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Abstract Small intestinal submucosa (SIS) is an unusual
tissue that promotes constructive tissue remodeling
when applied as a xenogeneic material. The aim of our
experimental study was to assess its effectiveness in
intestinal regeneration. Twenty white New Zealand
rabbits were anesthetized and underwent celiotomy. A
6-cm antimesenteric incision was created at the jejunal
segment. An elliptical SIS graft measuring 6 cm long
and 2 cm wide was sutured to the jejunal defect as a
patch graft. Thirteen living rabbits were divided into
groups of three and the grafts were harvested at post-
operative weeks 2, 4, and 6. The obtained specimens
were evaluated for gross and histologic appearance. In
morphometric examination, in the 2, 4, and 6 weeks
groups, the diameters of grafted intestines were larger
than preoperatively by 50%, 25%, and 25% respec-
tively; also the grafts had contracted to 0%, 25%, and
50% of their original sizes respectively. At the end of 2
weeks, the grafts were intact without evidence of epi-
thelial regeneration. By 4 weeks, intestinal tissue regen-
eration was started, and epithelial coverage of the grafts
was detected. The grafts were covered with a complete
intestinal mucosa at 6 weeks. Remarkable regeneration
marked fibroplasia, angiogenesis, and mild mono-
nuclear cell infiltration had also occurred throughout the
grafts at 6 weeks. Porcine SIS appeared an effective
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biodegradable scaffold, facilitating regeneration of intes-
tinal tissue. These results suggest that SIS may be useful
to increase the mucosal surface of intestine and may
provide a new substance for short gut syndrome in the
future.
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submucosa - Extracellular matrix - Intestine

Introduction

Short bowel syndrome is a disease featuring an overall
bowel surface deficit that prevents a standard nutritional
intake by the patient. To improve bowel absorption or
increase small bowel surface, many medical and surgical
attempts have been devised [6, 7, 8,9, 14, 15, 19, 29, 30,
33]. The goals of surgical therapy in short bowel syn-
drome are to slow transit time and increase the area of
absorption. None of the operations for treatment of
short bowel syndrome is sufficiently safe and effective to
recommend their routine use. Operations should be
performed only on selected patients to achieve specific
goals. Finally, small bowel transplantation is still a novel
therapy and a highly morbid procedure [1, 26].

Some authors have initiated investigation in tissue
engineering and in the use of some biomaterials as a
way of providing novel small intestinal tissue {2, 12, 16,
23, 24, 28]. This field is still in its infancy, but early
investigations appear promising. Small intestinal sub-
mucosa (SIS) is a relatively acellular collagen-based
matrix from which extensive in situ tissue remodeling
has been demonstrated in animal models. It has been
used as a scaffold for regeneration of a variety of tis-
sue, including urinary bladder [10, 21, 31], abdominal
wall [25], blood vessels [3, 21], tendons [4], durameter
[13], bone [27], and esophagus [5]. These findings, ease
of obtaining SIS, and the technical simplicity of free
grafts, led us to an attempt using SIS free graft as a
scaffold for intestinal regeneration. In this study, we
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Table 1 Morphometric examination results. SIS small intestinal
submucosa

SIS size (cm) Luminal size (cm)

Length Width
Preoperative 6 2 2.1+£0.3
Group 1 5.8+0.7 2.1£0.2 32403
Group 2 46+0.3 1.5+0.16 2.654+0.38
Group 3 3.1+04 1.2+0.24 245+£0.2

Fig. 2 At 2 weeks, small intestinal submucosa (SIS) patch was
intact without evidence of epithelial regeneration. Note the dense
vascular and fibroblastic proliferation. (Original magnification
x100 H&E.)

Fig. 3 Small intestinal submucosa (SIS) patch showing a mucosal
columnar epithelial layer at postoperative 4 weeks. Vascular and
fibroblastic proliferations continuing at the SIS graft at postoper-
ative week 4. (Original magnification x100 H&E.)

Fig. 4 At 6 weeks, small intestinal submucosa (SIS) graft com-
pletely epithelialized with a columnar epithelial cell layer, including
goblet cells and villus-like configuration of native tissue. An
organized arrangement of collagen fibers formed the entire
thickness of the graft. (Original magnification x100 Masson’s
trichrome.)

newly formed blood vessels (Fig. 3). By 6 weeks, lumen
of SIS completely regenerated to the small intestinal
mucosa, including villus like configuration and Goblet
cells of native tissue (Fig 4). Well-organized blood
vessels persisted and well-organized collagen fibers and
scattered fibroblast were interspersed among the indi-
vidual collagen fibers (Fig 4).

Discussion

Biomaterials play a critical role in the engineering of new
functional tissue for the replacement of lost or mal-
functioning tissue. They provide a temporary scaffolding
to guide new tissue growth and organization. A variety
of biomaterials, which can be classified into three
types—naturally derived (e.g., collagen, alginate), acel-
lular (e.g., bladder mucosa and small intestinal submu-
cosa), and synthetic polymers (e.g., polyglycolic acid,
polylactic acid, and polylactic-coglycolic acid)—have
proved to be useful in reconstruction of a number of
tissues in animals models [18].

Generally, the ideal biomaterial should be bio-
compatible, promote cellular interaction and tissue
development, and posses proper mechanical and
physical properties. Acellular tissue matrices are col-
lagen-rich matrices that are prepared by the removal
of cellular components from tissues. SIS, consisting
primarily of extracellular matrix material, is prepared
by mechanically removing selected portions of the




PEC6TT-EE
$Ing NBIPa [ "UOND3SAI [aMO0q [[ewS Jajje 103deoar [eunsajul
umo st jo uoissardxs oY) soje[ndaidn 10108] Ymoid [eussp
-1dg (8661) MM JouIep D wWMIg ‘FD) UlS VN YIRIWRH '§1

12€-91€:67 3Ing NeBIPa [ "SWOIPUAS [9:0q 1I0YS A0}

-001J51 103 sainpaooad JurusyyBus| [eunssul eRUaNSS (b661)
If M\ UWIPIRH ‘A S1ua0ulp “y BolenSiq ‘g uid[eH ‘Y uosadiosn p[

£6£-68¢-9Y

oIaN SIng ‘esoonwqns [BUNSIIUIL [[BUS YIm Junyeid [einp Is)je
A3o101sTH (9661) VA doog ‘M seuer ‘4S Yeldped “VIN 990D ‘€l

158-8¥8:6C

o014 ueidsuel] -spjopeos 9]qepeiopolq ORYIUAS Jemqny

uo sjun prouedIo [eregNda pajelost SUISH AUNSIIUL PIISOUIZUD
-onssn Jo satpnys Aiwrwirpid (L661) df DUBORA ‘S 10YD 7T

0€—9T:81 10I1 [ PHOM

‘suoneordde [eoturp [enusod esoonwiqus [eunsUI [[BWS
i Suussurdua enssy didoforn (0007) d9 ddory ‘XH 49D ‘11

0£-92:81 [0I11 [ PHOM

‘suoneordde [eomurp [enusiod Bsoonwiqns [EUNSAUL [jBUIS
yim Sunssurdus anssn s13ojo1n (0007) 44 ddor3y ‘Xd Susyd ‘01

8€01-GE01:67 3Ing NeIPaJ [ "UONIIsAI [pmoq

[[euIs QAISBW J3)je Uoneidepe [RUNSIIUL SIOUBYUS 10I08] YImoId
TeunIspidd (y661) ME JUIEM ‘WA 1913017 ‘D ATV ‘S 198YD °6

0697-£89¢:8C 901d

uedsurl], "anfrey [eunsaur yim siusned Jo judwegaueu )
ur paoueApY (9661) M SI0WNIM ‘f( 1E3[dwoN ‘Y1 swiig g

70€-967:61 IMN [BISUF 1UdIRJ [ OWOIPUAS

[2M0Qq 1I0YS 319A3s I sjuanied ur uondrosqe JUSIINU dUBYUD

101p peylpow ® pue durwein(d ‘suowioy YmoIn ($661) MA
sI0WIp Y.L 3918017 ‘AL WOYeNEN ‘gL ASSSHIOW ‘Y.L duliq 'L

IST-SH1:§T Sing nepad [ YI3us| [BUIISNUL [[ews JUISEAIOUI
10] onbruysal v (0861) Suruayi3us] dooj [eunsau] 1y ryauerq ‘9

£011-L601:5€ 3Ing neIpad [ [opon

gop ® ur nedas [eefeydoss I0) plofeosolq 31qeqI0say (0007
V piAg-suommig ‘y joeadlds ‘W uey) ‘s SutInoi ‘S Yelkped ¢

S86—LL6:6T
soy JO1B]N paurorg [ ‘[opouwr Sop B ur iedar uopud) SIMPY
10j [PLIOJEWION] SB BSOONUIQNS [RUNSIIUI [[BUIS OJIOUdOULX
Jo asn oyl (§661) O suowrnig "YW dulery “IS YHACA ‘L
YAMI00[Y ‘@ SWNOq[RYS N Moy Y suynl ‘4S Yekped v

08—bL:Lpy sy 8ang [ "Sop

oY} ur 3jeId IeMoseA I9jdwWRIp 931B[ B SE BSOONWQNS SUNS3IUL
Irewss (6861) VT SIPPRO ‘v Aogod ‘0D ziue] ‘AS Yeldpeqd ‘¢

16-L8:%71 A198Ing Apnis Areurroid :sjex ur mns

-qns [[BM [9MOq B SB X[IBW anssI} paaLap-Terusoe(d v (8661)
{ youyedyary ‘H OplAoId ‘[ JONIOLL F unig ‘g Wy ‘H WeY T

9P OPred

ging uuy "13judd 9[Suls ' 1B 20USLIAdXS JO 2peOIP B uUOHE]

-ugidsuen) [eunssiul [eownd (1007) AL [Z1es °f Sund v s

-3uId(q ‘W YosIne( ‘I eAeysyzued ‘T y1yoroaq ‘W qere[azzg

‘ uosue[ ‘A YeZ ‘[ o[pSur[o) ‘ UnIeA Y WPUIS ‘N 3SBINN
‘L np ‘D sodauezey ‘D puog ‘f $Asy ‘Y pSewg-nqy ‘[

$a0uaIayaYy

“UOTIRISUSZDI [BUNSIIUI[[EWS I0] P[OrosI0J uondodqeIA
® Urewal e SIS ‘saIpnis I1aY1Iny gim ‘UOIS[ouod uf

‘ss9001d FurpppowaI Yy} SULINP SINOJ0 JBY) UONBZIUEBFIO
[ean1oalyoIe pue A30[03STY JR[N[[30 01 saoxdwi 01 skem
guIpuy 01 UOHIPPE UI [0M0q [[BUIS PI)RISUaFaI Y} JO 193d
-S® [BUOINOUN] Y} UO SNJ0J 0] PIP3dU Ik SAIPNIS aInin,g
‘2IMINJ Sy} Ul SWOIPUAS INg 110ys I0J 20UBISqNS MU ©
apiaoid Kewr pue SUNSIUL JO I0BJINS [ESOON 3} SBAIOUL
0} [nJesn 2q Aew SIS 1ey) 1so83ns sj[nsax IS oNSSN
[eunsaiur jo uonerdusdor Sunenoe] ‘ployeds d[qeperd
-opoIq 9ANdeYd ue pareadde SIS dUIO ‘UONEIOUSTII

168

[eunsalur [EWS IoJ ployess e se SIS Suisn jo Aupq
-1sB9] JY1 J1eN[BAd 0) seM Apms siy1 Jo asodind sy

"9nssI) [BUIISAIUL [[BWS
[oa0u Suipraoid Jo Aem ' se S[BLIIIBLWIONG IAYI0 JO Isn
a1 Ul pue SULISAUISUD ANSSI} Ul SUOTIESNISIAUL PAjentul
aary [8T “bT ‘€T ‘91 ‘TT ‘7] SI19YIO PUB QUEIEA "pIjIUI]
SI owoIpuAs [omoq 110ys 10j Aderay) JUaLMd YL —
‘Apnis SIY) UT 9,05 PAUlewsl SUi[Spourds
pue uonepeidop jo el o] ozIs plogedss jo diys
-uonB[aI Y], ‘uonepriSop Ployess 0} W) Y} J0Pe
pnoys a1r1s 3je1d ay) 1 [BLISIEW P[OJEIS JO junoure ay)
yeyy [ed1Sof st 3T (1 3[qel) SY99M 9 J' 3ZIS [enIul oY)
JO 24,(0S O} PAIORIIUOD §1JRIT ASIY L, "SYIIM p 1B s1JeId Jo
9ZIS 9} UI 3SBINP 9,67 A[drewirxoidde ue sem a1y —

‘uorndiosqe [eurwin|
I0J 50BJINS MOU © SB 9AIes UBD wnipylids syl "yimoId
1190 [e1ay3Ida 107 91eIISgNS JUI[[20XS UB St SIS 1B} UMOYS
u2aq sey 1 ‘Swisudins jou are sgurpuy sy “(f S1)
uoneINSYuod SYI-SNJ[IA PUE S[[29 12]q03 Jurpnpur ‘Iake|
190 TerPyide reuwnod 39[dWOd B YIm SINSSI) [BSOD
-nwqns pPuE [BSOON PIZIUESIO-[[oM JO PIISISUOD s}yeId
‘uoneIduadal Jo syeam 9 1y (¢ ‘81]) uonejueduwrr sysom
y Aq 1ye13 yored SIS Y1 paIdA0d A[je[dwod wniayyds
Ieuwn|oo ‘A[eoidofoisty ‘(g ‘814) uonoea1 adA) Jurreay
Ip[noseaolqy © sjussardal uordBAI IBM[SO Yl )
Adunr s§urpuy 9say) ‘AJ[eOIO[OISIH “UOISBAUT IB[N[[3O
o1ISR[qOIqY puB Jednuouow woly Ajuewiid parIndoo
Suipepowas 150l ‘(7 "S1) syeem 7 AQ anssy UdZe[0d
paziuegio Aq peoe[dal A[[e101 91oM s1yeId SIS "SUNSANUL
-03U JO UOTBAId JY} 10J P[OJeos & Sk SIS jo uonenyead
Kremmrpard pamoffe Apnis SIyl UL pasn [apouwr Yy,
‘T11] asuodsar juedyrudis e poyoIe 10U SBY 1By} Sun)sd)
sSuaqeyo osruafounwiw JO2IIp [euLIo] Aq pue uonodafax
JO 20uSpIA® ou Ylm sjuejdsueil $9103ds-sSOI0 000°1
I0A0 Jo dourwiiojad 2yl Aq paoudpiAd se ‘orusgounur
-wiuou a8q 0} umoys usaq osfe sey SIS ‘[ze ‘TT ‘L1l
(IDFA) 10108] YIMOIZ [[20 [BI[SYIOPUS IB[NOSBA pUB
(z-1D4) 10108} yIno1d 1se[qoIqy JIseq SB Yons ‘sI0joej
owsdoidue pue ‘A pue ‘Al ‘NI ‘T $odA) Furpnpul
‘suageq[oo [eIoAss ‘uireday Surpnpur ‘sudA[ourures
-00A8 ‘unoduoiqy se yons ‘sisousfoidue 1roddns jeyy
syuouodwiod UI Yol 9q 01 UMOYS Us3q sey IBY} XUjew
Ie[nyeoenxe SUMIND00 A[[RINJEU JO }SISUOD S[BLI9IBW
SIS oYL ‘XIjeuwl Je[n[[e0BI)Xd JO A[UIeW  SISISUOD
SIS oyl o1 asuodsar ur sdo[oasp Sulepowral onssy)
pue Ien[[eo yYoIym Aq WSIIByoow oy ] ‘$s3001d saneIs
-usfal SIY) YlM PIJBIOOSSE U3D(Q SARY XIIJBW IRN{[eD
-eI1X2 JAISUSIXS Jo uonisodap Ayl pue ‘UONEBIUSIIPIP
‘uoneidru o ‘sisousdoduy [67 LT ‘ST ‘1T ‘0T ‘€1
‘01 ‘s ‘b ‘¢] suoq pue ‘sn3eydoss ‘I1djeWRINP ‘SUOPUI]
‘[em [BUIIOPQE ‘S[3SSOA POO[q ‘JoeI} AIBULIN JOMO]
FUWPN[OUI ‘SJUSWIUOIATUS OAIA Ul JO JOQUWINU B UI UON
-pjuejdwr SUIMO[[O] SAINONIS ANSST JO UOLBIAUAZAI
pue ‘Surppowal ‘uoneldjioid onssy )soy Fuonpul
jo 9o[qedes s1 [eUSlRWON] SIY) JEY) UMOYS SABY SIL
-prys snorswinN ‘soysem oruoiodAy Yy S[j90 1USPIsAI
FUIsA] USY) PUB SIAAL[ J[OSNW [RUIIXI 31} PUB BSOINUW




;|
1
b

{

1
|
|

T R R R T s

592

16.

17.

18.
19.
20.

21.

22.

23.

24.

Hernandez Bermejo JP, Aguayo Albasini JL, Moreno Egea
A, Martinez Garcia PL, Zambudio Carmona G, Parrilla
Paricio P (1993) Neoformation of intestinal mucosa on dura
mater patches. Application in the surgical treatment of short
bowel syndrome. Experimental study in rats. Chir Pediatr
6:133-136

Hodde JP, Badylak SF, Brightman AO, Voytik-Harbin SL
(1996) Glycosaminoglycan content of small intestinal submu-
cosa: a bioscaffold for tissue replacement. Tissue Eng 2:209-217
Kim BS, Baez CE, Atala A (2000) Biomaterials for tissue
engineering. World J Urol 18:2-9

Kimura K, Soper R: Isolated bowel segment (model) (1990)
Creation by myoenteropexy. J Pediatr Surg 25:512-513
Kropp BP (1998) Small intestinal submucosa for bladder aug-
mentation: a review of preclinical studies. World J Urol 16:261—
267

Lantz GC, Badylak SF, Coffey AC, Geddes LA, Sandusky GE
(1992) Small intestinal submucosa as a superior vena graft in
the dog. J Surg Res 53:175-181

McPherson TB, Badylak SF (1998) Characterization of fibro-
nectin derived from porcine small intestinal submucosa. Tissue
Eng 4:75-83

Organ GM, Mooney DJ, Hansen LK, Schloo B, Vacanti JP
(1992) Transplantation of enterocytes utilizing polymer-cell
construct to produce a neointestine. Transplant Proc 24:3009-
3011

Parnigotto PP, Marzaro M, Artusi T, Perrino G, Conconi MT
(2000) Experimental approach to increase intestinal surface in
rats by gastric homologous acellular matrix. J Pediatr Surg
35:1304-1308

25.

26.

27.

28.

29.
30.

3L

32.

33.

Prevel CD, Eppley BL, Summerlin DJ, Jackson JR, McCarty
M, Badylak SF (1995) Small intestinal submucosa: Utilization
for repair of rodent abdominal wall defects. Ann Plast Surg
35:374-380

Reyes J, Bueno J, Kocoshis S, Green M, Abu-Elmagd K,
Furukawa H, Barksdale EM, Strom §, Fung JJ, Todo S, Irish
W, Starzl TE (1998) Current status of intestinal transplantation
in children. J Pediatr Surg 33:243-254

Suckow MA, Voytik-Harbin SL, Terril LA, Badylak SF (1999)
Enhanced bone regeneration using porcine small intestinal
submucosa. J Invest Surg 12:277-287

Tait IS, Flint N, Evans GS, Potten CS, Hopwood D, Campbeli
FC (1992) Progress with small bowel enterocyte culture and
transplantation. Transplant Proc 24:1061-1064

Thompson JS, Rikkers LF (1987) Surgical alternatives for the
short bowel syndrome. Am J Surg 82:97-106

Thompson JS, Pinch LW, Murray N, Vanderhoof JA, Schultz
LR (1991) Experience with intestinal lengthening for the short
bowel syndrome. J Pediatr Surg 26:721-724

Vaught ID, Kropp BP, Sawyer BD, Rippy MK, Badylak SF,
Shannon HE, Thor KB (1996) Detrusor regeneration in the rat
using porcine small intestinal submucosal grafts: functional

innervation and receptor expression. J Urol 155:374-378

Voytik-Harbin SL, Brightman AO, Kraine MR, Waisner B,
Badylak SF (1997) Identification of extractable growth factors
from small intestinal submucosa. I Cell Biol 67:478-491
Ziegler TR, Mantell MP, Chow JC, Rombeau JL, Smith RJ
(1996) Gut adaptation and the insulin-like growth factor Sys-
tem: Regulation by glutamine and IGF1 administration. Am J
Physiol 271:G866--875




