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Anesthetic Profile of a Non-lipid Propofol Nanoemulsion
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Background and objectives: The clinical use of a lipid propofol formulation causes pain during injection, allergic reactions, and bacterial growth.
Propofol has been reformulated in different non-lipid presentations to reduce the incidence of adverse effects, but those changes can modify its
pharmacokinetics and pharmacodynamics. In the present study, we investigate the pharmacology and toxicology of lipid propofol (CLP) and the
non-lipid nanoemulsion (NLP).

Methods: Conventional lipid formulation of propofol and NLP were infused in the jugular veins of rats and blood pressure (BP), heart rate (HR),
and respiratory rate (RR) were measured. Both formulations (1%) were infused (40 pL.min"') over 1 hour. Hypnotic and anesthetic doses as well
as recoveries were determined. The pain induced by the CLP and NLP vehicles was compared by counting the number of abdominal contortions
(“writhing test”) after the intraperitoneal (i.p.) injection in mice. Acetic acid (0.6%) was used as positive control.

Results: Hypnotic and anesthetic doses of 1% CLP (6.0 + 1.3 and 17.8 + 2.6 mg.kg™, respectively) and 1% NLP (5.4 + 1.0 and 16.0 + 1.4 mg.kg™",
respectively) were not significantly different. Recovery from hypnosis and anesthesia was faster with NLP than with CLP. Changes in HR, BP, and
RR caused by NLP were not significantly different from those caused by CLP. Acetic acid and the vehicle of CLP caused 46.0 + 2.0 and 12.5 +
0.6 abdominal contortions 20 min after i.p. injection, respectively. The absence of abdominal contractions was observed with the vehicle of NLP.
Abdominal inflammatory response was not observed after the i.p. injection of both propofol vehicles.

Conclusions: Non-lipid formulation of propofol can be a better alternative to CPL for intravenous anesthesia with fewer adverse effects.
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INTRODUCTION and allergic reactions, which are characteristics related to its ma-

croemulsion formulation 4. Although intravenous emulsions are
made as a sterile product, the presence of fatty acids can in-
crease the likelihood of bacterial contamination or fungal growth
which has led manufacturers to add antimicrobial agents to some
commercial formulations of the lipid emulsion 5. Additionally, the
lipid emulsion was reported to induce hyperlipidemia 8, causing a
propofol infusion syndrome that is characterized by severe meta-
bolic acidosis, rabdomyolisis, and renal and acute cardiac failure
7. Hyperlipidemia can occur in children and adults who received
infusion of over 4mg.kg'.h"" of propofol for a period longer than
24 hours. There have been many attempts to alter the formula-
tion and propose alternatives for clinical use in order to reduce

Propofol 2,6 diisopropylphenol is the most commonly used
intravenous anesthetic agent and is formulated in a lipid solu-
tion. High lipophilicity permits its wide distribution and fast pe-
netration in the central nervous system (CNS) which confers
efficient control of the onset and recovery from anesthesia .
For clinical use propofol was initially formulated in cremophor
16% '2 which was excluded of the clinical research because
of the high incidence of anaphylactic reactions 3.

Despite being widely used in anesthesia and intensive care,
propofol promotes undesirable effects such as pain on injection
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de Janeiro. The NLP, CLP and their vehicles were kindly do-
nated by Cristdlia Produtos Quimicos e Farmacéuticos Ltda
(Sao Paulo, SP, Brazil).

Preparation of NLP

NLP (1%) was prepared by combining propofol, macro-
gol hydroxy stearate (Soluthol HS15™, BASF Corporation,
Florham Park, NJ) and glycerol under continuous agitation
until completely homogenized. Then, the pH was adjusted to
6-8.5 using NaOH to form a clear nanoemulsion containing
droplets of 5-140 nm.

Determination of HDs, and LDs,

One hundred and sixty,male Swiss mice (20-25 g) were ran-
domly divided into two sets of four groups (10 mice per group).
Ten mice were used for each dose of CLP or NLP. Sample
size for mice populations was estimated to reach valid conclu-
sions for p < 0.05 with a power of 90% to estimate difference
to 40% between groups. The mice received a single intrave-
nous injection of increasing dose of 1% CLP or 1% NLP. The
effect dose to promote hypnosis in 50% of the animals (HDs)
and the lethal dose for 50% of the mice (LDs,) were obtained
through intravenous bolus injections of both formulations. The
therapeutic index was then calculated as LDgy/HDs,. The in-
duction of hypnosis was considered effective when the mice
lost their forepaw righting reflex.

Blood pressure and electrocardiogram recordings

Male Wistar rats (220-250 g) were anesthetized with sevoflu-
rane (Sevocris™, Cristalia Produtos Quimicos e Farmacéuticos
Ltda, Sdo Paulo, SP, Brazil) and a catheter was placed into the
right carotid artery to measure the arterial blood pressure (BP)
using a calibrated pressure transducer (Statham, P022). A pair
of external electrodes was placed on the animal’s chest to record
the electrocardiogram (EKG). Additionally, a catheter was placed
in a jugular vein of each animal for intravenous infusions of the
propofol formulations. Two hours after the surgical procedure,
the 1% CLP or NLP was infused at a rate of 40 pL.min"" for 1 h.
Both the BP and EKG were continuously recorded on a poly-
graph (AstroMed Grass Physiological Recorder, Model 7400)
before and during administration of the CLP or NLP. The hyp-
notic and anesthetic doses were determined by measuring the

time required to lose the forepaw righting reflex and inhibit the
pinprick reflex, respectively. The time required for recovery from
hypnosis and anesthesia was also evaluated.

Writhing test

The writhing test was used to evaluate the pain caused by
the injection of the two types of propofol formulations. Thirty
male Swiss mice (20-25 g) were randomly divided into three
groups, and each group was treated with either 5 mL.kg™" of a
0.6% acetic acid solution (positive reference) or the vehicles
of CLP or NLP. The frequency of writhing was measured for
20 min after the intraperitoneal injection (i.p.) of either acetic
acid or the vehicles.

Histological evaluation

The presence of local tissue lesion or inflammation induced
by the both propofol formulations was assessed following in-
traperitoneal administration of acetic acid, CLP or NLP. For
the histological analysis, peritoneal membranes were excised,
fixed in 10% formalin, embedded in paraffin and stained with
hematoxylin and eosin. The hematoxylin- and eosin-stained
sections were observed under 400x (16 ym) magnifications.

Statistical analysis

All data were expressed as the mean + SD. Experimental dif-
ferences between different doses were considered statistically
significant when p < 0.05 using one-way analysis of variance
(ANOVA,) followed by a Dunnett’s post hoc test. To compare
multiple groups, ANOVA was used followed by the Newman-
Keuls post hoc test.

RESULTS

To determine the HDs, and LDsg, the percentages of hypnosis
and death were plotted against the formulation doses, res-
pectively. Linear regression was used to calculate the HDs,
and LDg,, which were 15.4 and 44.4 mg.kg™ for 1% CLP, res-
pectively. Similar results were observed with 1% NLP, where
the HDg, and LDs, were 11.5 and 49.0 mg.kg™', respectively.
Thus, no significant difference in the therapeutic index was
observed between CLP (2.88) and NLP (4.26).

Table | — Hypnotic and Anesthetic Doses of CLP and NLP Induced by Intravenous Infusion in Rats

Hypnosis Anestesia

Latency Dose Recovery Latency Dose
Formulation (min) (mg.kg™) (min) (min) (mg.kg™) Recovery (min)
1% CLP 4.0+0.9 6.0+1.3 40.6 + 3.1 11.9+1.8 17.8+26 19.8+1.5
1% NLP 54+1.0 75+1.1 19.3 + 3.4* 11.2+1.2 16.0+1.4 7.9+0.7F

The Data represent mean + SD (n = 8). *p < 0.05 NLP vs CLP.
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The latencies to lose the forepaw righting reflex and inhibit
the pinprick reflex upon intravenous infusion of propofol were
used to calculate the doses required to induce hypnosis and
anesthesia. There was no significant difference in the hypno-
tic and anesthetic doses of CLP and NLP (Table I). The doses
of 1% NLP that produced hypnosis and anesthesia were 7.5 +
1.1 and 16.0 + 1.4 mg.kg"", respectively and for 1% CLP were
6.0 + 1.3 and 17.8 + 2.6 mg.kg™!, respectively. In contrast,
the recovery from hypnosis and anesthesia were faster (p <
0.05) following 1 hour of NLP infusion than CLP infusion. The
times required for complete recovery from hypnosis and from
anesthesia were 19.3 + 3.4 and 7.9 + 0.7 min, respectively for
NLP. The recovery times following CLP exposure were twice
as long (Table ).
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Figure 1. Effect of 60 min Infusion of CLP and NLP on Heart Rate
(HR) (A), mean arterial blood pressure (MAP) (B) and respiratory rate
(RR) (C) of rats. The data represent mean + SEM (n = 6). *p < 0.05
vs control (time 0).
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We also investigated whether NLP infusion interfered with
the heart rate and blood pressure in Wistar rats. No significant
differences were observed between NLP- and CLP-infused
animals when comparing changes in the hemodynamic pa-
rameters. The control heart rate (HR) of 372.0 + 30.0 beats.
min-' was not significantly altered by 1% NLP (Figure 1A). Ho-
wever, there was a reduction in the mean arterial pressure
(MAP) following infusion of NLP for 1 h. NLP reduced the MAP
from 102.4 + 13.8 to 62.4 + 5.3 mmHg (p < 0.01) and CLP
reduced the MAP from 105.3 + 4.3 t0 63.5 + 7.5 mm Hg (p <
0.01) (Figure 1B). Also, as shown in Figure 1C, both NLP and
CLP significantly reduced the respiratory rate and there was
no significant difference between the effects.

To investigate whether NLP induced pain like CLP, we
compared the number of abdominal contortions induced by
i.p. injection of acetic acid (0.6%) and the CLP and NLP vehi-
cles in mice. Acetic acid and the CLP lipid vehicle produced
46.0 £ 2.0 (n=10) and 12.5 = 0.6 (n = 10) contortions during
the 20 min following the i.p. injections, respectively. No abdo-
minal contortions were observed after treatment of mice with
the NLP vehicle.

Analysis of photomicrography shows no significant peri-
toneal inflammatory response observed after i.p. injection of
either propofol formulations (Figure 2).

Figure 2. Representative Photomicrograph of Peritoneal Tissues
from Mice Stained with Hematoxilin and Eosin after i.p. Injection of
Saline (A), acetic acid (B), NLP (C) and CLP (D). Arrows in the panels
indicate AT = adipose tissue and BV = blood vessel.

DISCUSSION

The lipid emulsion of propofol which contains soy oil (10%)
and long-chain triglycerides, is the most commonly used
intravenous anesthetic and causes adverse side-effects,
including arterial hypotension, reduced heart rate and pain
upon injection in 80 to 90% of the patients %!, Propofol in-
creases the risk of embolism and hypertriglyceridemia after
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prolonged intravenous infusion. These adverse reactions
have motivated attempts to develop new, safer propofol
formulations. There are several reformulations of propo-
fol, including: 1. the basic presentation with the addition of
ethylene diamine tetraacetic acid or sulfite to minimize the
bacterial growth '2; 2. emulsion containing different long-
and medium-chain triglycerides to reduce the amount of
serum lipids '31415; 3. propofol prodrug '6; 4. water-soluble
analogues of propofol 718 and 5. non-lipid cyclodextrin-
based formulation of propofol 61920,

In spite of the diversity of propofol preparations, the in-
cidence of pain upon injection was not significantly altered.
This pain can be minimized by previous injection of lidocaine.
The pharmacological mechanism of pain-induced by propofol
is still unknown 21, It has been hypothesized involvement of
kallikrein-kinin-bradykinin cascade 2223, Another hypothesis is
related to directly chemical activation of nociceptors induced
by propofol on the vascular endothelium 24, Propofol belongs
to a group of phenols which have chemical stability and low
toxicity, but can cause irritation of the skin and mucosal tis-
sues. Thus, a bolus injection of propofol would be expected
to cause pain 25. We tested whether NLP produced visceral
pain in a model in which number of abdominal contortions
was measured after i.p. injection of compounds. Contortions
induced by acetic acid were used as a positive control 26, The
NLP vehicle produced fewer abdominal contortions than the

478

CLP vehicle, indicating that the animals experienced less pain
upon injection of NLP.

Injection of 1% NLP produced hypnotic and analgesic effects
similar to CLP and had the advantage of faster recovery. The
therapeutic index for NLP was similar to that of other intravenous
anesthetics and ranged from 2 to 4, indicating its safety. The
changes in hemodynamic parameters induced by NLP were not
significantly different from the changes induced by CLP. Therefo-
re, the present work provides an incentive to further develop the
non-lipid propofol nanoemulsion. Our results demonstrate that
NLP may be used clinically in anesthesiology as an intravenous
anesthetic that lacks adverse reactions.
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Resumen: Sudo RT, Bonfa L, Trachez MM, Debom R, Rizzi, MDR,
Sudo, GZ — Caracterizaciéon Anestésica de la Nanoemulsién no Lipi-
dica de Propofol.

Justificativa y objetivos: El uso clinico de la formulacién lipidica
del propofol, causa dolor durante la inyeccién, reaccién alérgica y
crecimiento microbiano. El propofol ha sido reformulado en diferentes
presentaciones no lipidicas para reducir los efectos adversos, pero
esos cambios pueden modificar su farmacocinética y farmacodinami-
ca. En este trabajo, investigamos la farmacologia y la toxicologia del
propofol lipidico (CLP) y de la nanoemulsién no lipidica (NLP).
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Método: EI CLP y el NLP fueron infundidos en la vena yugular de
ratones midiendo la presion arterial (PA), frecuencia cardiaca (FC)
y frecuencia respiratoria (FR). Las dos formulaciones (1%) fueron
infundidas (40 pL.min-1) durante 1 hora. Dosis hipnéticas y anestési-
cas y recuperaciones, fueron determinadas. El dolor inducido por el
vehiculo del CLP y NLP se comparé por medio del conteo del numero
de contorciones abdominales (“writhing test”) después de la inyeccion
intraperitoneal en ratones. El acido acético (0,6%) fue usado como
control positivo.

Resultados: Las dosis hipnéticas y anestésicas con 1% CLP (6,0
+1,3y 17,8 + 2,6 mg.kg', respectivamente) y 1% NLP (5,4 + 1,0y
16,0 + 1,4 mg.kg!, respectivamente), no fueron significativamente
diferentes. La recuperacion de la hipnosis y de la anestesia fue
mas rapida con NLP que con CLP. Las alteraciones de FC, PA 'y
FR causadas por el NLP no fueron significativamente diferentes
de las del CLP. El acido acético y el vehiculo del CLP provocaron
46,0 + 2,0 y 12,5 = 0,6 contorciones en 20 minutos después de
la inyeccion i.p., respectivamente. No se observaron contorciones
abdominales con vehiculo de NLP. Ninguna respuesta inflamatoria
abdominal fue notada con la inyeccion i.p. de los dos vehiculos de
propofol.

Conclusiones: ElI NLP puede representar una mejor alternativa que
el CLP para la anestesia venosa, con menores efectos adversos.
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