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Abstract

AIM: To characterize the inductive effects of isoflurane
(ISO) on hepatic heme oxygenase-1 (HO-1) in an ani-
mal model of hepatic steatosis.

METHODS: Lean (LEAN) and obese (FAT) Zucker rats
were randomized into 4 groups: 1: LEAN + pentobar-
bital sodium (PEN); 2: LEAN + ISO; 3: FAT + PEN; 4:
FAT + ISO. The animals were mechanically ventilated
for 6 h. In vitro analyses of liver tissue included deter-
mination of HO-1 mRNA and protein expression as well
as measurement of HO enzyme activity and immuno-
histochemical analyses.

RESULTS: Compared to PEN treatment, ISO admin-
istration profoundly induced hepatic HO-1 mRNA and
protein expression and significantly increased HO en-
zyme activity in lean Zucker rats. In contrast, no differ-
ence in HO-1 gene expression was observed after ISO
or PEN anesthesia in obese Zucker rats.
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CONCLUSION: The present study demonstrates that
ISO is an inducer of hepatic #O-1 gene expression in
non-steatotic organs but failed to upregulate HO-1 in
steatotic livers.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

The development of hepatic ischemia/reperfusion (I/R)
injury is a fundamental problem in major hepatic surgery
including liver transplantation, causing a higher rate of
morbidity and mortality™?. Surgical interventions such
as warm hepatic inflow occlusion (Pringle maneuver)
or cold ischemia in the transplant setting followed by
reperfusion are important and often unavoidable tech-
niques used to reduce blood loss or preserve organs for
subsequent transplantation. I/R injury frequently results
in apoptosis and necrosis of hepatocytes, which could
consequently lead to organ failure or graft dysfunction™,
In recent years liver surgery has become safer due to im-
provements in surgical techniques, anesthetic procedures
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and postoperative care. However, due to the epidemic
increase in obesity, the prevalence of hepatic steatosis
has significantly increased during the last few decades.
The Dallas Heart Study reported a prevalence of hepatic
steatosis in their population of about 38% indicating
the high relevance for today’s health care system'™. Tt has
been repeatedly shown that steatotic livers are especially
vulnerable to I/R injury. Liver surgery in patients with
severe hepatic steatosis is associated with higher morbid-
ity and mortality rates due to the undetlying pathogenic
features affecting important mechanisms during I/R,
liver regeneration and recovery[()’g]. Various strategies have
been proposed to improve the postoperative outcome of
these patients including pharmacological approaches aim-
ing at upregulation of cytoprotective genes.

Heme oxygenase-1 (HO-1) and its catalytic products
have been identified as major players in cell protection in
different organs”'”. Whereas HO-1 represents the induc-
ible form of the HO family, HO-2 is expressed consti-
tutively. HO catabolizes the first and rate-limiting step
in heme degradation producing carbon monoxide (CO),
free iron and biliverdin, which is converted into bilirubin
by biliverdin reductase!”. A multitude of HO-1 inducers
are well known, but most of them are toxic which limit
their therapeutic application in humans"*"". We have
previously shown that volatile anesthetics are potent non-
toxic inducers of HO-1 gene expression in the rat liver"”.
Isoflurane (ISO) pretreatment induces hepatic HO-1
mRNA and protein followed by an increase in HO activ-
ity, thereby reducing portal resistance!”. Experimental
and clinical evidence support the hypothesis that admin-
istration of volatile anesthetics could be a promising ap-
proach to limit I/R injury and to improve the outcome
of patients undergoing liver surgery“s’m. To date, no
data are available regarding the effects of anesthetics on
hepatic HO-1 induction in steatotic livers. Therefore, the
present study was designed to characterize the effects of
ISO administration on hepatic HO-7 gene expression in
an established animal model of hepatic steatosis using
genetically modified Zucker rats.

MATERIALS AND METHODS

Reagents

Isoflurane was obtained from Abbott (Wiesbaden, Ger-
many) and pentobarbital sodium from Alvetra (Neum-
uenster, Germany). Pancuronium was purchased from
Organon (BH Oss, Netherlands). All other reagents used
were purchased from Sigma Aldrich (Deisenhofen, Get-
many), if not specified otherwise.

Animals

All animal experiments were approved by the local ani-
mal care and use committee and were in accordance with
the Guide for the Care and Use of Laboratory Animals.
Homozygous obese (FAT) male Zucker rats and het-
erozygous lean (LEAN) male Zucker rats aged 12 wk
were obtained from Charles River (Sulzfeld, Germany).
Animals were fasted for 6 h before the beginning of the
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experiments but were allowed free access to water.

Experimental protocol

The animals were assigned to 4 groups: group 1, LEAN
+ PEN (pentobarbital sodium, 40 mg/kg per hour i.v);
group 2, LEAN + ISO; group 3, FAT + PEN; group
4, FAT + ISO. Animals treated with PEN received one
initial intraperitoneal injection of pentobarbital sodium
(40 mg/kg) followed by an intravenous infusion of
40 mg/kg per hour. For compensation of evapora-
tive losses 10 mL/kg pet hout of saline solution 0.9%
were continuously infused. Rats in the ISO groups were
anesthetized by inhalation of ISO (2.8-3.1 Vol%). After
induction of anesthesia, a tail vein was cannulated and a
tracheostomy was performed. Relaxation was achieved
by injection of pancuronium (1 mg/kg i.v)) and all ani-
mals were mechanically ventilated (Rodent Ventilator UB
7025-10, Harvard Apparatus, March-Hugstetten, Ger-
many). Doses of 0.5 mg/kg pancuronium were repeated
every 3 h to maintain muscle paralysis. Cannulation of
the left carotid artery with polyethylene (PE-50, Smith
Medical, Ashford, United Kingdom) tubing was per-
formed for arterial blood pressure monitoring and blood
gas analysis. The right jugular vein was cannulated for
fluid administration. Blood gas analyses were performed
using an autoanalyzer ABL 800 Flex (Radiometer, Wil-
lich, Germany). At the end of the experiment (6 h after
onset), the animals were killed and blood and liver tissue
were removed for subsequent analyses.

Enzyme determination

Blood samples were collected at the end of each experiment
and immediately centrifuged at 4 C. Rat a-glutathione
s-transferase (a-GST) serum concentration was evaluated
using an anti-rat o-GST enzyme immunoassay (Argutus
Medical, Dublin, Ireland). The procedures were performed
according to the manufacturer’s instructions.

RNA isolation

Total RNA was extracted from liver tissues using the TRIzol
method (Invitrogen, Catlsbad, CA, Untied States) accord-
ing to the manufacturer’s recommendation. RNA amounts
were normalized to a concentration of 50 ng/pL diluted
with RNAse-free Water (Qiagen, Hilden, Germany).

Semi-quantitative real-time reverse transcriptase-
polymerase chain reaction

Total RNA was reverse transcribed to single-stranded
cDNA using a High Capacity cDNA Reverse Transcrip-
tion Kit (Applied Biosystems Inc, Foster City, CA 94404
Untied States) according to the manufacturer’s protocol.
Briefly 250 ng of purified total RNA were subsequently
used in 50 pl reverse transcription reactions employing
random hexamers. 50 ng of the resulting cDNA were
used in semi-quantitative real-time polymerase chain re-
action (PCR) analysis in a 50 pL final volume. Reactions
were performed on an ABI Prism 7000 (Applied Biosys-
tems, Foster City, CA, United States) in duplicate for each
animal using TaqgMan Mastermix reagents (part number
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4309169, Applied Biosystems, Foster City, CA, United
States) with a specific TagMan® Probe against HO-1
cDNA (Assay ID: Rn00561387_mL) as described in the
manufacturer’s protocol. Parameters for quantitative PCR
were as follows: 10 min at 95 C, followed by 40 cycles
of amplification for 15 s at 95 C, and 1 min at 60 C.
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
gene expression was used as endogenous control in all
real time analyses using a VIC®/MGB labeled Probe (part
number: 4352338E, Applied Biosystems, Foster City, CA,
United States). The obtained data were analyzed by the
AACT method.

Determination of heme oxygenase enzyme activity

The heme oxygenase (HO) enzyme activity assay was
performed as previously described”. Briefly, frozen liver
tissue was homogenized and added to a reaction mixture
containing NADPH, liver cytosol, glucose-6-phosphate,
glucose-6-phosphate dehydrogenase and hemin. The
reaction was performed at 37 C for 1 h in the dark and
stopped by the addition of chloroform. The extracted
bilirubin was calculated by the difference in absorbance

between 464 and 530 nm.

Hematoxylin-eosin staining of liver sections

For histological analysis, liver sections were fixed with 4%
buffered formalin (pH 6.9) and embedded in paraffin.
Livers were sliced (5 um) and stained with hematoxylin-
cosin according to a standardized protocol.

Immunohistochemical staining

Liver tissue samples were formalin-fixed, paraffin em-
bedded and cut in a microtome to 4 microns. The slides
were deparaffinized with xylene, rehydrated and then
rinsed with tap water. Antigen retrieval was performed by
microwave irradiation in a sodium citrate buffer (pH 0)
and slides were blocked with a ready-to-use peroxidase
blocking reagent (Dako North America, Inc., CA 93013
United States) for 10 min at room temperature. After
subsequent treatment with normal goat serum, slides
were incubated with the primary antibody (dilution 1:50)
as used in Western blotting for 1 h at room temperature.
Following three washing steps with phosphate buffered
saline (PBS) the slides were incubated with the HRP-
conjugated secondary antibody (Goat A-rabbit-HRP,
Dako, Denmark) diluted 1:200. The slides were again
washed 3 times with PBS and then incubated with liquid
diaminobenzidine and substrate (Dako North America,
Inc., CA, United States) as the chromogen for 6 min and
rinsed with deionized water. Finally the sections were
counterstained with Mayer’s hematoxylin (Merck KG,,
Darmstadt, Germany), dehydrated and mounted in an or-
ganic mounting media. For assessment of the severity of
hepatic steatosis, hematoxylin and eosin-stained sections
were evaluated without immunohistochemical treatment.

Western blotting analysis

Western blotting analysis was performed with total cell ly-
sates as described previously'”. Briefly, frozen liver tissue
was homogenized on ice in activated RIPA buffer (Santa
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Cruz, CA, United States). Total protein concentration
was determined in the supernatant using the Bradford as-
say (Bio-Rad Laboratories, Munich, Germany). Each lane
of a 10% sodium dodecyl sulfate gel contained 100 pg of
total protein. After separation and electroblotting, HO-1
was detected by a rabbit polyclonal anti-HO-1 antibody
(1:1000 dilution, SPA 895; Stress Gen Biotechnologies,
Victoria, British Colombia, Canada) using the enhanced
chemiluminescence detection kit (Amersham Pharmacia)
according to the manufacturer’s instructions.

Statistical analysis

Data are presented as mean + SE of the mean with 7 =
5 animals per group as indicated. Statistical differences
within each group were determined using a one-way
analysis of variance (ANOVA) for repeated measure-
ments and between the different groups by one-way
ANOVA followed by the post hoc Student-Newman-
Keuls test for pairwise comparisons. When criteria for
parametric tests were not met, Kruskal-Wallis ANOVA
on ranks followed by Dunn’s test was used. These data
are presented as median (box: 25th and 75th percentiles;
error bars: 5th and 95th percentiles) for » = 5 animals
per group. Data were considered significant when P <
0.05. Statistical analysis was performed using the Sigma
Stat and Sigma Plot 11 software package (Jandel Scien-
tific, San Rafael, CA, United States).

RESULTS

Analysis of vital parameters and weight

The animals in the LEAN + PEN group had a signifi-
cantly higher mean arterial pressure at the respective time
points during the experiments (Table 1). There were no
differences in heart rate between the different groups.
Body temperature dropped during induction of anesthe-
sia but returned to normal values after at least 2 h in all
groups (Table 1). Homozygous Zucker rats (FAT) had a
higher body weight compared to the age-matched hetero-
zygous controls (LEAN) (Table 2). There wete no signifi-
cant differences in blood gas parameters.

Effect of ISO treatment on hepatic HO-1 mRNA
expression

Semi-quantitative HO-1 mRINA real-time analysis of iso-
lated liver extracts is shown in Figure 1A. ISO treatment
over 6 h led to a significant increase in HO-1 mRNA
in lean rats (4.81 + 0.82) compared to all other groups.
ISO inhalation in FAT Zucker rats (2.57 £ 0.22) did not
lead to a significant induction of HO-1 compared to the
respective PEN group (2.83 £ 0.39). A significant differ-
ence in HO-1 mRNA levels was detected between liver
extracts of animals from the FAT+PEN and FAT + ISO
group compared to rats assigned to the LEAN + PEN
group (2.03 £ 0.38).

Effect of ISO administration on hepatic HO-1 protein
levels and HO enzyme activity

In line with RT-analyses, representative Western blot-
ting showed higher HO-1 protein levels in liver extracts
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Table 1 Time course of mean arterial pressure, heart rate

and temperature

Time (h) LEAN+PEN LEAN+ISO FAT+PEN FAT+ISO

MAP 0 12775 82+11 106+ 5 99+5
(mmHg) 2 86"+3 72+2 77+4 73+2
4 85"+ 5 69+2 74+4 69 +2
6 84°+7 69 %2 723 70+2
HR 0 305+3 302+4 314+2 310+ 2
(bpm) 2 302 +2 300 £ 0 319+3 312+0
4 310+ 2 BUSEES 310+ 2 310+ 4
6 307+3 BUZEES 310+ 2 310+ 2
Temp. 0 344°+03 347°+0.6 345°+02 34.7°+03
(C) 2 36.6 £ 0.3 o772 4 03 36.6+03 369%0.1
4 371+0.2 875 2 (01 372+01 37.0%02
6 371+0.2 B7ABER (0] 372+01 37.0%0.1

Data are presented as mean * SE of the mean for n = 5 animals per group.
P < 0.05 vs all other groups, ‘P < 0.05 vs all other time points. MAP: Mean
arterial pressure; HR: Heart rate; Temp.: Temperature; LEAN: Lean
Zucker rats; FAT: Obese Zucker rats; ISO: Isoflurane; PEN: Pentobarbital
sodium.

Table 2 Body weight and baseline values of blood gas

parameters

LEAN+PEN LEAN+ISO FAT+PEN FAT+ISO

Weight (g) 321£19 204+16  462°+14  426°+18
pH 746003 748+0.03 748004 7.42+0.01
pCO:2 (mmHg) 40+3 37+3 32+4 33+4
pO2 (mmHg) 211 £ 52 279 £ 69 258433  308+74

Data were obtained after induction of anesthesia. Data are presented as
mean = SE of the mean for 1 = 5 animals per group ("P < 0.001 vs Lean +
Pentobarbital sodium and Lean + Isoflurane). pCOz: Arterial carbon diox-
ide partial pressure; pO:2 : Arterial oxygen partial pressure; LEAN: Lean
Zucker rats; FAT: Obese Zucker rats; ISO: Isoflurane; PEN: Pentobarbital
sodium.

from animals in the LEAN + ISO group compared to
the other groups (Figure 1B). Equal loading was verified
by reprobing the membrane with a GAPDH antibody.
In addition, HO enzyme activity was significantly higher
in ISO treated lean Zucker rats (Figure 1C). Interestingly,
we found no differences in HO activity between the FAT
+ PEN and FAT + ISO group.

Expression pattern of hepatic HO-1 protein after ISO
treatment

HO-1 immunoreactive protein was restricted to spindle-
shaped sinusoidal lining cells in PEN anesthetized con-
trol animals (Figure 2A). HO-1 protein was markedly
upregulated in hepatocytes predominantly located in
the perivenular area after ISO treatment in lean Zucker
rats (Figure 2B). In sharp contrast, we did not detect
any upregulation of HO-1 protein in hepatocytes of the
perivenular area in obese Zucker rats after treatment with

ISO (Figure 2C and D).

Hematoxylin-eosin staining
For confirmation of steatosis hepatis, hematoxylin-cosin
staining was performed. Obese Zucker rats (FAT) showed
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Figure 1 Hepatic heme oxygenase-1 gene expression and heme oxy-
genase enzyme activity in lean and obese Zucker rats after treatment
with pentobarbital or isoflurane. A: Reverse transcriptase-polymerase
chain reaction was performed for determination of HO-1 mRNA expression.
Data are presented as mean = SE of the mean for n = 5 per group. °P < 0.01
vs all other groups; °P < 0.05 vs LEAN + PEN; B: Western blotting analysis for
determination of HO-1 protein expression in two representative animals from
each group; C: Measurement of HO enzyme activity. Data are presented as
mean + SE for n = 5 per group. °P < 0.001 vs all other groups. HO-1: Heme
oxygenase-1; PEN: Pentobarbital; ISO: Isoflurane; LEAN: Lean Zucker rats; FAT:
Obese Zucker rats; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.

severe macrovesicular and microvesicular fatty infiltration
in hepatocytes (Figure 3C and D). In contrast, we did not
detect any accumulation of lipid droplets in LEAN ani-
mals (Figure 3A and B).

Effect of ISO treatment on serum levels of a-glutathione
s-transferase

As shown in Figure 4, o-GST, one of the most specific
serum enzymes identifying hepatocyte injury did not dif-
fer between the groups.

DISCUSSION

In the present report we demonstrate that ISO induced
upregulation of HO-7 gene expression, which was re-
producibly shown in normal livers and serves as a major
protective mechanism against hepatic ischemia and re-
perfusion injury, is abrogated in the presence of hepatic
steatosis. ISO treatment of heterozygous lean Zucker rats
representing a normal phenotype led to a profound in-
duction of HO-1 mRNA and protein with a subsequent
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.. LEAN + PEN

LEAN + ISO

FAT + PEN

FAT + ISO

Figure 2 Heme oxygenase-1 protein expression pattern in liver sections
from lean and obese Zucker rats after treatment with pentobarbital or
isoflurane. A: Heme oxygenase-1 (HO-1) protein was restricted to spindle-
shaped sinusoidal lining cells in pentobarbital treated animals; B: Isoflurane
(ISO) administration led to markedly upregulated HO-1 protein expression in
hepatocytes of the perivenular area; C and D: No detectable induction of HO-1
protein in hepatocytes of obese animals was detected after ISO treatment.
PEN: Pentobarbital; LEAN: Lean Zucker rats; FAT: Obese Zucker rats.

increase in HO enzyme activity in the liver. In contrast
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LEAN + PEN

LEAN + ISO

FAT + PEN

FAT + ISO

Figure 3 Hematoxylin and eosin staining of liver sections. To assess the de-
gree of hepatic steatosis, hematoxylin-eosinstaining was performed. A, B: No lipid
droplets were detected in lean Zucker rats; C, D: In obese Zucker rats numerous
intracellular lipid vacuoles were observed within the liver tissue. PEN: Pentobarbi-
tal; ISO: Isoflurane; LEAN: Lean Zucker rats; FAT. Obese Zucker rats.

to these findings, which confirm earlier reports from our
laboratory in Sprague Dawley rats, ISO administration
to homozygous obese Zucker rats, an established animal
model for steatosis hepatis, had no effect on HO-7 gene
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Figure 4 Determination of serum levels of a-glutathione s-transferase.
There were no significant differences in a-glutathione s-transferase serum levels
between the different groups. Data are presented as median (box: 25th and 75th
percentiles; error bars: 5th and 95th percentiles) for n = 5 animals per group. PEN:
Pentobarbital; ISO: Isoflurane; LEAN: Lean Zucker rats; FAT: Obese Zucker rats.

expression in the liver of these animals.

Volatile anesthetics are non-toxic inducers of hepatic
HO-T7 gene expression[w’”’w’z”. We previously showed that
pretreatment with ISO leads to an improvement in he-
patic macro- and microvascular blood flow and reduces
portal vascular resistance in the normal liver”. Further-
more, ISO induced upregulation of hepatic HO-1 is
an important hepatoprotective mechanism against I/R
injury. It specifically upregulates HO-1 protein in hepato-
cytes of the perivenular area, the primary localization of
cellular injury in low flow states like I/R. HO-1 induction
improves microcirculation in the eatly reperfusion period,
decreases the oxidative burst and significantly reduces
serum levels of liver enzymes and morphological signs
of hepatic injury after 1/ R™. In addition to these ex-
perimental data, Beck-Schimmer and colleagues recently
published the first randomized clinical study demonstrat-
ing the hepatoprotective effect of the volatile anesthetic,
sevoflurane, in patients undergoing liver resection”. In-
terestingly, they found an even more pronounced benefi-
cial effect of sevoflurane in patients with steatotic livers.
No information is available regarding sevoflurane treat-
ment on HO-7 gene expression in their study. However,
we hypothesize that the protective effect of sevoflurane
in this trial is independent of HO-1 since the duration
of pretreatment (30 min) and the concentration applied
(1.5 of minimal alveolar concentration) is most likely not
sufficient to upregulate hepatic HO-7 gene expression.
Therefore, volatile anesthetics might mediate liver protec-
tion by at least two different mechanisms, one dependent
and one independent of HO-1. To exclude the possibil-
ity that HO-1 upregulation in homozygous Zucker rats
is generally prevented by genetic modifications in these
animals, we screened the literature in this regard. It has
been repeatedly shown by different authors that the ad-
ministration of a variety of compounds can profoundly
induce HO-1 in obese Zucker rats™*). Therefore, the in-
ability to upregulate HO-1 by ISO seems to be substance
specific rather than based on a general lack of inducibility
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in these animals. As indicated in Figure 1A and B, hepatic
HO-1 induction in obese animals was slightly but signifi-
cantly higher than in the livers of lean controls. However,
this did not affect HO enzyme activity in our experiments
(Figure 1C).

To exclude hepatotoxic effects of the anesthetics in
our experiments, we performed serum q-GST mea-
surements. o-GST levels, which serve as a very specific
marker of hepatocyte injury, did not differ between the
respective groups indicating the non-toxic action of ISO.

Obese Zucker rats develop hypertensive blood pres-
sure values accompanied by improper autoregulation
caused by an impairment of sympathetic baroreceptor re-
flexes™ ™. Therefore, anesthetics (e.g., barbiturates) may
have an even more pronounced effect on blood pressure
in obese rather than lean Zucker rats. This could be an
explanation for the higher blood pressure in the LEAN
+ PEN group compared to the other animals observed
in the present study.

Patients with hepatic steatosis are at higher risk for
postoperative complications after major hepatic surgery
including liver transplantation, and adverse outcomes
have been repeatedly documented™ ™. Due to the in-
creasing gap between the number of available organs and
the number of patients awaiting an organ, the amount of
so-called “marginal livers” considered for transplantation
is increasing. Based on this dilemma, it is important to
develop protective strategies particularly for the above-
mentioned type of organs comprising severely steatotic
livers to expand the pool of available liver grafts.

The present study demonstrates that ISO is a potent
inducer of HO-7 gene expression in non-steatotic liv-
ers but failed to upregulate HO-1 in steatotic organs. If
validated in humans, this observation may have an impact
on the anesthetic regimen in patients undergoing liver
surgery.
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Experimental and clinical evidence support the hypothesis that administration of
volatile anesthetics could be a promising approach to limit ischemia/reperfusion
(I/R) injury and to improve the outcome of patients undergoing liver surgery. The
volatile anesthetic isoflurane is a potent non-toxic inducer of heme oxygenase-1
(HO-1) gene expression in the normal liver. The authors previously showed that
these livers are protected from I/R injury.

Research frontiers

There are no studies currently available characterizing the inductive effects of
volatile anesthetics on steatotic livers which are especially vulnerable to I/R
injury. Therefore, we examined the effects of isoflurane (ISO) on hepatic HO-1
induction in lean (non-steatotic livers) and obese (steatotic livers) Zucker rats.
Innovations and breakthroughs

The findings of the present study demonstrate that isoflurane is a potent inducer
of HO-1 gene expression in non-steatotic livers but failed to upregulate HO-1 in
steatotic livers.
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Applications
If verified in humans, this observation may have a crucial impact on the anes-
thetic regimen in patients undergoing liver surgery.

Terminology

HO-1 also called heat shock protein-32 and its catalytic products were recently
identified as major players in cell protection in different organs. Hepatic IR in-
jury is a fundamental problem in major hepatic surgery including liver transplan-
tation. The Zucker rat is a genetic research model for obesity and hypertension
named after Lois M Zucker. Homozygous Zucker rats have high levels of lipids
in their blood and an increased size and number of fat cells. Therefore, these
animals serve as a model for steatosis hepatis.

Peer review

In this manuscript, the authors compare the effects of the volatile anesthetic
isoflurane in the induction of HO-1 among lean and obese rats. They measure
HO-1 expression at the mRNA and protein level, and also assess the activity of
this enzyme. The overall data suggest that isoflurane efficiently induces HO-1 in
lean, but not in obese animals. The study is well designed, appropriate controls
are included and the experiments are of high technical quality. The conclusion
is fully supported by the presented data.
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