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ABSTRACT 

In rat experiments, the relative potency and safety of thiopentone, diazepam and etomidate 
were assessed using different indices of anaesthesia - loss of righting reflex, prevention of 
movement and heart rate responses to an noxious stimulus. Log-probit dose-response curves 
for these end-points and for lethal effect were determined. Etomidate proved to be more 
potent than thiopentone or diazepam; its relative potency figures varied from 5 to 18 with the 
use of different end-points of anaesthesia. According to the ED50 level of response for the loss 
of righting reflex and increase of heart rate, diazepam was more potent than thiopentone. At 
the same time it was less potent in the prevention of movement response. Etomidate has an 
extremely large standard safety margin (SSM) regarding the loss of righting reflex; with the 
use of movement response or heart rate response, the SSM for etomidate was close to that of 
thiopentone. With diazepam, SSM for movement response and heart rate response was 
negative (anaesthetic dose-response curve partially overlaps the lethal curve); it was positive 
for the loss of righting reflex. 

The extreme variability in assessment of relative potency and safety with different 
end-points of anaesthesia probably indicates that the indices used reflected various 
components of anaesthesia. It seems likely that tot the proper assessment of the potency of 
intravenous anaesthetics, one index of potency is not sufficient. Several indices of potency 
corresponding to different components of gene,al anaesthesia must be used. 

KEY WORDS; ANAESTHETICS, INTRAVENOUS, relative po tency;  th iopentone ,  
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IN ANIMAL EXPERIMENTS, relative potencies  of 
anaes thet ics  are usually de termined  by using one  
index of anaes the t ic  action. The compar ison is 
based ei ther  on the loss of righting reflex or on 
prevent ion of movement  response  to a noxious 
stimulus.  It is well known that  general  anaes the-  
sia includes various components .  Woodbridge t 
descr ibed the following componen t s  or e lements  
of anaes thes ia :  sensory block, motor  block,  
block of reflexes, and mental  block. If the 
s t rength  of anaes thet ic  action is equally related to 
all componen t s  of  anaes thes ia ,  one index of  
anaes thet ic  potency would be sufficient to com- 
pare  different general anaesthet ics .  However ,  if 
the opposite is true,  this would indicate a need for 
the use of  several  indices cor responding  to 
different componen t s  of anaes thes ia .  

In the present  study, several  in t ravenous  an- 
aes thet ics  were compared  using different indices 
of anaes thet ic  potency to determine to what  

extent  the a s sessment  of  relative potency and 
safety of  anaes the t ics  is influenced by the type of 
index chosen.  It has been noted previously that  
the in terpre ta t ion of relative potencies  of anaes-  
thet ics  is affected by the slopes of  their  quantal  
dose- response  curves .  2'3 If two agents  do not 
have parallel dose- response  curves ,  their  relative 
potencies  are different at each level of response.  
The same is true in the a s sessment  of the margin 
of safety of  anaes the t ics  which is dependen t  on 
the relat ive posit ion of dose- response  curves  for 
anaes the t ic  and lethal effects.  Taking this into 
account ,  we compared  the dose- response  curves  
at different levels and es t imated their  slopes. 
Dose-response  curves  for th iopentone ,  di- 
azepam,  and e tomidate  were  de termined for dif- 
ferent  end-points  of  anaes thes ia .  Dose-response  
curves  for a lethal effect were also de te rmined  to 
calculate  and assess s tandard safety margins.  

Igor Kissing, M.D., Ph.D., Associate Professor of METHODS 
Anesthesiology; Tom McGee, B.S., Research Techni- 
cian, Department of Anesthesiology; Lloyd R. Smith, The exper iments  were done on male Sprague- 
M.A., Data Manager, Clinical Cardiovascular Com- 
puter Center; School of Medicine, University of Ala- Dawley rats weighting 225-250g.  Dose-response  
bama in Birmingham, Birmingham, Alabama 35294, curves  for three different end-points  o f anaes the -  
U.S.A. sia and for the lethal effect were de te rmined  with 
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each drug. The following end-points of anaesthe- 
sia were used: 

I. Loss of righting reflex. The test was re- 
garded as positive ifa rat failed to right itself from 
a side position for 15 seconds. 

2. Prevention of movement in response to a 
noxious stimulus. 4 The animals were stimulated 
for 60 sec by placement of a weight of 1 kgon the 
middle of the tail (pressure surface of 0.25 cm2). 
Only the purposeful movement of the head or legs 
was taken into account as a response. Stiffening, 
coughing, hyperventilating, or vocalizing were 
not considered. 

3. Prevention of the rise in heart rate in 
response to a noxious stimulus. Stimulation was 
the same as for the movement response. The 
heart rate was derived from the electrocardio- 
gram. A cardiotachometer triggered by electro- 
cardiographic signals provided records of heart 
rate on a Grass 7-D polygraph. Increase in heart 
rate less than one per cent was regarded as a 
negative response. (When anaesthesia was super- 
ficial, the heart rate response usually reached 
7-10 per cent.) 

Thiopentone, diazepamt, and etomidate* 
were injected into the saphenous vein. Volume 
of the injected solution was 0.5-1.0 ml and dura- 
tion of the injection was 30 seconds. The end- 
points of anaesthesia were determined two 
minutes after the injection. (It was found in 
preliminary experiments that thiopentone and 
etomidate cause the maximal effect in one minute 
after the completion of intravenous injection and 
this effect did not change during the second 
minute following the injection. At the same time, 
with diazepam the anaesthetic effect in many 
cases was maximal only in two minutes following 
drug administration. Therefore, a two minute 
interval has been chosen for comparison.) In the 
se r i e s  o f  e x p e r i m e n t s  whet 'e  l e tha l  d o s e s  of  t i le  

drugs were administered, a 24 hour time interval 
was used to define death. (All except for several 
animals which died within 15 minutes after the 
injection. Therefore, the results obtained with 
the 24 hour time interval were not significantly 
different from the results with the 15 minute time 
interval.) 

With each of the three drugs under investiga- 
tion, four series of experiments were done: for 
the righting reflex, movement response, heart 
rate response, and lethal effect. In each series of 
experiments, five groups of five rats constituted a 
dose-response curve. In one group of animals, 

*Courtesy ofJanssen Pharmaceutica 
tCourtesy of Hoffmann-LaRoche. 

the dose of the drug was low enough so that all 
animals were unaffected and, in another group, it 
was high enough so that all were affected. Dose 
levels for these two groups were found in prelim- 
inary experiments. In the three remaining 
groups, the doses of the drug were equally spaced 
between the above mentioned marginal doses. 

For calculation of dose-response curves, we 
used the probit method of statisical analysis. 
Percentage of positive effects were converted 
into probit values (multiples of the standard 
deviation) and plotted against a log of the doses. 
This converts the sigmoid dose-response curve 
into a straight line and facilitates comparisons. 
All calculations were performed with the use of 
the probit procedure in SAS s on an IBM 370 
computer. The procedure was a non-linear least 
squares technique based on the method of 
Finney. 6 

The following data were derived: 
(a) ED1-ED99 for the three end-points of 

anaesthesia, as well as LDI-LD99. 
(b) The slopes of log-probit dose-response 

lines for the three end-points of anaesthesia and 
for the lethal effect. 

(c) Standard safety margin, 7 SSM = LDI - 
ED99]ED99 • 100. SSM is the percentage by 
which the ED99 has to be increased before the 
LDI is reached. In contrast to the therapeutic 
index, SSM is influenced not only by the distance 
between central points of the anaesthetic and 
lethal dose-response curves, but also by the 
slopes of these curves. 

RESULTS 

Dose-response curves reflecting different end- 
points of anaesthesia and lethal effect for thio- 
p e n t o n e ,  d iazepam+ and e t o m i d a t e  a re  p r e s e n t e d  

in Figures l, 2, and 3. Comparison of the dose- 
response curves reveals an extreme variability in 
their location along the dose axis. Central points 
of the dose-response curves represent median 
effective doses (ED50). In numerical form, they 
are summarized in Table I. As it follows from this 
table, ED50 with the loss of righting reflex and 
blockade of heart rate response for diazepam is 
smaller than the respective doses for thiopentone 
(p < 0.05). at the same time, ED50 with preven- 
tion of movement response for diazepam is 
greater than that for thiopentone (p < 0.001). 
ED50 for etomidate with all end-points of anaes- 
thesia are many times less (from 5 to 18) than 
those for the two other agents. LD50 for etomi- 
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FIGURE [ Dose-response curves for lhiopentone 
with different end-points of anaesthesia and lethal 
effect. RR - loss of righting reflex. M - prevention of 
movement in response to a noxious stimulus. HR - 
prevention of heart rate increase in response to a 
noxious stimulus. LD - lethal effect. Each point 
represents the incidence of the effect in a group of five 
animals at the indicated dosage. 
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FIGURE 2 Dose-response curves for diazepam with 
different end-points of anaesthesia and lethal effect. 

date was approximately 3 times less than LD50 
for thiopentone and diazepam. 

Slopes of the dose-response curves in numer- 
ical form are presented in Table II. The differ- 
ences are not restricted between the various 
agents. With the same agent, dose-response 
curves reflecting different end-points of  anaes- 
thesia often have different slopes. In the case of 
the thiopentone the slope of dose-response 
curve for heart rate response is different from the 
curve slopes for the righting reflex and movement  
response (p < 0.02). Diazepam has parallel 
curves for heart rate and movement  response;  
however,  the curve slope for the righting reflex is 
different (p < 0.05). With etomidate, the curve 
slope for movement  response is much flatter than 
those for the two other end-points &anaes thes ia  
(p < 0.05). 

Standard safety margins (SSM) regarding dif- 
ferent end-points of  anaesthesia for thiopentone 
and etomidate are presented in Figure 4. In 
comparison with thiopentone, etomidate has an 
extremely large SSM with the loss of righting 
reflex. At the same time, the differences between 

SSM for etomidate and thiopentone with move- 
ment response and heart rate response are not 
very pronounced. 

DISCUSSION 

Our results show that the relative potencies of 
thiopentone, diazepam and etomidate vary sig- 
nificantly with the use for comparison of  different 
end-points of anaesthesia. Drug relative poten- 
cies based on the ED50 values (see Table I) vary 
for diazepam from 0.5 to 1.3 and for etomidate 
from 5.3 to 15.0. In order to prevent movement  
response, thiopentone is twice as potent as 
diazepam. At the same time, with the use of 
righting reflex, diazepam is more potent that 
thiopentone. 

An additional factor for variability in relative 
potency assessment is the slope of  dose-response 
curve. If compared drugs do not have parallel 
dose response curves, their relative potencies are 
different at various levels of response. Figure 5 
shows that at ED50 level of response (loss of 
righting reflex), diazepam potency in comparison 
with thiopentone is 1.3. However ,  at levels lower 
than ED50, the relative potency of diazepam 
increases, and at higher levels, it decreases to the 
degree of less than one. 

Our data show that the slopes of dose-response 
curves, even for the same agent, are varied for 
different end-points of anaesthesia. Therefore 
the relationship between the curve slopes of two 
compared intravenous anaesthetics may also be 
variable with different end-points of anaesthesia. 
For  example, the slopes of the dose-response 
curves for thiopentone and diazepam with the 
righting reflex were 16.6 vs 4.8, and with move- 
ment response 16.9 vs. 11.7. 

Etomidate has an extremely large margin of 
safety with the loss of  righting reflex. In our 
experiments,  ED50 for the loss of  righting reflex 
and LD50 were 0.86 mg. kg- '  and 20.4 rag- kg -~, 
respectively. These values agree well with those 
reported by Janssen et al. (ED50 -0 .92  rag- kg - t  , 
L D S 0 -  26.1 mg. kg -~ , for the rats of 200g at a two 
minute rate of drug infusion), g Slopes of dose- 
response curves of  the intravenous anaesthetics 
affect the assessment of  their safety. Therefore,  
SSM which is influenced not only by the distance 
between ED50 and LD50 but also by the slopes of 
the dose-response curves, is always less than 
LD50/ED50 ratio. For  etomidate,  SSM was 858 
per cent with the loss of  righting reflex (Figure 4). 
With the use of movement  response or heart rate 
response, SSM for etomidate were close to those 
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Dose-response curves for etomidate with different end-points of anaesthesia and lethal effect. 

TABLE I 
MEDIAN EFFECTIVE DOSES (nag. kg -L  i.v.) OF THIOPENTONE, DIAZEPAM AND ETOMIDATE 

FOR DIFFERENT END-POINTS OF ANAESTHESIA 

Loss of Prevention Prevention 
righting of movement of heart rate Lethal 
reflex response response effect 

Thiopentone 12.9 17.2 42.6 57.8 
11.2-14. I* 15.0-18.8 41.7-44.1 56.0-59.4 

(1.o) ( i  .o) ( i  .o) 

Diazepam 9.7 34.5 37.6 59.6 
5.8-12.6 28.5-39.3 33.2-44.0 55.6-63. I 

(1.3) (0.5) (1.1) 

Etomidate 0.86 1.9 8.1 20.4 
0.77-0.95 1.3-2.4 7.2-9.2 16.7-24.7 

( 15.0) (9.0) (5.3) 

*95 per cent fiducial limits. 
Parentheses include relative potencies of agents based on ED50 values. 

TABLE II 
S LOPES OF LOG-PROBIT DOSE-RESPONSE CURVES FOR THIOPENTONE, DIAZEPAM A N D 
ETOMIDATE FOR DIFFERENT END-POINTS OF ANAESTHESIA AND LETHAL EFFECT 

(PROOIT/LOG DOSE RATIO) 

Loss of Prevention Prevention 
righting of movement of heart rate Lethal 
reflex response response effecl 

Thiopentone 16.6 16.9 80.2 69.6 
Diazepam 4.8 11.7 12.8 29.8 
Etomidate 18. I 6.4 17.8 9.4 

for th iopentone.  With diazepam,  anaes thet ic  
dose-response  curves  for movemen t  response  
and heart  rate response  partially over lapped the 
lethal curve (Figure 2). 

Some of our  dose- response  curves  paralleled 
others ;  o thers  did not. Absence  of parallelism 
be tween  dose- response  curves  for different end- 
points of anaes thes ia  for the same agent  suggests 
tha t  different mechan i sms  of  action might be 
involved in such cases.  It is o f in te res t  to note that  

when the curves  slopes for different end-points  of 
anaes thes ia  with diazepam and th iopentone were 
similar, such curves  were place close to each 
other  on the dose axis (righting reflex and move- 
ment response  for th iopentone ,  movement  re- 
sponse  and heart  rate response  for diazepam).  

With special reference to anaesthesia ,  Waud 
and Waud have introduced the term "o rde red  
r e sponses"  for handling the depth & a n a e s t h e s i a  
as a graded process  (Guedel ' s  classification, a 
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FIGURE 5 Relative potencies of thiopentone and 
diazepam for loss of righting reflex at different levels of 
response. 

scale of  e lec t roencephalographic  end-points) . :  
They underl ined the d rawback  of this approach:  
" . . .  dis tance be tween  end-points  can have no 
mean ing" .  By placement  of three dose- response  
curves  for different end-points  of anaes thes ia  
along the dose axis, we created a kind of 
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" 'ordered r e s p o n s e "  system. Ext reme variabil i ty 
in the posit ion of the dose- response  curves  for 
different end-points  of  anaes thes ia ,  including 
their  slopes,  might be used as a confirmation of 
this opinion at least for in t ravenous  anaesthet ics .  

Thus,  there was an ext reme difference in the 
assessment  of relative potency and safety when 
different indices of  anaes thet ic  potency were 
used. This difference was probably  due to the 
fact that  the indices used reflected various com- 
ponents  of  anaes thes ia .  A dose- response  curve 
reflecting one componen t  of anaes thes ia  cannot  
be used to define ano the r  c o m p o n e n t  of  anaes-  
thesia.  It seems likely that  for the proper  assess-  
ment of  the potency of in t ravenous  anaes-  
thetics,  several  indices of potency cor responding  
to different componen t s  of  general anaes thes ia  
must  be used. An addit ional  reason for this may 
be the l imitations due to the differences be tween  
end-points  of anaes thes ia  used in animal experi-  
ments  and in man. 
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RI~SUM~ 

En exp6rimentant surle rat, on a 6tudi6 la puissance relative et la marge de sEcurit6 fournie par 
le thiopentone, le diazepam et ]'&omidate par l'utilisation de diffgrents crit~res d'anesthgsie: 
l'abolition du redressement r6flexe, la pr6vention du mouvement et la r,Sponse de la fr6quence 
cardiaque aux stimuli nocifs. Des courbes de relation dose-effet par la m6thode de l'analyse 
des probits sur les crit~res dt;j~t 6num~r6s ainsi que sur la l~thalit6 ant 6t~ dressges. On a trouve 
I'&omidate plus puissant que le thiopentone et le diazepam; sa puissance relative variait entre 
5 et 18 selon les crit/:res employEs. Au regard de la dose efficace (ED50) sur I'abolition du 
redressement rEflexe et sur l'augmentation de la fr6quence cardiaque, le diazepam a 6t6 plus 
puissant que le thiopentone, mais mains puissant Iorsque le critere utilise etait la prevention 
du mouvement. L'~tomidate a une marge de s~curit6 standard extr6mement Etendue 
Iorsqu'on 6tudie l'abolition du redressement r6flexe; par contre lorsqu'on 6tudie la pr6vention 
du mouvement ou la frequence cardiaque, la marge de s6curit6 standard pour 1'6tomidate est 
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tr~s pr/~s de celle du thiopentone. Avec le diazepam, la marge de securite standard atteinte 
pour la pr6vention du mouvement et la frequence cardiaque a 6t6 n6gative (la courbe 
dose-effet anesth~sique chevauchant partiellement la courbe de l~thalit~), mais positive au 
regard du redressement reflexe. 

La variabilit~ extra:me dans 1'6valuation de la puissance relative et de la s6curit6 d'emploi 
Iors de 1'6tude de diff6rents crit~res d'anesth~:sie indique probablement que les indices utilis~s 
r6fl6taient plusieurs composantes de l'anesth~sie. I1 semble que pour l'6vnluation appropri6e 
de la puissance des anesth6siques intraveineux, un seul index de puissance ne soit pas 
suffisant et que plusieurs index de puissance correspondant aux diffdrentes composantes de 
I'anesth6sie g6n6rale devraient ~tre utilis6s. 


