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Growth

Fetal bovine serum (FBS) is known to have several growth factors and has been used
as an important medium for cell culture. The objective of this study is to evaluate the
effect of FBS to enhance the growth of remained intestine following massive
intestinal resection (resection of about 80% of small intestine).

Young adult Lewis rats undergo subcutaneous implantation of Alzet osmotic
minipump.

The perfusion methods of minipumps.Subcutaneous implanted minipumps will be
connected to the gastrostomy tube for luminal perfusion. At 3th day following
subcutaneous implantation of minipump, all rats undergo approximate 80% small
bowel resection. At three-day or six-day following massive small bowel resection,
biopsy specimens of small bowel mucosa will be obtained.

Growth indices will be evaluated by measuring protein and DNA concentration of

mucosa.
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Abstract:
The fetal or newborn organ (intestine, kidney, skin or lung) transplanted into a syngenic adult

host without vascular anastomosis is able to survive [1-7]. We hypothesis that fetal tissue
possesses an ability to prevent ischemic injury, the factors elicited during pregnancy. We
created an experimental model to induce total vascular occlusion in a 15-cm long ileal segment.
Using an osmotic minipump transplanted at the subcutaneous space of the abdominal wall, the
FBS luminal perfusion was conducted. Three days before the 3-hour total vascular occlusion,
the luminal perfusion using FBS was started. On day 0, day 3 and day 6 after release of vascular
occlusion, the rats were sacrificed and tissue samples were obtained for morphological study
and intestinal DNA and protein content measurement.

On day 0, the mean grades of morphological figures were both 5 in the control and
experimental groups. The mean grades changed to 3.1 and 2.1 on day 3,and 2.6 and 1.5 on day
6 in the control and experimental groups, respectively.

DNA and protein content in each group were listed below:

Control Group (ug/mg) Experimental Group (ug/mg)

DNA Day-0 2.26 +0.52 2.79+0.78
Day-3 3.46+0.68 454+0.76
Day-6 3.50+£0.72 4.49 4+ 0.49
Protein  Day-0 31.52+£2.96 57.93 +5.48
Day-3 54.85+4.16 74.69 £ 9.50
Day-6 56,12 +£3.93 71.72+£7.02

From the data described above, luminal perfusion using FBS could protect small bowel from

ischemia and reperfusion injury and increase intestinal mass.

Key Words:

Fetal Bovine Serum, Ischemia-Reperfusion Injury,

Introduction:
The fetal or newborn rat intestine transplanted into the abdominal wall of a syngenic adult

host without vascular anastomosis will vascularize, grow and maintain histological integrity [1-
4,6]. In 1971, Zinzar indicated that the fetal transplant, although initially devoid of blood supply
in the host, would become vasculized in 3-4 days, and maintain as differentiated intestinal tissue
[1,8]. On the other hand, the turnover of intestinal enterocytes is rapid, and after 5 hours of

complete interruption of blood supply the intestinal tissue becomes necrotic [9]. There is a



considerable time interval between the tissue necrosis and new vascularization. The current
experiments do not provide information regarding the mechanism and the point of time of
revascularization in transplanted fetal organs. For the mechanism, we have developed a
hypothesis that fetuses possesses factors regulating growth and differentiation of enterocytes to
prevent ischemic damage until new vascularization, which will be assumed by day 3 to day 4
after transplantation. These factors are related to components elicited during pregnancy. In fetal
blood, pregnant maternal blood and placenta contain these elements.

Fetal bovine serum (FBS) is known for having several growth factors and has been used as
an important additive for cell culture media. This study was designed to determine if FBS given
luminally could protect small bowel from ischemia and reperfusion injury and increase intestinal

mass.

Materials and Methods:

Male Lewis rats weighing 200-250 grams were used in this study.

Control group (n=15) : After an overnight fast, general anesthesia was induced with
intramuscular injection of 25 mg/kg pentobarbital sodium, and anesthesia was maintained by
ether inhalation. Following preparation of the abdominal wall with 10 % poridone-iodine
solution, a laparotomy was done through a median incision. The distal ileum was displaced
forwards and a 15 cm long loop of terminal ileum was subjected to 3-hour total ishemia by
ligation of corresponding mesenteric arteries, veins, terminal ileum at both ends and the
marginal vessels using no.3 silk sutures (Fig. 1). Loss of mesenteric pulsation and color change
of bowels confirmed vascular occlusion. Then, the forwards displaced ileum was returned to the
abdominal cavity and the abdominal wall was temporarily closed. After 3 hours of vascular
occlusion the abdomen was reopened, and silk sutures were removed to release the occlusion.
Reperfusion was confirmed by return of pulsation. After this procedure, the abdomen was
closed. Then, the animals were allowed to recover and fed the usual rats diet.

At0(n=5),3(n=5)and 6 (n=5) days after reperfusion, the rats were killed and 5 cm tissue
samples were obtained from the middle of the ischemically damaged ileal loop. The excised
intestines were used for morphological study and measurement of DNA and protein content.

Experimental group (n=15): After induction of general anesthesia using the same protocol
and drugs for the control group, a midmedian abdominal incision was performed. An adequate
subcutaneous space of the abdominal wall was created for placing an osmotic minipump (model
2002, Alza Corp. Palo Alto, CA.). This pump was connected to the stomach through a fine
polyethylene catheter (PE60)(Clay Adams, NJ). The pump was designed to deliver FBS (Fetal
bovine serum, tested for mycoplasma, Biochrom KG Berlin) at 0.5 ul per hour for 14 days.
After this procedure, the abdominal wall was closed. Three days after initiation of luminal
perfusion, total ischemia of an approximately 15-cm long ileal segment was induced by

occlusion of inflow and outflow blood supply for 3 hours as the control group. Rats were fed



after awakening from anesthesia. Tissue samples were obtained at day 0 (n=5) ,3 (n=5) , and
6 (n=5) after the procedure.

The tissue samples obtained from the control and experimental groups were used for
morphological study and measurement of intestinal protein and DNA contents.

Morphological study: The excised intestine was deprived of mesenteries, opened
longitudinally, washed with ice- cold saline and fixed in formalin. Histological sections were
prepared from paraffin blocks and stained with hematoxylin and eosin by standard techniques.
Morphological changes of mucosa were evaluated by Chiu’s Montreal University Grading
System [10].

DNA and protein content: The excised intestine was immediately immersed in liquid nitrogen.
Intestinal DNA content was determined using Hoechst 33258 staining [11] and the protein

content was determined using Bradford method [12].

Results:

The rats tolerated the procedure well with no mortality.

Morphological study (Fig. 2): The morphological changes in the mucosa were graded into six
grades. On day 0, just after 3 hours of total occlusion of blood supply, the median grades of
mucosa damage were both 5, (the villi were completely denuded of epithelium and the villous
stroma was necrotic, haemorrhagic and ulcerative) in the control and experimental groups.
Three days after restoration of blood flow the median grade of morphological change recovered
to 3.1 and 2.1 in the control and experimental groups. On day 6 after restoration of blood flow
the median grade of morphological change recovered to 2.6 and 1.5 in the control and
experimental groups, respectively. The recovery of mucosa damage from ischemia and
reperfusion injury in both control and experimental groups was rapid, but the recove:y of
morphological damage was faster in the experimental group than that in the control group.

DNA and protein content: DNA and protein content in each group were listed in Figs. 3 and
4. On day 0, DNA and protein content of the ischemically damaged ileal segments of the
control group were significantly lower than that of the experimental group. Then the level of
DNA and protein contents in both groups elevated rapidly by 3 days, but the level of DNA and
protein contents were much higher in the experimental group than those in the control group.

Discussion:

The present study was designed to evaluate the effect of luminal perfusion with FBS on
ischemia and reperfusion injury. In the control group without luminal perfusion of FBS, we
observed considerable damage in the morphology (grading 5 by Chiu's grade) and decreased
levels of DNA and protein content after 3 hours of blood supply occlusion. This change was
induced by hypoxia, which would result in loss of villi and crypts and cell death. In general, if

the cell damage by this kind of hypoxia is mild, the bowel mucosa will recover and the recovery



is rapid. But if the cell damage is extensive, it could cause intestinal necrosis (primary necrosis)
[13]. In the experimental group, the mucosa morphological damage was grade 5 at day 0,
stmilar to the morphological change of the control group at day 0. However, the levels of DNA
and protein content were much higher in the experimental group. This might be due to the
effects of the 3-day luminal perfusion of FBS prior to hypoxia and the continuous perfusion
during 3-hour total occlusion of the blood supply. At day 3 the mucosal morphological grade
was 3.1 in the control and 2.1 in the experimental group. DNA content was 3.46 ug and 4.54
ug, protein content was 54.85 pg and 74.69 ug per mg of intestinal tissues in the control and
the experimental groups, respectively. At day 6, the morphological grade was 2.6 in the control
and 1.5 in the experimental group. DNA content was 3.50 pg and 449 ug, protein content was
56.12 pug and 71.72 ug per mg of intestinal tissues in the control and the experimental groups,
respectively. The recovery of morphological changes and elevation of DNA and protein content
were rapid in the control and experimental groups, but the recovery from ischemia and
reperfusion injury in experiment group was faster than in the control group. This response may
be the result of homeostasis between proliferation activity of enterocytes and prevention of
apoptosis. Adaptation following ischemia reperfusion injury is an important compensatory
response of enterocytes. Apoptosis could occur immediately after ischemia reperfusion [13] and
could be initiated by a variety of environmental stimulation and is probably responsible for crypt
and villous loss and cell necrosis (secondary necrosis) [13].

Future studies will be necessary to elucidate the mechanism for beneficial effects of luminal

perfusion of FBS following ischemia and reperfusion injury.
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Fig.1 An experimental model to induce total
vascular occlusion in a 15-cm long ileal
segment .A 15 cm long loop of terminal ileum was
subjected to 3-hour total ishemia by ligation of
corresponding mesenteric arteries, veins,
terminal ileum at both ends and the marginal
vessels using no.3 silk sutures
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Fig.2 Morphological changes of mucosa were evaluated by
Chiu's Montreal University Grading System
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