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GLOSSARY
GEE = generalized estimating equation; LLOQ = lower limit of quantification; LOD = limit of  detection; 
PFA = perfluoroalkoxy alkane

There is a reasonable correlation between 
exhaled and plasma propofol concentrations,1–3 
indicating that exhaled propofol may provide 

real-time noninvasive estimates of plasma propofol. 
Various methods were used for the quantification of 
exhaled propofol.1,2,4–10 One promising approach is the 

KEY POINTS
• Question: How do exhaled and brain tissue propofol concentrations correlate?
• Findings: Exhaled propofol concentrations correlate reasonably well with brain tissue and 

plasma concentrations in rats.
• Meaning: Exhaled propofol concentrations seem to be useful to estimate the anesthetic ef-

fect of propofol in rats.

BACKGROUND: Propofol can be measured in exhaled gas. Exhaled and plasma propofol con-
centrations correlate well, but the relationship with tissue concentrations remains unknown. We 
thus evaluated the relationship between exhaled, plasma, and various tissue propofol concen-
trations. Because the drug acts in the brain, we focused on the relationship between exhaled 
and brain tissue propofol concentrations.
METHODS: Thirty-six male Sprague-Dawley rats were anesthetized with propofol, ketamine, and 
rocuronium for 6 hours. Animals were randomly assigned to propofol infusions at 20, 40, or 60 
mg·kg−1·h−1 (n = 12 per group). Exhaled propofol concentrations were measured at 15-minute 
intervals by multicapillary column–ion mobility spectrometry. Arterial blood samples, 110 µL 
each, were collected 15, 30, and 45 minutes, and 1, 2, 4, and 6 hours after the propofol infu-
sion started. Propofol concentrations were measured in brain, lung, liver, kidney, muscle, and fat 
tissue after 6 hours. The last exhaled and plasma concentrations were used for linear regres-
sion analyses with tissue concentrations.
RESULTS: The correlation of exhaled versus plasma concentrations (R2 = 0.71) was comparable 
to the correlation of exhaled versus brain tissue concentrations (R2 = 0.75) at the end of the 
study. In contrast, correlations between plasma and lung and between lung and exhaled propofol 
concentrations were poor. Less than a part-per-thousand of propofol was exhaled over 6 hours.
CONCLUSIONS: Exhaled propofol concentrations correlate reasonably well with brain tissue and 
plasma concentrations in rats, and may thus be useful to estimate anesthetic drug effect. The equili-
bration between plasma propofol and exhaled gas is apparently independent of lung tissue concen-
tration. Only a tiny fraction of administered propofol is eliminated via the lungs, and exhaled quantities 
thus have negligible influence on plasma concentrations.  (Anesth Analg 2021;132:110–8)
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technique of ion mobility spectrometry, which was 
used in the current study.1,2,9,10

Regardless of the technical setup, previous investi-
gations focused on the relationship between exhaled 
and plasma concentrations of propofol, but the anes-
thetic site-of-action is in the brain rather than plasma. 
It is thus of considerable interest to understand the 
relationships between exhaled, plasma, and brain tis-
sue concentrations, especially the correlation between 
exhaled and brain tissue concentrations. Lung con-
centration is also important, because plasma propofol 
must pass through the lungs before being exhaled, 
and because propofol may be partially metabolized in 
the lungs.11–15 Propofol in other organs does not con-
tribute to anesthesia, but may serve as pharmacoki-
netic reservoirs.

We therefore correlated exhaled propofol concen-
trations with plasma and various tissue concentrations 
in rats, with our primary interest being the relation-
ship between exhaled, brain, and lung tissue con-
centrations. Propofol is exhaled at concentrations of 
parts-per-billion, making it apparent that little of the 
drug is eliminated through the lungs. But to complete 
pharmacokinetic models, it would be helpful to know 
what fraction of administered propofol leaves through 
the lungs. We therefore simultaneously determined 
the fraction of propofol eliminated by exhalation.

METHODS
Animals
These experiments were conducted with approval 
from the responsible Institutional Animal Care and 
Use Committee (Landesamt für Soziales, Saarland, 
Saarbrücken, Germany) and in accordance with the 
German Animal Welfare Act. Thirty-six male Sprague-
Dawley rats (280–380 g body weight, age 8–10 
weeks) were obtained from Charles River Laboratory 
International (Sulzfeld, Germany) and kept in the 
institutional animal facility under controlled condi-
tions (temperature 20°C ± 2°C and 50% ± 5% relative 
humidity). Rats had free access to water and standard 
pellet food.

Anesthesia, Preparation, and Monitoring
Anesthesia was induced by inhalation of sevoflu-
rane 5 vol% and maintained with 3.5 vol% in oxygen. 
The rats were positioned supine on a warmed plate. 
Rectal temperature was kept at 37°C ± 1°C. An inter-
nal jugular vein catheter, a carotid catheter, and a tra-
cheal cannula were inserted. Physiological responses 
were measured and recorded with LabChart 8 using 
PowerLab 8/35 (ADInstruments, Oxford, UK). 
Balanced electrolyte solution (Sterofundin ISO, B. 
Braun, Melsungen, Germany) was given such that 
total intravenous volume including anesthetics and 
electrolyte solution was 10 mL·kg−1·h−1.

Sevoflurane administration was discontinued and 
intravenous anesthesia started. An intravenous bolus 
of rocuronium (10 mg/kg) was given, and mechanical 
ventilation started. Elapsed time zero was defined by 
an intravenous bolus of 3 mg propofol. Ketamine and 
rocuronium were both continuously administered 
with a dosage of 30 mg·kg−1·h−1. Twelve rats each were 
randomly assigned to 3 different propofol doses: 20, 
40, and 60 mg·kg−1·h−1. Animals were randomized 
before experiments using a random number genera-
tor (Excel 2010, Microsoft, Redmond, WA). Allocation 
was concealed until just before each experiment. 
Exhaled propofol concentration and propofol mea-
surements in plasma and tissues were performed by 
investigators who were blinded to propofol dose.

Ventilation
The rats were ventilated with a tidal volume of 6 mL/kg 
and an initial respiratory rate of 83/min (KTR-5 small-
animal ventilator; Hugo Sachs Elektronik - Harvard 
Apparatus, March-Hugstetten, Germany). Inspiratory 
oxygen fraction was 50%. Blood gas analyses were 
done after 1, 2, and 6 hours (Radiometer ABL 800 Basic, 
Willich, Germany). The respiratory rate was reduced 
10% when the partial pressure of carbon dioxide was 
<28 mm Hg. Similarly, respiratory rate was increased 
10% when partial pressure exceeded 45 mm Hg.

Breath Samples
Ten milliliters of exhaled gas were sampled and ana-
lyzed by a multicapillary column–ion mobility spec-
trometer (B&S Analytik, Dortmund, Germany) every 
15 minutes. Detailed technical setup, quantification of 
the propofol peak, and device calibration are already 
described elsewhere.16–18 Breathing gases were cleaned 
by an activated charcoal filter before entering the ani-
mals and inert tubing out of perfluoroalkoxy alkane 
(PFA) was used for ventilation and sampling. The 
exhalation rate of propofol was calculated using the 
exhaled concentration and minute ventilation mea-
sured by spirometry (ADInstruments):

Exhalation rate 
ng

min
Concentration ppbv  





=  ×
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The exhalation ratio was calculated by dividing the 
total amount of exhaled propofol over 6 hours by the 
total amount given.

Blood and Tissue Samples
Arterial blood samples, 110 µL each, were collected 15, 
30, and 45 minutes, and 1, 2, 4, and 6 hours after the 
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propofol infusion started. Plasma was stored at −75°C. 
After 6 hours, the rats were exsanguinated. Liver, 
lungs, kidneys, muscle, fat, and brain were sequen-
tially removed over a period of roughly 10 minutes. 
Tissues were immediately frozen in fluid nitrogen and 
stored at −75°C.

Tissue Sample Pretreatment and Propofol 
Measurement
Propofol concentrations in plasma samples were 
determined as previously described.19 This method 
was modified for tissue as described hereinafter. 
To directly compare plasma and tissue concentra-
tions, we assumed a specific density of 1.03 g/mL for 
plasma.20

An amount of 0.1 g deep frozen tissue was homog-
enized under constant cooling with 0.9 mL 70% ace-
tonitrile; 0.1 mL of this homogenate was diluted with 
0.9 mL 70% acetonitrile. For calibration, a 0.3 g pro-
pofol-free deep-frozen sample of the respective tissue 
was homogenized under constant cooling with 2.7 
mL 70% acetonitrile. Next, propofol was added to the 
homogenate to obtain final concentrations of 0, 0.5, 1, 
2.5, 5, 10, 20, 40, 60, 80, and 100 µg/mL.

Tissue samples of our animal experiments as well 
as calibration samples were then centrifuged at 10,000 
rpm for 10 minutes at 4°C, and 0.2 mL supernatant of 
each sample was transferred to a vial for chromato-
graphic separation and measurement.

Concentration measurements were performed 
on an Agilent (Santa Clara, CA) 1260 Infinity Liquid 
Chromatography system. The separation was car-
ried out with an XSelect CSH C18 column (2.1 × 100 
mm, 3.5 µm) and a mobile phase consisting of 0.025% 
ammonium hydroxide in 70% acetonitrile. The flow 
rate was 0.4 mL/min at a column temperature of 40°C 
and a sample injection volume of 3 µL. An Agilent 
6130B quadrupole mass spectrometer was used for 
the detection in negative single-ion mode of m/z 177, 
by electrospray ionization.

The calibration curves were generated by plotting 
the peak area of propofol against the nominal concen-
tration of propofol. Finally, concentration values of 
unknown samples were calculated with the calibra-
tion curve.

The method was validated for each tissue individ-
ually for selectivity, linearity, limit of detection (LOD), 
lower limit of quantification (LLOQ), extraction recov-
ery, matrix effects, precision, and accuracy. Validation 
results are described in detail in Supplemental Digital 
Content 1, Table S1, http://links.lww.com/AA/D27.

Statistical Analysis
Statistics were done with SPSS 23 (IBM, Armonk, NY) 
and SigmaPlot 12.5 (Systat Software GmbH, Erkrath, 
Germany). All data are presented as medians and 

interquartile ranges. Linear regression was performed 
to assess relationships at the end of the study. Linear 
generalized estimating equation (GEE) analysis was 
performed for repeated measures using an unstruc-
tured working correlation structure. Model param-
eters are reported together with the 95% confidence 
intervals. The exhaled concentration measured closest 
to blood sampling was used to pair with plasma con-
centrations. Times of exhaled air and plasma samples 
repeatedly measured throughout the experiment dif-
fered at a maximum of 7 minutes due to the technical 
setup.

RESULTS
All animals survived throughout the study period. 
The median body weight was 334 (320–357) g. Heart 
rate and mean arterial blood pressure decreased in all 
groups over time. pH values, electrolytes (Na+, K+, 
Ca2+), respiratory values (oxygen saturation, partial 
pressure of oxygen, partial pressure of carbon diox-
ide), and blood glucose stayed within normal ranges. 
Lactate increased, whereas base excess and bicarbon-
ate decreased in all groups (Supplemental Digital 
Content 2, Table S2, http://links.lww.com/AA/
D27, listing vital parameters and results of blood gas 
analysis).

Exhaled and Plasma Propofol Concentrations 
Over 6 Hours
In all rats, exhaled and plasma concentrations 
increased over time. Exhaled concentrations ranged 
from 3.3 to 261 ppbv. Plasma propofol concentrations 
ranged from 1.4 to 63 µg/mL. Two hundred forty-
nine pairs of exhaled and plasma concentrations were 
included in a linear GEE model. There was a reason-
able linear relationship between exhaled and plasma 
concentrations: [Exhaled] =3.5 (2.4 − 4.6) × [Plasma] 
+29 (16 − 42). A separate linear GEE model restricted 
to plasma concentrations <15 µg/mL (n = 206) also 
showed a reasonable relationship between exhaled 
and plasma concentrations: [Exhaled] = 5.3 (4.3 − 6.3) 
× [Plasma] +8 (3 − 13) (Figure 1).

Exhaled, Plasma, and Tissue Propofol 
Concentrations at the Study End
Propofol concentrations at the end of the study are 
presented in Table 1. Tissue concentrations exceeded 
those in plasma. Fat tissue concentrations were 64 
(group 1), 30 (2), and 31 (3) times higher than plasma 
concentrations. Exhaled and plasma concentrations 
correlated: [Exhaled] =4.6 (3.6 − 5.7) × [Plasma] +35 
(9 − 61), R2 = 0.71; the relationship between exhaled 
and brain, and plasma and brain concentrations were 
general similar: [Exhaled] =2.7 (2.1 − 3.2) × [Brain] 
+0.5 (−28 to 29), R2 = 0.75; [Plasma] = 0.5 (0.4 − 0.6) × 
[Brain] − 2.7 (−8.3 to 2.9), R2 = 0.72. (Table 2; Figure 2).

http://links.lww.com/AA/D27
http://links.lww.com/AA/D27
http://links.lww.com/AA/D27
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Lung propofol concentrations correlated only 
moderately with exhaled concentrations ([Exhaled] = 
1.9 (1.2 − 2.6) × [Lung] +42 (6 − 78), R2 = 0.52, Figure 2) 
and plasma concentrations ([Plasma] = 0.3 (0.2 − 0.5) × 
[Lung] +4.6 (−2.2 to 11.5), R2 = 0.50, Figure 2). Exhaled 
and kidney concentrations showed the highest cor-
relation: [Exhaled] = 2.4 (2 − 2.9) × [Kidney] +17 (−4 
to 43), R2 = 0.77. Further regression analyses are pre-
sented in Table 2.

Propofol Elimination by Exhalation
The overall median elimination ratio was 0.34 (0.25–
0.44) parts-per-thousand (Table 3).

DISCUSSION
Exhaled and plasma propofol concentrations repeat-
edly measured during the observation period showed 
a significant positive relationship assessed by a lin-
ear GEE analysis. A second GEE model restricted to 
plasma concentrations <15 µg/mL was calculated, 
because this was considered to be the upper limit of 
clinically relevant plasma concentrations. Confidence 

intervals of the restricted model for slope and inter-
cept were narrower and provided a more plausible 
range of estimates than the model that included all 
measurements. However, variety was still high limit-
ing a precise prediction of plasma concentrations by 
exhaled concentrations in our experimental setup.

Exhaled and plasma propofol concentrations at 
the end of the study correlated with R2 = 0.71 which 
is similar to the correlation reported in humans  
(R2 = 0.73) using the same system to quantify exhaled 
propofol.2 Other studies that used different techni-
cal setups also report similar results. For example, 
correlations between exhaled and plasma concen-
trations were observed with R2 = 0.85 and R2 = 0.72 
in humans.7,21 Compared to studies in other animal 
species, the strength of correlation between exhaled 
and plasma concentration in the current study was 
at the lower range. The correlation for goats had 
an R2 ranging from 0.76 to 0.99, and for pigs, it was  
R2 = 0.80–0.91.6 However, sample volume of exhaled 
air is limited in rats because of the lower lung vol-
ume. Sampling was therefore limited to 15-minute 

Figure 1. Exhaled versus plasma propofol concentrations obtained over 6 h. The dashed line marks 15 µg/mL, as this was considered as the 
upper limit of clinically relevant plasma concentrations. Group 1: 20 mg·kg−1·h−1: filled circles; group 2: 40 mg·kg−1·h−1: unfilled circles; group 
3: 60 mg·kg−1·h−1: triangles.
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Table 1.  Propofol Concentrations at the End of the Study

Group
Exhaled  
(ppbv)

Plasma Brain  
(µg/g)

Lung  
(µg/g)

Liver  
(µg/g)

Kidney  
(µg/g)

Muscle  
(µg/g)

Fat  
(µg/g)(µg/mL) (µg/g)

1 35 4.4 4.3 18 10 26 12 15 277
(20 mg·kg−1·h−1) (24–50) (3.5–5.6) (3.4–5.4) (14–21) (8–15) (22–32) (11–17) (10–25) (198–338)
2 126 18.6 18.1 53 48 82 40 45 552
(40 mg·kg−1·h−1) (108–170) (16.3–22.1) (15.8–21.4) (37–68) (40–64) (80–117) (38–49) (30–82) (490–758)
3 197 33.1 31.1 67 60 165 73 66 951
(60 mg·kg−1·h−1) (170–242) (29.1–46.2) (28.3–44.9) (62–74) (52–81) (144–203) (58–83) (51–96) (717–1072)

Data presented as medians and interquartile ranges.

Table 2.  Linear Regression Analysis of Exhaled Versus Plasma and Tissue Propofol Concentrations
Exhaled Versus Slope 95% Confidence Interval Intercept 95% Confidence Interval R2

Plasma 4.6 3.6–5.7 35 9–61 0.71
Brain 2.7 2.1–3.2 0.5 −28 to 29 0.75
Lung 1.9 1.2–2.6 42 6–78 0.52
Liver 0.9 0.7–1.2 36 7–65 0.62
Kidney 2.4 2.0–2.9 17 −4 to 43 0.77
Muscle 1 0.4–1.6 76 37–114 0.25
Fat 0.2 0.1–0.2 14 −22 to 50 0.60

[Exhaled] = Slope × [plasma/tissue] + intercept; R2 = coefficient of determination.

Figure 2. Linear regressions and 95% prediction bands of propofol concentrations at the end of the study for exhaled, plasma, brain, and lung 
propofol concentrations.
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intervals to keep influences on ventilation low. The 
exhaled concentration closest to each plasma concen-
tration was selected for correlation analysis, which 
resulted in time deviations of up to 7 minutes. This 
might explain a correlation at the lower range of pre-
vious observations.

Usually, it is necessary to perform pharmacoki-
netic modeling and include a time delay to describe 
the equilibration between plasma and exhaled con-
centration. The easiest way is to use a first-order rate 
constant “ke0lung.”22 Including a time delay is neces-
sary when the propofol infusion rate is frequently 
changed. But in our rats, propofol infusions were con-
stant, making direct comparisons without pharmaco-
kinetic modeling valid.

Exhaled and Tissue Propofol Concentrations
The relationship between exhaled and brain tissue 
concentrations was similar to that between exhaled 
and plasma concentrations. Our data thus suggest that 
exhaled concentrations might be a possible estimate of 
brain tissue concentrations. However, further studies 
are required to confirm this relationship after differ-
ent durations of propofol infusion. We note, however, 
that brain tissue concentrations are not effect-site con-
centrations. The effect-site concentration is a hypo-
thetical parameter used in pharmacodynamic models 
to integrate time delays between changes in plasma 
concentration and cerebral effects.23 Despite its name, 
the effect-site concentration does not refer to the 
actual concentration at the actual effect site. Instead, 
it describes the kinetic relationship between plasma 
concentration and a pharmacodynamic outcome, 
typically electroencephalograph effect (eg, Bispectral 
Index [BIS]). Because we used constant infusion rates 
and assessed tissue concentrations only after 6 hours, 
we cannot comment on the presumed delay between 
plasma and actual brain tissue concentrations, where 
the drug’s anesthetic action is mediated. However, 
the relationship of exhaled concentrations and BIS 
values in humans was frequently reported. For exam-
ple, Buchinger et al24 and Liu et al8 showed a linear 
correlation between BIS and exhaled propofol. Colin 
et al3 showed the possibility to predict BIS values by 

exhaled propofol concentrations using a pharmaco-
dynamic model. Furthermore, a close relationship of 
calculated brain tissue propofol concentrations and 
BIS values was reported in humans,25 and experimen-
tal data from rats showed that recovery times after 
propofol injections correlated with brain tissue con-
centrations.26 Taken together, available data thus sug-
gest that exhaled propofol concentrations correlate 
with BIS and brain tissue concentrations—both repre-
senting measures of anesthetic depth.

However, variability is high in our setting. For 
example, a brain tissue concentration of around 70 
µg/g refers to exhaled concentrations ranging from 
100 to 250 ppbv (Figure 2). Beside already mentioned 
methodical causes (time deviations of measure-
ments), a high interindividual variability of propofol 
distribution to brain tissue was reported in rats.27 This 
might explain most of the variety seen in our rats. Our 
results thus do not allow the usage of exhaled pro-
pofol as an estimate of brain tissue concentrations at 
this stage. Further studies may be able to minimize 
measurement deviations and include pharmacoki-
netic models for a closer fit of exhaled and brain tissue 
concentrations.

Animal results do not exactly apply in humans, but 
for a biophysical phenomenon like propofol distri-
bution and exhalation, it is likely that rats are a rea-
sonable model—especially since propofol is highly 
lipid soluble. For lipid-soluble drugs, it is generally 
believed that brain uptake is primarily determined 
by cerebral blood flow and not limited by membrane 
permeability and plasma protein binding.28 To our 
knowledge, there are no active transport mechanisms 
for propofol that would explain an interspecies dif-
ference of the brain:blood partition coefficient. Effect-
site equilibration rate constants (ke0) are in a similar 
range with 0.36–0.4 minute−1 for rats,29,30 and with 
0.01–0.45 minute−1 for humans.23 However, possible 
interspecies differences in equilibration times seem 
less important in our study as we used constant infu-
sions over at least 6 hours.

Lung tissue is an intermediate reservoir between 
plasma and exhaled propofol. There was poor cor-
relation between plasma and lung tissue propofol 

Table 3.  Propofol Exhalation and Dosage Over 6 Hours
Group 1 2 3
Propofol Dosing (20 mg·kg−1·h−1) (40 mg·kg−1·h−1) (60 mg·kg−1·h−1)

Total exhaled propofol (µg) 10 32 47
6–13 23–42 37–59

Total propofol dosage (mg) 41 78 119
39–43 77–85 115–129

Elimination ratio (parts-per-thousand)
(total exhaled/total dosage × 1000)

0.24 0.37 0.39
0.18–0.31 0.33–0.53 0.31–0.48

0.34
0.25–0.44

Data presented as medians and interquartile ranges.
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concentrations, with lung tissue concentrations being 
higher. Similarly, there was a poor correlation between 
lung tissue and exhaled concentrations. In contrast, 
there was a good relationship between plasma and 
exhaled propofol concentrations. Lipid components 
of the lung tissue thus appear to absorb propofol as 
do other tissues, but exhaled propofol seems largely 
to be related to plasma concentration rather than tis-
sue concentration. In other words, propofol seems to 
pass from plasma to exhaled gas without necessarily 
being absorbed by lung tissue.

Propofol is lipid soluble, so it is unsurprising that con-
centrations in all investigated tissues exceeded plasma 
concentrations. As expected, the highest concentration 
was measured in fat. Since many tissues represent res-
ervoirs for lipid-soluble propofol, it is also unsurpris-
ing that there was generally a poor correlation between 
exhaled and tissue concentrations (Table 2). An exception 
was the kidney, possibly consequent to high renal blood 
flow representing about 12% of cardiac output in rats.31

Propofol Elimination by Exhalation
Propofol is largely metabolized in the liver, but con-
siderable amounts are metabolized extrahepatically.23 
There are a limited number of investigations about 
first pass effect, distribution, and metabolism of pro-
pofol in lungs.11–14 Most of the existing studies focused 
on quantification of propofol sequestration into the 
lungs during first pass. However, He et al14 showed 
that propofol was not significantly metabolized by the 
lungs during constant propofol infusion rates, which 
is consistent with analyses in humans and rabbits.13 
Furthermore, Takizawa et al32 found no differences 
between propofol concentrations in radial and pul-
monary artery during an anhepatic phase. In contrast, 
Dawidowicz et al33 detected a decrease of propofol 
concentrations after lung passage and a concurrent 
increase of the concentration of a propofol metabolite. 
The contribution of the lungs to extrahepatic propo-
fol metabolism thus remains unclear. However, none 
of these studies considered the exhalation of propofol 
as a possible mechanism of propofol elimination. Our 
results show that well under a part-per-thousand of 
propofol was exhaled over 6 hours. Propofol exhala-
tion therefore negligibly influences plasma concentra-
tion and can be ignored in pharmacokinetic studies. 
A high blood gas ratio of propofol was consistently 
shown in goats and pigs underlining the minor role 
of exhalation for propofol elimination in the lungs.34 
Most interestingly, elimination ratios differed between 
groups receiving different doses of propofol. Median 
elimination ratio increased from 0.24 over 0.37 to 0.39 
parts-per-thousand. Higher propofol dosing seems thus 
to lead to a higher proportional exhalation of propofol. 
This may indicate that the exhaled proportion of propofol 
may vary with the corresponding plasma concentration.

There are some possible confounders that may 
have influenced the pharmacokinetics of propofol in 
our study. Propofol undergoes considerable binding 
to erythrocytes (50%) and plasma proteins (48%) and 
only the free unbound drug (2%) crosses membranes.35 
Hemoglobin concentrations dropped in all groups, 
most likely due to blood sampling and consecutive 
hemodilution, which might have influenced propofol 
distribution. It is further discussed that lipid compo-
nents in blood may alter propofol distribution.36 We 
did not measure blood lipids, but, especially in the 
high dosing group, an increase of lipid concentrations 
caused by propofol infusion can be presumed. At least, 
we studied male Sprague-Dawley rats within small 
weight and age ranges, and conditions were standard-
ized. Furthermore, we purchased rats from 1 vendor 
over a short period of time because strain differences 
in expression of cytochrome P450 have been reported.37 
Results might differ in other rat strains, and of course 
other species. This is an explorative study. No prelimi-
nary data were available to estimate the strength of 
relationships between exhaled and tissue (especially 
brain) propofol concentration which precluded formal 
sample-size estimates.

CONCLUSIONS
Exhaled propofol concentrations correlate reasonably 
well with brain tissue and plasma concentrations in 
rats. This suggests that monitoring of exhaled propo-
fol may be useful to estimate anesthetic drug effect. 
The equilibration between plasma propofol and 
exhaled gas is apparently independent of lung tissue 
concentration. Only a tiny fraction of administered 
propofol is eliminated via the lungs, and exhaled 
quantities thus have negligible influence on plasma 
concentrations. E
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