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Preliminary 
Communication 

Anaesthesia by 
intravenous emulsified 
isoflurane in mice 

An emulsion o f  isoflurane in Intralipid~ for intravenous (iv) 
injection was formulated and its ana.esthetic properties deter- 
mined in mice. The major advantage o f  iv delivery o f  volatile 

agents is to accelerate the induction of  anaesthesia by circum- 
venting the anaesthetic circuitry and the lung's functional re- 
sidual capacity, lsoflurane was added to Intralipia~ in varying 

concentrations. The EDso (n = 34) and LDso (n = 20) were 
determined by a single iv bolus injection. Anaesthesia was also 
induced and maintained for 30 rain (n = 5) by continuous 
infusion and the time to emergence was measured. The ED~o 

and LDso were O. 7 -t- 0.2 I.d and 2.4 q- 0.2 ~tl o f  isoflurane 
equivalent respectively. An average infusion rate o f  1.6 5:0.4 
I~l" rain -1 o f  isoflurane equivalent was required for mainte- 
nance following which the average emergence time was 193 

• 35 secs. The only negative effect was local skin ulceration 
with an inadvertent interstitial injection. We conclude that iv 
induction and maintenance with emulsified isoflurane in ln- 
tralipid~ can be carried out with safety and reproducibility 
in the mouse. Further larger animal studies are warranted as- 
sessing the haemodynamic, toxicological, physiochemical and 
pharmacokinetic characteristics o f  these and other similar prep- 
arations. 

Une ~mulsion d'isoflurane dans l'lntralipid~ pour injection 
intraveineuse est pr~par~e et ses propri$t~s anesth~siques sont 
d~termin~es chez la souris. L'avantage principal de l'adminis- 

tration iv d'agents volatils est d'acc~l~rer la vitesse d~nduction 
de l'anestl~sie en court-circuitant le circuit anesth~sique et la 

capacit~ r$siduelle fonctionnelle pulmonaire. De l'isoflurane est 
ajoutd ~ l'Intralipid~ en variant les concentrations. L'EDso 

(n = 34) et la LDso (n = 20) sont ddtermindes pour une in- 
jection unique en bolus. De plus, l'anesth~sie est induite et en- 
tretenue pendant 30 rain (n = 5) par perfusion continue et 
le temps de r~cup~ration mesur$. L'EDso et la LDso sont res- 
pectivement de 0,7 + 0,2 # l e t  de 2,4 5:0,2 #1 d~quivalent 

isoflurane. En moyenne, une vitesse de peo~sion de 1,6 + 0,4 
I~l" min -1 est n$cessaire pour l'entretien; par la suite, le temps 

moyen de r~cup~ration est de 193 • 35 sec. Le seul effet n~gatif 
consiste en une ulceration locale au site d'une injection inters- 
titielle accidentelle. Nous concluons que l'induction et l'entretien 
iv avec une ~mulsion d'isoflurane dans l'Intralipid'~ peuvent- 
~tre r~atis~s avec s~curit~ et reproducibilit~ chez la souris. Des 

$tudes uh$rieures chez des animaux plus gros sont justifi~es 
pour $valuer les caract$ristiques h$modynamiques, toxicologi- 
ques, physicochimiques et pharmacocin~tiques de ce type de 
preparation. 
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Intravenous (/v) administration of volatile anaesthetics has 
many advantages over inhalational delivery. Induction of 
anaesthesia would be rapid as equilibration with the an- 
aesthetic circuitry and the lung's functional residual ca- 
pacity is circumvented. Capital and maintenance costs 
of anaesthetic equipment could be reduced as the need 
for an agent specific vaporiser would be eliminated. This 
would be particularly advantageous with the newer in- 
halational anaesthetics. Other volatile agents previously 
thought of as unacceptable for inhalational delivery due 
to airway irritation at high concentrations or low vapour 
pressure may prove better suited to iv delivery. The 
amount of agent used could be minimized if a closed 
circuit breathing system were also incorporated further 
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reducing cost and atmospheric pollution with fluorocar- 
bons. Anaesthesia could be deepened rapidly by bolus 
delivery of the agent or tightened by opening the closed 
breathing system. Finally, this method of volatile agent 
delivery creates a research tool for further elucidating 
mechanisms of uptake and distribution of anaesthetic 
agents. 

Previous reports of the/v use of volatile anaesthetics, 
either accidentally in humans J,2 or in experimental an- 
imals, 3-5 have often resulted in death or severe morbidity. 
This appears to have been due to relative overdosing at 
various tissue levels with subsequent direct toxic sequel- 
lae. Krantz et al. successfully gave methoxyflurane emul- 
sifted in fat to test animals 6 although subsequent 
thrombophlebitis at the injection site developed and he 
concluded that the agent wasnot suitable for use in man. 7 
Biber et al. gave halothane emulsified in Intralipid(~ /v 
to rats 8 and dogs. 9 No untoward events were noted nor 
were any microvascular changes seen; it was concluded 
that this formulation might prove useful for experimental 
animals requiting anaesthesia. This pilot study attempts 
to discern if the emulsion of isoflurane in Intralipid(~ 
is an effective and safe/v agent and to determine its basic 
pharmacological characteristics. 

Methods 
Following approval by the University of British Columbia 
animal ethics committee the following experiments were 
conducted: 

EDso and LDso studies 
Isoflurane emulsions of one, two and three percent by 
volume were prepared by adding pure isoflurane to In- 
tralipid(~ in a gas-tight glass container and shaking for 
three minutes. The effective dose for induction of general 
anaesthesia in 50% of the animals (EDs0) was determined 
by injecting 34 CD-I male mice with a single bolus of 
between 0.07 and 0.15 ml of a 1 or 2% mixture via 
their tail veins. The loss of the forepaw righting reflex 
(FRR) was accepted as successful induction of general 
anaesthesia. The time to return of the righting reflex was 
also recorded. To determine the lethal dose for 50% of 
the test animals (LDs0) 20 additional mice were given 
a single bolus injection of between 0.07 and 0.15 ml of 
a 3% preparation. No mouse was subjected to more than 
one injection. The EDso mice and the survivors of the 
LDs0 experiment were observed for four weeks afterwards 
for general wellbeing. 

Continuous infusion study 
Five CD-I male mice had their tail veins cannulated with 
either a 27ga butterfly or a 24ga over the needle cannula 
(Jelco| Anaesthesia was induced by delivery of two 
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FIGURE 1 Each "•" represents one mouse receiving a single bolus 
dose plotted along the X axis. The mouse either remained awake or 
became anaesthetized by the bolus (see text). 
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FIGURE 2 Each " ."  represents one mouse which received a single 
bolus dose plotted along the X axis. The mouse either died or survived 
the dose (see text). 

times the above derived EDs0 dose over 5-15 secs via 
a Bard infusion pump using a 10% vol:vol emulsion that 
was prepared in a similar manner as described above. 
The pump rate was then reduced and titrated empirically 
to maintain spontaneous respiration as well as to elim- 
inate the FRR. No airway manipulation nor enrichment 
of FrO2 was instituted. Following 30 minutes the infusion 
was discontinued and the time to return of the FRR 
was noted. These animals were observed for four weeks. 

Statistics 
The EDs0 and LDs0 data were analyzed by a probit anal- 
ysis (NCSS software package). This analysis generated 
a dose percentile nomogram and a quantal dose response 
curve with standard error for the two experiments. The 
continuous infusion data is expressed as the mean + 
standard deviation. 

Results 

EDjo and LDso studies 
Average mouse weights were 40 -I- 4 g and 37 -t- 2 g 
in the EDs0 and LDs0 studies respectively. Induction of 
the anaesthetic state was approximately three seconds 
after the bolus injection. No excitatory phenomena were 
observed and spontaneous respiration was maintained. 
The EDs0 and LDs0 data are depicted in Figures 1 and 
2 respectively. The abscissa shows the volume of pure 
isoflurane (volume given • volume percent of total iso- 
flurane in the emulsion). The ordinate is nominal with 
the mice either losing their FRR or retaining it for the 
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FIGURE 3 Data  shown in Figure I is plotted according to the dose 

received on the X axis and the percent anaesthetized at that dose on 
the Y axis. A dose response curve with 2 " standard error is shown. 
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FIGURE 4 Data  shown in Figure 2 is plotted according to the dose 

received on the X axis and the percent dying at  that dose on the Y 
axis. A dose response curve of 2 �9 standard error is shown. 

EDs0 study or with the mice either dying or surviving 
in the LDs0 study. 

The mice tested at each dose were grouped as a per- 
centage that were either anaesthetized (EDso study) or 
died (L'Ds0 study) at that dose. These values appear as 
points labelled "raw data" in Figures 3 and 4. Quantal 
dose response curves were then constructed utilizing a 
dose percentile nomogram generated by the probit anal- 
ysis of this grouped data. These curves and two times 
their standard error also appear in Figures 3 and 4. 

In the surviving animals those with a successful/v in- 
jection fed well and gained weight for four weeks fol- 
lowing the experiment, Fifteen animals suffered an in- 
advertent interstitial injection during the experiment and 
developed skin ulceration over the area of extravasation. 
When an interstitial injection occurred the animal was 
eliminated from the study. 

Continuous infusion study 
Average mouse weight was 36 + 2 g. An average infusion 
rate of 1.6 + 0.4 ~1. rain -! of isoflurane equivalent was 
required to maintain anaesthesia. The time to return of 
the FKR following 30 rain of anaesthesia was 193 + 
35 sec. Loss of ataxia on spontaneous ambulation was 
seen between 320-540 sees following discontinuation of 
the infusion. 

Discussion 
This study demonstrates that induction and maintenance 
of anaesthesia is possible with an /v lipid emulsion of 
isoflurane. The characteristics of induction are that of 
rapid loss of consciousness as shown by the loss of FRR 
with preservation of spontaneous respiration. The loss 
of FRR has been previously shown in rats to parallel 
the abolition of movement following a standardized pain- 

ful stimulus to the tail. u Recovery from a single induction 
bolus is fast likely owing to the rapid redistribution as 
well as near immediate elimination of the drug through 
the lungs. The emulsion showed no gross separation over 
a four-week period. Our dose calculations assume that 
all liquid isoflurane added to the sealed glass container 
remained in the liquid phase of the fat emulsion. We 
feel that this is a valid assumption within the experimental 
error of our study given that the calculated fat:gas sol- 
ubility coefficient for isoflurane is 63:1 based on a 
fat:blood coefficient of 45:1 and a blood:gas coefficient 
of 1.4:1. l0 The therapeutic index (LDso/EDs0) was typ- 
ically narrow at 3.2; this compares with a therapeutic 
index for inhalationally delivered isoflurane of 15.3 for 
the rat. u Kissen's therapeutic index is wider probably 
because of flaeir use of controlled ventilation and that 
the EDs0 was achieved as a steady state over time and 
not in a bolus fashion as with our experimentation. The 
depth of anaesthesia in the infusion experiment could be 
altered rapidly by changing the rate of infusion. One 
death occurred in an infusion experiment animal when 
a bolus was delivered in an attempt to increase the depth 
of anaesthesia. 

This investigation served only as a biological assay of 
the feasibility of emulsified volatile agents. Further large- 
animal studies are required to demonstrate the pharma- 
codynamic, pharmacokinetic and toxicological properties 
of this preparation. It was not within the mandate of 
this study to quantify the in viva or in vitro physico- 
chemical nature of the emulsion. Moreover, the haemo- 
dynamic consequences of our experimentation remain un- 
solved awaiting future study. In conclusion this pilot study 
demonstrates the feasibility of/v emulsions of volatile an- 
aesthetics and may offer new avenues for the development 
of a more ideal/v anaesthetic agent. 



176 

References 
1 Stemp LI. Intravenous injection of liquid halothane (Let- 

ter). Anesth Analg 1990; 70: 568. 
2 Dwyer R, Coppel DL Intravenous injection of liquid halo- 

thane. Anesth Analg 1989; 69: 250-5. 
3 Biber B, Martner J, Werner 0 Halothane by the/v route 

in experimental animals. Aeta Anaesthesiol Scand 1982; 26: 

658-9. 
4 Kawamoto M, Suzuki N, Takasaki M. Acute pulmonary 

edema after intravenous liquid halothane in dogs. Anesth 
Analg 1992; 74: 747-52. 

5 Sandison Jl~, Sivapragasam S, Hayes JA, Woo-Ming MO 
An experimental study of pulmonary damage associated 

with intravenous injection of halothane in dogs. Br J 
Anaesth 1970; 419-24. 

6 Krantz JC Jr, Cascorbi HF, Rudo FG. The intravenous 
administration of methoxyflurane (penthrane| emulsions 
in animals and man. Anesth Analg 1962; 41; 257-62. 

7 Cascorbi HF, Helrich M, Krantz JC Jr, Baker LR, Roz- 
man RS, Rudo FG. Hazards of methoxyflurane emul- 
sions in man. Anesth Analg 1968; 47: 557-9. 

8 Johannesson G, Aim P, Biber B, Lennander O, Werner 0 
Halothane dissolved in fat as an intravenous anaesthetic to 
rats. Acta Anaesthesiol Scand 1984; 28: 381-4. 

9 Biber B, Johannesson G, Lennander O, Manner J,, So- 
nander H, Werner 0 Intravenous infusion of halothane 
dissolved in fat. Haemodynamic effects in dogs. Acta 
Anaesthesiol Scand 1984; 28: 385-9. 

10 Stevens WC, Kingston HGG. lnhalational anaesthesia, In: 
Barash PG, Cullen BF, Stoelting RK (Eds.). Clinical Anes- 
thesia, 2nd ed., Philadelphia: J.B. Lippineott Co., 1992: 
441, 

11 Kissen I, Morgan PL, Smith LR. Comparison of isoflu- 
rane and halothane safety margins in rats. Anesthesiology 
1983; 58: 556-61. 

CANADIAN JOURNAL OF ANAESTHESIA 


