TABLE 1. Hospitals That Participated in This Study (GREAT Study:
Gunma GIST Research Evaluation Analysis Treatment Study)

Hospital Number of cases
Gunma Prefectural Cancer Center 62
Gunma University Hospital 42
Saitama Medical Center, Saitama Medical University 32
Gunma Chuo General Hospital 27
Saiseikai Macbashi Hospital 27
Fujioka General Hospital 17
Haramachi Red Cross Hospital 12
Isesaki Municipal Hospital 9
Gunma Prefectural Cardiovascular Center 2
Kiryu Kosei General Hospital 2
Maki Hospital 2
Total 234

findings, were obtained from the patients” surgical records and pathology
reports.

Among the 234 patients, the cases of the 41 patients with unresectable
or recurrent GIST that were treated with imatinib mesylate were
analyzed in detai). Patients in which resection resulted in macroscopic
residual lesions (R2 resection) were included in this study, but patients
that underwent R0 resection and received adjuvant therapy with imatinib
were excluded. Patient data regarding age. sex, tumor location, mmor
size, histological status (mitotic count and Ki-67 labeling index), and
prognostic outcome were collected from clinical charts. The wmor
response was evaluated using computed tomography (CT) or
fluorodcoxyglucose positron cmission tomography/CT (FDG-PET/
CT) cvery 4-6 months during the imatinib treatment. The tumor
response was objectively evaluated by the surgeons or oncologists at
each institute according to the guidelines for evaluating the response ol
solid tumors to treatment [9]. The treatments employed after disease
progression were independently chosen by the physicians at each
hospital. Various treatments were employed for this purpose. such as
surgical intervention, an increased imatinib dose, sunitinib treatment,
and best supportive care.

The imatinib treatment response rate, overall survival (OS),
progression-free survival (PES), and the factors affecting prognosis
were retrospectively analyzed among the patients with unresectable
advanced or recurrent GIST who received imatinib treatment.

Survival curves were calculated according to the Kaplan-Meier
method. Survival was defined as the time from the initiation of the first
dose of imatinib. The differences between survival curves were
examined using the log-rank test. Univariate and multivariate survival
analyses were performed using the Cox proportional hazards model.

TABLE H. Characteristics of All 234 GIST Patients
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Fig. 1. Overall survival of all 234 GIST patients. While the median

follow-up period of the patient population was slightly short (3.2 years),
the 3-year survival rate was 92.1%, and even the high risk group
exhibited a relatively good 3-year survival rate (84.9%).

P values of less than 0.05 were considered to indicate statistically
significant results, All statistical analyses were performed with the JMP
5.0 for Windows software package (SAS Institute Tne., Cary, NC).

RESULTS
Clinicopathological Features and Survival of the 234 Patients

Table IT shows the clinicopathological features of all 234 patients. In
these patients. the primary lesion was located in the stomach (169 cases;
72.2%), small intestine (35 cases: 15.0%), duodenum (9 cascs; 3.8%),
or other locations. Of the 234 tumors, it was possible to categorize 220
of them according to the Fletcher classification [10]. Accordingly, 31
(14.1%), 78 (35.5%). 35 (15.9%), and 76 (34.5%) cases were classified
as very low risk, low risk, intermediate risk, and high risk (including
clinically malignant cases), respectively. Figure 1 shows the OS rate of
all 234 patients. While the median follow-up period was slightly short
(3.2 years), the 3-year survival rate was 92.1%, and even the high risk
group exhibited a relatively good 3-year survival rate (84.9%).

Clinicopathological Features of the 41 Patients With
Unresectable or Recurrent Disease Who
Received Imatinib Treatment

The clinicopathological features of the 41 patients who received
imatinib treatment are shown in Table HI. Unresectable advanced GIST
was present at the time of diagnosis in 17 cases (41.5%), and the factor
responsible for the unresectable nature of the discase was multiple liver

GIST {(n'=234)

Age (years) (mean + SD) 64.14£11.6
Range 22-87
Gender M/F 129:105
Tumor size (mm) (mean = SD) 580+353.7
Range 2-270
Primary sitc n (%)
Stomach 169 (72.2)
Small intestine 35 (15.0)
Duodenum 9(3.8)
Omentum 6 (2.6)
Colon 6 (2.6)
Rectum 209
Esophagus 2(0.9)
Others 3.3
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metastases in 13 cases and peritoncal dissemination in 6 cases (some
cases exhibited both factors). GIST recurred after resection in 24 cases
(58.5%). The recurrence took the form of liver metastasis (17 cases),
peritoneal dissemination (9 cases), local recurrence (2 cases), lung
metastasis (1 case), adrenal metastasis (I case). or spleen metastasis
(1 case, some cases exhibited multiple types of metastasis). The mean
tumor size was about 10 cm. As for the location of the primary lesion, the
stomach was the most common site (19 cases, 46.3%), followed by
the small intestine (14 cases, 34.1%), and the male/female ratio of the
41 paticnts was markedly higher than that for all 234 patients (1.93 vs.
1.23: Table HI).

Overall Response to Imatinib

Scven patients (17.19%) achieved a complete response (CR)
according to CT or PET/CT, 20 (48.8%) achicved a partial responsc
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TABLE HL Characteristics of the 41 Patients Who Reccived Imatinib
Treatment

Ogata et al.

GIST (n=441)

Age (years) (mean = SD) 630133

Range 24-83
Gender M/ 27:14
Primary tumor size (mm) (mean £ SD) 100.7 - 58.8

Range 32250
Primary site n (%)

Stomach 19 (46.3)

Small intestine 14 (34.1)

Duedenum 249

Omentum PRy

Colon 1.4

Rectum 124)

Esophagus Q4)

Others 29

(PR), 8 (19.5%) had stable discase (SD), and 6 (14.6%) had progressive
disease (PD), yielding a response rate of 65.9% and a disease control rate
(CR + PR+ SD) of 85.4%. Nine patients received sunitinib treatment as
a second-line therapy.

Toxicity of Imatinib
The most common adverse events were edema (58.5%), fatigue
(58.5%), skin rash (17.1%), and nausea (12.2%). Most adverse effects
were successfully controlted with medication in outpatient clinics. No
treatment-reated deaths occurred in this study.

Survival Analysis

Figures 2 and 3 show the OS and PFS of the 41 patients that received
imatinib treatment. Survival was calculated from the start of imatinib
therapy, and the median follow-up period was 4.0 years. Regarding OS.
the 1-year, 2-year, and 3-year OS rates were 92.3%, 74.9%, and 53.8%,
respectively. The median PFS period was 39.8 months.

Univariate and Multivariate Survival Analyses

Univariate analysis based on the Cox proportional hazards model
showed that achieving a good overall response (CR + PR) (RR: 2.00;
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Fig. 2. Overall survival of the 41 patients who received imatinib
Survival was calculated from the start of imatinib therapy, and
the median follow-up period was 4.0 years. The 1-year, 2-year, and 3-year
overall survival rates were 92.3%, 74.9%, and 53.8%, respectively.
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Fig. 3. Progression-free survival of the 41 patients who received
imatinib treatment. The median PFS period was 39.8 months.

95%CL 1.16-3.45) and imatinib dose reduction (RR: 2.62: 95%CL
1.42-5.62) were significantly correlated with a good prognosis
(Table V). Tumor size (diameter <10cm) (P=0.072) and gastric
GIST (P=0.059) tended 1o be associated with better OS, but
these associations were not significant. Fletcher risk classification
(= 0.687), the site of metastasis (/” = 0.843), surgical intervention after
the detection of disease progression (P =0.899), and the use of sunitinib
therapy as a second-line treatment (P =0.286) were not significantly
correlated with prognosis.

Multivariate analysis confinmed that achieving a good overall
response (CR + PR) (RR: 2.33; 95%CL: 1.29-4.37) and the presence
of imatinib dose reduction (RR: 3.05; 95%CI: 1.53~7.18) were
independent prognostic factors (Table 1V).

DISCUSSION

There is limited data available concerning the long-term outcomes of
imatinib treatment in Japanesc or Asian paticnts with advanced or
recurrent GIST. In this study, we present the resuits of a Japanese
multicenter study of 41 patients with unresectable or recurrent GIST,

There have been two large-scale clinical trials of imatinib treatment
for advanced/unresectable GIST. The follow-up data for the patients in
the B2222 study. a large scale Phase 11 study conducted in the USA and
Finland, were reported at the 2011 annual meeting of the American
Society of Clinical Oncology (ASCO) [4.11,12]. In the latter study, the
median follow-up period for patients with unresectable or recurrent
GIST who underwent imatinib treatment was 9.4 years [ 2]. In addition,
it was demonstrated that the risk of tumor progression significantly
decreased after 6 years of imatinib treatment. Whilst the probability of
disease progression was 35-48% for patients that had received fewer
than 6 years of imatinib treatment, the probability of disease progression
decreased 10 5.3% after 6 years of imatinib treatment. As for the other
study, the Phase I BFRI4 trial performed by the French Sarcoma
Group was designed to assess the effect of discontinuing imatinib
therapy on patients with advanced GIST. The latter trial was an open-
label study in which patients with advanced GIST whose tumors had
been controlled (CR, PR, or SD) by imatinib treatment were randomized
to the interrupt (I-group) or continue group (C-group) after their disease
had been controlled with imatinib treatment for 1, 3, or § yeuars. The
reports presented by the above group at the 2012 ASCO annual meeting
demonstrated that PFS was significantly lower in the I-group than in
the C-group. The median PFS periods of the I-group and C-group were
as follows: 7 and 29 months in the 1-year study, 9 and 60 months in the
3-year study, and 13 months and not reached in the S-year study.
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TABLE IV. Univariate and Multivariate Analyses (Cox Proportional {1azards Model)
Univariate analysis Multivariate analysis
RR (95%C1) P-value RR (95%Cl) P-value
Gender (F/M) 141 (0.79-2.96) 0.266
Age (£60/>61) 1.08 (0.65~1.84) 0.760
Overall response (CR + PR/SD + PD) 2.00 (1.16-3.45) 0.013 2.33 (1.294.37) 0.005
Primary tumor size (<10 em/>10cm) 1.64 (0.96-2.97) 0.072
Risk classification (intermediate/high) 1.14 (0.63-2.39) 0.687
Primary site (stomach/others) 1.71 (0.98-3.28) 0.059 1.49 (0.85-2.89) 0.17
Metastatic site (liver/peritoneum) 0.843
inibds duction (f ) 2.62 (1.42-3.62) 0.0014 3.05 (1.53-7.18) 0.001
Surgical intervention (present/absent) 1.03 (0.60~1.78) 0.899
S d-Hi itinib p ) 1.36 (0.76-2.32) 0.286

RR, relative risk; CI. confidence interval. Bold type; P < 0.03.

respectively. The I-year PFS rates of the I-group and C-group were as
follows: 31% and 85% in the 1-year study, 32% and 92% months in the
3-year study, and 71% and 92% in the 5-year study, respectively [13-16]
(Table V). These results showed that rapid disease progression occurs if
imatinib is interrupted in GIST patients whose tumors are controlled by
long-term imatinib treatment. The results of these two large-scale, Jong-
term trials demonstrate that the risk of tumor progression decreases with
mcreased treatment duration. Furthermore, the interruption of imatinib
treatment in responsive and controlled patients results in a high risk of
disease progression. On the basis of this evidence, the GIST clinical
guidelines in various countries recommend that imatinib treatment for
paticnts with advanced GIST should be continued uniil the tumor
progresses [17~191.

In Japanese patients, whose body weight is lower than that of Western
patients, it is recc led that imatinib tr should start at a dose
of 400 mg per day [20)]. Continuous imatinib dosing is important for the
management of advanced GIST. In our study. there were 19 patients
(46.3%) who had their imatinib dose reduced to 300 mg or 200 mg per
day during long-term treatment. The reasons why the patients had
imatinib dose reduced were adverse events and financial reasons. The
most common adverse cvents were cdema (grade 2: 63.2%), fatigue
(grade 2: 52.6%), skin rash (grade 2: 21.1%), and diarrhea (grade 2:
15.8%) in 19 patients (those with duplication). In this study, although
there was exception, imatinib dose reduction was performed when PR
and SD followed a long period at least one year, and low dose imatinib
treatment was continued without interruption. Once disease showed
progression, imatinib dose escalation to 400 mg/day was done. Demetri
etal. reported that it is important to maintain a sufficient plasma imatinib
level in order to achieve and maintain a clinical response in patients with
GIST [21]. Although nearly 509 of our patients required imatinib dosce
reduction, the median PES period was 39 months, which was longer than
the median PFS period of 24 months observed in the B2222 swdy.
Furthermore, univariate and multivariate analyses based on the Cox
proportional hazards model showed that imatinib dose reduction was

TABLE V. Summary of BFR14 Trial

One-year PFS rate

After the treatment of controlled discase forl year I-group: 31%
C-group: 85%
T-group: 324
C-group: 92%
-group: 71%
C-group: 92%

After the treatment of controlled disease for 3 years

After the weatment of controlled disease for 5 years

PES, progression-free survival,
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significantly correlated with a good prognosis. We cannot explain the
reason for this at present, but the following explanations are suggested.
First, most of the patients in the imatinib dose reduction group (15 out
of 19 cases) achieved a good response (CR or PR), whereas the non-
responders experienced rapid disease progression and had to stop
receiving imatinib therapy early; i.e., before they could undergo imatinib
dose reduction. Secondly, the patients who experienced imatinib dose
reduction were treated without interruption for longer than those in the
standard dose group; ie.. the median imarinib administration period
was 41.5 months among the patients who experienced dose reduction
(19 cases) and 19.6 months among the patients who did not undergo
imatinib dosc reduction (22 cascs). All cxcept two of the paticnts who
experienced dose reduction continued to receive imatinib treatment until
their disease progressed. As Japanese patients tend to have small statures
than Western patients, their imatinib plasma levels might remain at
effective concentrations even after dose reduction. Thus, further studies
involving the measurement of plasma imatinib levels are required.
‘Tumor size (diameter <10 cm) tended to be associated with better OS,
but not significant (P =0.072). Fletcher risk classification was not
significantly correlated with prognosis (P = 0.687). Risk classifications
including tumor size predict a risk of recurrence, they may not reflect the
outcome of imatinib treatment.

Although we do not recommend imatinib dose reduction for Japanese
GIST patients, our results suggest that it is reasonable to determine
the maintenance dose of imatinib for each patient on the basis of
assessments of adverse effects, age. and body weight.

In conclusion, long-term imatinib therapy is recommended for
patients with non-progressive discase. If patients experience significant
toxicities, temporary imatinib dose reduction and treatment continuation
might be a usctul strategy.
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Abstract

Background The aim of the present study was to clarify the
anatomy between the left triangular ligament (LTL) and
the appendix fibrosa hepatis (AFH) in order not to sever the
AFH when dissecting the LTL.

Methods  Totals of 43 and 27 cadaveric livers were exam-
ined macroscopically and histologically, respectively.
Results The LTL attached itself to the diaphragmatic
surface of the AFH through almost all lengths of the AFH.
This might be the reason why AFH is so often dissected
together with the LTL. There were two types of relation
between the LTL and the AFH; in one type, the starting point
of the LTL existed on the left liver and in the other type. it was
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on the AFH. Twenty-five of 27 AFH included remnants of the
bile duct and 12 of 25 AFH had comparatively large bile
ducts, which was unexceptionally accompanied by the well-
developed peribiliary vascular plexus. AFH showed a varicty
of shapes, such as rectangular (6/43), long triangular (4/43).
short triangular (7/43), triangular plus cordlike (11/43),
cordlike (12/43) and bifurcated (3/43) types.

Conclusions  As AFH sometimes includes refatively large
bile ducts, it is recommended for surgeons to sever the AFH
not just simply by electrocautery but by ligating its stump
securely.

Keywords Appendix fibrosa hepatis - Human liver
Introduction

Appendix fibrosa hepatis (AFH) is an atrophied hepatic
tissue protruding from the left external edge of the left liver
|1-4]. Regardless of various shapes, most AFHs contain
remnants of hepatic tissue; namely portal vein (PV), hepatic
artery (HA), bile duct (BD), hepatic vein (HV) and some-
times degenerative liver cell cord [5-8]. Consequently, sev-
ering the AFH without ligation has a risk of postoperative
bile leakage, from which bile peritonitis occasionally
results. Many surgeons might have experienced the bile
leakage from the stump of the AFH after the dissection of
the left triangular ligament (LTL) around the esophago-
gastric junction, especially in the total gastrectomy [9-12].
It was caused by the fact that the AFH was severed simul-
taneously though only LTL was targeted for the dissection.
And it may result from the difficulty in distinguishing the
AFH from the LTL when viewed from the diaphragmatic
side. The LTL itself exists between the AFH and the dia-
phragm, and tightly connects them through almost the entire
fength of the AFH. Therefore. a considerable area of the
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diaphragmatic surface of the AFH is hidden by the LTL. To
avoid the inadvertent dissection of the AFH, reconfirmation
of the anatomy between the AFH and the LTL must be
required.

In the present study we intended to clarify the real ana-
tomical relation between the AFH and the LTL to inquire
into the reason why AFH and LTL are at times confused
with each other and inadvertently dissected together. Also
we intended to clarify the reason why postoperative bile
leakage occurs from the bile ducts remaining in the AFH, in
spite of the atrophied hepatic tissue.

Materials and methods

Livers were extirpated with AFH, LTL and the diaphragm
in a mass from 43 adult cadavers (23 male, 20 female,
mean age 84.0 £ 1.3) provided by the Department of
Anatomy, Gunma University, Graduate School of Medicine,
Maebashi, Japan.

Ligaments (i.e. right triangular, coronary, left triangular,
falciform, round, hepatoduodenal, hepatogastric and hepa-
torenal ligaments) fixing the liver to the diaphragm or the
abdominal wall were carefully inspected from diaphrag-
matic and visceral sides. Then, the shape of the AFH was
examined macroscopically and it was classified into six
types according to the classification of Gao and Roberts,
that is, rectangular, triangular (short and long), triangular
plus cordlike, cordlike and bifurcated types [8]. In our study,
the triangular type was subdivided into short (<3 cm) and
long (>3 cm) triangular types according to the length of the
AFH. After that, the interrelation among the left liver, the
LTL, the AFH and the diaphragm was macroscopically
examined. Then, the diaphragm was removed in a meticu-
lous manner in order not to injure the AFH and the LTL, and
the pattern of the bare area that was located between the
superior and the inferior layers of the coronary ligament was
examined. After the macroscopic observation, the AFH and
the LTL including the extremity of the feft liver were taken
together from 27 cadaveric livers of good condition (14
male, 13 female, mean age 85.1 £ 1.6). These specimens,
fixed in 10% formalin solution and preserved in 5%
formalin solution, were embedded in paraplast (Oxford Co.,
St Louis, MO, USA), and sliced into 10-pum-thick sections.
The transverse sections containing a part of the left liver, the
LTL, the remnant of LTL and the AFH were stained with
hematoxylin and eosin and Elastica van-Gieson stain, and
the relation among these structures were microscopically
investigated. The PV, HA, BD and the remnant of the liver
cells and the nerve bundles, were examined for the speci-
mens obtained from the proximal (medial), central and
distal (left lateral) one-third regions of the AFH, respec-
tively. Characteristic features of the intrahepatic BD rami-
fying in the AFH were investigated specifically from the

point of view of the postoperative bile leakage. Existence of
the peribiliary vascular plexus (PVP), a primary feeding
vessel of the intrahepatic bile ducts, was inquired in each
BD of the AFH [13~16]. In this study, BD of which diameter
is larger than that of adjacent PV was defined as “a relatively
large BD”, because the diameter of the intrahepatic BD of
the normal liver was smaller than that of the adjacent PV in
general. The HV of the AFH was excluded from the subject
of investigation, because of the difficulty in defining it.

We defined the ligaments of the liver by the definition of
Rohen et al. [17] and have adapted Couinaud’s segmentation
for the nomenclature of the liver [18]. Anatomical consent
was obtained from all donors in the form of living will.

Resuits
Appearance of the AFH in situ

Appendix fibrosa hepatis was a fibrous band continuously
extending from the left extremity of the left liver to the
posterolateral portion of the diaphragm. Various kinds of
shapes were found in the AFH. However, regardless of
shape, the external appearance of the AFH varied depending
on the position from which it was observed. As shown in
Figure la, it was difficult to see the whole shape of the AFH
when looking at it from diaphragmatic side, whereas when
it was viewed from the visceral side by temporarily holding
the left liver up. its shape was completely identified
(Fig. 1b). It was caused by the fact that the LTL of the left
liver continuously stretching to the diaphragmatic surface of
the AFH or the thick areolar tissue developing under the
diaphragmatic sided capsule of the AFH disturbed the obser-
vation of the precise shape of the AFH, respectively. More-
over, it was difficult to identify cach boundary between them
because AFH, LTL and the diaphragm were continuously
covered with the same peritoneum. To the contrary, the
whole shape of the AFH was clearly observed from the
visceral side because there was no tissue that disturbed
the observation of the visceral surface of the AFH. More-
over, it was possible to see several vessels that derived from
the left liver branching off into the AFH when viewing
it from the visceral side. The histology of this case
showed that a thick arcolar tissue developing under the
diaphragmatic-sided capsule of the AFH disturbed the
observation of the precise shape of the AFH including
the remnants of the liver (figure not shown).

Two types of bare area or two types of the relation
between the LTL and the AFH

To perform the safe dissection around the esophagogastric
Jjunction it is important to understand the precise relation
among the left liver, the LTL and the AFH. Figure 2a shows
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Fig. 1 The appendix fibrosa hepatis (AFH) in sine. (a) The AFH
viewed from the diaphragmatic side. As a thick areolar tissue covered
most of the diaphragmatic surface of the AFH only a part of the AFH
(the area surrounded by white arrows) can be observed. The under row
of the arrows indicates the anterior edge of the AFH. In the upper row
the part between the right-sided first arrow and the fourth arrow indi-
cates the pleat of the capsule of the AFH formed by the thick areolar
tissue, and the arrows from the fifth to the sixth indicate the reflection
of the peritoneum of the AFH. (b) The AFH viewed from the visceral
side. Whole configuration of the AFH can be seen from the visceral
side. Black arrows indicate the anterior and posterior edges of the
AFH.

the cut surface of the LTL and the left liver. As shown in
Figure 2a, the liver surface facing free peritoneal cavity was
covered with two layers of connective tissue. The inner layer
enclosing the liver parenchyma was the thin fibrous connec-
tive tissue (Glisson’s capsule), comparatively rich in elastic
fibers, whereas the outer layer was the visceral peritoneum
consisting of mono-layer of mesothelium lined by the
fibrous connective tissues, which was comparatively rich in
collagen fibers. Two layers were not distinguishable in the
normal surface of the liver. but they were clearly divided
into visceral peritoneum and Glisson's capsule as they
approach the peritoneal reflection where the formation of
the LTL starts. After the reflection, visceral peritoneum of
the Teft liver became thicker and formed the anterior and
posterior layers of the LTL. whereas Glisson's capsule kept

surrounding the liver parenchyma in the bare area. The
narrow spaces between the anterior and posterior layers of
the LTL were filled with areolar tissue, which was continu-
ous with that of the bare area of the left liver. The observa-
tion described above is important to better understand the
relation between the AFH and the LTL.

Figure 2b,c show two types of the bare area or two types
of the relation between the LTL and the AFH. As shown in
Figure 2b,c, the two (anterior and posterior) layers of the
LTL were continuous with the superior and the inferior
layers of the coronary ligament, respectively. The area
enclosed with the two layers of the coronary ligament was
devoid of the peritoneal covering, and this non-peritoneal
surfuce constituted the “bare area” of the liver. Therefore,
the left limit constituted by joining two layers of the coro-
nary ligament corresponded to the left end of the bare area
or the beginning (the right extremity) of the LTL.

Two types were recognized on the relations between the
LTL and the AFH. In one type, the left limit of the bare area
or the beginning (the right extremity) of the LTL existed on
the left liver (Fig. 2b). In this type, the LTL was constituted
from the reflection of the peritoneum of both left liver and the
AFH and the relationship observed between the LTL and the
AFH was almost the same as that between the LTL and the
left liver, that was shown in Figurc 2a. In another type, the
bare area extended into the AFH. In this type, the left limit of
the bare area or the beginning (the right extremity) of the LTL
existed on the AFH; therefore, the LTL was constituted from
the reflection of the peritoneum of the AFH (Fig. 2¢). In this
type, as the bare arca extended from the left Hver to the AFH,
two layers reflecting from the upper surface of the AFH
corresponded to the superior and the inferior layers of the
coronary ligament of the left liver. The space between two
layers was filled with the areolar tissue, which was continu-
ous with that of the bare area of the left liver. There was a
similar relationship observed between the coronary ligament
and the left liver. In the latter type, the considerable area of the
diaphragmatic surface of the AFH was adhered to the dia-
phragm through the areolar tissue of the bare area; therefore,
it was difficult to see the whole shape of the AFH from the
diaphragmatic side. The former type was observed in 36 of 43
(849%) cases, and the latter type, in seven cases.

The relations between the LTL and the left liver or
between the coronary ligament and the left liver were basi-
cally kept as the relations between the LTL and the AFH or
between the coronary ligament and the AFH.

Shape of the AFH

The real shape of the AFH could be confirmed only after the
diaphragm was stripped from the liver and the AFH. Various
shapes ranging from membranous to cord-like types were
observed. The shape was classified into six types, namely
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(a)

RL

Fig. 2 Cut surface of the left triangular liganment {LTL) on the left liver and two types of the bare area or two types of the relation between the LTL
and the appendix fibrosa hepatis (AFH). (a) Reflections of the peritoneum surrounding the left liver make up the anterior and posterior layers of
the LTL. The portions of the peritoncal reflection making up the posterior and anterior layers of the LTL. Areolar tissue is developed between both
fayers. HE I, ® indicates the portion from which the specimen was obtained. Elastica van-Gieson, 40x. (b) The bare area of which the feft limit
sts within the left fiver. The superior and inferior layers of the coronary ligament are constituted from the peritoneal reflection of the left liver,
The LTL is composed of the reflection of the peritoneum of the left liver and the AFH. (¢) The bare area of which the left limit exists not on the
left tiver but on the AFH. A part of the coronary ligaments and the LTL exist together on the AFH. The superior and inferior layers of the coronary
figament arc composed of the peritoneal reflection of the left liver and the AFH. The LTL is composed of the reflection of the peritoncum of the
AFH. Black arrows (a1): the portions of the peritoneal reflection, White arrows (a): Glisson’s capsule surrounding the teft fiver, arrow heads (b and
¢): the left limit of the bare area or the right extremity of the LTL. AL and PL anterior and posterior layers of the LTL, SL and IL superior and
inferior layers of the coronary ligament, AE and PE anterior and posterior edges of the AFH, BA bare aren, /VC inferior vena cava, RL round

lignment, RTL right triangular ligament.

rectangular type (Fig. 3a, 6/43), long triangular type
(Fig. 3b, 4/43), short triangular type (Fig. 3c, 7/43), trian-
gular plus cordlike type (Fig.3d, [1/43), cordlike type
(Fig. 3¢, 12/43) and bilurcated type (Fig. 3f, 3/43). The
mean length of the AFH with standard error was 5.9 *
0.43 em (range: 1.5-11.0 cm) and the width of the proximal
(medial) side was 2.5 + 0.3 cm (range; 0.7-11 cm).

Remnants of hepatic tissue in the AFH

Since the AFH is formed by the atrophy of the left liver, the
same tissues (PV. HA, BD, HV, liver cells, vagal nerve and
lymphatic vessel) constituting the normal liver were found
in the AFH (Fig. 4). As shown in Figure 4a.b, in the proxi-
mal (medial) region of the AFH, PV, HA and BD did not
exist solitarily but as a set in the degenerated portal tract
with a denatured (usually flattened) form; however, the com-
plete portal tract including PV, HA and BD decreased in

number with going to the distal (left lateral) region. As
shown in Table 1, the complete portal tract was observed in
25 of 27 cases in the proximal (medial) one-third region of
the AFH, in 18 of 27 cases in the central one-third region of
the AFH and in 11 of 27 cases in the distal (left lateral)
one-third region of the AFH, respectively. There were cases
that lost the BD from the portal tract; however, the PV and
the HA remained in the degenerated portal tract as a set.
These incomplete portal tracts increased in their number
with going to the distal (left [ateral) region (two in proximal
[medial] region, seven in central region and 14 in distal [left
lateral] region, respectively) (Table 1). Remnants of the
portal tract of the AFH were basically continuous to those of
segment 2 of the left liver. Remnants of liver cells scattered
around these portal tracts were observed in 23 of 27 cases in
the proximal (medial) one-third region of the AFH, in seven
of 27 cases in the central one-third region of the AFH and in
one of 27 cases in the distal (left lateral) one-third region of
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Fig. 3 Six types of the shape in the appendix fibrosa hepatis (AFH). (a) Rectangular type. (b) long triangular type (>3 em), (¢) short triangular type
(<3 cm). (d) triangular plus cordlike type, (e) cordlike type, (f) bifurcated type (Distal [left lateral] side is divided into two tails). White arrowheads
indicate the margin of each AFH adhering 1o the diaphragm.

the AFH, respectively. Remnants of nerve fiber were found
in 19 of 27 in the all areas of the AFHs (70.3%).

Comparatively large bile ducts and the PVP in the AFH

Among the specimens of the AFH examined microscopi-
cally the comparatively large BDs lined with monolayer of
cuboidal-columnar epithelium were found in 12 of 23 cases
in which remnants of BD remained (48%). In the cases
having comparatively lacge BDs, the PVP, which consisted
of micro blood vessels, invariably developed around them
(Fig. 4b), whereas in the remaining 13 cases, which portal
tract of the AFH had a normal BD in size, no definite
development of the PVP was identified around them as
shown in Figure 4a. The figure indicating the developed
PVP is not shown.

Discussion

Rapant and Hromada {9] quoted an article of Engel {19} and
reported 10 portions where remnants of the hepatic tissue
with BD remained in the adult liver. Afterward Champeitier
[7] also indicated a similar 10 portions including remnants
of the BD in the adult liver. The portions indicated by theses
predecessor’s studies are: (1) appendix fibrosa hepatis; (2)
suspensory apparatus of the liver including right triangular
ligament (RTL), left triangular ligament and falciform liga-
ment (FL); (3) galibladder fossa; (4) duodenal impression
on liver; (5) esophageal impression on liver; (6) hepatic
parenchymal bridge on the round ligament at umbilical
fissure; (7) porta hepatis: (8) hepatogastric ligament; (9)

inferior vena cava ligament (IVC ligament); and (10)
paracaval portion of the caudate lobe which is continuous
with the IVC ligament.

These portions except RTL, LTL, FL and hepatogastric
ligament are mainly composed of atrophied hepatic tissues
including remnants of the PV, HA, BD, nerve fiber and the
liver cells [20]. These atrophied hepatic tissues may be
formed during the process of the developmental diminution
of the fetal liver to adapt its shape to the abdominal cavity as
keeping the harmony with other abdominal organs. There-
fore, it is quite natural that the remnants of the hepatic tissue
which used to exist in the corresponding portions of the fetal
liver are found in these atrophied portions of the adult liver.
Among those AFH is the biggest one in which remnants of
hepatic tissue are found at high rates.

Appendix fibrosa hepatis attaches itself to the extremity
of the adult left liver without exception, therefore it is named
“appendix fibrosa hepatis or fibrous appendix of liver”, but
it has not been found in the fetal liver or the neonatal liver at
all. Toldt and Zuckerkand! illustrated, in their wreatise, a
3-week-old neonate liver without AFH, a 3-month-old
infant liver without AFH, a 2-year-old child liver without
AFH (1]. Healey and Sterling studied the segmental
anatomy of the liver by using 20 fetal and infantile fiver
casts in order to ascertain any differences between these
livers and adult livers; however, any AFH was not found in
these liver casts [21]. Gao and Roberts could not find any
AFH in the livers of 30 Chinese newborn cadavers [8]. El
Gharbawy et al. could find neither AFH nor other atrophied
tissues in 10 stillborn baby livers [22]. These observations
described above will indicate that the AFH is yet to be
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Le PV

40x BD*

Fig. 4 (a) Cut surface of the appendix fibrosa hepatis (AFH) that
includes the remnants of the portal tracts similar to those of the normal
Fiver, Portal vein (PV), hepatic artery (HA) and bile duct (BD) exist in
the AFH as a set. The diameter of BDs is smaller than that of the
neighboring PVs. No definite peribiliary vascular plexus develops
around them. HE 40x. (b) Cut surfuce of the AFH that includes
relatively large bile ducts (BD*) when these are compared with the
neighboring PV. PV, HA and BD exist as a set. Peribiliary vascular
plexus developed around the relatively large bile duct. HE 40x. AT
areolar tissue of the bare area through which the AFH adheres to the
diaphragm, BD bile duct (wall), LC liver cell, EP epithelium of the BD.
Epithelium is exfoliated from the bile duct wall by artifact

‘Table 1 Distribution of portal vein (PV), hepatic artery (HA), bile
duct (BD) and liver cell (LC) in the appendix fibrosa hepatis (AFH)
(total 27 cases)

Proximal  Central  Distal
173 173 13
Complete portal truct (PV+HA+BD) 23 t7 1
with LC
Complete portal tract (PV+HA+BD) 2 1 10
without LC
Incomplete portal tract (PV-+HA) 2 7 14
Not examined Q 2 2
Total 27 27 27

Proximal (medial), distal (left lateral).

formed in the livers of the newborn baby. When is the AFH
formed? The figures of the liver illustrated by Toldt and
Zuckerkandl may give an important suggestion for the ques-
tion [1]. Tn their treatise, a typical AFH was illustrated in the
figure of the liver of 4-year-old child and it may suggest that

the AFH is formed at least before the fourth year after the
birth. It is well known that from the third month of intra-
uterine life the left liver undergoes a process of atrophy so
that at birth the left is smaller in thickness than the right
though the left liver is nearly as large as the right liver when
viewed from the abdominal side {23, 24]. The observations
described above will suggest that the process of the atrophy
of the left liver is accelerated after the birth and as the result
the AFH is formed during childhood. While the shape of the
adult liver is completed, other portions such as gallbladder
bed or IVC ligament may also atrophy in the same way as
AFH. However, through meticulous review of the literature,
no report referring to the correct time when the atrophy of
these portions is finished has been found.

Our study showed that the LTL attached itself to the
diaphragmatic surface of the left liver and the AFH (Fig. 2).
When is the LTL formed? Toldt and Zuackerkndl illustrated
a typical LTL in a 3-week-old neonate liver, a 3-month-old
infant liver and 2-year-old young child liver, respectively
[1]. However, these livers had no AFH in the tip of the left
liver. Their observation will suggest that the LTL is alrcady
formed on the left liver during the fetal period though the
AFH is yet to be formed. However, both LTL and AFH were
clearly illustrated in one more figure of 4-year-old child
liver by Toldt and Zuackerkndl [1]. The observation will
indicate that the LTL of the newborn liver atrophies together
with the left liver and that as the result the LTL remains on
the diaphragmatic surface of the AFH. This positional rela-
tionship between the LTL and the AFH will explain why
AFH is so often confused with the free edge of the LTL and
is inadvertently severed during the dissection around the
esophago-gastric junction [9-12]. As shown in Figure Ib,
we, however, showed that the whole configuration of the
AFH can be clearly identified when viewing it from the
visceral side. Therefore, looking over the visceral surface of
the AFH by lifting up the left liver will be a key manipula-
tion not to fail to notice the AFH including the remnants of
BD. It is necessary to have this in mind when dissccting the
LTL on the diaphragm.

Our study showed that there were two types of bare area.
In one type its left limit existed within the left liver, whereas
in the other type on the AFH. The reason why such different
types of bare area are formed may depend on the extent of
the atrophy of the left liver. In the latter type it becomes
more difficult to distinguish the LTL from the AFH.

Appendix fibrosa hepatis generally includes remnants of
PV, HA, BD and liver cell cords. The degeneration of these
remnants (especially liver cell cord and the BD) becomes
more prominent going to the tip of the AFH. This means that
the atrophy, at first, starts from the left tip of the left liver
and goes toward the central portion of the left liver. The
transverse section of the portal tract observed in the normal
liver is usually round or oval, whereas in the AFH it was
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generally flat, as shown in Figure 4a,b. This is probably
attributable to the membranous atrophy of the left liver.

The postoperative bile leakage will happen as a result of
an inadvertent severing of the BDs persisting within the
AFH. This indicates that a considerably larger bile channel
exists between the left liver and the AFH. Healey and
Schroy injected vinyl acetate into the common bile ducts of
100 cadaveric livers and found that the BD of segment 2
begins at the upper outer angle of the liver and at times (5%)
extends into the AFH as a vas aberrans hepatis [23]. Foster
injected the same material into the common bile duct and
observed the grossly visible BDs in the AFH in three of nine
livers [6]. Kekis et al. made liver casts of 80 cadaveric livers
in the same way and found the BDs branching into the LTL
(AFH) in 13 (16%) of these cases [12]. They also observed
the bile staining in 15 of 134 cases (11%) on the gauze swab,
which was placed on the region where the LTL was dis-
sected without ligation. These reports described above will
indicate that there is a large bile duct channel between the
left liver and the AFH and that it may cause postoperative
bile leakage in a certain ratio.

Our histological examination of the AFH revealed that a
comparatively large BD existed in the AFH in 48%. These
large BD may be a source of bile leakage when the AFHs
including them are inadvertently severed during the opera-
tion. Toldt and Zuckerkandl observed, in 1875, the existence
of the large BD in the AFH of a cadaveric liver by injecting
Berlin blue into the common bile duct [1]. Champetier {7)
and Rapant [9] also showed the dilated BDs branching off
into the AFH in the figures of their article, respectively.
However, it has not been clarified why comparatively large
BDs so often exist in the AFH though it is an atrophied
hepatic tissue. PVP is a feeding vessel of the BD developing
around the intra-hepatic BDs [13-16). As shown in
Figure 4b, we noticed that the prominent PVP unexcep-
tionally accompanied around the comparatively large BD of
the AFH. This leads to conjecture that these comparatively
large BDs of the AFH may be formed when the PVP per-
sisted by chance and continued the feeding of the remnants
of the BD even after the atrophy of the left liver. Our study
showed that a solitary BD was hardly found in the AFH and
that the BD was unexceptionally accompanied with a set of
the PV and the HA. Tt will mean that BD heavily depends on
the feeding blood vessels.

As was shown by Gao and Roberts [8], in our macro-
scopic findings, six types were observed in the shape of the
AFH. The existence of such a variety of shapes may reflect
the original shape and the degree of the atrophy in the left
livers.

In conclusion, when performing dissection of the AFH. it
is important to remember that the remnants of the portal
tracts frequently exist in it and that these cause an unex-
pected bleeding or bile leakage. As indicated by Kekis [12],

we also want to advise surgeons to divide the AFH not only
by electrocautery but to ligate its stump securely.
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Abstract

AIM: To investigate whether 5-hydroxytryptamine (se-
rotonin; 5-HT) is involved in mediating abnormal motor
activity in dogs after cisplatin administration.

METHODS: After the dogs had been given a 2-wk re-
covery periad, all of them were administered cisplatin,
and the motor activity was recorded using strain gauge
force transducers. Blood and intestinal fluid samples
were collected to measure 5-HT for 24 h. To determine
whether 5-HT in plasma or that in intestinal fluids is
more closely related to abnormal motor activity we
injected 5-HT into the bloodstream and the intestinal
tract of the dogs.
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RESULTS: Cisplatin given intravenously produced ab-
normal motor activity that lasted up to 5 h. From 3 to
4 h after cisplatin administration, normal intact dogs
exhibited retropropagation of motor activity accompa-
nied by emesis. The concentration of 5-HT in plasma
reached the peak at 4 h, and that in intestinal fluids
reached the peak at 3 h., In normal intact dogs with
resection of the vagus nerve that were administered
kytril, cisplatin given intravenously did not produce
abnormal motor activity. Intestinal serotonin admin-
istration did not produce abnormal motor activity, but
intravenous serotonin administration did.

CONCLUSION: After the intravenous administration of
cisplatin, abnormal motor activity was produced in the
involved vagus nerve and in the involved serotonergic
neurons via another pathway. This study was the first
to determine the relationship between 5-HT and eme-
sis-induced motor activity.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Prevrous studies have investigated the motility
change umque to asplatm -induced emesis. This study
is the first to mvesmgate whether 5- hydroxytryptamme
(serotonin; 5- HT) is mvolved in ‘mediating abnormal
motor activity m dogs after cisplatin admlmstratlon
tor activity’ that lasted up to 5 h. In normal dogs with
resection of the vagus nerve that were administered
5-HT 3 receptor antagonist (kytril), cisplatin given in-
travenously ‘did not produce abnormal motor activity.
Abnormal motor activity was produced in the involved
vagus nerve and in the mvolved serotonerglc neurons
vig another pathway. -
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INTRODUCTION

Cisplatin is a widely used chemotherapeutic drug in can-
cer treatment; however, it produces many side effects,
including nephrotoxicity, emesis, and diarrhea’”. Emesis
is an especially common and severe side effect after cis-
platin administration. The main mechanism of cancer
chemotherapeutic induced acute emesis is thought to be
the stimulation of the vomiting center of the medulla
oblongata by 3-hydroxytryptamine (serotonin; 5-HT),
which is released from intestinal enterochromaffin (EC)
cells following cisplatin administration i afferent vagal
nerve fibers™. Suppression of nausea appears to be due
to an antagonistic action on the 5-HT3 receprorst™. After
the 5-HT receptors were classified by Bradley e of', se-
lective antagonists of 5-HT3 receprors were developed.
Many studies have confirmed the pharmacological role
of 3-HT, and particularly 5-HT3 receptors, in the con-
trol of anticancer drug-induced emesis”. However, the
mechanism of emesis-induced abnormal gastrointestinal
motility remains unclear.

The gastrointestinal (G1I) trace is the largest single
store of 3-HT within the mammalian body due to the
presence of EC cells in the intestinal mucosa' and se-
rotonergic neurons in the enteric nervous system, such
as the myenteric plexus™. Most of the experiments have
been carricd out in vitrd®™. One study has shown that
5-HT can be released from EC cells into the intestinal
lumen"" and portal circulation e mechanisms associ-
ated with cholinergic and adrenergic actons, intraluminal
pressure, hypertonic glucose, or luminal acidification!™",
However, the precise role of 3-HT in the occurrence of
vomiting has not been fully clucidated.

Since emesis is known to be accompanied by abnor-
mal gastrointestinal morility™*, in the present study, we
focused on both gastrointestinal motor activity and the
concentrations of 5-HT in plasma and intestinal fluids
of conscious dogs after intravenous administration of
cisplatin. We investigated whether 5-HT is involved in
mediating abnormal gastrointestinal motor activity in
conscious dogs. We also studied the relationship between
plasma and luminal concentrations of 5-HT in conscious
dogs after intravenous administration of cisplatin. This
study is the first to determine the relationship between
5-HT and emesis-induced gastrointestinal motor activity.
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MATERIALS AND METHODS

Animal preparation

[ealthy mongrel dogs of both sexes weighing 10-15 kg
were used. All dogs were fasted overnight and then anes-
thetized by a single intravenous injection of thiopental
sodium (Ravonal; Tanabe Pharmaceutical, Osaka, Japan;
20 mg/kg body weight). General anesthesia was main-
tained by intratracheal inhalation of halothane (Fluo-
thane; Takeda Chemical Tndustries, Osaka, Japan) and
oxygen. A silastic tube (Silastic 602-205; Dow Corning,
Midland, MI) was inserted into the superior vena cava
through a branch of the right external jugular vein (jugu-
lar tube) and used for the withdrawal of blood samples
and injections. The jugular tube was brought out through
a skin incision on the neck, and its outer end was fixed
to the adjacent skin with silk sutures. The abdominal
cavity was opened by a middle incision.

Force transducers were implanted on the scrosal sur-
faces of the gastric body, antrum, pylorus, mid-duodenum,
and jejunum 1 and 2 (20 and 40 cm distal to Treitz’s liga-
ment, respectively). Another silastic tube (Silicone tube
SR1554; Tigers Polymer, Osaka, Japan) was inserted into
the duodenum through the duodenal wall (duodenal
tubc) and used for the injection of agents and the with-
drawal of intestinal fluid samples. The lead wires of the
force transducers and the duodenal tube were taken out
of the abdominal cavity through a subcutancous tunnel
and brought out through a skin incision made between
the right and left scapula. After closure of the abdominal
cavity, a jacket-type protector was placed on cach dog to
protect the lead wires and tubes from being damaged if
the dogs scratched themselves. The dogs were housed in
individual experiment cages, maintained with intravenous
drip infusions of Lactec G (Otsuka Pharmaceutical,
Tokyo, Japan) for 6 d postoperatively, and gradually re-
turned to normal dog food (Funabashi Farm, Funabashi,
Japan; 15 g/kg body weight per day). This study was
approved by the Review Committee on Animal Use at
Gunma University, Macbashi, Japan (07-139).

Monitoring of gastrointestinal contractions

The wires from the transducer were connected to a tele-
meter, and the data were transmitted to a recording sys-
tem (Eight Star system, Star Medical, Tokyo, Japan). Re-
corded signals were used to determine the motility index
(MI) values. The MI was the integrated area between the
baseline (zero level) and the contractile wave expressed
as motor units measured with the Eight Star system. In
addition, the data were used to identify the phases of
contractile activity. Fach phase was visually determined
accotding to the following criteria: the quiescent period
was defined as phase I ; phase I consisted of clusters
of irregular contractions that followed phase 1 and pre-
ceded phase III; phase Il was the period during which a
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group of strong contractions lasting more than 15 min
occurred; and phasc [V was a short period of subsiding
contractions immediately following the phase I con-
tractions.

Test substances

Cisplatin and 5-HT (scrotonin hydrochloride: Sigma-
Aldrich Japan K.K., Tokyo, Japan) were dissolved in an
injection solvent (Hikari Pharmaceutical, Tokyo, Japan)
immediately before use. Cisplatin was donated by Nip-
pon Kayaku (Tokyo, Japan), The dexamethasone sodium
phosphate (decadron phosphate injection; Banyu Phar-
maceutical, Tokyo, Japan), a-receptor antagonist phen-
tolamine (regitin} (Novartis Pharma K.K., Tokyo, Japan),
B-receptor antagonist propranolol (inderal) (AstraZeneca
K.K., Osaka, Japan), 5-HT3 receptor antagonist (ky-
tril) (Chugai Pharmaccutical, Tokyo, Japan), muscarinic
receptor antagonist atropine (Tanabe Pharmaceutical,
Osaka, Japan), and dopamine Dz receptor antagonist
(prinperan) (Astellas Pharmaceutical, Tokyo, Japan) were
purchased. The antagonist doses were determined ac-
cording to previous studies™ ™. Emesis did not oc-
cur in dogs receiving 1.0 mg/kg cisplatin; however, it
did occur in dogs receiving 1.2 mg/kg cisplatin, which
was the dose selected for the present study. In previous
smdicsmmﬂl, dogs were usually given cisplatin at a dose
of 3.0 mg/kg, about three tmes higher than the dose
administered in the present low-dose study. Before each
intravenous administration of cisplatin, we confirmed
that there was no abnormal motor activity.

Experimental protocol

Effects of cisplatin and drugs on cisplatin-induced
emesis: The experiments were started after all the dogs
had been given a 2-wk recovery period. Before cisplatin
administration, the interdigestive state of each dog was
recorded for at least 6 h as a control study. After con-
trol data wete obtained from each dog, the study with
cisplatin and various other drugs commenced. After
the interdigestive migrating motor contractions (IMCs)
wete confirmed to have occurred and 20 min after the
spontancous phase [l contractions of the jejunum 2
(40 cm distal to Treitz’s ligament) had terminated, all
the dogs were administered cisplatin (1.2 mg/kg). Blood
and intestinal fluid samples were withdrawn from the
jugular tube and duodenal tube 0, 1, 3,4, 5,7, 9, and 24
h later, and 5-HT was measured. For the 5-HT measure-
ments, whole blood and intestinal fluids were collected
in vacuum plastic tubes containing cthylenediaminetet-
raacetic acid (EDTA) 2Na. The fluids were then frozen
and stored at -30 'C until assaying. The samples were
subjected to high-performance liquid chromartography
(HPT.C) (BMT., Kawagoe, Japan).

Dexamethasone (1 mg/kg), phentolamine (regitin; 0.5
mg/kg), propranolol (inderal; 0.5 mg/kg), or granisetron
(kytril; 0.05 mg/kg) was given as a single-bolus injection
20 min after the spontancous phase Il contractions of
the jejunum 2 had terminated. Granisetron (kytril; 0.05
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mg/kg) was also given as a single-bolus injection in the
dogs. Cisplatin (1.2 mg/kg) was given 1 h after the ad-
ministration of each inhibitor.

Awropine (0.05 mg/kg + 0.05 mg/kg per hour) was
given as a single-bolus injection. The injection was fol-
lowed by a 30-min continuous intravenous infusion
starting 20 min after the spontancous phase [l contrac-
tions of the jejunum 2 had terminated. Metoclopramide
(0.5 mg/kg + 0.5 mg/kg per hour) was given as a single-
bolus injection. This injection was followed by a 5-h
continuous intravenous infusion starting 20 min after the
spontancous phasc Il contractions of the jejunum 2 had
terminated. Cisplatin (1.2 mg/kg) was given 1 h after the
start of the administration of each inhibitor.

Then, the dogs were divided into two groups: a
normal intact dog group (ND) and a normal intact dog
group with rescction of the vagus nerve (NDRVN). The
NDRVN (7 = 4) underwent a truncal vagotomy, with the
ventral and dorsal vagi cut immediately below the dia-
phragm. The dogs in the ND (# = 10) did not undergo
surgery and served as the control group.

Effect of 5-HT

After the IMCs were confirmed to have occurred and 20
min after the spontaneous phase Il contractions of the
jejunum 2 had terminated, the ND and NDRVN were
administered 5-HT intravenously through the jugular tube
(600 pg/kg) and into the duodenum through the duodenal
tube (600 and 5400 pg/kg) according to the procedures
described in previous studies™ """, Zhu et o/ reported
thar intraluminal infusion of 107 M 3-HT elicited in-
creases in vagal afferent discharge by activating the 5-HT3
receptors in rats. Following the procedures described pre-
viouslym, we administered 5-HT (200 pg/ke) according
to the conversion of the mol concentration. In the dogs,
such doses of an intraluminal infusion of 5-HT did not
clicit abnormal motor activity, but three-fold doses (600
ng/kg) did. The subsequent gastrointestinal motility was
recorded for at least 4 h. The MI values during the 60
min following 3-HT adminiseration (600 pg/kg) were
calculated for the NID and NDRVN.

Analysis of data

Gastrointestinal motility was quantified by calculating the
MI, which was equivalent to the area under the curve.
The MI was calculated using a computer-assisted system
(Eight Star system, version 6.0, Star Medical, Tokyo, Ja-
pan). Gastrointestinal motility after 5-HT administradon
(600 pg/ke) was analyzed for 60 min.

Statistical analysis

Results are expressed as mean & SE. The data were sub-
jected to detailed stadstical analyses using repeated mea-
sures of analysis of variance (ANOVA). When significant
differences were detected, differences between means
were checked using the Fisher’s protected least significant
difference test. The Mann-Whitney U test was used to
test the significance of differences among groups. P-val-
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of cisplatin (1.2 mgikg). A: Interdigestive motor activily was observed in the

ND (n = 10); B: From approximately 3 to 4 h after the intravenous administration of cisplatin, the ND exhibited retropropagation of gastrointestinal motor activity from
jejunum 2 to the gastric body, accompanied by emesis. ND: Normal intact dog group; i.v.: Intravenous administration.

ues < 0.05 were considered significant. Statistical calcula-
tions were performed with the use of StatView” software
(version 5.0; Abacus Concepts, Inc., Berkeley, CA).

RESULTS

Effects of cisplatin on gastrointestinal contractions

and cyclic 5-HT concentrations in plasma and intestinal
fluids

In all dogs in the fasted state, cyclic changes of con-
tractions were detected, including a quiescence period
followed by a group of strong contractions (phase II).
Abnormal motor activity in the dogs developed from the
duodenum, followed by jejunum 1 and 2 and the antrum
and pylorus about 2.5 h after intravenous administration
of cisplatin (Figure 1A). Cisplatin given intravenously
resulted in the complete interruption of IMCs and pre-
dominantly produced abnormal motor activity which
lasted up to 5 h (Figure 1A). From about 3 to 4 h after
the intravenous administration of cisplatin, the dogs
exhibited retropropagation of gastrointestinal motor
contractions from jejunum 2 to the gastric body, accom-
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panied by emesis (Figure 1B). The most frequent emetic
episades were observed from 3 to 4 h after cisplatin ad-
ministration, Emesis developed in all the dogs.

The concentrations of 5-HT in plasma and intesti-
nal fluids detcrmined in these experiments are shown
in Figure 2. The plasma 5-FIT concentration increased,
reached the peak at 4 h after the intravenous administra-
tion of cisplatin, and then exhibited small fluctuations
and declined (Figure 2A). The plasma 5-HT concentra-
tion at 0 h was significantly higher than those obrained
at 4 and 7 h (P < 0.05). The 5-HT concentrations in
intestinal fluids increased, reached the peak at 3 h after
the intravenous administration of cisplatin, and then de-
clined (Figure 2B). The 5-HT concentration in intestinal
fluids at 0 h was significantly higher than thosc obtained
at 3, 4,and 5 h (P < 0.05).

Effects of drugs and vagotomy on cisplatin-induced
abnormal motor activity

After dexamethasone (1 mg/kg), phentolamine (regitin;
0.5 mg/kg), propranolol (inderal; 0.5 mg/kg), atropine
(0.05 mg/kg + 0.05 mg/kg per hour), or metoclo-
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Figure 2 Changes in of 5-hydroxytryptamine in plasma and intestinal fluids. A: Changes in the plasma 5-HT concentrations in ND (n = 10).
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Figure 3 In normal intact dog group, cisplatin (1.2 mg/kg) was given 1 h after dexamethasone administration (1.0 mg/kg), and interdigestive motor activity

was observed.

pramide (0.5 mg/kg + 0.5 mg/kg per hour) administra-
tion, cisplatin given intravenously also resulted in the
complete interruption of IMCs and predominantly pro-
duced abnormal motor activity that lasted up to about 3
h (Figures 3 and 4). However, in dogs that had received
intravenous metoclopramide, emesis did not occur. In
the NDRVN (# = 4) (Figure 5A), cisplatin given intrave-
nously also produced abnormal motor activity that, how-
ever, lasted for a shorter duration. After the NDRVN (#
= 4) was administered granisetron (kytril; 0.05 mg/kg),
cisplatin given intravenously did not produce abnormal
motor activity (Figure 5B). In the ND (# = 6) adminis-
tered granisetron (kytril; 0.05 mg/kg) (Figure 6), cisplatin
given intravenously also produced abnormal motor activ-
ity that, however, lasted for a shorter duration. In three
of the four NDRVN dogs and three of the six ND dogs
that received granisetron (kytril; 0.05 mg/kg), emesis did

7
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not occur. The emetic episodes in the dogs receiving
cisplatin alone (control, # = 10), granisetron (kytril; 0.05
mg/kg, i.v., n = 6), and NDRVN dogs (7 = 4) are shown
in Figure 7. The emetic episodes were, respectively,
5.80 £ 0.66, 0.66 % 0.33, and 0.25 £ 0.25 in the control
group, granisetron (kytril) group, and NDRVN. Signifi-
cant differences were detected among the control group,
kytril group, and NDRVN (P < 0.05).

Effect of 5-HT
To determine whether 5-HT in plasma or in intestinal
fluids causes abnormal motor activity, we administered
3-HT intravenously through the jugular tbe (600 pg/kg)
(Figures 8A and 9A) and into the duodenum through the
duodenal tube (600 and 5400 pg/kg) (Figures 8B, 9B,
and C), respectvely, in the ND and NDRVN.

In the ND, after the intravenous administration of
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Figure 4 Blocker study chart. In the ND, d th (1 mg/kg), phentolamine (regitin; 0.5 mg/kg), propranolol (inderal; 0.5 mgrkg), or graniseiron (kytril; 0.05
mg/kg) was given as a single-balus injection starting 20 min after the ous phase T ¢ tions of the jejunum 2 had terminated. Kytril (0.05 mg/kg) was

also given as a single-bolus injection in the ND and NDRVN (n = 4). Cisplatin (1.2 mg/kg) was given 1 h after the administration of each inhibitor. In ND, atropine (0.05

mg/kg + 0.05 mgfkg per hour) was given as a single-bolus injection, followed by a 30-min continuous infravenous infusion starting 20 min after the spontaneous phase

Tl coniractions of the jejunum 2 had d. In the ND, metoclopramide {0.5 mgikg + 0.5 mgrkg per hour) was given as a single-boius injection, followed by a 5-h

continuous intravenous infusion starting 20 min after the phase 1II o ions of the jejunum 2 had terminated. Cispiatin (1.2 mg/kg) was given 1 h

after the start of the administration of each inhibitor. ND: Normal intact dog group; NDRVN: Normal intact dog group with resection of the vagus nerve; i.v.: Intravenous
- administration.
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Figure 5 In normal intact dog group with resection of the vagus nerve, interdigestive motor activity was observed after the intravenous administration of
cisplatin (1.2 maikg). A: Normal intact dog group with resection of the vagus nerve (NDRVN) (1 = 4) was given cisplatin (1.2 mg/kg), and interdigestive motor activity
was observed; B: in the NDRVN (n = 4), cisplatin (1.2 mgfkg) was given 1 h after granisetron (kytril) administration (0.05 mgfkg), and inferdigestive motor activity was
observed. i.v.: Intravenous administration.
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Figure 7 Numbers of emetic episodes in dogs iving cisplatin alone

{control, n = 10), kytril (0.05 mg/kg, intravenous administration, n = 6) alone,
and vagotomy {the normal intact dog group with resection of the vagus
nerve; n = 4). Each bar represents mean + SE. Significant differences were de-
tected among the contrel group, granisetron (kytril} group, and normat intact dog
group with resection of the vagus nerve (NDRVN). Control, open bar; i.v., hatched
line; RNG, filled bar. *P < 0.05 vs control. i.v.: Intravenous administration.

5-HT (600 pg/kg), phasic contractions, such as ab-
normal motor activity lasting for about 30 min, were
induced immediately in the antrum, pylorus, duodenum,
and jejunum 1 and 2. The duration and amplitude of the
motor activity in the antrum and pylorus were longer
and-stronger than those in the duodenum and jejupum
(Figure 8A). In the NDRVN, after the intravenous ad-
ministration of 3-HT (600 pg/kg), phasic contractions,
such as abnormal motor activity lasting for 10 to 20 min,
were immediately induced in the pylorus, duodenum,
and jejunum 1 and 2. The duration and amplitude of
motor activity were not longer or stronger than those
in the ND (Figure 9A). In the NID and NDRVN, after
the intraduodenal administration of 5-HT (600 pg/kg),
phasic contractions, such as abnormal motor activity
lasting for about 10 min, were immediately induced in
the duodenum and jejunum 1 and 2 (Figures 8B and 9B).
In the ND and NDRVN, contractions induced by the
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intraduodenal administration of 5-HT were obviously
shorter and weaker than thosc resulting from intrave-
nous administratdon. In the NDRVN, the dutadon and
amplitude tended to increase as the dose of 5-HT was
increased, and after the intraduodenal administration of
5-HT (5400 pg/kg), phasic contractions, such as phase
[ -like activity lasting for about 1 h, were immediately
induced in the pylorus, duodenum, and jejunum 1 and 2
(Figure 9C). The pattern of these contractions induced
by the intravenous administration of 3-HT was different
from that of spontancously occurring IMCs.

MI data were recorded for 60 min after the intrave-
nous and intraduodenal administration of 5-HT (600
ug/kg) in the ND (# = 4) (Figure 10A) and the NDRVN
(n = 4) (Figure 10B). The MI for the intravenous ad-
ministration was higher than that for the intraduodenal
administration in the antrum, duodenum, jejunum 1, and
jejunum 2. In the MI of the antrum, duodenum, jejunum
1, and jejunum 2 in the ND showed significant differ-
ences berween the intravenous and intraduodenal groups

(P < 0.035) (Figure 10A).

DISCUSSION

In this study, when cisplatin was given intravenously,
IMCs disappeared and were replaced predominantly by
abnormal phase [I-like motor activity. Thus, in all dogs,
phase I, IIl, and IV activities either disappeared of mark-
edly decreased in duration, and abnormal motor activity
developed for about 5 h, starting at 2.5 h after cisplatin
administration. Retropropagation of gastrointestinal
motor activity originating from jejunum 2 occurred in all
dogs in which emesis developed. This motility change,
unique to_emesis, was similar to that reported in other
studies™™ ", The present study is the first to characterize
and quantify gastrointestinal motor responses during cis-
platin administration.

When the concentrations of 5-HT in plasma and
intestinal fluids increased, IMCs disappeared and were
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replaced predominantly by abnormal motor activity, To
determine whether 3-HT in plasma or in intestinal Auids
is more closely related to abnormal motor activity, we
administered 3-HT into the vein and the intestinal tract
of the dogs. Motor activity similar to cisplatin-induced
abnormal motor activity was produced by intravenous
serotonin administration. We administered the same
amount of serotonin into the duodenum, but the reac-
ton was negligible, The dose of intravenously adminis-
tered serotonin was different from the maximal value of
5-HT, which we measured after cisplatin administration.
We did not measure the 5-HT concentration in whole
blood but in plasma because the platelets, which are in
whole blood, include the most 5-HT. We assumed that
the doses of intravenously administrated serotonin were
different from the maximal value of 3-HT measured af-
ter cisplatin administration.

Most of the 5-HT from EC cells is secreted #ia the
basolateral membrane into the portal circulation; a small-
et portion is released from the apical membrane into the
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(5-HT) (600 pgtkg) in the ND; B: Responses to the ducdenal administration of 5-HT (800 pgrkg) in the ND. ND: Normal
intact dog group; i.v.: Intravenous administration; i.d.: Intraduodenal administration.

intestinal lumen™, The basal vascular rclease of scro-
tonin was 10 times higher than the luminal release™. Se-
rotonin released from the basolateral site of the EC cells
may reach the connective tissue space of the Jamina pro-
pria and exert paracrine effects on either endocrine cells
ot intrinsic and extrinsic nerve terminals™, It has been
reported that exogenously applied serotonin inhibits
acid secretion and that this effect is exerted by serotonin
injected into blood vessels but not by serotonin injected
into the gastric lumen™. Judging from the previous re-
sults, serotonin released from the basolateral site of the
EC cells seems to be more important than serotonin
released from the apical site of the EC cells. Our results
are in good agreement with those of previous studies,
confirming that abnormal motor activity is produced by
intravenous serotonin administration.

We investigated the effects of various antagonists on
abnormal activity induced by cisplatin administration.
Cisplatin-induced responses, which are abnormal activi-
tics, were not inhibited by dexamethasone, phentolamine,

November 14, 2014 | Volume 20 | Issue 42 |

618




