove-
ring from isoflurane was different for inhibi-
tory and excitatory neuronal activity recorded
in hippocampal fraction [7]. Parameters of
nonNMDA sEPSCs completely recovered to
control conditions after 10 min of washout
from isoflurane. Nishikawa and  MacIver [13]
using the same concentration of isoflurane as
in the present study showed that fEPSPs me-
diated by postsynaptic NMDA receptors are

more sensitive to clinically relevant concent-
rations of isoflurane then non-NMDA receptor
mediated responses, and full recovery of
nonNMDA and NMDA fEPSPs occurred dur-
ing 30 minutes of washout from isoflurane.
We conclude that the increasing of the fre-
quency of multi-unit activity during isoflurane
washout could not depend on the recovery of
the excitatory synaptic transmission.

Washout of inhibitory synaptic transmis-
sion from isoflurane anesthesia is substantially
slower then the recovery of the excitatory
synaptic transmission [8].  Activation of
GABA mediated Cl- channels results in intra-
cellular accumulation of chloride and depres-
sion of inhibition. We suggest that increasing
Cl- intracellular concentration due to the in-
creasing of opening time of GABA mediated
Cl- channels can explain at least in part increas-
ing of MUA frequency during washout of
isoflurane. Another possible explanation of pro-
long recovery of MUA from anesthesia could
be account for prolong recovering period of
non-receptor systems from anesthesia [16].

Recovery from general  anesthesia  is
complex process and can take from minutes
to hours depending on anesthetic agent. From
clinical studies emergence time from discon-
tinuation of isoflurane anesthesia to command
response, and orientation were quite fast
(12±0.5min), however complete recovery from
isoflurane anesthesia takes hours [15].  The
present study adds further insight into under-
standing cellular mechanisms of recovery from
inhalation anesthetic agents.
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ÀÍÅÑÒÅÇ²ÉÍÈÉ ÒÀ ÏÎÑÒÀÍÅÑÒÅÇ²ÉÍÈÉ
ÅÔÅÊÒ ²ÇÎÔËÞÐÀÍÀ ÍÀ ÅËÅÊÒÐÈ×ÍÓ
ÀÊÒÈÂÍ²ÑÒÜ ÍÅÉÐÎÍ²Â Ó Ã²ÏÎÊÀÌÏ²
ÌÎËÎÄÈÕ ÙÓÐ²Â

Ìè äîñë³äæóâàëè àíåñòåç³éíèé òà ïîñòàíåñòåç³éíèé âïëèâ
³çîôëþðàíó íà åëåêòðè÷íó àêòèâí³ñòü íåéðîí³â  (ÅÀÍ) ó
ä³ëÿíö³ ã³ïîêàìïà ÑÀÇ ìîëîäèõ ùóð³â. ²çîôëþðàí ³ñòîòíî
íå çì³íþâàâ àìïë³òóäó ÅÀÍ, ç ³íøîãî áîêó, ÷àñòîòà ÅÀÍ

Fig.2 Effect of isoflurane on different characteristics of
MUA activity. (A, B) Summary plots show the effect of
1.5 MAC of isoflurane on inter-event interval and ampli-
tude of MUA. All values are Means ± SEM
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çíà÷íî çíèçèëàñÿ. Ï³ñëÿ ïðèïèíåííÿ àïë³êàö³¿ ³çîôëþðàíó
ñïîñòåð³ãàëè äâ³ ôàçè â³äíîâëåííÿ ÷àñòîòè ÅÀÍ: ïî-ïåðøå,
øâèäêå çðîñòàííÿ, à ïîò³ì ïîâ³ëüíå çíèæåííÿ äî
êîíòðîëüíîãî ð³âíÿ. Ïîð³âíÿííÿ â³äíîâëåííÿ ðåöåïòîðíî¿
ñèñòåìè ³ àêòèâíîñò³ íåðâîâî¿ ìåðåæ³ ï³ñëÿ ä³¿ ³çîôëþðàíà
îáãîâîðþºòüñÿ.
Êëþ÷îâ³ ñëîâà: ³çîôëþðàí, åëåêòðè÷íà àêòèâí³ñòü
íåéðîí³â, ã³ïîêàìï, ùóð.

Å.Â. Èñàåâà, Ä.Ñ. Èñàåâ

ÀÍÅÑÒÅÒÈ×ÅÑÊÈÉ È
ÏÎÑÒ-ÀÍÅÑÒÅÒÈ×ÅÑÊÈÉ ÅÔÔÅÊÒ
ÈÇÎÔËÞÐÀÍÀ ÍÀ ÝËÅÊÒÐÈ×ÅÑÊÓÞ
ÀÊÒÈÂÍÎÑÒÜ ÍÅÉÐÎÍÎÂ Â ÃÈÏÏÎÊÀÌÏÅ
ÌÎËÎÄÈÕ ÊÐÛÑ

Ìû èññëåäîâàëè àíåñòåòè÷åñêèé è ïîñòàíåñòåòè÷åñêèé
ýôôåêò èçîôëþðàíà íà ýëåêòðè÷åñêóþ àêòèâíîñòü
íåéðîíîâ (ÝÀÍ) â îáëàñòè ãèïïîêàìïà ÑÀ3 ìîëîäûõ êðûñ.
Èçîôëþðàí ñóùåñòâåííî íå èçìåíÿë àìïëèòóäó ÝÀÍ, â
òî æå âðåìÿ ÷àñòîòà ÝÀÍ çíà÷èòåëüíî ñíèçèëàñü. Ïîñëå
ïðåêðàùåíèÿ àïïëèêàöèè èçîôëþðàíà íàáëþäàëîñü äâå
ôàçû  âîññòàíîâëåíèå ÷àñòîòû ÝÀÍ: áûñòðîå óâåëè÷åíèå
âíà÷àëå, ñ ïîñëåäóþùèì ìåäëåííûì ñíèæåíèåì äî
êîíòðîëüíîãî óðîâíÿ. Ñðàâíåíèå äåéñòâèÿ èçîôëþðàíà
íà ñèíàïòè÷åñêóþ àêòèâíîñòü è íà îáùóþ àêòèâíîñòü
íåðâíîé ñåòè îáñóæäàåòñÿ.
Êëþ÷åâûå ñëîâà: èçîôëþðàí, ýëåêòðè÷åñêàÿ àêòèâíîñòü
íåéðîíîâ, ãèïïîêàìï, êðûñ.
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