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Abstract

Ischemia due to transient splanchnic vasoconstriction following major burns causes oxidative and/or nitrosative damage in intestina
tissue followed by reperfusion injury. Thus, burn injury leads to breakdown in the intestinal mucosal barrier which can induce bacterial
translocation (BT). As an antioxidant and anti-inflammatory agent the protective effeltaadtylcysteine (NAC) are documented in
several studies. This study was designed to determine the effect of NAC treatment on the oxidative stress in the intestine and BT after bur
injury. To evaluate this, 32 Wistar rats were randomly divided into four groups as shan8), burn q = 8), pre-burn, NAC injection
(150 mg kg'?, intraperitoneally) 15 min before thermal injuny £ 8), post-burn, NAC injection (150 mg kg, intraperitoneally) 2 h after
thermal injury. Under anesthesia, the shaved dorsal skin of rats was exposed to boiling water for 12 s to induce burn injury in a standardize
manner. Twenty-four hours later, tissue samples from mesenteric lymph nodes (MLN), spleen, and liver were obtained under sterile
conditions for microbiological analysis and ileum samples were harvested for biochemical analysis. In the burn group, the incidence of
isolating bacteria in MLN, spleen, and liver specimens was significantly higher than other groups. NAC treatment prevented burn-induced
BT in both pre- and post-burn groups. Thermal injury caused a significant decrease in glutathione (GSH) level, significant increases in
malondialdehyde (MDA) and myeloperoxidase (MPO) activity at post-burn 24th hour. Treatment of rats with NAC significantly elevated
the reduced GSH levels while decreasing MDA levels and MPO activity. These data suggested that NAC has a crucial cytoprotective role
in intestinal mucosal barrier and preventive effects against burn injury-induced BT.
© 2004 Elsevier Ltd and ISBI. All rights reserved.

Keywords: N-Acetylcysteine; Bacterial translocation; Thermal injury

1. Introduction homeostasis between the intraluminal bacteria, their prod-
uct and intestinal mucosal barrier. Thermal cutaneous injury
Despite recent advances in the management of burn cargeads to a transient and selective splanchnic vasoconstric-
systemic inflammatory response syndrome (SIRS), sepsistion which is associated with decreased mesenteric blood
and multiple organ failure (MOF) still continue to be a flow and damage of the mucosal barrier due to ischemia
leading cause of mortality and morbidily,2]. These sep-  reperfusion (I/R) injury. This phenomena promotes bacte-
tic events are often manifest in the absence of an identi- rial translocation (BT) from the gu5,6]. The underlying
fiable focus of infection. Gut hypoperfusion has been im- mechanisms in the pathopyhsiology of the mucosal barrier
plicated as an initiating event in the development of septic damage is attributed to ischemia reperfusion injury. I/R in-
complications and gastrointestinal tract has been defined agury to small intestine causes local production of the reactive
the “motor of MOF” [3,4]. Normally, in the gut, there is  oxygen species (ROS), such as hydroxyl radical, superox-
ide anion, hydrogen peroxide and reactive nitrogen species
(RNS), such as nitric oxide and peroxynitrite are thought
'to play a pivotal role in gut epithelial damagjé]. This in
turn, creates a breakdown in the intestinal mucosal barrier
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and causes the distruption of mucosal integrity. This event
may facilitate BT and release of endotoxins leading to septic
complications and MOF in burn patier&].

N-Acetylcysteine (NAC) is one of the most widely investi-
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water for 12 s was applied to produce a full thickness burn.
The total area of the burn was 30-35% of total body sur-
face of the rat. The sham control animals were exposed to
room temperature water in an identical setting. All animals

gated pharmacological agent among free radical scavengersin group Il and group Ill were resuscitated with 2ml/100g

NAC, which has a thiol group, is a well-known precursor
of glutathione. It reacts best with the hydroxyl radical and
hypochlorous acid and is poorly reactive with hydrogen per-
oxide and the superoxide radid@]. Exogenously adminis-

saline intraperitoneally following burn injury. After recov-
ering from anesthesia, all animals were allowed to access
to water and standart rat chow. No animals died with in the
first 24 h post-burn period.

trated NAC protects against I/R-induced tissue damage due

to its ability to scavenge RORO]. Furthermore, NAC also
elicits beneficial effects on inflammation process, such as
suppression of cytokine expression/release, inhibition of ad-
hesion molecule expression, and inhibition of nuclear fac-
tor kappa B (NFxB) [11-13] Although, experimental stud-
ies have shown protective effects of NAC on hepatic, renal,
and intestinal I/R injury14,15,10]and lung injury in sep-

sis modelq16], there are no reports in literature about the
effect of NAC on the small intestine after thermal injury.
The aim of this study is to investigate the effect of NAC on
intestinal oxidant damage and BT in burn injury.

2. Materials and methods

The experimental procedures performed in this study were
in concordance with the guidelines of Turkish National In-
stitutes of Health. The experimental protocol was approved
by the Ethical Committee of Mersin University. Thirty-two
Wistar rats, weighing between 200 and 250 g were used in

2.3. Tissue sampling

All animals were scarified 24 h after the thermal injury.
To evaluate BT, tissue samples were collected. A midline la-
parotomy was performed and MLN, spleen, and liver speci-
mens were obtained under sterile conditions. Then, samples
of ileum were removed for biochemical evaluation.

2.4. Microbiological analysis

Microbiological analysis was performed as described pre-
viously by Isenberd18]. A sample of blood (1 mL) from
each animal was immediately placed into Bactec Peds Plus/F
blood culture medium (Becton Dickinson Microbiological
Systems, Cockeysville, MD, USA) and incubated afG7
for 7 days under aerobic conditions in a Bactec 9240 system.
Broths were incubated at 3& until turbid, and the turbid-
ity was adjusted to match that of a 0.5 Mc Farland standard
(10 CFU/mL). By using normal saline, a 1/100 dilution of

this study. The rats were housed at constant temperaturethe suspension was made to give an adjusted concentration

with 12-h period of light—dark exposure. Animals were al-
lowed to access to standard rat chow and water ad libitum.
A 1-week period of acclimatization was use in this study.

2.1. Experimental design

The rats were randomly divided into four groups in equal
number. The first group (sham group, groumI= 8) re-
ceived sham burn and saline injection (1 mL&y The sec-
ond group (burn group, group lhy = 8), received thermal
injury and saline injection (1 mLkg'). The third group
(pre-burn group, group llin = 8), received thermal injury
and NAC injection (150 mgkg!, intraperitoneally) 15 min
before thermal injury. The fourth group (post-burn group,
group IV,n = 8), received thermal injury and NAC injection
(same dose) 2 h after thermal injury.

2.2. Thermal injury

Animals were anesthetized by intramuscular injec-
tion of ketamine hydrochloride (50 mg/kg), and xylazine
(5mg/kg). The burn model described by Walker et al. was
used in this study17]. The backs of animals were shaved
to allow direct skin contact between skin and hot water.
Next, a corresponding meta template immersed in boiling

of 10° CFU/mL. From all cultures, subsequent subcultures
were performed on blood agar, eosin—methylen blue (EMB)
agar, and chocolate agd8]. All samples were stained with
acridine orange and Gram technique. The liver, spleen, and
MLN specimens were placed into 2 mL of brain heart infu-
sion (BHI) broth, weighed, and homogenized. These sam-
ples were the placed on blood agar and EMB agar. All cul-
tures were incubated under aerobic and anaerobic condition
and were examined at 24 and 48 h for presence of growth.
The identification of bacterial species was performed by
standart microbiologic methods. Colonization was expressed
as the number of CFU per milliliter of homogenate (CFU/qg).

2.5. Detection of MDA levels

One part of the tissue was homogenized in 10 parts of
15 mmol/l KCL for malondialdehyde (MDA) assay MDA,
which is the end product of fatty acid peroxidation, reacts
with thiobarbituric acid (TBA) to form a colored complex.
Measurement of MDA content by TBA reactivity is the most
widely used methods for assessing lipid peroxidafiti.

The principle of the method is based on measurement of the
absorbance of the pink color produced by interaction of TBA
with MDA at 530 nm. Values were expressed as nmol/g wet
tissue weight.
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Table 1
Incidence of bacterial translocation and quantitative results in tissue specimens
Groups (= 8) MLN Spleen Liver

Incidence CFU/g Incidence CFU/g Incidence CFU/g
Sham 0/8 (0%) <0.17 0/8 (0%) <0.17 0/8 (%0) <0.17
Burr? 7/8 (87.5%) 5.24+ 0.78 5/8 (62.5%) 3.8% 1.1 5/8 (62.5%) 3.45t 0.97
Pre-burn 2/8 (25%) 1.54 0.89 2/8 (25%) 1.44+ 0.83 1/8 (12.5%) 0.86: 0.69
Post-burn 2/8 (25%) 1.54 0.89 1/8 (12.5%) 0.83 0.66 0/8 (0%) <0.17

Values expressed as logarithm of geometric mean (CFU/g tissUg)E.M.
apP < 0.05 compared other groups.

2.6. Measurement of Ileal tissue myeloperoxidase (MPO) anion. The optical density of this yellow substance is mea-
activity sured at 412 nni21].

One part of the tissue was homogenized in 10 parts of 2:8. Satistical analysis
hexadecyltrimethylammonium bromide (HETAAB) buffer

for MPO activity assay. The determination of tissue MPO The statistical evaluation for proportional comparisons for
activity depends on the fact that it reduces dimethoxibenzi- duantitative cultures and biochemical values was done by

dine. lleal segments were homogenized in 0.5% HETAAB USing one-way ANOVA followed by Tukey test. Logarith-

in10 nM 3-(N-morpholino) propane sulfonic acid and cen- mic values of quantitative cultures values were used in the

trifuged at 15,000« g for 40 min. An aliquot of supernatant ~ analysis. Data were presented as mea8.E.M. for micro-
was mixed with a solution of 1% (w/v) dimethoxybenzi- biologic results and meatt S.D. for biochemical analysis.

dine and 1nM hydrogen peroxide. After a 30-min incuba- P-values less than 0.05 were considered as statistically sig-

tion, the reaction was stopped by adding 3M HCI. Activity nificant.
was measured spectrophotometrically as the change in ab-
sorbance at 410nm at 3T by using a spectrophtometer
[20]. Results are expressed as units MPO activity per gram
tissue.

3. Results

All animals survived until the completion of the exper-
imental protocol. The incidence of BT within the groups
2.7. Measurement of tissue glutathione levels is summarized ifTable 1 BT did not occur in the sham

group. Burn caused severe BT in group I, and the incidence

Each specimen (wet weight, 60 mg) was transferred to a of bacteria isolated from MLN, spleen, and liver was sig-
glass homogenizer, and homogenized in 5% NaCl and ex-nificantly higher in that group than the other groups<
tracted with 0.3 mL of ice-cold 60 g/l metaphosphoric acid 0.05). NAC supplementation prevented BT in both pre-burn
and 1 mmol/l EDTA, and rapidly homogenized while the and post-burn groups. The predominating bacteria ks
protein was directly precipitated. After centrifugation (3000 cherichia coli, however, Klebsiella and Proteus vulgaris
x g for 5min at 4°C), aliquots of the clear supernatants were also encountered (data not shown).
were either derivatized and analyzed promptly or stored for  The results of the biochemical analysis in tissue specimens
stability evaluation at-60°C until analysis. The precipi- are presented ifiable 2 MDA levels were significantly in-
tate was analyzed for the concentrations of protein. 0.2 ml creased in the burn group in comparison to sham, pre-burn,
of the supernatant was mixed with 0.22 mmol/l N&tdy and post-burn group$(< 0.05). MDA levels were signif-
and 0.1 mmol/l DTNB (5,5dithio-bis(2-nitrobenzoic acid).  icantly reduced in the both pre- and post-burn groups with
The mixture was vortexed and incubated for 5min at room NAC supplementationR < 0.05) Fig. 1). Thermal injury
temperature. DTNB is a disulfide compound readily reduced caused a significant increase in the levels of tissue MPO in
by sulphidryl compounds that form a highly colored yellow burn group when compared with the other groups:(0.05).

Table 2

The results of biochemical analysis of tissue samples

Parameters Shamm = 8) Burn (h = 8) Pre-Burn ( = 8) Post-Burn f = 8)
MDA (nmol/ml) 38.22+ 2.52 92.28+ 61.6 47.82+ 22.89 48.79+ 21.14
GSH 0.1982+ 0.0583 0.0977% 0.04P 0.1210+ 0.0321 0.153% 0.0397
MPO (U/g) 0.0990+ 0.03 0.02546+ 0.059F 0.0984+ 0.0529 0.1443+ 0.0429

Values are expressed as mearS.D.
2P < 0.05, significantly different from other groups.
bp < 0.05, significantly different from sham and post-burn group.
¢P < 0.05, significantly different from other groups.
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Fig. 1. Tissue MDA levels. Data expressed as mgaB.D. (*) P < 0.05 significantly different from the other groups.
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Fig. 2. Tissue MPO levels. Data expressed as meah.D. (*) P < 0.05 compared to other groups.

Increased level of MPO in burn group was suppressed by lipid peroxidation and MPO activity in intestinal tissue after
NAC administration in the pre-burn and post-burn groups thermal injury, and it also maintains GSH levels. NAC pre-
(P < 0.05) Fig. 2. Also, burn injury caused significant de- vented BT when applied 15 min before or 2 h after thermal
creases in tissue GSH levels when compared to the shaminjury. These results confirm the role of oxidative stress in
group P < 0.05). GSH levels were preserved by post-burn intestinal mucosal barrier dysfunction and BT following
NAC treatment and they were not significantly different from burn injury.
the sham group. Although, GSH levels in the pre-burn group  Several studies have shown that the mesenteric blood flow
were higher than that in the burn group, the difference was decreases by more than 50% in the first 8 h after a severe
not statistically significantKig. 3, Table 2. thermal injury and rises back to the control levels after nearly
20 h[5,6]. The main cause of the decreased mesenteric blood
flow is a transient and selective vasospasm in splanchnic
4. Discussion area, and this post-burn mesenteric vasospasm results in I/R
injury to intestinal mucosa leading to increased BT. In addi-
The present study demonstrates that NAC prevents tion, the maximal incidence of BT occurs in the first 24 h af-
burn-induced BT while significantly decreasing the elevated ter burn[22,23] Our microbiological results which obtained
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Fig. 3. Tissue GSH levels. Data expressed as meahD. (*) P < 0.05 compared to burn and pre-burn groups.

at 24 h after insult confirmed these reports. In concordanceagainst oxidative stress. GSH acts either directly or via glu-
with the findings of BT in our previous intestinal I/R stud- tathione peroxidase catalysis to scavenge the generated ROS
ies[24,25] the role of NAC in preventing burn-induced BT  [32]. Tissue ischemia depletes intracellular GSH levels, and
is most likely related to oxidant—antioxidant balance in I/R this is probably due to excess GSH consumption during
injury. oxidative stress. Several reports indicate that GSH levels
Ischemia and consecutive reperfusion cause oxidativeof various tissues including lung, liver, kidney, and intes-
stress, which is characterized by an imbalance between retine were significantly decreased after thermal and I/R in-
active oxygen species and the antioxidative defence systemury [14,15,28] NAC is a thiol compound and contains a
[26]. Potential mechanisms causing the development andsulfhydryl group, therefore, it is known as a GSH precur-
progression of I/R injury include the adhesion and activation sor. It has been shown that NAC exerts its antioxidant effect
of polymorphonuclear neutrophils, the release of proin- in two ways. First of all, as a source of sulfydryl groups it
flammatory cytokines, as well as the formation of reactive indirectly facilitates GSH biosynthesis and, hence, increase
oxygen species (ROS) and reactive nitrogen species (RNS)GSH supply for glutathione peroxidaf®. Secondly, it di-
[27]. In many studies it has been showed that burn injury is rectly reacts with RO$0]. Overall decrease in the oxidative
associated with lipid peroxidation, which is believed to be damage by above-mentioned mechanisms might also have
an important cause of oxidative damage to cellular mem- decreased the consumption of GSH. There are several stud-
branes, and eventually cell deaf®8]. Recently, Horton ies which have demonstrated that NAC therapy improves
revealed clearly the role of ROS and RNS on lipid perox- GSH levels in lung at 24 h after buf3] and in liver and
idation in burn injury[29]. MDA is a good indicator of  kidney in I/R injury[14,15] In accordance with these data,
oxidative injury and an end product of lipid peroxidation. our findings also verify that NAC maintained GSH levels
Several studies have demonstrated that burn injury and I/Rwhile it prevented against burn-induced oxidative stress.
injury are associated with elevated levels of MDA in dif- Reduction of lipid peroxidation also paralleled with the
ferent organ and tissu¢$5,28,30] In our study, the levels  change in MPO activity, which is known as the index of
of MDA significantly increased in intestinal tissue at 24 h infiltration of polymorphonuclear neutrophils (PMN). PMN
after the thermal injury. These elevated levels were reversedare a potential source of ROS, and have a major role in de-
back to control levels by NAC supplementation in both pre- velopment of oxidative tissue injury. Experimental studies
and post-burn group. This protective effect of NAC largely have been shown that MPO activity increases in several in-
depends on the findings of increased levels of GSH empha-flammatory processes, such as I/R injlit$], burn injury
sizing the role of antioxidants in our study groups. Addi- [28], and CLP-induced sepgj$6]. In a recent study, it has
tionally, it may be due to by either directly interfering with  been demonstrated that MPO activity increases in lung, liver,
ROS, such as OH, or enhancing antioxidant systems, such and intestine at 24 h after burn injuf28]. Cuzzocrea et al.
as superoxide dismutase or glutathione peroxidasg showed that MPO activity decreased with NAC treatment in
Non-protein sulfhydryl containing compounds, especially the ileal tissug10]. In parallel all these, we found MPO ac-
GSH, one major constituent of cellular defence mechanismstivity elevated in burn group at 24 h after burn in the present
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study. Furthermore, also NAC supplementation reduced the [3] Moore FA. The role of the gastrointestinal tract in postinjury multiple
MPO activity in the both treatment groups. organ failure A J Surg 1999;178:449-53.
On the other hand. several mechanisms have been postu_[4] Meakins JL, Marshall JC. The gastrointestinal tract the “motor” of

. . the multiple organ failure. Arch Surg 1986;121:197-201.
lated for this anti-inflammatory effect of NAC. ROS and/or [5] Morris SE, Navartam N, Hendron D. A comparison of effects of

RNS, generated by neutrophils, activates Ri-a tran- thermal injury and smoke inhalation on bacterial translocation. J
scriptional regulatory protein, resulting in the excessive pro- Trauma 1990;30:639-45.

duction of inflammatory cytokines, including interleukin-8  [6] Tokyay R, Zeigler ST, Traber DL, Stothert JC, et al. Postburn

(IL-8) and tumor necrosis factor (TNF) in multiple organ gastrointestinal vasoconstriction increases bacterial and endotoxin

. . . - translocation. J Appl Physiol 1993;74:1521-7.
dySfunCtlon associated with I/R mJurEB‘”' It has been [7] Willy C, Dahouk S, Starek C, Kaffenberger W, Gerngrob H, Plappert

shown that NAC treatment suppresses RE-activation in UG. DNA damage in humane leucocytes after ischemia/rperfusion
a model including endotoxin-mediated oxidative st{@&§. injury. Free Radic Biol Med 2000;28:1-12.
Simi|ar|y, NAC supplementation might have suppressed [8] Deitch EA, Berg R. Bacterial translocation from the gut: a mechanism
NF-«B activation in our study. Another possible mechanism of infection. J Burn Care Rehab 1987,8:475-82. _
is the alteration of interactions between Ieukocytes and [9] Aruoma Ol, Halll_we_l B, Hocy BM,_ButIer J. The antlogldant action

. . > . . of N-acetylcystein ist reaction with hydrogen peroxide, hydroxyl
endothelial cells which are mediated by different adhesion radical, superoxide and hypochlorous acid. Free Radic Biol Med
molecules. P-selectin is a member of selectin family, and 1989;6:593-7.
mediates rolling of leukocytes along the endothelium. In- [10] Cuzzocrea S, Mazzon E, Costantino G, Serraino |, De Sarro A,

tercellular adhesion molecule-1 (ICAM-1), which is one of Caputi AP. Effects ofN-acetylcysteine in a rat model of ischemia
th ti tant i ds for leuk t ’ diates bindi reperfusion injury. Cardiovasc Res 2000;47:537-48.
€ mostimportant igands tor leukocytes, mediates binding 14; tgyji F, Miyake Y, Aono H, Kawashima Y, Mita S. Effects

of leukocytes on the endothelium during the reperfusion. of bucillamine andN-acetylcysteine on cytokine production and
P-selectin is rapidly released to the cell surface after ex- collogen-induced arthritis. Clin Exp Immunol 1999;115:26-31.
posure to certain stimuli, such as ROS and expression of[12] Rahman A, Kefer J, Bando M, Niles WD, Malik AB. E-selectin
ICAM-1 can be enhanced by various cytokines, such as expression in human endothelial cells by TNF alpha-induced oxidant
IL-1 and TNE. Consequentlv. these molecules are consid- generation and NikB activation. Am J Physiol 1998;275:.533—44.

: ) q y: S . ! [13] Verhasselt V, Vanden Berghe W, Vanderheyde NNacetylcysteine
ered to play a crucial role of in inflammatory processes inhibits primary human T cell responses at the dentritic cell level:
[36,37] Cuzzocrea et al. have previously demonstrated association with NF<B inhibition. J Immunol 1999;162:2569-74.
that NAC treatment abolished the expression of P-selectin[14] Sener G, Tosun O, Sehirli AO, Kacmaz A, Arbak S, Ersoy
and upregulation of ICAM-1, together with the elevation Y, Ayanoglu-Dilder G. Melatonin andN-acetylcysteine have
. .. . . . beneficial effects during hepatic ischemia and reperfusion. Life Sci
in MPO activity, in a.splanchnlc artery occlusion shock 2003:72:2707-17.
model[10]. These findings suggest that NAC treatment can [15] sehirli AO, Sener G, Satigdu H, Ayandjlu-Dillger G. Protective
interrupt with the interaction of leukocytes and endothelial effect of N-acetylcysteine on renal ischemia/reperfusion injury in rat.
cells both during the rolling phase mediated by P-selectin J Nephrol 2003;16:75-80. _ )
and adhesion phase mediated by ICAM-1. In the present [16] Ozdulg_er A, Cinel I, Koksel O, (_3|ne| L, AvIan_D, Ul’l|'L:l A et_al. The
study although we did not study these adhesion molecules protgctlve effect oN-agetyIcysteln on apoptotic lung injury in cecal

U ) "= ligation and puncture-induced sepsis model. Shock 2003;19:366-72.
NAC might also have reduced the expression of P-selectin[17] walker HL, Mason Jr AD. A standard animal burn. J Trauma
and upregulation of ICAM-1 in both NAC supplementation 1968;8:1049-51.
groups. On the other hand, despite increasing amount of[18] Isenbgrg HD. Clinical microbiology procedures handbook. 1st ed.
experimental data regarding the anti-inflammatory effects ___ Washington DC: ASM; 1992. p. 15-7. N
. . . [19] Yagi K. Lipid peroxides and related radicals in clinical medicine.
_Of NAC in Sev_eral InflammaFory processes, such as IR in- In: Armstrong D, editor, Free radicals in diagnostic medicine. New
jury and CLP-induced sepsis, Molnar suggested that NAC York: Plenum Press; 1994. p. 1-15.
treatment had no potential benefit in critical illngS8]. [20] Golowich SP, Kaplan SD. Methods in enzymology, vol I.I. New
Thus, the issue still remains controversial. York: ACA Press Inc.; 1955. p. 769. . .
In conclusion, thermal injury, which is a cause of oxida- [21] Be“:]'a; E'Ze'gtat(;"ol\:‘e reg le"g‘etabo"sdméa ma”“"i'gc’?fsb'“hflnz"sfy
. - . . . . - methods. 2nd ed. New York: Grune and Stratton; . p —4.
tlve_damz?\ge in small intestine, mduces mt_estlnal mucos_al [22] Fukushima R, Gianotti L, Alexander JW, Pyles T. The degree of
dysintegrity and BT. NAC treatment maintained the intesti- bacterial translocation in is a determinant factor for mortality after
nal mucosal barrier integrity and prevented BT after burn burn injury and is improved by prostaglandin analogs. Ann Surg
injury. We believe that use of NAC merits consideration as 1992;216:438-45.

a therapeutic agent in burn injury due to its antioxidant and [23 Jones It WG, Minei JP, Barber AE, Fahey Il TJ, Shires Il GT,
GSH supplier effects Shires GT. Splanchnic vasoconstriction and bacterial translocation

after thermal injury. Am J Physiol 1991;261:H1190-6.
[24] Aksbyek S, Cinel I, Avlan D, Cinel L, Ozturk C, Polat G, et al.
Intestinal ischemic preconditioning protects the intestine and reduces
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