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Abstract

AIM: To study the effect of H2 gas on liver injury in
massive hepatectomy using the Intermittent Pringle
maneuver in swine.

METHODS: Male Bama pigs (7 = 14) treated with
ketamine hydrochloride and Sumianxin II as induc-
tion drugs followed by inhalation anesthesia with 2%
isoflurane, underwent 70% hepatotectomy with loss
of bleeding less than 50 mL, and with hepatic pedicle
occlusion for 20 min, were divided into two groups:
Hydrogen-group (n7 = 7), the pigs with inhalation of 2%
hydrogen by the tracheal intubation during major hepa-
totectomy; Contrast-group (7 = 7), underwent 70%
hepatotectomy without inhalation of hydrogen. Hemo-
dynamic changes and plasma concentrations of alanine
aminotransferase (ALT), aspartate aminotransferase
(AST), hyaluronic acid (HA), tumor necrosis factor-a
(TNF-a), interleukin-6 (IL-6), and malondialdehyde
(MDA) in liver tissue were measured at pre-operation,
post-hepatotectomy (PH) 1 h and 3 h. The apoptosis
and proliferating cell nuclear antigen (PCNA) expres-
sion in liver remnant were evaluated at PH 3 h. Then
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we compared the two groups by these marks to evalu-
ate the effect of the hydrogen in the liver injury during
major hepatotectomy with the Pringle Maneuver in the
swine.

RESULTS: There were no significant differences in
body weight, blood loss and removal liver weight be-
tween the two groups. There was no significant differ-
ence in changes of portal vein pressure between two
groups at pre-operation, PH 30 min, but in hydrogen
gas treated-group it slightly decrease and lower than
its in Contrast-group at PH 3 h, although there were
no significant difference (P = 0.655). ALT and AST in
Hydrogen-group was significantly lower comparing to
Contrast-group (P = 0.036, » = 0.011, vs P = 0.032, P
= 0.013) at PH 1 h and 3 h, although the two groups
all increased. The MDA level increased between the two
group at PH 1 h and 3 h. In the hydrogen gas treated-
group, the MDA level was not significantly significant at
pre-operation and significantly low at PH 1 h and 3 h
comparing to Contrast-group (P = 0.0005, 2 = 0.0004).
In Hydrogen-group, the HA level was also significantly
low to Contrast-group (P = 0.0005, 2 = 0.0005) al-
though the two groups all increased at PH 1 h and 3 h.
The expression of cluster of differentiation molecule 31
molecules Hydrogen-group was low to Contrast-group.
However, PCNA index (%) was not statistically signifi-
cant between the two groups (P = 0.802). Micropho-
tometric evaluation of apoptotic index (AI) in terminal
deoxynucleotidyl transferase-mediated dUTP-biotin nick
end labeling-stained tissue after hepatotectomy for 3h,
the AI% level in the hydrogen was significantly low to
Contrast-group (P = 0.012). There were no significant
difference between Hydrogen-group and Contrast-
group at pre-operation (P = 0.653, P = 0.423), but
after massive hepatotectomy, the TNF-a and IL-6 levels
increase, and its in Hydrogen-group was significantly
low compared with Contrast-group (P = 0.022, P =
0.013, vs P = 0.016, P = 0.012), respectively. Hydro-
gen-gas inhalation reduce levels of these markers and
relieved morphological liver injury and apoptosis.
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CONCLUSION: H: gas attenuates markedly ischemia
and portal hyperperfusion injury in pigs with massive
hepatotectomy, possibly by the reduction of inflamma-
tion and oxidative stress, maybe a potential agent for
treatment in clinic.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

In hepatotectomy, it is often needed to occlude the por-
tal inflow in order to reducing bleeding, causing liver
ischemic injury, the Pringle maneuver, interrupts the
blood flow to the liver, produces profound hepatic isch-
emia and intestinal congestion, it has been used clinically
during hepatectorny”’}l. However, ischemia-reperfusion
injury (I/R-I) resulting from the Pringle maneuver is one
of the pathogenetic factors involved in postoperative
liver dysfunction and hepatic failure, especially when the
liver is steatotic and cirrhotic” . The risk of post-opera-
tive liver failure (PLF) or "small of size" syndrome (SFSS)
is the central problem in the field of liver resection™ .
Oxidative stress is regarded as a major contributor to
the development of various hepatic disorders includ-
ing acute hepatic failure, hepatic fibrosis, and hepatic
cancer”. Protective effect of Hz gas on liver ischemia
reperfusion (I/R) injury and toxic liver injury in rodents
has been demonstrated. Previously through ameliorating
oxidative stress, H2 becomes an important potential anti-
oxygen spices agent in clinic"""?. However, all experi-
ments about Hz gas focus on small animal"" and lack
of the study in big animal which provide a much more
clinically relevant means of investigating the pathophysi-
ology of a disease process. Protective effect of Hz in
big animal can provid more treatment options that can
be more readily applied in the human setting. In this
study, we investigated firstly the effect of Ha gas on liver
remnant injury in major hepatectomy using the Pringle
maneuver in swine, and its feasibility in clinic.
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MATERIALS AND METHODS

Animals and husbandry

Fourteen pigs male Bama miniature pigs (15-20 kg) were
obtained from the Pig and Poultry Production Institute
(Guangxi Zhuang Autonomous Region, China). The swine
were raised from a closed herd and kept under strict quar-
antine protocol. The study was approved by the Hospital
Clinic Committee on Ethics in Animal Experimentation.
All animals in this study wete treated humanely and in
accordance with institutional and national guide lines for
ethical animal.

Surgical technique

An upper midline incision with right or bilateral subcos-
tal extensions (inverse "L" shape or Mercedesb incision)
was performed. The subtotal hepatotectomy with loss
of bleeding less than 50 mL, and with hepatic pedicle
occlusion for 20 min were performed according to the
previous introduce'”. A 16-gauge catheter was inserted
into the main portal vein za the gastroduodenal vein to
measure the portal vein pressure (PVP).

Study group

Hydrogen-group (# = 7) inhaled with 2% and H2 98%
oxygen supplied through trachea cannula, gas inhala-
tion started once trachea cannula accomplished, ontrast-
group (# = 7), only inhale oxygen though tracheal tube.
In the two groups, the intraoperative PVP and flow were
respectively monitored at the proctectomy, 1 h and 3 h
after finishing the hepatectomy.

Serum sample analysis

Blood samples were obtained before laparotomy, pos-
thepatectomy 60 min and 180 min. Serum alanine ami-
notransferase (ALT), aspartate aminotransferase (AST),
hyaluronic acid (HA), tumor necrosis factor-o. (TNF-av),
and interleukin-6 (IL-6) were evaluated. Serum AST, ALT
and HA were measured using standard clinical methods
for automated analysis (Model 7170; Hitachi Inc, To-
kyo, Japan). Plasma TNF-q, IL-6 levels were examined
by enzyme-linked immunosorbent assay (ELISA) using
a commercial porcine TNF-o/TNFSF2 immunoassay
kit (Shanghai Yi Hua Scientifi ¢, Inc. China). Serum HA
levels reflect sinusoidal endothelial damage. HA was mea-
sured by a radiometric assay with the Pharmacia HA test
(Shanghai Yi Hua Scientific, Inc. China) in prereperfusion
and postreperfusion serum samples.

Histological examination

Tissue samples were obtained at 180 min post-hepa-
totectomy (PH) and were divided into two parts. One
was immediately cut into cubes 1 mm and fixed in 2.5%
glutaraldehyde in cacodylate buffer (0.1 mol/L sodium
cacodylate-HCI buffer, pH 7.4) at 4 “C, ptior to sectioning
for transmission electron microscopy. Another was fixed
with 10% formalin for 24 h and embedded in paraffin.
Three-micrometer-thick sections were stained with he-
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Hydrogen-group Contrast-group P value
BW (kg) 19.2+27 18.8+3.1 NS
RLW (g) 302 +21 296 +23 NS
ELB (mL) 43 +£12 53 +£16 NS
OT (h) 29+0.3 33+03 NS

RLW: Removal liver weight; ELB: Estimated loss of bleeding; BW: Body
weight; OT: Operating time; NS: Not significant.

matoxylin and eosin and analyzed by the 7 sifu terminal
deoxynucleotidyl transferase-mediated dUTP-biotin nick
end labeling (TUNEL) method using an apoptosis 7 situ
detection kit (Shanghai Yi Hua Scientifi ¢, Inc. China)
according to the manufacturer’s instructions' V. The pet-
centage of TUNEL-positive cells of total cell (apoptosis
index, Al) nuclei in 10 high power fields were calculated
for the 2 groups then compared. Proliferating cell nuclear
antigen (PCNA) is a stable cell cycle nuclear. PCNA pro-
tein expression was detected by immunostaining using
monoclonal anti-PCN-antibody (Jingmei Biotech Co. Ltd,
Shenzhen, China). Data were expressed as the percentage
of PCNA-stained hepatocytes per total number of he-
patocytes (PCNA index). The mean numbers of PCNA-
stained hepatocytes per 10 high power fields were calcu-
lated for the 2 groups, divided by the total cell number
and then compared.

Malondialdehyde assay in liver tissue

Tissue samples were obtained at pre-hepatotectomy, 60
min, 180 min after hepatectomy for hepatic malondial-
dehyde (MDA) measurement. Hepatic MDA levels were
determined using a agents were purchased from the Nan-
jing Jiangcheng Bioengineering Institute (Nanjing, China),
measured according to the manufacturer’s instructions.
MDA levels were normalized against protein (pmol/mg).

Serum TNF-o. and IL-6 measurement

Serum TNF-q and 11.-6 measurement reagents were put-
chased from the Nanjing Jiangcheng Bioengineering Insti-
tute (Nanjing, China). TNF-¢, and IL-6 ELISA kits (Shang-
hai Yi Hua Scientifi ¢ Inc.,, China). TNF-¢, and II.-6 were
measured according to the manufacturer’s instructions.

Statistical analysis

Values of parameters are presented as mean £ SD. Sta-
tistical significance was determined by Student’s #test.
Fishet’s exact test was used for compatison of adhesions.
P < 0.05 was considered significant.

RESULTS

Characteristics of the experiment

There were no significant difference between two groups
in body weight, removal liver weight, estimated loss of
bleeding and operating time (Table 1).
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PVvP

There was no significant difference in changes of PVP be-
tween two groups at pre-operation, PH 30 min (Figure 1).
The PVP in hydrogen gas treated-group and moderately
increased beyond that measured at laparotomy. The PVP
in Contrast-group continue to rise at 3 h of posthepa-
totectomy, but in hydrogen gas treated-group it slightly
decrease and lower than its in Contrast-group, although
there no statistical significant differernce (P = 0.06).

Hepatocellular injury

The preoperative and serial postoperative measurements
of serum ALT and AST, are shown in Figure 2, on which
significant differences are noted. There were no signifi-
cant difference between two groups at pre-operation. Af-
ter hepatotectomy ALT and AST increased in all of the
animals and its in hydrogen gas treated-group was signifi-
cantly lower comparing to Contrast-group (P = 0.036, P
= 0.011).

Malondialdehyde assay in liver tissue

The serial change of hepatic MDA level in two groups
was shown in Figure 3A. Baseline of hepatic MDA be-
tween two groups were no significant difference (P =
0.747). One hour after massive hepatotectomy, the MDA
concentration increased in all the swines. In hydrogen gas
treated-group, Hz gas significantly decreased levels of he-
patic MDA, a marker of oxidative stress, the MDA level
was significantly low to Contrast-group (P = 0.0005, P =
0.0004).

Serum HA

The serial change of serum HA level in two groups
were showed in Figure 3B. Baseline of HA between two
groups were no significant difference (P = 0.488). One
hour after subtotal hepatotectomy, the HA concentration
in serum increased in all the pigs. In Hydrogen-group, the

HA level was significantly low to Contrast-group (P =
0.0051, P = 0.0052).

DISCUSSION

The risk of PLF is the central problem in the field of
liver resection™. This is principally due to the PLF or
SESS, an excessive and destructive portal flow through a
remnant liver that is too small, which becomes function-
ally insufficient™ " the intraoperative injury including
ischemia and inflammatory response is another impor-
tant pathogenic factors involved in postoperative liver
dysfunction and hepatic failure. In studies of extended
hepatectomy in dogs, severe damage to the sinusoidal
endothelial cells (SECs) of the remnant liver 3 h after the
operation was one of the main factors responsible for
the high mortality rates'*". Therefore, to reducing the
intraoperative injury sometimes is determinant to preven-
tion the PLF or SFSS, when the intraoperative damage
is irreversible. It is well known oxidative stress is a major
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Figure 1 Serial changes of portal vein pressure in two groups. A bar graph
shows the mean + SD of portal vein pressure (PVP) (mmHg) in the two groups.
Each group is represented by the mean of 7 swines. There was no significant
difference in changes of PVP between two groups at the pre-operation (pre-op),
0.5hand3h.

contributor to the development of various hepatic disor-
ders including acute hepatic failure, at present, there are
no effective agents to alleviate the oxidative stress during
clinically operation. However, molecular Ha, has recently
been defined as a novel antioxidant, which selectively
quenches detrimental the reactive oxygen species (ROS),
while maintaining metabolic oxidation reduction reaction
and other less potent ROS"*'™"™indicating it is promis-
ing strategies to alleviate intraoperative injury.

In massive hepatotectomy, the intrahepatic vascular
space in the remnant liver experiences a drastic reduction,
and this leads to portal congestion and hemodynamic in-
stability™”] the ischemia attenuate the instability, increas-
es the metabolic burden, mitochondria produce more
oxygen radicals. Duting the hepatic inflow occlusion, the
intestinal congestion causing the damage of intestine
barrier function and the increase of endotoxin absorb-
tion or bacterial translocation, however, the function of
reticuloendothelial system decrease due to the removing
of most of liver masss, which contained a lot of phago-
cyte”™'”. Each individual Kupffer cell in a small-remnant
is exposed to higher amounts of endotoxin than that in
a whole liver, and triggers Kupffer cells to release a large
quantity of free radicals. Lipid peroxidation, which plays
a significant role in oxidative damage“g’w], was measured
indirectly by assessing the increases in the levels of a
lipid peroxidation product, MDA, The MDA level is
widely used as an indicator of free radical-mediated lipid
peroxidation injury. In the present study, serum levels of
MDA in contra-group increased rapidly during hepatotec-
tomy (Figure 3A). The observed increase of liver MDA
levels was an indicator of lipid peroxidation, which also
verified the oxidative damage in the liver tissue in this
animal model. While Hz inhalation inhibited this increase
significantly, inhalation of H2 gas dramatically decreased
MDA levels almost to the normal level.

In the Contrast-group and Hydrogen-group, there
were significant endothelial denudation in the medium-
sized portal vein branches, sinusoidal dilation, hydropic
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Figure 2 Change of serum alanine aminotransferase level and serum
aspartate aminotransferase level in two groups. Each group is represented
by the mean of 7 swines. A, B: In hydrogen gas treated-group, the alanine ami-
notransferase (ALT) (A) and aspartate aminotransferase (AST) (B) levels were
significantly lower to Contrast-group. *P < 0.05 vs ALT level in Contrast-group;
°P < 0.05 vs AST level in Contrast-group. Pre-op: Pre-operation.

changes of hepatocytes and hemorrhage into perivenular
connective tissue, which extended into the hepatic paren-
chyma (Figure 4B), and there was no intraparenchymal
hemorrhage present in Ha group (Figure 4A). Transmis-
sion electron microscopic photographs of the sinusoid
was shown (Figure 4C and D). In the Hydrogen-group,
the SECs (arrows) and hepatocytes were well preserved,
and the structure of the endothelial lining can also be
perceived (Figure 4C), in contrast, the sinusoidal endo-
thelial lining was partially destroyed and detached into the
sinusoidal space with enlargement of the Disse’s spaces
(asterisks). Cluster of differentiation molecule 31 (CD31)
immunostaining was notable for destruction of the en-
dothelial lining among animals in Contrast-group (Figure
4F) and, in contrast to mild sinusoidal microarchitecture
injury in Hydrogen-group (Figure 4E).

Many studies had demonstrated that the high shear-
stress or hyperperfusion, due to small liver remnant could
cause the sinusoidal endothelial injury, and hepatocyte
injury, swelling degeneration of hepatocytes[zz’23]. In Con-
trast-group, the portal overflow damage the 30% liver
remnant underwent 20 min ischemia, causing the endo-
thelial denudation, sinusoidal dilation, hydropic changes
of hepatocytes and hemorrhage into perivenular con-
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Figure 3 Changes of hepatic malondialdehyde, hyaluronic acid, tumer necrosis factor-o. and interleukin-6 levels in two groups. A bar graph shows the mean
+ SD of hepatic malondialdehyde (MDA) (A), hyaluronic acid (HA) (B), tumer necrosis factor (TNF)-o. (C) and interleukin (IL)-6 (D) level in two groups. Each group is
represented by the mean of 7 swines. A, B: In hydrogen gas treated-group, the MDA (A) and HA (B) levels were significantly lower to Contrast-group; C, D: In hydro-
gen gas treated-group, the TNF-o. (C) and IL-6 (D) levels were significantly lower to Contrast-group. Pre-op: Pre-operation. °P < 0.01 vs MDA level in Contrast-group;
%P <0.01 vs HA level in Contrast-group; °P < 0.01 vs TNF-c. level in Contrast-group; P < 0.01 vs IL-6 level in Contrast-group.

nective tissue, in contrast, the Hz inhalation alleviated the
hyper reperfusion, make the rise in PVP low to Contrast-
group, attenuate markedly these injuries (Figure 4A and
B). It also identified by the measurement of HA level.
HA is synthesized by mesenchymal cells and eliminated
in the hepatic sinusoidal endothelium; increased serum
HA levels reflect sinusoidal endothelial damagem’zsl. In
the present study, an elevation in serum HA level,caused
by liver hyperfusion is also significantly low to Contrast-
group, indicating the effect of H2 on hyperfusion injury
in the hepatic sinusoidal endothelial (Figure 3B). CD31
immunoglobulin helps maintain endothelial stability by
interdigitating with other CD31 molecules at the extracel-
lular border of adjacent cells*”. The study also showed
that hydrogen-inhalation decreased the expression of
CD31 molecules (Figure 4E and F), it means the H2 can
reduce the injury of hyperperfusion,and was further
demonstrated by the observation of transmission elec-
tron microscope examination (Figure 4C and D).
Normal liver has vigorous regenerative potential,
portal hyperperfusion is likely to be an important physi-
ologic trigger that stimulates liver regeneration127’28]. The
strength of the regenerative stimulus is proportional to
the increase in portal blood flow, as previous shown in
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5201

experimental animals™. The results in the study revealed
also there were no significantly difference between the
two group at PH 3 h (Figure 5). This means the liver re-
generation in the eatly stage was determined to the portal
shear stress, although Hz decrease free radicals injury. On
the other hand, apoptotic cell death is an important con-
tributor to the organ failure common to ALF, even for
etiologies thought traditionally to involve mainly hepa-
tocyte necrosis™". The free radicals may exert a strong
cytotoxic effect, and played an important role in induc-
ing apoptosis in the postoperative liver insufficient. The
study demonstrated the Al in the hydrogen gas treated-
group significantly decrease compating to the Contrast-
group (Figure 6A), this probably attribute to the protec-
tion of the Hz against injury of ROS. Therefore, Hz play
an important role in deceasing the injury of SFSS with
decreasing the apoptosis of hepatocyte, without increas-
ing the regeneration.

Even though free radical scavengers have been dem-
onstrated to reduce liver I/R damage[zg’m], this is the first
observation that the H2 decreases PVP or hyperperfusion
injury in an animal model, which is determinant factor
to PLF or SFSS. We obsetrved that Hz inhalation reduced
not only morphological injury, but also serum ALT, AST,
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Figure 4 Hematoxylin and eosin, transmission electron microscopic photographs and cluster of differentiation molecule 31 immunohistochemical staining
of tissue samples taken 3 h after hepatotectomy. A: Hematoxylin and eosin (HE) staining of the Contrast-group; B: HE staining of the hydrogen gas treated-group; C,
D: Transmission electron microscopic photographs of the sinusoid, arrows indicatethe sinusoidal endothelial, asterisks indicate the enlargement of the Disse's spaces;
E: Cluster of differentiation molecule 31 (CD31) immunostaining of the hydrogen gas treated-group; F: CD31 immunostaining of the Contrast-group.
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Figure 5 Proliferating cell nuclear antigen immunostaining in liver and the percentage of proliferating cell nuclear antigen stained in two groups. A: Prolif-
erating cell nuclear antigen (PCNA) staining in liver remnant (arrows, positive cell: x 400); B: Microphotometric evaluation in PCNA stained tissue after hepatotectomy
for 3 h between two groups. A bar graph shows the mean + SD of PCNA stained level (%) in two groups. Each group is represented by the mean of 7 swines.
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Figure 6 Terminal deoxynucleotidyl transferase-mediated dUTP-biotin nick end labeling staining after hepatectomy and protective effect of Hz against liver
apoptotic cell death in two groups. A: Revealed many terminal deoxynucleotidyl transferase-mediated dUTP-biotin nick end labeling (TUNEL)-positive cells (arrows,
identified morphologically by dark brown staining nuclei) in the liver remnant x 400; B: Microphotometric evaluation of apoptotic index (Al) in TUNEL-stained tissue
after hepatotectomy for 3 h. A bar graph shows the mean + SD of Al level (%) in two groups. Each group is represented by the mean of 7 swines. In hydrogen gas
treated-group, the Al level was significantly low to Contrast-group (°P < 0.05 vs Contrast-group).

IL-1, TNF-q (Figures 2 and 3C, D). We especially investi-
gated the effect of hydrogen on oxidative stress PVP, and
injury/regeneration in this liver hypefusion injury model.
The use of gas inhalation to treat diseases has become
increasingly popular. There are three endogenous gas in-
clude nitric oxide, carbon monoxide and Hz sulfate. The
increased production of these gases under stress condi-
tions may reflect the active involvement of these gases in
the protective responsemm. However, the inherent toxic-
ity of these gases must be investigated for gas inhalation
to be considered an effective therapeutic strategy. Ho is
not produced endogenously in mammalian cells since the
hydrogenase activity responsible for the formation of He
gas has not been identified.

In conclusion, intraoperative Hz inhalation in massive
hepatotectomy was feasible and can protected the liver in-
jury from hyperperfusion, by reduction of inflammation
and oxidative stress, liver remnant apoptosis or necrosis,
although it didn’t increase the regeneration. However, the
exact mechanism and signalling pathway involved in the
protection role of Ha in the small liver remnant injury
need to be studied in the future. It is required to fully ex-
ploit inhalation of H2 gas as a therapeutic strategy.

COMMENTS

Background

Hydrogen selectively reduce levels of hydroxyl 1 radicals and alleviates acute
oxidative stress in many animal models. But most of these study were used in
small animal models and lack of the study in big animal which provide a much
more clinically relevant means of investigating the pathophysiology of a disease
process. In this study, the authors investigated firstly the effect of Hz gas on
small liver remnant injury or “small of size” syndrome (SFSS) after massive
hepatectomy, and its feasibility in clinic.

Research frontiers

It is well known oxidative stress is a major contributor to the development of
various hepatic disorders including acute hepatic failure, at present, there are
no effective agents to alleviate the oxidative stress during clinically operation.
However, molecular Hz, has recently been defined as a novel antioxidant, which
selectively quenches detrimental the reactive oxygen species (ROS), while
maintaining metabolic oxidation reduction reaction and other less potent ROS,
indicating it is promising strategies to alleviate intraoperative injury. Oxidative
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stress is regarded as a major contributor to the development of various hepatic
disorders including acute hepatic failure, hepatic fibrosis, and hepatic cancer.
Through ameliorating oxidative stress, H2 becomes an important potential anti-
oxygen spices agent in clinic.

Innovations and breakthroughs

Even though free radical scavengers have been demonstrated to reduce liver
ischemia reperfusion damage, this is the first observation that the Hz decreases
portal vein pressure or hyperperfusion injury in an animal model, which is de-
terminant factor to post-operative liver failure or SFSS. It was also firstly dem-
onstrated the feasibility of intraoperative inhalation in big animals. As a kind of
gas, intraoperative inhalation was convenient and safe.

Applications

The present study demonstrated firstly the protective effect of Hz gas on liver
ischemia-reperfusion injury (I/R-), toxic liver injury, and portal hyperperfusion
injury in swine, that the physiology is similar to human, indicating intraoperative
Hz gas inhalation will be a treatment modality as potential anti-inflammation
response agent in clinic .

Peer review

In this study, many biochemical markers mostly investigated in the study of
hepatic I/R-I were evaluated and showed that inhaled hydrogen gas attenuated
the I/R-l. This study gives a new insight into the pivotal role of hydrogen gas
toward the hepatic I/R-I in clinical settings because hydrogen gas was used in
swine model.
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