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In vivo model of Hirschsprung-associated enterocolitis using benzalkonium chloride
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Hirschsprung’'s disease is characterized by an postoperative complications, such as enterocolitis, are
absence of enteric nervous system (ENS) ganglion often occured.V#Mirschsprung-associated enterocolitis
FZZe <o =St este_ft"c... fef e— o— {(HAEC) Zoniinues torbe-tBg major cause of morbidity
tTeoefZ Scoet%o——a $8—Fetce% ~"'s —ST "andmortatityin infaits and cHiltren with Hirschsprung’s
teo—fe it ""8cofZZ> fot "te—Z—<ce% teedff otf tZEL"4S 1" f o YaXNE pathggemesis of

cranial-caudal neural crest cell migrationAlthough HAEC is still a matter of debate among researchers.

the managements have been considered successful §'F"cote—fZ "U%ofe tTEer " f—<'e Zf>
in leading the patients to their normal livegpre- and important role in studying various aspects related to
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normal innervation and various diseases related to = mucopurulent secretion of the eyes and nasal). The rats
that innervation. It has been demonstrated that the were then randomly divided into 11 groups. Each group

application of 0.1% benzalkonium chloride (BAC) for ...‘sece—F1 ‘" 7% "f—e TH-F"eceft > Fti"
15 min in the serosal surface of the bowel eventually  In the treatment group, 0.1% BAC was applied for 15 min
leads to the narrow aganglionic segment of the bowel, to the sigmoid colon. We also included the control with

possibly due to irreversible injury of the myenteric the application of saline to the sigmoid colon.
nerve cells, and also results in luminal dilation in the
i8S cefZ —e—"Ff—%T ef%oete—e <o —St Shrgical ptdtietidre f o T

decompression of the treated segments, which mimics All animals underwent midline incision laparotomy
aganglionosis in Hirschsprung's disease patierts.In —oet:” %oted”fZ ot—fecet S>t"'8>...SZ'"ctt
“f...—4& <o fo fe—F"c.. ef—"'_*5¢.. (fatedtmesia- SThe apglieation of 0.1% BAC to the

applied topically to the bowel and is a powerful cationic sigmoid colon was carried out according to research
detergent that can destroy bacteria and mammalian conducted by Yoneda et dl.In brief, the sigmoid colon

tissues due to its ability to disrupt membrane cells. ™ fe ¢tte—cott fot "te'"tt "o —SE f, Tret
Transgenic animal models of Hirschsprung’'s disease, sigmoid mesentery avascular area, a small opening was
which show similarities to the human condition, are efttad f U -V ..o %f—af ™Mfe o'fedt «oT

also available although they have a short life span due  Aldrich, USA) and placed around 1 cm from the sigmoid
to enterocolitis.***Thus, further study on the chronic colon, and a layer of plastic was put beneath the colon
complication of Hirschsprung’s disease, such as HAEC, to prevent spreading of the solution (Figure 1a). Three
is almost impossible. drops of 0.1% BAC solution were placed on the gauze
Previous studies have evaluated the functional every 5 min to avoid dehydration of the bowel for a
and pathological aspects of the ENS in Hirschsprung's 15 min period before the gauze was removed and
disease, but no studies have been evaluated the long- ™ feStt ™3$7Z7Z ™c_S TA]" ' "sfZ ofZcsta
term complication, such as HAEC. Therefore, important  group, rats were also treated similarly, but saline was
questions such as the molecular mechanism, most applied instead of 0.1% BAC. After the procedure, the
involved enteric cells in the pathogenesis, and long- abdomen was closed, and rats were socially housed
term cell-based therapy for HAEC remain unanswered. with a standard diet and tap waterd libitum.
Hence, anin vivo model of HAEC, which is easy to
breed and has a long enough life span, is needed. Tissue preparation

Thus, this study aimed to establish aim vivo animal All rats were euthanized using an overdose of

otttz 7 — e <o %o [ Ze . f=<to ><kSfZPtedorte—St—c... <of@_"fet "rZ7'™™

the histomorphological changes of the sigmoid colon tTeeZ . f—c'e —Sf— ™fe "t 7ttt ‘e tfra]

of BAC-treated rats. eU[4d ®U]ld VU4 &aVW4 &VY4 fef a&V\ |
t—1t = " = L EZZ 2 f—cte [T —et V

rats in the control group were euthanized 7 days after
the sham procedure. Sigmoid colon samples were

This study was conducted in the Animal Laboratory  immediately obtained, rinsed three times with saline
of National Institute of Health Research and o'Z——<¢'ed ™MIc%SttTa fet o' — <o =St UT"
Development, Indonesian Ministry of Health, Indonesia “trefZce o —e—<Z —St> ™3 t&fecett
and received its approval from the Ethics Committee = embedded colonic tissue was sliced into 5-um-thick
of the Faculty of Medicine, Universitas Indonesia (No:  longitudinal sections and mounted on glass slides. The

METHODS

utTz] Vvau VTU\ a BAC-treated and control sigmoid colon were stained
™¢—S Stef—"8>Z<¢e fof F'eced St f%of %oz
Animals slice were recorded, and the degree of enterocolitis

A total of 55 adult male Sprague-Dawley rats at  was scored according to Teitelbaum et &nd Cheng
UT UV ™ttes ‘71 ™Mt d S —oft <o "' 7> &t alZWy three fistlependent researchers blinded to
f rite ofco—feodt f= VW = V. ™S f UBIStE & ZLePeSF A [ deTc—c'oed “F "fot'e
cycle. All rats included in this study were healthy (not ofZte "7'e tf..S e'f.cete o T W 'f” 13
Sf ce%o e>e’—‘ee ° fe'"t&fA T3..7Fee< dondifidn) Wede corted for evidence of sigmoid colon
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Figure 1.Surgical procedure and macroscopic presentation of the 0.1% BAC application. (a) 0.1% BAC application in the sigmoid

W Zte M f—ed U -V e %of—0oet ™M f it —SE ec%oetct ' Z'0d ™S Z—% "Zfe—c... Zf>%1" %
—cee—Fed | f——""e> metcoeYoe <o "f—o f— U ™Mffe fT_%" TAGU" [ Zc..f—<ed fr7r™ MG
dilated segment (red arrow) were shown 7 days after 0.1% BAC application, mimicking the anatomical condition of Hirschsprung’s

disease. BAC=benzalkonium chloride

injury. The degree of HAEC was ranged as follows: demonstrated normal ganglion of the sigmoid colon

0 = normal, no evidence of injury; 1 = crypt dilation <Uo—"F Vf & ™MSt"tfe —St e-"tf-1t1t ¢
fef e—..co "f—Fe—c'ed V = .7 —c—<+ an hgangliohesis shart $egment in the sigmoid colon
fot of .7 'Sf%T fof ef——""ScZ <onZWf—"<te®¥, W a I "‘—et —Sf— f%ofe%oZc
o —7—-<CZF 7= fLe.tecd X T om, Vet 7k tdtf fxeeff offt -1 frrZa foco &
mucosa ulceration; and 5 = necrosis and transluminal the number of ganglia was decreased over time, such
perforation as previously described.vVauWw fe ‘e Tfrae] <«%—"% V, & &@UX <%o—"% V.
vVt f -%" f'Zc.. f-<9a

Statistical analysis Isolated segments of the sigmoid colon treated

f—f ™%7F $8§ "Feett fo —St effe fwith 0.2% -BAC Has also demonstrated the longer the
deviation. A comparison among groups was performed ~ "f—¢ ™ fe of "co . . 3t4 -SF S<%St” -St ¢
using one-way analysis of variance with Tukey’s post- <Uo—"F W, " fet Ho—"% X & ™ fo of
hoc multiple comparison. Ap-value of <0.05 was St . te—""7 %' —'  <%degiek OMHABC ST U

LteecttE Tt e—f—<oe—<...fZZ> *<%oe<u ... fe-<characterized by the presence of Lieberkiihn gland
TeZf—f-co ™Mfe fEf "tF <o "foe —-Sf— ™
‘o tfre[ - ®@UV  <«%o—"F W, & St t1%"

RESULTS o . . :

similar in rats having normal saline (control) and in rats
All rats were successfully survived during the Sf <e% Tau” -Sf— ™t "}t of Lo T C

T8t "coefe—fZ "t7<¢'ta SE te—if—< 1T Ta&XULf-—4% —"ielred of HAEEZ was shown
colonic segment is shown in Figure 1a. BAC application ,> —Sf <eoZ—"f—<c's '~ co@foeaf_*"5s $77e

was successfully produced narrow, transitional, ec%oe'<t ..."Z" ... ™degrée oBHARC occurred
and dilation segments in all rats, mimicking the <o "f—e —Sf— ™i"F of Vco.tt ‘e tfraeU.
short segment of Hirschsprung's disease in humans W ... fet ™fe S<%St”a ...« f tg= ™Mc-S -

<%o—"1F U, & o ¢S ™e (o %o—"F VA4 FETW.. ¢+ <%hd—%el" ' X-'8 f—o —Sf— ™MF"F of .
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Figure2. 1 ' fefe—f—<"f 'S'—tec..” %" f 'Se " o . —ctee "Vl ecYooict ... 2" —<oe—F o—fcott > =
area in the control group (a), and aganglionic (blue arrow and circle) and ganglionic areas (black arrow) on day-7 post BAC
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Figure3. ' fete—f—<"f "S'—tec.. " % "f'Se " ef.. —c'ee "o _SF ecUoe'<T . Z' o—fcott 5> o oS
'f%O‘(n---f—<‘° a f :t%on:t:t T (~ o _é:t ...“—"‘Z %ot —" .slTM(.%o U ._---l.f N(Zz(é \V;
goblet cells, (5) Paneth cells, (6) ganglion, (7) vasculature; (b) the £ %"+ F *~ ‘e tfrae[ - @®UV ¢S ™ce% <F,
TeZf—cte f770™ 8t 3% HSH 'V ‘o TfraeUX fef @U[ S ™ce% o'e'o—  ZFf" fot of—=-""S5cZ
W tt%"fFf 7 ‘e tfraeU] fot ®@VU ¢S ™ ce% <o WEH % PE-" [V Bf > VB X ™Mo % o,
inside the Lieberkuhn gland (*) and necrosis and desquamation of mucosa villi epithelial cells (**); (f) thedgree of HAEC
‘o Tfra@VY feof @V\ ¢S ™ce%o ot . "foce ° <, 17008 %oZfet f""'™ & - "Stef—‘3>Z<e fot 1

enterocolitis; PMN=polymorphonuclear
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Figure 4. TE% Tt <o fZ7Z 18 f"<cote—f7 %" ' —'ed ST —"ff—ete— %"'—'e ™Mt t f'Zc¢tt TAU
fo . Ttee% =t f e'F..cm.. —<eof of“—Fe F& f—f ™I"F ""Fefe—Ft <o offe T %" —"

ANOVA followed by Tukey’s post-hoc analysigp<0.05 versuscontrol; (p<0.05versus T f>eae[4d e U Fpi0.psversad) VA>e U X a
ANOVA=analysis of variance; BAC=benzalkonium chloride; HAEC=Hirschsprung-associated enterocolitis; SD=standard deviation

fet VU t35 1" «¥degret of BAE®indicated t+% "ttt " ™ fe Sc%St” <o "f—e of "¢k
> =St vFefelF 7 i ZretSte— L Z1f2 @WA& [~ f"ET ™Mc—S —St L fe-"'Z fet
in the crypts of the sigmoid colon. Meanwhile, the onday-7p  TaTU <Go—"F WT = fef <% —":
X-5" degree of HAEC was demonstrated in rats that

™ETE of Lt e TfreVW - &V

St "tete.t 7 @, <o %ot <o =St <k,
necrosis and desquamation of mucosal villi epithelial In the present study, we demonstrated that 15

cells, and necrosis of the Lieberkihn gland. The min of 0.1% BAC application to isolate the segment of

DISCUSSION









