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Inhibition of bacterial growth by different mixtures of propofol and

thiopentone

K E Joubert”, J Picard® and M Sethusa”

ABSTRACT

Propofolis, as a result of its formulation, an ideal bacterial and yeast culture medium. An
outbreak of sepsisin humans and an increase in wound infections in dogs has been ascribed
to the use of propofol. It has been previously reported that a 1:1 mixture of propofol and
thiopentone has bactericidal properties. This study was undertaken to determine if further
serial mixtures of propofol and thiopentone maintained the bactericidal properties.
Mixtures of 1:1 (solution A), 5:1 (solution B), 10:1 (solution C), 50:1 (solution D) and 100:1
(solution E) of 1 % propofol to 2.5 % thiopentone, 2.5 % thiopentone (solution T), 1 %
propofol (solution P) and saline (solution S) were prepared and inoculated with between
10° and 10° colony-forming units of Staphylococcus aureus, Escherichia coli, Pseudomonas
aeruginosa and Candida albicans. A sample was withdrawn from each solution at0, 1, 6,12, 48
and 120 hours after inoculation and a bacterial count was performed. This study showed
that thiopentone and solution A behaved in similar fashion by inhibiting bacterial growth
and was bactericidal after 48 hours. Solution B was not bactericidal against S. aureus and
C. albicans. Propofol and solutions D and E all supported growth of all the organisms tested.
These data indicate that mixtures of propofol and thiopentone at a ratio less than 1:1 do not
maintain the bactericidal properties.
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INTRODUCTION

Propofol is a phenol-based anaesthetic
agent used for the induction and mainte-
nance of anaesthesia in dogs and
CatSZ,4,7,l[),ll,l4,16,18,20,22,%27. PrOpOfOl due to ltS
formulation stimulates the growth of
bacteria and yeasts’. It is formulated in an
isotonic emulsion of glycerol, egg phos-
phatide, sodium hydroxide and soya
bean oil in water”. The Centres for Dis-
ease Control in the United States have
indicated that propofol has played a role
in small outbreaks of sepsis in human
patients’. An increase in wound infec-
tions in veterinary medicine has been
associated with the use of propofol”. Re-
use of a propofol vial led to the death of a
cat from septicaemia 2 hours after admin-
istration. A heavy growth of Enterobacter
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aerogens was isolated from all the organs
of the cat and from the remaining fluid in
the propofol vial (Bacteriology results,
Department of Veterinary Tropical Dis-
eases, University of Pretoria, 1996). Man-
ufacturers recommend that an aseptic
technique be used when handling the
drug; the contents should be used imme-
diately after being drawn up into a sterile
syringe and the contents of an open am-
poule should discarded within 6 hours’.
Thiopentone is a strongly alkalotic
(pH 10) barbiturate anaesthetic agent
with bactericidal properties’. Thiopentone
(2.5 %) and propofol (1 %) were combined
in 1:1 mixture for the induction of anaes-
thesia in humans®. The combination of
propofol and thiopentone was noted to
be synergistic in action, and induction
and recovery characteristics were similar
to propofol alone and a reduction in costs
was evident’”. In the initial studies
propofol and thiopentone were adminis-
tered into separate venous drainage pools
as it was unknown if they were chemi-
cally compatable’. Chemical stability
studies demonstrated that propofol and
thiopentone combined in 1:1 mixture in

the same polypropylene syringe were
chemically stable at room temperature for
5 days and for a week at 4 °C*".

The cardiovascular and respiratory
effects of a 1:1 mixture of thiopentone and
propofol have been investigated in
dogs". This study concluded that the
combination induced changes in cardio-
vascular and respiratory functions similar
to either thiopentone alone or propofol
alone®. The quality and time to recovery
were similar for the 1:1 mixture and
propofol but the recovery from thiopen-
tone was inferior to the combination or
propofol alone®.

Microbiological growth in the propofol-
thiopentone combination has been inves-
tigated. It was found that a 1:1 combina-
tion of propofol and thiopentone was
bactericidal to Staphylococcus aureus, Esch-
erichia coli and Pseudomonas aeruginosa in
contrast to propofol alone which sup-
ported growth’. The 1:1 mixture inhibited
the growth of Candida albicans’.

It is known that cats and sighthounds
have an inability to metabolise thiopentone
and thatrecovery from anaesthesia can be
prolonged when thiopentone is used as
the sole anaesthetic agent>”. Thiopentone
has been shown to have an adverse out-
come on puppies if used for caesarean
sections'. Propofol has been shown to
be superior to thiopentone for general
anaesthesia in humans undergoing cae-
sarean section"*’”. If preservation of
propofol by thiopentone could be achieved
at a low concentration of thiopentone
the mixture could be a more acceptable
anaesthetic agent in these patient sub-
groups. The aim of this study was to
determine if lower concentrations of thio-
pentone would maintain acceptable bac-
tericidal properties.

MATERIALS AND METHODS
Standard bacterial suspensions of
approximately 1 X 10° colony-forming
units per millilitre (CFU/m{) were made
using reference cultures of Staphylococcus
aureus (ATCC 25213), Escherichia coli
(ATCC 25922), Pseudomonas aeruginosa
(ATCC 27853) and a clinical isolate of
Candida albicans. The bacterial concentra-
tion was determined optically as rapidly
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growing cultures were preferred for
use in this test. The final concentra-
tions achieved were S. aureus 1.79 x 10°
CFU/m(, P. aeruginosa 4.3 x 10° CFU/m¢,
E. coli7 x 10° CFU/m¢and C. albicans 3.5 X
10* CFU/m(.

Sterile aliquots were prepared in a
laminar-flow cabinet with saline (0.9 %
sodium chloride, Fresenius Kabi, Mid-
rand) (solution S), thiopentone (Thio-
pentone sodium, Fresenius Kabi) (solu-
tion T), propofol (Propofol 1 %, Frasenius
Kabi) (solution P) and various mixtures
of propofol and thiopentone to a total
volume of 10 m{. Propofol (1 %) and
thiopentone (2.5 %) were mixed in ratios
of 1:1 (solution A), 5:1 (solution B), 10:1
(solution C), 50:1 (solution D) and 100:1
(solution E). The sterile containers were
randomly labelled to blind the bacteriolo-
gist to the identity of the various mixtures.
The bacteriologist was able to identify the
thiopentone and saline solutions due to
the colour of the liquids. Each mixture
and the controls were inoculated with
0.5 m¢ of the bacterial or yeast strain solu-
tion. The solutions were incubated at
25 °C to emulate room temperature. A
sample of 0.1 m¢ was withdrawn from
each solution at 0, 1, 6, 12, 48 and 120
hours after inoculation. A standardised
plate counting method was performed on
each of the solutions to enumerate the
viable bacteria and yeasts present. The
samples were diluted ten-fold in sterile
0.9 % saline up to a mixture of 10°.0.2 %
of Polysorbate 80 (Tween” 80, Merck,
South Africa) was added to the saline to
aid dispersal of the microorganisms. A
volume of 0.1 m¢ was withdrawn from
each of these mixtures and spread onto
nutrient agar (Oxoid, Basingstoke, UK)
plates in the case of the bacteria and
potato dextrose agar (Difco Laboratories,
Surrey, UK) plates in the case of C. albi-
cans. The plates were incubated at 37 °C,
in air, for 24 hours and thereafter colony
counts were done. The number of col-
ony-forming units (CFU)/m( cultured per
bacterial strain was recorded at each time
interval for each solution. As 0.1 m¢ was
sampled for the 10 m¢ aliquot, a CFU
count of 0 could have come from a solution
containing less than 100 CFU/m¢. The
solutions were designated as containing
<1.00 x 10* CFU/m(.

Data were entered into a spreadsheet
(Excel, Microsoft Corporation, Redmond)
and analysed using a commerecial statisti-
cal package (SigmaStat 2.0, Jandel Scien-
tific). Statistical significance was set at a
P < 0.05. A 1-way analysis of variance
of ranks was used to test for statistical
differences between solutions while a
pair-wise multiple comparison using
Dunnett’'s Method was used to identify
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Fig. 1: Growth of Staphylococcus aureus in propofol, thiopentone, saline and mixtures of
propofol and thiopentone. Rapid growth in propofol and low mixtures of thiopentone is
evident. The x-axis represents time in hours while the y-axis represents colony-forming

units on an exponential scale.

statistically different groups with thio-
pentone, propofol and saline serving as
control groups. Pearson’s product
moment correlation was used to deter-
mine the correlation over time between
groups.

RESULTS

S. aureus grew rapidly in solution S,
achieving a count of 2.2 x 10" CFU/m¢
over the 120 hours. Growth in solutions D
and E was also rapid but less than the
growth in propofol alone. Solution C
maintained the CFU/m(countachieved at
baseline throughout the study. Bacterial
counts decreased in solution B while solu-
tion A had bacterial count after 48 hours.
In solution S bacterial counts remained
stable for 48 hours after which they
tended to decrease. Solution T was statis-
tically different from all other groups
(P <0.05). Solution P was statistically
different from solutions T, A, B, Cand S. A
positive correlation was found between
solutions P and E (0.990, P <0.0002) and D
(0.887, P <0.019). Solutions D and E were
positively correlated (0.936, P <0.006).
Solution T was positively correlated to
solution A (0.873, P <0.023). The growth
of microorganisms is graphically depicted
in Fig. 1 and the actual values are given in
Table 1.

P. aeruginosa grew rapidly in solutions
B C, D and E. Initially some growth of
P. aeruginosa was seen in solution T. No
colonies were cultured after 48 hours in
solutions T and A and after 120 hours in
solution B. Bacterial counts in solution S
remained constant. Solution T was statis-
tically different to solutions B C, D, E and
S (P <0.05). Solution P was statistically
different to solutions T, A and B (P <0.05).
A positive correlation was found between

solutions P and E (0.999, P <0.001), D
(0.991, P <0.001) and C (0.863, P <0.027).
Anegative correlation was found between
solutions Pand T (-0.913, P <0.011) and A
(-0.0874, P <0.023). A positive correlation
was evident between solutions T and A
(0.942, P <0.005). A negative correlation
was present between solutions A and D
(-0.878, P <0.021) and E (-0.869,
P <0.024). A negative correlation was
present between solutions B and C
(-0.881, P <0.020). A positive correlation
was present between solutions E and C
(0.876, P <0.022) and D (0.987, P <0.001).
A negative correlation was present be-
tween solutions T and D (-0.924,
P <0.008) and E (-0.916, P <0.011). The
growth of microorganisms is graphically
depicted in Fig. 2and the actual values are
given in Table 1.

E. coli followed a similar trend to P.
aeruginosa with rapid bacterial growth
occurring in solutions P, D and E. Solution
Cshowed a decrease in bacterial count up
to 12 hours before the counts increased
again. No bacteria were cultured from
solutions T, A and B after 48 hours. Bacte-
rial counts in solution S remained stable
throughout the study. Solution T was
statistically different to solutions D, E and
P (P <0.05). Solution P was positively
correlated to solutions C (0.987, P <0.001),
D (0.999, P <0.001) and E (0.998,
P <0.001). Solution T was positively
correlated to solution A (0.885, P <0.019).
A positive correlation was present be-
tween solutions Cand D (0.989, P <0.001),
E (0.992, P <0.001) and S (0.903, P <0.014).
Solution D was positively correlated to
solution E (0.996, P <0.001). The growth
of microorganisms is graphically depicted
in Fig. 3 and the actual values are given in
Table 1.
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Table 1: Colony-forming units cultured. The counts are given as CFU/m(. A count of <1.00 x 10° indicates that no bacteria or yeasts were

cultured.
Time Solution P* Solution A Solution B Solution C Solution D Solution E Solution S Solution T
Staphylococcus aureus
0 9.66 x 10° 9.74 x 10° 1.37 x 10° 1.21 x 10° 1.63 x 10° 1.70 x 10° 1.79 x 10° 5.18 x 10°
1 1.55 x 10° 1.30 x 10° 1.65 x 10° 1.03 x 10° 9.40 x 10° 7.40 x 10° 4.80 x 10° 4.40 x 10°
6 1.44 x 10° 3.03 x 10° 1.50 x 10° 9.70 x 10° 1.46 x 10° 1.45 x 10° 1.30 x 10° 3.80 x 10*
12 1.93 x 10° 456 x 10* 1.45 x 10° 1.70 x 10° 1.54 x 10° 1.57 x 10° 1.31 x 10° 2.20 x 10°
48 5.40 x 10° <1.00 x 10? 3.50 x 10° 5.45 x 10° 9.55 x 10° 2.30 x 10° 6.25x 10*  <1.00 x 10?
120 2.19x 107 <1.00 x 10? 2.90 x 10° 9.30 x 10° 3.40 x 10° 8.63 x 10° 3.80x 10*  <1.00 x 10?
Pseudomonas aeruginosa
0 1.09 x 10° 2.90 x 10° 2.83x 10° 3.33x 10° 4.27 x 10° 1.92 x 10° 4.32 x10° 2.00 x 10°
1 6.50 x 10° 5.40 x 10° 3.07 x 10° 2.94 x 10° 4.02 x 10° 4.76 x 10° 8.70x 10°  4.00 x 10°
6 7.20 x 10° 2.50 x 10° 2.50 x 10° 3.31x10° 4.34 x10° 4.75 x 10° 8.90 x 10° 3.00 x 10°
12 5.67 x 10° 4.50 x 10° 2.29 x 10° 3.86 x 10° 1.50 x 10° 3.39 x 10° 1.21 x 10° 2.80 x 10°
48 553 x 107 <1.00 x 10? 3.30 x 10° 6.20 x 10° 2.97 x 107 6.65 x 107 356 x10°  <1.00 x 102
120 6.86 x 107 <1.00 x 10? <1.00 x 10? 2.66 x 107 2.96 x 107 8.60 x 107 5.43x10° <1.00 x 10?
Escherichia coli
0 4.31x10* 410 x 10° 5.49 x 10* 3.70 x 10° 6.20 x 10° 5.20 x 10° 7.03x10°  4.70x 10°
1 3.74 x 10° 5.50 x 10° 4.50 x 10° 3.23x 10° 2.94 x 10° 4.09 x 10° 6.00 x 10° 4.30 x 10°
6 3.74 x 10° 3.80 x 10° 4.30 x 10° 4.45 x 10* 3.86 x 10° 3.70 x 10° 5.50 x 10° 3.90 x 10°
12 4.33 x 10° 2.70 x 10° 2.60 x 10° 4.63x10* 1.77 x 10° 4.03 x 10° 3.16 x 10° 3.40 x 10*
48 2.81x 10" <1.00 x 10? <1.00 x 10? 9.70 x 10° 2.94 x 107 1.85 x 107 3.65%x10° <1.00 x 107
120 8.00 x 107 <1.00 x 10? <1.00 x 10? 4.07 x 107 8.02 x 107 6.24 x 107 1.66 x 10°  <1.00 x 10?
Candida albicans
0 1.57 x 10° 2.10 x 10° 9.25 x 10* 2.50 x 10° 1.30 x 10° 2.88 x 10° 1.01 x 10° 2.60 x 10°
1 6.00 x 10° 5.20 x 10° 3.40 x 10° 4.20 x 10° 5.70 x 10° 2.80 x 10° 3.65 x 10° 5.40 x 10°
6 1.90 x 10° 2.80 x 10° 3.30 x 10° 3.70 x 10° 3.70 x 10° 3.30 x 10° 211 x10° 4.30 x 10°
12 2.70 x 10° 3.10 x 10° 3.40 x 10° 4.50 x 10° 2.80 x 10° 4.60 x 10° 212 x 10° 3.80 x 10°
48 2.82 x 10° 2.80 x 10° 3.65 x 10° 3.97 x 10° 2.65 x 10° 2.50 x 10° 1.01 x 10° 5.00 x 10'
120 7.70 x 10° <1.00 x 10? 5.93 x 10* 7.70 x 10* 5.02 x 10° 9.20 x 10° 1.10x10°  <1.00 x 107

*Mixtures of 1:1 (Solution A), 5:1 (Solution B), 10:1 (Solution C), 50:1 (Solution D) and 100:1 (Solution E) of 1% propofol to 2.5% thiopentone, 2.5% thiopentone (Solution

T), 1% propofol (Solution P) and saline (Solution S).

C. albicans growth was slow and
exponential growth was not evident as
for the other 3 organisms in solution P. A
continualincrease in C. albicans was evident
in solutions B, D and E. Yeast counts
decreased in solutions B and C while
none were viable after 120 hours in solu-
tions T and A. Yeast counts in solution S
remained stable. No statistical difference
was present between any of the groups. A
positive correlation was found between
solutions A and B (0.870, P <0.024), S
(0.910, P <0.012) and T (0.972, P < 0.002).
Solutions T and B were positively corre-
lated (0.924, P <0.008). The growth of
microorganismsis graphically depicted in
Fig. 4 and the actual values are given in
Table 1.

DISCUSSION

Bacterial growth in propofol has been
responsible for the outbreak of infections
in humans and dogs*". Various methods
have been sought to preserve propofol,
including the addition of calcium EDTA
and metabisulphite’’. Thiopentone is
freely available in most veterinary practices
and most practitioners would be able to
combine propofol and thiopentone to
prevent bacterial growth. This study
enabled us to better understand the use of
thiopentone to prevent bacterial and
yeast growth in propofol.
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Fig.2: Growth of Pseudomonas aeruginosa in propofol, thiopentone, saline and mixtures of
propofol and thiopentone. Rapid growth in propofol and low mixtures of thiopentone is
evident. The x-axis represents time in hours while the y-axis represents colony-forming

units on an exponential scale.

S. aureus, E. coli and P. aeruginosa grew
rapidly in solutions P D and E. The rapid
growth in propofol only is in agreement
with published results in the literature’.
The initial study by Crowther et al. exam-
ined only 1 mixture of propofol and
thiopentone (1:1)°. Our study examined
further mixtures down to a ratio of 100:1.
From these results it is evident that
further mixtures to a ratio less than 1:1

does not maintain the bactericidal
properties of thiopentone for all tested
bacteria. Solution B does have an inhibi-
tory effect on bacterial growth for all
bacteria tested.

There are some general agreements
between our study and that of Crowther
et al.’. A dramatic decrease in CFU of S.
aureus was seen over 24 hours®. In our
study the thiopentone only became
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Fig. 3: Growth of Escherichia coliin propofol, thiopentone, saline and mixtures of propofol
and thiopentone. Rapid growth in propofol and low mixtures of thiopentone is evident. The
x-axis represents time in hours while the y-axis represents colony-forming units on an

exponential scale.
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Fig. 4: Erratic growth of Candida albicans in propofol, thiopentone, saline and mixtures of
propofol and thiopentone. The x-axis represents time in hours while the y-axis represents

colony-forming units on an exponential scale.

bactericidal for S. aureus at 48 hours. E. coli
and P. aeruginosa were killed by thiopen-
tone at 3 hours® where as in our study this
occurred after only 12 hours.

Crowther ef al. suggested that propofol
was not a universal growth medium and
specifically used the growth of P. aeru-
ginosa to support this concept’. Our study
showed a poor growth of P. aeruginosa up
to 12 hours but by 48 hours counts had
reached above 5 x 10° and continued to
grow rapidly.

Crowther suggested that cooler temper-
atures of incubation may slow the growth
of S. aureus’. Our study and that of
Crowther’ were performed at similar
temperatures. Pseudomonas spp. are
environmental bacteria and are usually
not as affected by temperature as S.
aureus. This supports the concept that
propofol is not a universal growth
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medium.

In Crowther’s study, C. albicans was not
eliminated from the 1:1 mixture after 24
hours of incubation’. Our data support
and further indicate that the fungicidal
properties only became evident after 48
hours of incubation. During this 48-hour
period C. albicans CFU/m( remained
constant, indicating that thiopentone and
1:1 mixture with propofol is static and
only becomes bactericidal after this time
period.

Crowther suggested that the bacteri-
cidal properties of thiopentone may be
related to pH®. On serial dilution during
the counting procedure, CFU counts
increased, indicating the removal of the
bacteriostatic agent. This was particularly
evident for the cultures with C. albicans
and S. aureus. Dilution with saline would
have decreased the pH and hence if pH

drove the static effect, bacterial growth
would again continue.

This study used the same isolates of E.
coli and P. aeruginosa that were used in
Crothwer’s study® but a different reference
isolate of S. aureus and a clinical isolate of
C. albicans were used. The reference strain
of S. aureus and the clinical isolate of
C. albicans behaved similarly to other
published reports and should not have
affected the results.

This study showed that thiopentone
and a 1:1 mixture of propofol and
thiopentone behaved in similar fashion
by inhibiting bacterial growth and being
bactericidal after 48 hours. The 5:1 mixture
was not bactericidal with S. aureus and C.
albicans. Propofol, and 100:1 and 50:1 com-
binations, behaved in a similar fashion
and all supported bacterial growth. These
data indicate that further mixture of
propofol with thiopentone to below 1:1
does not maintain the bactericidal prop-
erties.

REFERENCES

1. Abboud TK, ZhuJ, Richardson M, Peres da
Silva E, Donovan M 1995 Intravenous
propofol vs thiamylal-isoflurane for caesar-
ean section, comparative maternal and
neonatal effects. Acta Anaesthesiologic
Scandanavica 39: 205-209

2. Aguiar AJ A, LunaSP L, OlivaVNLS,
Castro G B 2001 Continuous infusion
of propofol in dogs premedicated with
methotrimeprazine. Veterinary Anaesthesia
and Analgesia 28: 220-224

3. Chernin E L, Stewart J T, Smiler B 1996
Stability of thiopental sodium and propofol
in polypropylene syringes at 23 and 4°C.
American Journal of Health-System Pharmacy
53:1576-1579

4. Cockshott I D, Douglas E J, Plummer G E
Simons P J 1992 The pharmacokinetics of
propofol in laboratory animals. Xenobiotica
22(3): 369-375

5. Court M H 1999 Anesthesia of the sight-
hound. Clinical Techniques in Small Animal
Practice 14(1): 38-43

6. Crowther J, Hrazdil ], Jolly D T, Galbraith
J C, Greacen M, Grace M 1996 Growth of
microorganisms in propofol, thiopental,
and a 1:1 mixture of propofol and thio-
pental. Anesthesia and Analgesia 82: 475-478

7. Fonda D 1991 Continuous infusion of
anaesthesia with propofol in dogs: clini-
cally optimized dosages. Proceedings of the
4th International Congress of Veterinary Anaes-
thesia, Utrecht, Netherlands: 159161

8. GinT Yau G, ChanK, Gregory MA, OhTE
1991 Disposition of propofol infusions for
caesarean section. Canadian Journal of Anaes-
thesiology 38(1): 31-36

9. GinT Yau G, Jong W, Tan B Leung RK W,
Chan K 1991 Disposition of propofol at
caesarean section and in the postpartum
period. British Journal of Anaesthesia 67:
49-53

10. Hall L W, Chambers ] P 1987 A clinical trial
of propofol infusion anaesthesia in dogs.
Journal of Small Animal Practice 28: 623—
637

11. Hall L W, Lagerweij E, Nolan A M, Sear ] W
1994 Effect of medetomidine on the phar-

0038-2809 Tydskr.S.Afr.vet.Ver. (2005) 76(2): 85-89



12.

13.

14.

15.

16.

macokinetics of propofol in dogs. American
Journal of Veterinary Research 55(1): 116-120
Heldmann E, Brown D C, Shofer F 1999
The association of propofol usage with
postoperative wound infection rate in clean
wounds: a retrospective study. Veterinary
Surgery 28: 256-259

Hofbauer R, Frass M, Salfinger H, Moser D,
Hornykewycz S, Gmeiner B, Kapiotis S
1999 Propofol reduces the migration of
human leukocytes through endothelial
cell monolayers. Critical Care Medicine 27(9):
1843-1847

Keegan R D, Greene, S A 1993 Cardiovascu-
lar effects of a continuous two-hour
propofolinfusion in dogs: comparison with
isoflurane anesthesia. Veterinary Surgery 22:
6: 537-543

Ko J C H, Golder F J, Mandsager R E,
Heaton-Jones T, Mattern K L 1999 Anes-
thetic and cardiorespiratory effects of a 1:1
mixture of propofol and thiopental sodium
in dogs. Journal of the American Veterinary
Medical Association 215(9): 1292-1296
Kusters AHA, Vijn PCM, van den Brom W
E, Haberham Z L, Venker-van Haagen A J,
Hellebrekers L ] 1998 EEG-burst-suppres-
sion-controlled propofol anesthesia in the
dog. Veterinary Quarterly 20 (Suppl 1): S105—
5106

0038-2809 JI S.Afr.vet.Ass. (2005) 76(2): 85-89

17.

18.

19.

20.

21.

22.

23.

Lazar, E R, Jolly, D T, Tam, Y K, Hrazdil, ],
Tawfik, S R, Clanachan, A S 1998 Propofol
and thiopental in a 1:1 volume mixture is
chemically stable. Anesthesia and Analgesia
86: 422426

Mandsager R E, Clarke C R, Shawley R 'V,
Hague C M 1995 Effects of chloramphenicol
on infusion pharmacokinetics of propofol
in Greyhounds. American Journal of Veteri-
nary Research 56(1): 95-99

Matthews N S, Brown R M, Barling K S,
Lovering S L, Herrig B W 2004 Repetitive
propofol administration in dogs and cats.
Journal of the American Animal Hospital
Association 40: 255-260

Morgan D W T, Legge K 1989 Clinical
evaluation of propofol as an intravenous
anaesthetic agent in cats and dogs. Veteri-
nary Record 124: 31-33

Naguib M, Sari-kouzel A 1991 Thiopen-
tone-propofol hypnotic synergism in pa-
tients. British Journal of Anaesthesia 67: 4-6
Nolan A, Reid ] 1993 Pharmacokinetics of
propofol administration by infusion in
dogs undergoing surgery. British Journal of
Anaesthesia 70: 546-551

Rashiq S, Gallant B, Grace M, Jolly D T 1994
Recovery characteristics following induc-
tion of anaesthesia with a combination of
thiopentone and propofol. Canadian Journal

24.

25.

26.

27.

28.

29.

of Anaesthesiology 41(12): 11661171
Robertson S A, Johnston S, Beemsterboer |
1992 Cardiopulmonary, anesthetic, and
postanesthetic effects of intravenous infu-
sions of propofol in Greyhounds and non-
Greyhounds. American Journal of Veterinary
Research 53(6): 1027-1032

Thurmon J C, Ko J C H, Benson G ],
Tranquilli W J, Olson W A 1994 Hemo-
dynamic and analgesic effects of propofol
infusion in medetomidine premedicated
dogs. American Journal of Veterinary Research
55(3): 363-367

Vainio O 1991 Propofol infusion anaesthe-
sia in dogs pre-medicated with medetomi-
dine. Journal of Veterinary Anaesthesiology 18:
35-37

Watkins S B, Hall L W, Clarke K W 1987
Propofol as an intravenous anaesthetic
agent in dogs. Veterinary Record 120: 326
329

Wertz E M, Benson G J, Thurmon ] C,
Tranquilli W ], Davis L E, Koritz G D 1988
Pharmacokinetics of thiamylal in cats.
American Journal of Veterinary Research 49(7):
1079-1082

Yau G, Gin T, Ewart M C, Kotur C E Leung
R KW, Oh T E 1991 Propofol for induction
and maintenance of anaesthesia at caesar-
ean section. Anaesthesia 46: 20-23

89




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.01000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 800
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00500
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


