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Laboratory investigation: Etfects of propofol on
the systemic inflammatory response during aortic

surgery

[Essai en laboratoirve : les effets du propofol sur la réaction inflammatoire

geénéralisée pendant une opérvation de Paorte]

José M. Rodriguez-Lopez MD,* Pilar Sdnchez-Conde MD,* Francisco S. Lozano MD,! Juan L. Nicolds MBBS,I
Francisco J. Garcfa-Criado MD,T Carlos Cascajo MD,T Clemente Muriel MD*

Purpose: A laboratory investigation was undertaken to assess
the effects of propofol on renal function, through modulation of
the systemic inflammatory response, in an in vivo experimental
model of aortic surgery in comparison with sevoflurane.

Methods: Twenty young male piglets were anesthetized with
either propofol 4 mgkg™'-hr™' (n = 10) or sevoflurane 1.5%
end-tidal concentration (n = 10). Animals were subjected to
aorta-aortic bypass with suprarenal aortic clamping for 30 min.
At specific intervals (basal -before the start of surgery; reper-
fusion 15 min after unclamping the aorta; at 24, 48 and 72 hr
after surgery, and on the seventh day after surgery) the levels
of the following were determined: plasma creatinine, renal
myeloperoxidase, tumour necrosis factor-a, interleukin [-B,
and interferon-y; kidney superoxide anion and its detoxifying
enzyme superoxidase dismutase, kidney malondialdehyde and
the activity of inducible nitric oxide synthase. Seven days after
surgery, the animals were anesthetized using the described
techniques, and after blood withdrawal and kidney sampling
they were sacrificed.

Results: In comparison with sevoflurane, propofol was asso-
ciated with a lower concentration of plasma creatinine (P <
0.05) together with lower concentrations of myeloperoxidase,
tumour necrosis factor-a, interleukin 1-B, interferon-y, super-
oxide anion and superoxidase dismutase, malondialdehyde and
inducible nitric oxide synthase (P < 0.05).

Conclusion: In an experimental model of aortic reconstructive
surgery, and compared with sevoflurane, propofol anesthesia
is associated with less neutrophil infiltration, lower plasma
proinflammatory cytokine levels, lower production of oxygen
free radicals, less lipid peroxidation, and reduced inducible nitric
oxide synthase activity. These observations suggest a possible
renal protective effect of propofol in this surgical setting.

Objectif : Un essai en laboratoire a été entrepris pour évaluer les
effets du propofol sur la fonction rénale, a travers la modulation
de la réaction inflammatoire généralisée, chez un modeéle expé-
rimental in vivo de chirurgie aortique et en comparaison avec le
sévoflurane.

Méthode : Vingt jeunes porcelets ont été anesthésiés avec 4
mg-kg''-h™" de propofol (n = 10) ou de sévoflurane a une concen-
tration télé-expiratoire de 1,5 % (n = 10). lls ont subi un pontage
aorto-aortique avec clampage aortique pendant 30 min. A des
moments spécifiques (au départ - avant le début de I'opération ;
pendant la reperfusion 15 min apres le déclampage de I'aorte ;
a 24, 48 et 72 h apres I'opération et au septiéme jour postopé-
ratoire), les niveaux suivants ont été déterminés : la créatinine
plasmatique, la myéloperoxydase rénale, le facteur-o. nécrosant
tumoral, l'interleukine -B et I'interféron-vy ; I’anion de superoxyde
rénal et son enzyme de détoxification superoxydase dismutase, la

From the Departments of Anesthesiology,* and Surgery,! University Hospital of Salamanca, Salamanca; and the Department of

Anesthesiology,f Rodriguez-Chamorro Hospital, Zamora, Spain.

Address corvespondence to: Dr. Jos¢ Maria Rodriguez-Lopez, Servicio de Anestesiologia, Hospital Universitario de Salamanca, Pasco de
San Vicente, 58-182, 37007, Salamanca, Spain. Phone: 0034-923291353; E-mail:
The present study has been supported by the Instituto de Salud Carlos IIT and grant FISS 00,1093 from the Ministerio de Sanidad, Spain.

Accepted for publication January 30, 2000.
Revision accepted March 13, 2006.

This article is accompanied by an editorial. Please see Can J Anesth 2006; 53: 643-5. |

CAN J ANESTH 2006 / 53: 7 / pp 701-710


mailto:jmrodlop@terra.es

702

CANADIAN JOURNAL OF ANESTHESIA

malondialdéhyde rénale et I'activité de I'oxyde nitrique synthase
inductible. Sept jours aprés I'opération, les animaux ont été anes-
thésiés selon les techniques décrites et, aprés le retrait du sang et
la prise d’un échantillon rénal, ont été sacrifiés.

Résultats : Comparé au sévoflurane, le propofol a été associé a
une plus faible concentration plasmatique de créatinine, (P <
0,05) et a de plus faibles concentrations de myéloperoxydase, de
facteur-o. nécrosant tumoral, d'interleukine -8B, d’interféron-vy,
d’anion de superoxyde et de superoxyde dismutase, de malondial-
déhyde et d’oxyde nitrique synthase inductible (P < 0,05).
Conclusion : Pour un modele expérimental de reconstruction
aortique, et comparé a 'anesthésie au sévoflurane, I'anesthésie au
propofol est associée a moins d’infiltration de neutrophiles, a des
niveaux plasmatiques inférieurs de cytokine pro-inflammatoire, a
une plus faible production de radicaux libres d’oxygéne, a moins de
peroxydation lipidique et a une activité réduite de ['oxyde nitrique
synthase inductible. Ces observations indiquent un effet rénal pro-
tecteur possible du propofol dans ce contexte chirurgical.

BDOMINAL aortic surgery induces a sys-
temic inflammatory response (SIR) due to
the effects of aortic clamping and second-
ry ischemia-reperfusion (IR). The organic
dysfunction brought about by IR injury is due to cel-
lular damage secondary to the production of oxidant
agents, which leads to the destruction of cell mem-
branes through peroxidation of their lipids. These
disturbances are increased in conditions of hyperoxia
and may lead to cell death.!® Recently, it has been
reported that anesthetic agents may offer some pro-
tection against such lesions induced by IR, and hence
knowledge of the mechanisms involved may provide
anesthesiologists with strategies to lower morbidity
and improve patient survival.* Propofol, a highly lipid
soluble hypnotic agent, has proven antioxidant activity
in both iz vitro and in vivoe studies; this is based on
the fact that its chemical structure is similar to that of
a natural antioxidant: i.e., vitamin E.>7 In this sense,
several studies have demonstrated that propofol acts
as a scavenger of oxygen free radicals, decreasing lipid
peroxidation and increasing the antioxidant capacity
of erythrocytes and other tissues in organs such as
liver, kidney, heart and lung.®? Other studies that have
shown that volatile anesthetics exert a protective role
in different organs when they are administered before
and after ischemia.!0-12
In keeping with the above, the aims of the pres-
ent study were to develop an experimental model
comparable to human clinical practice — abdominal
aortic surgery with renal IR, which causes important

but reversible renal ischemia - with a view to assess-
ing the effect of anesthetic technique on renal injury
through a comparison of different mediators of the
SIR. Specifically, we sought to compare the potential
renal protective effects of propofol vs sevoflurane at
clinically relevant anesthetic concentrations.

Methods

This study was approved by the Committee for
Animal Research of the University of Salamanca. We
studied 20 male pigs (3—4 months old; 20-25 kg body
weight), who received care for at least one week prior
to the experimental period at the Biohealth Centre of
Animal Research at the University of Salamanca. The
animals were subjected to light/dark cycles of 12 hr,
a constant temperature (21°C), and controlled inges-
tion of food and water. Twelve hours before the start
of the experiments the animals were fasted, providing
only water ad libitum.

Based upon the type of maintenance hypnotic agent
used, the animals were divided into two groups: in
ten animals, hypnosis was maintained with propofol
(Group P); the other ten animals received sevoflurane
(Group S). The study was blinded by ensuring the
investigators did not know to which group the analyzed
samples belonged. Anesthesia proceeded as follows: all
animals were premedicated with ketamine 20 mg-kg™
im, diazepam 0.5 mgkg?! im and atropine 0.05
mg-kg™! im. Following premedication, a dorsal ear vein
was cannulated with a 20-G #v catheter, through which
v anesthetic drugs were administered. Both induc-
tion and maintenance of anesthesia proceeded under
conditions identical to those employed in humans. For
induction, animals in Group P received propofol 1.5
mg-kg™! 7v, and animals in Group S received thiopental
sodium 3 mg-kg™ 7v. These drugs were titrated gradu-
ally until hypnosis had been achieved in each animal,
without causing apnea. The animals were placed on a
table under restraint, while monitoring their electrocar-
diograms and heart rates. The trachea of each animal
was intubated under direct laryngoscopy with the aid of
Magill forceps, using a #5 endotracheal tube. The ani-
mals were then connected to a ventilator (Boyle 2000
anesthesia station, Datex-Ohmeda, Essex, UK) with the
following parameters: tidal volume, 10 mL-kg™!; respi-
ratory rate, 15 min; inspiration/expiration rate 1:2, and
an oxygen/air mixture of 50%. Mivacurium chloride
0.2 mg-kg™! 7v was administered for muscle relaxation,
and all pigs received cefazolin 1 g #». Maintenance of
anesthesia was provided by propofol 4 mg-kg™!-hr! i»
in Group P or by sevoflurane 1.5% inspired in Group S.
Animals in both groups received fentanyl 2 pg-kg-hr!
v and mivacurium chloride 1 mg-kg™-hr! 7p.
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Following sterile cervical dissection, the internal
jugular vein was cannulated with a double-lumen
polyethylene catheter through which fluids (normal
saline at 10 mL-kg™!-hr™!) were administered, together
with anesthetic medications. The carotid artery was
cannulated with a 20-G arterial catheter to monitor
invasive arterial pressure and to obtain blood samples.
Hemodynamic monitoring consisted of continuous
clectrocardiogram, heart rate and invasive arterial
pressure (Monitor Dash 3000, Marquette Medical
Systems, Freiburg, Germany). Routine ventilatory
parameters were recorded.

The animals were subjected to a median laparot-
omy under aseptic conditions. The retroperitoneum
was dissected to expose the abdominal aorta from
the renal arteries to the aortic bifurcation. Prior to
aortic clamping, heparin was administered (1 mg-kg™
). The aorta was clamped suprarenally (below the
superior mesenteric artery) and distally, immediately
proximal to the iliac arteries. Whenever clamping
extended beyond 30 min, the suprarenal clamp was
moved from the suprarenal to an infrarenal position.
Two 1-cm aortotomies were established to perform
aorto-aortic bypass, with a latero-terminal anastomo-
sis using a 6-mm diameter collagen-lined Dacron tube
graft (previously submerged for 15 min in a solution
of rifampicin). Finally, the clamps were removed and
sodium bicarbonate was infused (1 mEq-kg?! ).
Hemostasis was restored and the laparotomy was
closed. With the exception of anatomical differences,
the surgical technique was designed to mirror the
surgical approach used in humans. Anesthesia was
reversed by discontinuing the infusion of propofol or
sevoflurane, depending on the group. When animals
had recovered spontancous breathing, the endotra-
cheal tube was removed, and they were returned to
the designated animal care area. Metamizol 1.2 g »
was administered for postoperative analgesia.

During surgery, the following hemodynamic vari-
ables were recorded: heart rate, and systolic, diastolic
and mean arterial pressure. Intraoperatively and over
the next seven days, blood was sampled, and the
kidneys were biopsied at the following times: basal
(before the start of surgery); reperfusion (15 min after
unclamping the aorta); at 24, 48 and 72 hr after sur-
gery, and on the seventh day after surgery. From 24
until 72 hr postoperatively percutaneous renal biopsies
were performed under an s injection of ketamine
hydrochloride (20 mg-kg™) together with diazepam
(0.5 mg-kg™) and atropine (0.05 mg-kg™?). A Bard
Monopty Biopsy Instrument (Covington, GA, USA)
was employed and the needle was guided by ultra-
sonography (Sigma AC Start; Kontron Instruments,

Montigny le Bretoneux, France). The following vari-
ables were recorded: plasma creatinine levels as a
measure of kidney function; renal myeloperoxidase
(MPO) as a measure of the degree of neutrophil infil-
tration into tissues; plasma proinflammatory cytokine
levels, tumour necrosis factor-o. (TNF-a) interleukin
1-8 (IL-18), and interferon-gamma y (INF-y); renal
superoxide anion (SOA) and its detoxifying enzyme
superoxide-dismutase (SOD), and renal malondial-
dehyde (MDA) to assess lipid peroxidation. Finally,
the activity of inducible nitric oxide synthase (iNOS)
was assessed 72 hr after surgery. On the seventh day,
the animals were anesthetized using the techniques
described above, and after the withdrawal of blood
and kidney samples, were sacrificed by administration
of 7y potassium chloride.

Determination of plasma creatinine levels

As a marker of renal function, serum creatinine
concentrations were determined, using a Hitachi
747-200 automatic analyzer (Boerhinger Mannheim,
Indianapolis, IN, USA).

Determination of MPOin kidney tissue

The presence of MPO, an enzyme specific for neu-
trophils and used as an index for the assessment of
neutrophil accumulation, was determined in kidney
tissue with the method of Bradley,'?® as modified by
Mullane.'* We have reported this technique previous-
ly.1>16 After collection, the samples were immediately
weighed on ice, homogenized in phosphate buffer,
frozen in liquid nitrogen and stored at -80°C until
assayed. A double-beam spectrophotometer was used.
Kidney samples were obtained by direct or percutane-
ous biopsy.

Determination of proinflammatory cytokines

Commercial kits were used for the determination
of TNF-a, IL-188 and INF-y (factor-XX ELISA Kkit,
A. Menarini Diagnostics, Menarini Labs, Badalona,
Spain) based on enzyme-linked immunosorbent assay
(ELISA). Recordings were carried out on a plate
reader (GEST, General Elisa System Technology,
Menarini) for the automatic ELISA technique, with
the possibility of reading three plates at the same
time. Both the supernatants from cell cultures and
the serum samples could be tested with the kit. In
our case, we used blood samples, which must not be
hemolyzed. Immediately after withdrawal, the blood
samples were centrifuged and the serum separated,
divided into aliquots and placed in Eppendorf tubes.
These were then frozen and stored at -80°C in a man-
ner to avoid freezing and thawing processes.
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The assay is an ELISA kit that uses many different
antibodies. First, we used a 96-well plate with an anti-
cytokine monoclonal antibody adherant to each well,
to capture the corresponding cytokine present in the
samples and standards, which were added in duplicate
to each of the wells together with the corresponding
blanks. After the plates had been washed to remove
the non-adhering material, polyclonal anticytokine-
conjugated peroxidase was added. Then, the plates
were washed again to remove the non-adhering mate-
rial and the substrate solution was added, thus initiat-
ing the peroxidase catalysis. The colour change was
achieved by acidification. Absorbance was measured
on a plate reader (General Elisa System Technology,
Menarini) at a wavelength of 450 nm, the results
obtained being proportional to the amounts of cyto-
kine in the samples, which were calculated by interpo-
lation with the curve of the standards.

Determination of oxygen free radicals in kidney tissue
Once withdrawn, for washing, the samples were placed
in the homogenized buffer at a temperature between
0° and 4°C to minimize oxidative processes. Samples
were then weighed and homogenized. The homog-
enates were centrifuged at 100,000 x g for 60 min at
4°C. The soluble fraction obtained was divided into
aliquots and placed in Eppendorf tubes and stored
at -80°C until sample processing. Determination of
the rate of SOA production was accomplished with a
modification of the technique described by Forman
and Boveris.!” Protein concentrations were measured
spectrophotometrically, using the Bradford method.!8
The enzyme activity of SOD was measured follow-
ing the technique reported by Misra et al.}° We have
reported all these techniques previously.'>16

Determination of malondialdehyde in kidney tissue
Malondialdehyde and four-hydroxyalkanes are the
most important products in the decomposition of
unsaturated fatty acids. Quantification of these alde-
hydes is a suitable index of lipid peroxidation.2’
Malondialdehyde was determined in kidney samples
using the following reagents: 0.1 M phosphate buf-
fer, pH 7.4, and a stock solution composed of 15%
trichloroacetic acid, 0.37% thiobarbituric acid and 0.25
N hydrochloric acid. Water was added to a final volume
of 50 mL. The samples were weighed and 10 mL of
the bufter was added, after which the tissue was homog-
enized. Then, 1 mL of the homogenate was mixed with
2 mL of the stock solution, incubating the resulting mix-
ture for 30 min at 100°C. It was then cooled on ice and
centrifuged for 15 min at 3000 rpm and left to stand.
The supernatant was read at a wavelength of 535 nm.

Expression of iNOS in kidney tissue

Kidney samples were obtained by percutaneous biopsy
(72 hr after surgery). The samples were immediately
frozen in liquid nitrogen and stored in sealed tubes
(-80°C). The frozen material was sliced and 3 mL of
lysis buffer (40 mM NaCl, 15 mM EDTA, 10% glyc-
erol, 20 mM Tris base, pH 8) per gram of tissue was
added at 4°C. Two protease inhibitors were added
to this buffer: 2 mM phenylmethylsulfonylfluoride
and 50 pg-mL™! of trypsin inhibitor. The mixture was
homogenized at 4°C and the residues of the lyzate
were collected in an Eppendort tube, passing them
through a 21-G needle. The samples were kept on
ice for 30-60 min and then centrifuged at 4°C and
15.000 x g for 20 min (Mikro 12-24 centrifuge,
Hettich, Germany). The supernatant was stored in
aliquots at -20°C for determination of protein con-
tent according to the method of Bradford!® and for
Western blot assays. Primary and secondary antibodies
were used (Santa Cruz Biotechnology, Santa Cruz,
CA, USA). After digitization of the radioautographs
(Scanner® model VM 6552 Trust, Dordrecht, the
Netherlands and the Adobe Photoshop™ 3.0 pro-
gram, Uxbridge, UK), optical densities were read with
the MacBAS V2.2 program (Fuji Medical Systems
Inc., Stamford, CT, USA).

Statistical analyses

Data were analyzed using the Fisher exact test and
analysis of wvariance (Student-Newman-Keuls or
Scheffe test for normally distributed data and the
Kruskall-Wallis Z test for data not normally distrib-
uted). Results are expressed as means + standard error
of the mean. Statistical significance was set at P value
of < 0.05.

Results

Survival

All animals survived with a functioning aortic bypass,
regardless of group allocation, and were healthy after
seven days

Kidney function

Plasma creatinine concentrations after IR were signifi-
cantly increased over time in both groups in compari-
son with the basal levels observed before the start of
surgery (P < 0.01). After 24 hr, the magnitude of the
change was significantly smaller in the animals anes-
thetized with propofol (P < 0.05). On the seventh day,
creatinine values tended to decrease in both groups
(Figure 1).
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FIGURE 1 Serum concentrations of creatinine for each
anesthetic group. Data are presented as mean + standard
error of the mean. *P < 0.01 »s basal; #P < 0.05 »s propofol.

Mpyeloperoxidase activity in kidney tissue

A significant increase was observed over time with
respect to activity of MPO in the kidney tissue of both
groups of animals after IR (P < 0.01). In the sevoflu-
rane group, from 24 hr and at 48 and 72 hr, a sig-
nificant increase (P < 0.05) was seen in kidney MPO
activity in comparison with the pigs anesthetized with
propofol (68.65 + 4 IU.g tissue, 228.1 + 15.6 IU.g
tissue, 249.6 + 27.8 TU-g ! tissue »s 39.5 + 4 1U-g!
tissue, 101.6 = 20 TU-g! tissue, 118.7 + 29.4 1U-.g!
of tissue, respectively, Table I).

Plasma proinflammatory cytokine levels

In the animals anesthetized with propofol, a smaller
change in the cytokines TNF-a, IL-18 and INF-y was
observed after IR as compared with the pigs anesthe-
tized with sevoflurane (P < 0.05, Table II). The maxi-
mum amount of TNF-a was observed in the plasma of
the animals anesthetized with sevoflurane at 72 hr in
comparison with those receiving propofol during the
same period (417.4 + 68.5 pg-mL™ »s 258.8 + 52.6
pg-mL™1). The same was the case with the IL-18 plas-
ma concentrations (396.2 = 39.9 pg-mL™ »s 257.3
+ 344 pg-mL') and the concentrations of INF-y
(345.6 = 39.8 pg-mL! v5199.4 + 44.6 pg-mL™1).

Superoxide anion and superoxide-dismutase levels in
kidney tissue

Superoxide anion and superoxide-dismutase levels in
kidney tissue increased significantly in both groups after
IR in comparison with the values observed following
induction of anesthesia and before the start of surgery

TABLE I Myeloperoxidase activity in renal tissue

MPO (Ulg?) Propofol (n =10) Sevoflurane (n = 10)
Basal 3.6+0.38 3.7+05
Reperfusion 30.5 + 6.3* 314 +7.4*

24 hr 39.5 + 8.5* 684 + 11.3*t

48 hr 101.6 + 20.1* 228.1 + 45.4*t

72 hr 118.7 + 24.9* 249.6 + 51.2*t

7th day 10.3 +2.2* 30.4 + 6.8*

MPO = myeloperoxidase. Data are presented as mean + standard
error of the mean. * P < 0.01 »s basal; T P < 0.05 »s propofol.

TABLE II Serum concentrations of cytokines

Cytokine Propofol (n =10) Sevoflurane (n = 10)
TNF-a (pg-mL™1)

Basal 182 + 4.1 18.7 + 3.3
Reperfusion 114.1 + 22.4* 1144 +27.7*
24 hr 209.2 + 38.9* 359.9 + 50.2*%
48 hr 245.5 £ 52.7* 379.2 + 67.8*%1
72 hr 258.8 + 52.6* 417.4 £ 68.5*t
7th day 125.5 =+ 20.5* 132.2 + 26.4*
IL-18 (pg-mL™)

Basal 474 +95 50.8 +9.6
Reperfusion 111.8 + 14.1* 1122 £ 17.1*
24 hr 197.3 + 12.8* 339.1 £ 29.6*%
48 hr 221.3 + 30.5* 3724 + 36.4%1
72 hr 257.3 + 34.4* 396.2 + 39.9*%
7th day 106.5 = 12* 109.8 + 14.3*
INF-y (pg-mL™1)

Basal 384+6.3 40.3 +4.3
Reperfusion 83.4 +11.9*% 94.3 £ 17.4*
24 hr 196.7 + 26.4* 330.3 +29.2*%
48 hr 197.2 + 35.1* 363.9 + 40.5*F
72 hr 199.4 + 44.6* 345.6 + 39.8*%
7th day 121.7 + 23.2* 130.7 = 21.7*

TNF-o = tumour necrosis factor-alpha; IL-18 = interleukin-1beta;
INF-y = interferon-gamma. Data are presented as mean + standard
error of the mean. * P < 0.01 »sbasal; T P < 0.05 »s propofol.

(P < 0.01). In the animals anesthetized with sevoflu-
rane, from 24 hr, and up to 72 hr, increases in SOA
and SOD concentrations were significantly greater than
observed in the animals anesthetized with propofol (P <
0.05). In the determination carried out on the seventh
day, a decrease in the concentrations of SOA and SOD
was observed in both groups (Table III).

Mualondialdehyde levels in kidney tissue

Ischemia-reperfusion was associated with a significant
increase in the production of kidney MDA in both
groups of animals (P < 0.01), but in animals anes-
thetized with sevoflurane, between 24 and 72 hr, a
1.5-fold increase in MDA levels was observed in com-
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TABLE III Renal tissue oxygen free radicals

OFRs Propofol (n = 10) Sevoflurane (n = 10)
SOA (nmol-mg! protein-min!)

Basal 51038 54+0.6
Reperfusion 951 +11.3* 959 + 14.4*
24 hr 152 + 22.5* 296.7 + 29.3*t
48 hr 141.5 £ 24.1* 2749 + 31.4*}
72 hr 134.7 £20.9* 259.8 + 30.2*t
7th day 29.6 + 12.6* 304 + 14.8*
SOD (U-mg™! protein)

Basal 555+12.5 56 +11.1
Reperfusion 130.2 + 31.4* 1309 = 38.4*
24 hr 241.7 + 40.5*  369.5 = 47.3*t
48 hr 2009 = 38.6* 327.9 =41.9*t
72 hr 166.4 + 33.8* 285.1 + 34.8*t
7th day 1345+ 35.7* 135.7 + 39.5*

OFRs = oxygen free radicals; SOA = superoxide anion; SOD =
superoxide dismutase. Data are presented as mean + standard
error of the mean. * P < 0.01 »s basal; T P < 0.05 »s propofol.

B Propofol
B Sevoflurane
£ =
7 4
— 6 1
o 54
o
= 4
=
g 3
s 2
1 <
] v T
Bazal Repefusion 24h 48h 72h Tth day

Time of sample

FIGURE 2 Malondialdehyde (MPO) activity in renal tis-
sue for each anesthetic group. Data are presented as mean
+ standard error of the mean. *P < 0.01 »s basal; #P < 0.05
vs propofol.

parison with measured concentrations in the animals
anesthetized with propofol (P < 0.05, Figure 2).

Inducible nitric oxide synthase activity in kidney tissue
Ischemia-reperfusion was associated with greater acti-
vation of iNOS in kidney tissue at 72 hr in animals
anesthetized with sevoflurane (iNOS protein band
intensity 425.7%) as compared with those receiving
propofol (iNOS protein band intensity 230.1%, P <
0.05, Figure 3).

Sevoflurane

Propofol

4T
L]

INDS Expression (% band intengity)
-w EEBEEYS

FIGURE 3 Inducible nitric oxide synthase (iNOS) expres-
sion in the kidney 72 hr after surgery. Top; a representative
Western blot for iNOS. Bottom; mean = standard error of
the mean of two different blots. Animals anesthetized with
sevoflurane (*P < 0.01) show increased iNOS levels with
respect to animals anesthetized with propofol.

Discussion

Aortic clamping elicits an IR syndrome that affects all
organs and tissues (with different levels of tolerance
to ischemia). Additionally, the existence of the SIR
means that the sequelae are not only local, but may
also affect several other distant organs, causing dys-
function and multiorgan failure (kidney, intestinal).
Our findings show that renal ischemia after suprarenal
aortic clamping induces severe kidney damage, charac-
terized by an increase in plasma creatinine levels, neu-
trophil infiltration (as assessed by the increased MPO
activity), an increase in oxygen free radicals (OFR)
production (SOA and SOD) and an increase in plasma
proinflammatory cytokine levels. The results reported
here show that animals anesthetized with propofol
have less neutrophil infiltration of renal tissue, lower
plasma concentrations of proinflammatory cytokines,
reduced OFR production, less lipid peroxidation, and
less iNOS activity. These findings are important indi-
cators of propofol’s favourable moderation of altered
renal function associated with aortic cross-clamping
and Dacron tube grafting. It is surprising that the
peak serum creatinine occurred at 24 hr and the other
measures of mediators peaked at 72 hr, but we have
not found a physiopathological explanation.

Usually under experimental conditions, renal func-
tion is completely recovered after seven days, even in
situations of severe renal failure if there is no persistent
hypotension or sepsis. Thus, we limited the duration
of the study to seven days. Previous experimental
work carried out by our group, with a clamping time
of more than 30 min, induced situations of paraple-
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gia, intra-abdominal infection, and/or postoperative
mortality. It is notable that in this study, all animals
survived with a functioning aortic bypass, regardless
of group allocation, and were healthy after seven days

Several studies have demonstrated the antioxidant
properties of propofol in both iz vive and in vitro
models,>” suggesting the potential benefit of the drug
as an antioxidant in situations of IR that lead to SIR.
Other investigators have also reported that, iz vivo,
propofol increases the antioxidant capacity of eryth-
rocytes,>?% decreases lipid peroxidation and preserves
myocardial contractile function,?! while appearing to
decrease OFR production.?? Several iz vitro studies
demonstrate that propofol inhibits lipid peroxidation
in human liver microsomes?? and in different tissues of
Wistar rats in which, additionally, increases in reduced
glutathione levels have been reported.?*?* Corcoran
et al.,*S showed that the administration of propofol
before aortic cross-clamp release in patients under-
going eclective coronary artery bypass graft surgery
decreases myocardial lipid peroxidation, attenuates the
inflammatory response to myocardial reperfusion, and
limits the inflammatory cascade.

The antioxidant properties of propofol, observed
both #n vive and in vitro, are evident at drug doses
comparable to those used in clinical anesthesia to
achieve plasma levels that will allow appropriate
induction and maintenance of anesthesia.52022-24.27
Several studies suggest that it is the active principle of
propofol and not its solvent (Intralipid®) which exerts
the antioxidant action.?® Certain immunomodulatory
cffects of propofol, such as suppression of respiratory
bursts of neutrophils by propofol, may be caused by
intralipid, while other actions, such as the ability to
scavenge free radicals, appear to be a property of pro-
pofol itself.323 Propofol’s beneficial properties have
been shown to be independent of intralipid.2¢

Attempts to link the propofol molecule and the
observed antioxidant effect in SIR have been devel-
oped on the basis of different studies. Murphy ez 2.6
reported that on the basis of its chemical structure,
propofol must behave in a similar fashion to vitamin
E, by binding to cell membranes or their phospho-
lipids, reacting with the peroxylipid radicals that are
formed when lipid peroxidation begins, and giv-
ing rise to a stable phenoxy- radical that would not
propagate lipid peroxidation in the cell membrane.
Kahraman et al8 suggest that propofol is in itself a
scavenger of peroxynitrites, preventing or decreasing
their noxious action. As in the case of others stud-
ies,292+2% these authors propose that propofol would
inhibit, or at least decrease lipid peroxidation. Studies
on antioxidant defensive cell enzyme systems by De

La Cruz et al.*** suggest that, at clinically relevant
doses, apart from inhibiting lipid peroxidation, pro-
pofol may also act on enzyme systems (in particular
on the glutathione system) which would lead to a
decrease in the activity of glutathione peroxidase and
an increase in the activities of glutathione reductase
and glutathione transferase. This effect would yield
an increase in cellular deposits of reduced glutathione,
and hence in defensive cellular deposits of antioxi-
dants, thereby protecting tissues from oxidative stress.
Other studies have failed to demonstrate a protective
effect of propofol on myocardial function during isch-
emia and reperfusion.?®?? Javadov ez al.,3° suggest that
the mechanism by which propofol may confer protec-
tion against myocardial reperfusion injury appears to
be independent of adenosine triphosphate-sensitive
potassium channels, and may be attributable to an
action at the mitochondrial transition pore.

Our observation that propofol decreases lipid per-
oxidation, is consistent with other investigations.?20-2!
We observed that MDA values were significantly
lower in the animals receiving propofol from 24 up
to 72 hr. The reduced neutrophil infiltration observed
in the group of animals anesthetized with propofol,
reflected in the lower activity of kidney MPO after
reperfusion, is an important element in identifying the
possible mechanism of propofol’s moderation of the
SIR. Neutrophils play a crucial role in the propaga-
tion of the damage caused by ischemia, and above all
by reperfusion, since these white blood cells are able
to release cytokines, oxygen free radicals and other
proinflammatory substances. Kato ez al,* reported
that in their #» vitro experimental models, propofol
decreased neutrophil activity, although they failed to
offer any mechanism of action through which this
might occur. Sevoflurane also appears to exhibit car-
dioprotective effects against reperfusion injury, and
this effect has been attributed to its free radical scav-
enging properties and the reduction of postischemic
adhesion of neutrophils.?313? Recently, a small study
comparing sevoflurane with propofol showed that
sevoflurane was superior to propofol in terms of reper-
fusion injury and contractile function in humans,®
although the two groups were not homogenous
with respect to preoperative ¢jection fraction and the
number of surgical techniques. In our study, in ani-
mals anesthetized with propofol, we observed lower
plasma inflammatory cytokine levels, these being
able to stimulate and increase neutrophil infiltration.
Neutrophils are responsible for the synthesis of these
cytokines, and in turn are targets of the actions of the
latter. Additionally, TNF-a is a potent inducer of SOA
release by other neutrophils, which would increase
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damage to other cells, amongst them, endothelial
cells, favouring a greater migration of neutrophils.3*
The lower TNF-a levels in the animals anesthetized
with propofol would decrease this process of autocrine
neutrophil activation.

Tumour necrosis factor-o,, IL-13 and INF-y are
able to induce iNOS expression in different types of
cells;®%7 this response to the mediators of inflam-
mation is associated with an excessive production of
nitric oxide (NO) and may serve an additional role
as part of the innate immune response-programmed
cell death. The role of NO in IR is controversial,
but its cytotoxic effect is believed to be due to the
formation of free radicals derived from NO, such as
the peroxynitrites generated when NO is combined
with SOA. Furthermore, NO is a potent vasodilator,
and it is known that the reestablishment of blood flow
to ischemic tissues may exacerbate the tissue lesion,
leading to a lesion due to reperfusion. Inhibition of
iINOS activity would lead to a decrease in the tissue
lesion due to reperfusion.3® The decrease in cytokine
levels in animals anesthetized with propofol is associ-
ated with reduced activation of iNOS in reperfusion,
with a reduced release of NO, less vasodilatation, less
migration and neutrophil infiltration, and reduced
peroxynitrite formation, accompanied by less exten-
sive tissue injury. In our case, the reduced formation
of peroxynitrites could be explained on the basis of
cither a reduced activation of iNOS, or reduced pro-
duction of SOA observed in the animals anesthetized
with propofol.

Indeed, we observed less iNOS activity in animals
anesthetized with propofol at 72 hr after surgery; this
could be explained by the lower levels of proinflam-
matory cytokines and a reduced production of SOA.
Inducible NO synthase activity is controlled mainly
by gene expression and mainly at transcriptional levels
through the activation of several transcription factors,
such as nuclear transcription factor kappa B (NFxB).%
In some #n vitro studies carried out in experimental
models with macrophages cultured in a medium with
lipopolysaccharide (an inducer of iNOS) propofol
was added at clinical therapeutic concentrations; the
authors reported an inhibition of iNOS activity and
of the mRNA for iNOS. All this suggests a possible
direct action of propofol at transcription factor level
that would govern iNOS activity,*® or alternatively, an
indirect action through the decreases in SOA, TNF-a
and IL-18, each being an inducer of NFkB expres-
sion.*1*2 In our study, after the IR in animals anesthe-
tized with propofol, we observed a decrease in SOA,
TNF-a and II-18 levels, which could lead to a reduced
expression of NFkB.

In conclusion, the results of this 7 vive experimen-
tal model of reversible renal IR show that, in com-
parison with sevoflurane, clinically relevant doses of
propofol decrease lipid peroxidation and increase the
antioxidant capacity of the kidney. Propofol also plays
a role in modulation of the mechanisms involved in
SIR, with reduced accumulation of neutrophils in kid-
ney tissue, and moderation of the release of proinflam-
matory cytokines. Our results also show that propofol
has the ability to reduce the synthesis of NO through
the inhibition of renal iNOS during reperfusion. The
cumulative effects result in a moderation of altered
renal function associated with aortic cross clamping
and Dacron grafting. In clinical practice, whether this
protective action of propofol exerts a beneficial out-
come effect in patients presenting for major vascular
surgery warrants further investigation.
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