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{. INTRODUCTION
Enterotoxigenic strains of Escherichiu
coli (ETEC) produce peptide toxins, which
alter inte m nal water ‘mimw and lead to
acute diarrheal i ;zamxm n humans and A
mals. Al S §fh§é e 1o
1.7 has been well ;ifzw:?*xmm and ”‘3 res
many structurad and functional homologies
with cholera toxin, including the abilit } 10
»:f‘xﬁ)ifﬂri»imw ate and 'Z’Td’mi-v‘?éi%}% activate
ntestinal adenviate cveluse [3. 16]. ’ﬁza:*
ozL classes of £ cofi wxins are low molec-
alar weight. heat-stable enterotoxins (ST
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tors on the plasma membrane. The number
of these receptors on the membranes can be
regulated by the concentration of growth
factors in the environment [24], One major
site for thesaction of growth factors is the
intestinal brush border membrane.

This study was initiated to explore the
effect of insulin on the intestinal response of
suckling mice to STa. The effect of insulin
on the intestinal brush border membrane
differentiation was studied using electron
microscopy. Flow cytometry and indirect
if‘zzfz‘iuz‘zi}f‘im}rmwm@ were utilized 1o study
the effect of insulin on the STa/receptor
interaction.

. MATERIALS AND METHODS

2.1. STa purification

8Ta “ni‘» igoiates
A%ii\ 53%
defined v
batch ads

nd purified o homog
sirain inu .s;mmz ails

e rovarse

m%@mm MW hw;@ recovery vields m pre %"3’ 1.
which exhibited biochemical homol ogv o ST

puritied b siiﬁdtﬁm &mg sdures, No confaminas
Hon was detecte d ¢ HPLC purified STa. This
;}iz‘i.mcmzm has been t}i‘:w ibed in detail, and
imma‘ gt d :3"? a was ~>xmhmmd

Four litters (8-10 mige
day-old Swiss W a,i:’f tef 5! ekl
ice in each liger recpived 3

% 0,25 and

50 g of insulin tisophane insulin suspension.
USP.El Lilly & Company. ladianap

US;&?. ’f‘;a:’i*‘{ﬁ? %zy suckling mice in ea
ter received normal saline and were kept as intra-
’:‘sm‘“ wmmi« s‘xii treatment roups were given
’m different oral insulin eiwm Jaily for 7 dﬂ;«%
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2.3. Suckling mouse assay

Mice were separated from their mothers
immediately before use and randomly divided
into groups of three, These mice wi ere starved
for 2 hbefors inoculation. Each mouse wis -

ulated orally with a diarrheagenic dose of HPLL-
purif fied STa (0.1 mL PBS containing 1 ue STuw
with one drop of 2 % Evans blue. Alter 3 b mice
were killed by a:mmwl dislocation, the abdomen
was opened, and the entire intestine Texcluding
the stomach) was removed with forceps. The
intestines from each group were pooled and
weighed. The ratio of the intestinal weight to the
remalning carcass weight was calculated. Ani-
mals with no dye in the intestine or with dve
within the peritoneal cavity were ~“‘<£*udzﬁxj§ from
the caleuladons, One mouse unit (MU} of
was considered as the minimum amm;ft of
tmi induced o mt w remaining hody weigl
i a1 »em;%;liszﬁ Mg

p6 | :,M“‘Au/&
*mwmui 240 ‘*1‘:\,‘ w0
ding mn

5}1!}, E;«ie«u i
gnsure duﬁmx
older thun 2 duvs.
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2.4, Electron microscopy

Crowe half contimeter of small intesting from
1 miouse ul“ *?‘m i‘%cam‘z groups wais ficed i
glutar and then posi-fixed %z@ 1%
osmium tetraoxide. ’?isxzzm w vidrated.
infiltrated in different concentranons of epon aml
incubuted under high vacourn, Thin sections
nrepared and stained with uranyl acerate und lead
ate and viewed in a JEOL. JENM-100, CX
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2.5, Isolation of suckling mouse
enterocytes

al published methods for prepar
68 were Lm m:d hut the fo he ms'
: suits for z.he 4

"'aiasm; ”a
: :‘;Lp Wi w;w:»,:*a:f’

i‘}‘ﬁ. 3

'I”iw me‘m{%m WS I
containing Jizé’i%azaciw,m FEDTA <ol Jutic (t. ! smi
EDTA. 0.5 mM dithiothreitol (D11, and
GG LU, uf peniciilinfsirepromycin dissolved
in ghosphute bulfer solution ﬁ"i% iph 720 The
ntestine was chopped ‘f?ii ;“; small pieges
usiag a sweeile blade und n the DTT solu-
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ton for 43 min, The mixture of the intestine and
the DTT solution was filtered through a corton fil-
ter to remove particulate material. Esmmcym
SUSPENSIOn was i’“ziix;{“‘ d through a avlon-mes!
filter (50 wm), centrifuged at 1 000 ¢ for 5 min
and then wash®d three dmes with PBS 1o remove
mx traces of the DTT solusion. The %o;m%gizm of
s harvested was monitred by periodic wet
mmmt examination through the whole procedure
0 assess the i.;;z;af;iii‘ and x{wg%m of the isolated
enterocytes. Cell counts and cell viability were
determined by exclusion of 0.2 % trypan blue-
stained enterocytes. Dry smears were fixed in
0 % methanol for both indirect immunofluo-
rescence and Glemsa staining, The remaining
ells were used for flow cyviometric analysis.

2.6. Indirect immunofluorescence assay

Intestinal epithelial cells isolated from suck-
ling mouse intestine were washed three times in
{0 mM PBS (pH 7.2 to remove any traces of

the DTT solution. Smears of enterocytes were
made on glass slides, air-dried. and then fixed
i1 absoiute methanol for 10 min. Slides were
tncubuated with STa. rubbit anti-STa antibudy
and anti-rabbit-lgG-FITC conju f“,,smi antiby wé
as described by Saced o1 ul, [17]. As negative
controls, similar samples were zzm?‘m;w only
with STa and anti-rabbit-IgG-FITC-conjugated
antibody. Non-specific fluorescence was esti-
mated using isowpe controls (enterocytes incu-
bated with irrelevant specific H"i{ w?ﬂjm‘dku
antibodies)

2.7. Flow cytometry analysis

Enterocvies

were prepared for staining by
thres S

additional a&';zs*mw ; “7” 2 m:}w

iéxs (iiwx n ??:;(
pended in et
irers as??fﬁ'{a >}“}€L§§"m andiserum gﬁ?{}(*hw ‘ uifat‘?‘
s were diluted 110 in PBS and added 1o the
yle suspensions and incubated for 3 min
" Cells were then w ashed three tmes with
3SA und then resuspended in 100 ul
. Fifty mic m&{ci‘x of goat anti-rabbit
“ wm; L z{ (KPL. Gai thersburg,
i1 Vin ?‘%&‘x wore sdded ¢
fincubated for
washed three

‘(Y

wWare "izw

times with PBS- BSA. resuspended in LO mL of
PBS. and kept on ice until flow cytometric anal-
ysis was performed. As negative controls, simi-
lar samples were incubated with STa and anti-
rabbit-[gG-F H“{m;fmjnmfm antibody and used
to determine the threshold of specific staining,
Isotape controls were used to control the non-
specilic fluorescence. Flow cytometric analvsis
was preformed using Epics ELITE flow 2
ter i Coulter Electronics. Hileah. FL. USA)
cytometer was set o read 3 000 cells from stzdﬂ
r*r“;iwnca‘“s preparation. FITCstained cells were

excited by using 15 mW of 488 nm argon Jaser
fight, Fl TC conjugated beads were run Md the
mean Huorescent intensity was set at a fixed
vilue.

2.8, Statistics

by mmz;; tix‘
unpaired sumples. Values of P < 0.0,
stdered 0 be vgnificant,

3. RESULTS

3.1. Effect of insulin on the response
of suckling mouse
to the heat-stable enterotoxin

Results of the suckling mouse assay indi-
cated a significant increase in the gut weight
to remaining body weight ratios in all of the
insulin-fed suckli g mouse  groups
(P« 0,03 This increase was directls v related
to the amount of insulin thar was given
{(P<0.03) (figure 1),

3.2, Effect of insulin on intestinal
development and differentiation

Cell number and viability were relatively
higher in insulin-fed suckling mice groups
than mice of the control groups (figure 2
The increases in cell number and viability
were directh ’M 1e zi 10 the amount of nsulin
that was fed to ¢ group | 2), Elec-
tron friis;:ﬁwcs";{w revealed a significant
:? rease m the zmm%m ut E mi endocvies
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ling mice included o group of mice that were fod the smed dose of insulin (M tor 7 days and a

group of mice {intra-litter control} that were fed saline - without insulin ¢ -hopoint z**:?mxx:m s the
mean of three readings = SEM.
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insulin-fed suckling mice (figure 3. This  of the epithelial cell mucosa. This increase
increase in lipid endocytes was proportional i lipid particles was due o an increase in
to the arnount of insulin that was fed toeach  the uptake of milk particles by the intestinal
group of suckling mice. The lipid endocytes absorptive surface. Electron MICIoscopic

were mostly concentrated in the apical part  studies did not reveal any significant
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3.3, Effect of insulin on STa interaction
with its receptor
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erocytes from insulin-treated
mice when pzmzi mh that of control
mice. The staining results of freshly isolated
enterocyies fr{}m wsulin<reated and con-
trol mice areghown in wble {, The increase
in fluorescence intensity of the surface of
enterocvies was directly proportional to the
amount of insulin that Wm fed o each group
of suckling mice (P < 0.003) {rable ). No
fluorescence was a}h%?‘&aﬁ on the entero-
cvtes of the control groups where no STa
was added. A simiim i""{id was found upon
repeating the experiment.

sity using ente
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4. DISCUSSION

Diarrheal disease caused by Escherichia
cefi that produce hes 1t-stable enterotoxin
(STay is common in newborn animals and
human infants. The high prevalence and
»c*wm of the disease among younger sub-
jects is not well elucidated. In order to for-
mulate efficient control and prevention
methods, a clear understanding of the dis-
ease mechanism is necessary, “Insulin and
IGF-I have been identified throughout the
small and large intestine in animals and man
{51 IGF-T and insulin are present in breast
Hk {080 microunit/liter for insulin,
3-7 ng/mlL for [GF-1). and free IGF-] has
been found in human saliva [2.7.9]. In fh'is;
study, we hypothesized that insulin. as
growth factor. may exert a modulating d‘f:ﬁ‘zﬁi’
on the intestinal epithelium of newborn ani-
mals and may modify their response to diar-
rhmgcz}ic toxins. W{:« therefore. mvestigated
the effect of insulin on the interaction of
suckling mice enterocytes with STa using
electron microscopy, indi ect immunofluo-
rescence and flow cytometric analysis.

[
m
[

The suckling mouse assay is considered
a specific assay to differentiate between STa
and other enterotoxins produced by ETEC
czzii ures [22]. Insulin-fed mice had a gut
weight to remaining body weight ratio
higher izan the control groups when both
groups were inoculated with similar diar-
rheagenic doses of STa. These findings sug-

A Al-Muajali et ol

gest the modulating effect of insulin on
intestinal epithelium affected the response 1o
E. coli STa.

The small intestine in mice acquires its
capability to respond to insulin during the
suckiing period [ 11, 12]. Furthermore. the
fact that insulin 1s able 10 gww;isﬂuwn‘.
increase the epithelial cell proliteration in
both small and large intestine supports.
least in the mouse model. the dm-@ing}mw
tal pattern of epithelial cell proliferation and
differentiation consistent with the modula-
tory influence of insulin and other growth
factors. Information from the electron micr
graphs suggests that insulin has increased
the absorptive surface as indicated by the
increase in the inward movement of milk
particles (figure 33, It was reported that IGF,
(EGE), transforming growth factors o {TGF:
and [ have important modulatery roles in
smali intestinal crypt cell proii f ration. p;_;;m
teularly after intestinal injury 11 1112,
13]. A premature rise in the circulating
insulin level induces a significant increase in

epithelial cell labeling indices. This sue
gests an important role of insulin in modu-
Iazmg zmmam% ,:::if g}mi;i m;m i 3%

m‘;zz ALY <3§ fmwi’z %mr*dwz‘ membrane enzymes,
namely, trehalase. glucoamylase.
and factase [10. 11, 12

Increasing the amount of insulin in the
intestinal lumen causes an increase in its
own receptors in that area [8, 11}, The fact
that insulin may up-regulate its own recep-
1{3;‘ *-’""‘} may fﬂ;g& lain the z'i{}»mda}gemw
ect of the insulin on the STa-receptor
?’;ﬁg This study suggests that insulin
mz,zjz maodulate the STa-receptor number on
the brush border membrane. "i’"éa* up-regu-
lation of STa binding can be either through
zm: mcm;zw in the STa-rece ;‘* tor density or
increase in the affinity of these receptors i«
the STa toxin. The flow cytometric analvsis
demonstrated that both insulin-fed groups
and control group were stained with the sec-
ondary FITC-conjugated antibody. This «
gests the existence of STa-rec
brush border membrane of both

SUCTARS
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insulin-fed groups. However, the fluores-
cence intensity was higher on the entero-
cvtes of the insulin-fed groups compared to
the control groups (rable 1). No tfluorescence

was obserded on the enterocytes of the neg-
ative control group where no STa was
added. Our flow cytometry results suggest
that due to the elevation of intestinal cell
proliferation and dsiiwm{mmn 1 response
o insulin, there was an increase in the STa

binding. Similar results were obuained in
indirect immunofluorescence studies on
enterocytes prepared from insulin-fed and
control groups (figure 4).

The use of conventional fluorescent
microscopy results only in inaccurate esti-
mates of fluorescence intensity due to the
scoring protocol used (++++ for high fluo-
rescent intensity, + for relatively low fluo-
rescent intensityy. Using flow cytometry.
studying the STa/receptor interaction was
mm; ble through accurate determination of
the intensity of f fluorescence on enterocyte of
the dii‘i’;:fm{zt suckling mice groups.

In summary, the results of this study sug-
gest that insulin has 2 modulatory effecton

the response of suckling mouse intestine 10
$Ta. This modulation may be due to

changes in the structure-function of the
intestinal brush border membrane. This
modification may further provide insights
into the mechanism of the STafreceptor
interaction.,
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