229 .m
M 3 EX
o .0 .."l 3
= o] - T =
5522 g8 B95E
2.4 5 © 3 £ o “woe g
5 233% o& = TEE
) Ve g = = 4 — S 3 o . ..h.m I )\
CEF PR MM_ Q9 3 2 3 - LB =8 z3 nnu
58 B4 =8 7 Z, - N e : b
’ 3 o i ; L& § ) - v ]
Mw nnw Am 2E 2 V..Jm e g o 3 m 2.2 £~ <3 .mm £ .m
-t - . - X 1 - . s . i
Frpeps 55,9 2% 3 < 5885 . £ 8 3 2 8 $ 9
£83F o852 S5 SR .- S5 Sdyg
=] — | ™ o = O ,
) EF-T gD S S8y 9 Qv u3
WS Qv 2 O uy - == """ Q o 3 =] £
Q« nv.l. o] L = o) y & Om m...l.D k=)
FRE9 5888 2 4 PEEET: SEERE
< Roi o l" n o] ot I ) b “ . — > | I"
y ] [ SR o "m O = = = 'y
| g o8B 2ol e g£83 O o 2 FREE ‘33 g o
p— = D 2 R ) m == = EaR ) o * — - ]
QO 5 53 X .S 38 & mv_o.nm e EE e a m > 5 S
a ¢ .e 2 . - ol - -y - .v
g s gHo £ £ =& £ © 28 8 = ' 8B 2
4! 2 oE=l < B a3 o_E i
v K> @ G PO 0.8 3o 5 g E52S3 <989 £
@) p= 8828As5 8858 T 2298 S0y &g
S o nm 25 A.nm =4 m.m. © ) s Es g2 =g E~S
o . g < & I r =R =] [+ -
Rui Mu o ..na v 1 m. .- = N = O < ®» .= I~ R =] %)
- ; 3 .- { &' w45 = a0 Y U ) & .S_au.._.
o 3] B X w < S = < 3 O] g, P mesg 1
P S 3 = 8.9 T 2E = ‘w = 9 Eog g BESad &
=3 10X U5 g = =& O . = ]
L =) s B EEYY EREN P o m - - IEF .8
e <! & (¥} ) L = Y ,ﬂv W c P> (=™ = o 0D i O, r o
S S 8584 9823 3 5% BEg2E 55 EbA S
= : o AR = 9 “ o i ¢ < ~ s 8 <«
- ) o 3" g & Wo.5 2> -] D38 .
" <3 b O 3 &, . o o = = <) S &O0 - ) w
\U . Q <] ) By < = = — 3 =SSO
C = 8 3 T QE - ICE= el s =g “mﬁ @ o
5§ 5 g8 = 8 o m_ < R 4 o ! 288§ g5 e & 1
=~ . S B 3 ey SoEey o< 29 gxH PR , 80 ¢ o 2
iy By Q 3 < [0 o - o= m 2 ) com b o B~ ] > s . 8 .=
o o— fu S g 3 o E's E. 2 o g8 g0 2238 S o K-S R -
Q (&) S e .lm [&) « — ot g - o Q.- 2 au a A = 9 = o = o
> ar.., D=0 ” £ < u‘w.,,Om.....C.
-, / Q ) b Q &2 4y o £'s m o © 3 @ 3] .m.. m. 2 g3 & v L P .4 » .m. 3
o & g R S e o L oa 28 Qewm Q3w 32509 &Le.25
= e g ® oEx gmE ° 2 S 2 sSZEE85E FEST S B3
B e Q amh"c_m_ o 5 2 5 S v.u,m.t“ec =35 & 2
o. ] -] o i R» — -_ - [a 4 ) o 2> [~ - - =S8 -
v 3 ) O DR ) = g g e e T8 . Kabde ¢
—d PW < Q nu =) m.. Mv =35y ~ = uﬂ = ) e = S0P . 7S .mn ) 8 S >0 2
c : O's H WS 2.3.8 E =0 o i ES P E- B E&g> =
= < 80 £ £4 556 xZEE - 554 2E P SEET
» 'S . - _I..\ ) 17:4 hm O .M 0 A.l MC Mm ') EN (=3 =1 i «\ e mm o " n .9 9 g i
- _ o R -£ 23 E2fscgiic §55%
C o @2 3 Qg 2 2ES o = ES g9 . CEZeE 28p -4
" N7 _eacll 2] £ o 3 .D...Aw.
o yue ‘ a nv I RO ] VO 5 o : Sl > = 8 {
Q ~ e Q mrw uS_mn = — ) S =R RS & ) ,S.w
pw S < = .. & N = SE¢ 5.5~ b 2 g3 , Eas 3 %3 .m 3 @M
- ot . emt o — ] i it I - b o
5 5253 82885 8= 58 FEEEE F i g
P [qv (9] 3 ~ e_V, w @ oo nQ- [ tmv |
- = 1 g ) R L v SRt etggd Q%
S-S g SErEzsgl 54 &+ S et Ry
&= s £eoe 58 uk8 PR E g By B EEpEd
@ - « mw.. QO o o Y = S 7o & S ¢ = vo & S el ~g | e
o = ” o O 3 =2 v & < S [*Y) L, b0 30 3 © @
x ml S C N ¢ cw mw ! H.m. nw 3 C“ m 0 = .@ o3 = o) “M..mu W ) © (\M Q >
g . « [ & B oo ¢ O : O = — - .55
2 u — ..mw Cu > & = e P a“ L5 + 4 M" W. © 7] "w 4 @ 5 8 ®
3 s u T ,m._b v OF ) - < S m 22 < 2 .A.L.,. “. © g 5 £ .n" e O ma.o
o " " o0 - = ~
i &\ 5 S N N 4885 g g [ e R xa ¥'e) &
o D} @) m < A e aq.= g9 a2 ] T4 Qe > .Mm ERC aw
b =, o J = .- N [ 5 D p .o 2 BEE3 30 JoR
g =% F —35E . GEESTEE gEn 5 o ESSREN =53
c L (o] . <o) > ¢ s =
= Y o O "t (850 &, = = [9) ;
3 G = q S B3 8.8 a mm < B2 g o4
v [ ] < \ - J —
S % § 85578 CeES5E $92% 23
; [ ‘¢ ] 4 = e
5 L A8s 585 | E SEFESER3RE
[ . " 1 1
| _PV ' o3 MW S .m_ =4} T i A
a = Ll omg g2g0 «<E 2
- ‘U Pv e o o>
uu _I- J - ph -Iu -
= /) RL b
Mu hKL _
X
[{
S
[«




Research In Surgery, Vol 2, N? 2, July 1990

PERCENTAGE OF DAMAGED INTESTINE (LDI)
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MUCOSAL DAMAGE INDEX (MDI)
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Fig. 1: Preparation of tissue samples for histological
quantification of the Mucosal Damage Index.

incision was made. The superior mesenteric artery (SMA)
was exposed close to its origin from the aorta and
occluded for 120 min. with an atraumatic vascular clamp
(rasargu cnp, Aesculap), aner which the abdominai

............................ 2.N
lll\vlblUll wad blUWU WlIJl \-UIIuIIuUUb 2=V

ischemic neriod was terminated the clam

ASviaiviiiiv puiaUa QS svas 1atéd the clam

and the blood supply to the intestine reestablished. The
SMA pulse was present in all animals following clamp
removal. The abdominal incision was then closed using
continuous 2-0 silk.

wag rpmnvpd
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n
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Experimental groups
Four groups of 25 rats were used, distributed as
follows:

Group 1:

Untreated controls in which the SMA was occluded for 120,

min.

63

Group 2:

A sinole cvclonhosphamide (Cv) dose (20 me/1 a in)
A single cyclophosphamide (Cy) dose (20 mg/100 g i.p.)
given five days before surgery.

Group 3:

Ilndas enfl:nm nnﬂn\hn—k'tql amacthasia MN mallra) tha
Viiuel SVUIUINL y v vai viitail allvotllivdia \JV 111 le uic
animals were plac a ecumbent position and a single

rec
Gy/mm distance 117 cm) wa
II.CGR cobalt uml) Each ammal

total dose of 5 G
administered (ALCY

L . __ 1 1T TLIDND AN MDYy 1 __

DOre€ an mmvmual 1 NCRADUS-VrUD QCVICC io rengler me
radiation received.

Group 4:

Cyclosporine A (CsA)(20 mg/kg i  was given 24 and 4
hours before the onset of mesenteric ischemia.

Mortality Rate (MR) and Mean Survival

Time (MST)

Mortality Rate (MR) during the first 48 hours was
assessed in 20 animais of each oup Nevermelcss, Lne

amiemnala wiiaes Lame 12 ~e s 8 .

animals were kept alive in ou. dUUldl.UIy' for a we

Lesional studies
Five animals from each group were sacrificed 30 min.
after reperfusion and the gut (from pyiorus to iieocecai

valua aq ran v ramauva angniea raman

VGIVC} 'V'v'ao lapiuny lClllUVCd dlld lucamucd LIIC LULIC>
showing macroscopical lesions were evaluated, and the
percentage of intestinal length affected by ischemia was
calculated. The mean value within each series was termed
the Longitudinal Damage Index (LDI).

Two 1-cm fragments of distal ileon were excised and

=L _ 2 8_.98 % __ __ ___ o ™ _ _ L _A_' - aa®_ _

€moDeaaca n paraiiin. inree nistol glcal SCCUOHS laxen at
A4 mm intarvale wara st and manntad Aan clidae fallawad
= I HIlVE Vald WUIL VUL dliU THIUVULIWAL UL DLIULD, 1OuOwea
hy hemat oxy lm-evsin staini 'ng The Mucosal Damnoe
Index (MDI) each animal was calculated as descnbed in

Figure 1. Each mounted slide tissue section was divided

into four quadrants along its longitudinal and vertical axis.

Mucosal damage was then evaluated in each quadrant.
Histoiogicai assessment of intestinal injury was

rarmad At noin on ading oralas

Lailigau Uul udiiyg a U‘L yauuls Aaiv.

Grade 0 (Fig. 2A):
Indicates minimal tissue damage (good histomorphic
preservation with some Gruenhigen subepithelial spaces at

tha tim of tha uill:
we uy oi ne vnu;

Grade 1 (Fig. 2B):
Moderate mucosal damage (subepithelial lifting as well as
more advanced iesions).

Grade 2 (Fig. 2C):
Severe mucosal damage (Grades 4 and 5 of Chiu (9)), with
completely denuded villi, a disintegrated lamina propia and

hamarrhaoca
némiirnage.

The MDI was obtained adding the grade of mucosal
damage for the 24 quadrants evaluated on each slide and
dividing by 6 (total no. of sections). Thus, MDI values
range 0-8. This procedure was pertormed consecuuvely by

A3

iwo muepcnucﬁl observers in a blind code fashion. Due io
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Role of the lmmune System...
I. Ontiz-Lacorzana et al.

Fig. 2: Irdestinal histolpey, {a)

Erpsl fal ooy, L

imporiant structural alterations
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Statistical analysis
Comparisons of mean survival rates, LDI and MDI
were analyzed using the Kruskal-Wallis and U-Mann
itney lesis, whereas mﬂrl.ailt:r rates were compared

b EE
5

o Al 40 W T'. C
I [ ine rlblll—-I Cxact lrbl L arrc l‘-ﬂ[“:l]'l- nl:lwcf‘n inE
meacnremaeante m = e uh.ﬁ- twery indonondom e A R ]
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performed using Kendall's Concordance test. Values of p
under D.05 were regarded as significant.

RESULTS

Mortality

Rats subjecied to intestinal ischemia for two howrs

1]
showed a 75% mortality and an MST of 11, Eé hours
{Table I, 1T). Cyclophosphamide-treated animals died less
than 24 hours afier the operation, while MST was 7.11
urs. The values for boih indices were significanty

rols fm o 0 0EY
Tl L S UL .

ped 1o 40%, while
the MST doubled compared with the controls (p < 0.001).
However, seven days after apparently complete TEcovery
{nﬂrmal feces, external appearance and activity), all the
amimais died. Necropsy was performed in all cases, but

fnilad im rawenl amug smaslfs
PEiad W leVedl any aj_..lcl.,llll... Caluse ul l]l:'d[" ]ntb
|fnr'!'plu in tha fror oate of

phenomenon was ohserved unifor the four sets of
animals in our series, CsA weatment induced an effect
somewhal similar 10 that of WBI. The mortality rate in
this group was 35% - a value significantly lower than in
ihe controis (p < 0.001), and similar to the WBI-treated

=
}

<:1E

an thneos saleunlated Fae tha soae
SARIEE RAILSM AN LIEEILLAS BASE Rbihe LPRELT

Th mortality rate in WBI animals drop

ﬁ? v=

mmarmnls AIEY BEPT ciawm eloe S ____ 4 i FA_ s A e
EREPRERBELD V1WoR ). EWELD I Wdd dl LIRS NEEL] uy LSA t] 1.8k
howrs: D ﬂﬂ'ﬁ'& B whithont reaching tha eams loawvale oo

..... DL wWimout reaching the came swele a2

in Gmup 3lp< D.US_‘I.

Longitudinal Damage Index (LDI)
Although the possihj.e varialions in intestinal length

= 1___..

IEP\.HI.EI.I in HPIESMITH I'.I'lE uamage ]nﬂex as a

nercaniams  therm woers |n fourd M o1 ees PR H I iy
P e S ey L PR e TF Gl b B SGEL BPLT .:uujl ANl Ghrcichiccs.

In the controls, the mean percenlage of
macroscopically damaged intestine (LDI) was 44% (Table

good correiation observed between both seis of data,
i

64
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1I). In acu:oniam;c with the poor survival resulis obtained

with Cy, LDI was greatly Jm:reaseﬁ in this group {6‘9% P

- n.nnn hr-.... alins das=ls o re o
o ELja 1w &-IL-I 1oy, U MOVEMENL II'I DDT.H

hc i T
mnrl.'llll'u'_rg e and MST ag a recult r}‘I'WE] and CsA, thegs
e p— resut e (R

Ihf:ra.pir:s did not reduce LDI (42 and 41.1%, respectively).
Mucosal Damage Index (MDI)
As pmvi&usiy described, the MDI was calculated
eparatel; nvestigaiors. The two sets of vaiues

DAl uy iwo if

hiained chowed a verv onned parrslatinn fe = 127

pL C skl =GO,
05

(g
ThE ALY Aean o Shen ] pAtArus

95)p < 0.001).

Intestinal ischemia, prolonged For two hours, resulied
in an MDI of 4.08, 30 min. after reperfusion (Table V).
in agraemcnl with previous results, Cy 5|gniﬁcanU}
chninanced ihis index (3.18: p< G'I"_-'Fi} Nevemem.ss while
WT-'I.:I' il mnr ;nnrl-l'u Mﬁ] Cnmmma‘l sniai b sh

81 dd nod modify MIM compared with the

CsA clearly decreased it (2.9: p < 0.05).

DISCUSSION
Tissue hypﬂ:m or anoxia due 1o ischemia is an

obvious caise of cell injury and death. However, it has

alens hasn sctahlichord that remeefosism ~F ol
SRS B ] ORI R A MR Pl B LR i ISCHCITiC Lﬂ'EﬂJl‘.ﬁ

increascs the damage previously induced by ischemia {1-

Rty IR e a5t LR

4). It is thus gcncml]v,- ncccmcd that sc:-mr:nhme arriving
with the renewed blood flow must be respcrns:blc for this
effect. Multiple hypotheses have been proposed 1o date
{restoration of biood prﬂ:qu:& hcmmﬂmge. oxygen, eic.),
including the production of free radicals in reperfused

ligsue - an aznect thar ie currantly haine widalse
- a - LRSS E ljr l.r\.rll.lE flluhlj._r

investigated (5-7). We have previously reported that
during SMA occlusion and reperfusion, Peyer’s paiches
become hypertrophic and a significant increase in
mononuciear ceils is seen in the submucosa [Fig 3a,b).

A el mles ik

ACCOTQINEY, Ne iMMune sysiem was suggcsmu asi a'.rmg

a I'I_'}"Q_'l!h]F‘ !'f'lll" in ||'II‘ CI'FFIF'EH: nf macacal i ury
& [ =20t Eheaiaa @ e pinuAlSals RBLJUL Y Of, 4N

the effect of lhrcc Immunumndulalnrv

ﬂ
=i
i
=

damagc was investigaied,

1 hough splcm:cmy and steroids showed little effect,

i purm!: A smigmincanily reduced histological da.magc
nal lecinne (1M Basaies of the szl —oa

N 2sSions LA LNA-GU LR UG Hll."f' nauire lll

ponse and the resulie

the re
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Groups

Groups Alive Dead % Mort. p p
Controls 5 i5 75 - - Controls i5 11.86 4.70 - .
Cy 0 20 100 5.7 0.02 Cy 20 7.11 4.88 71 0.008
WBI 12 8 40 5  0.026 WBI 8 23.75 9.23 14 0.001
CsA 13 7 35 6.4 0.012 CsA 7 17.42 4.27 20 0.021
Table I: Mortality rate (48 h). Cy: Cyclosphosphamide, Table Il: Mean Survival Time. Cy Cyél'é‘phosp mide
WBI: Whole Body Irradiation, CsA: Cyclosporine A WBI: Whole Body Irradiation, CsA: closporine A
Mean SD u p Groups Mean SD U p
Controls 44 4 3.7 - - Controls 4.08 6.50 - -
Cy 69 7.17 0 0.007 Cy 5.18 0.35 0 0.007
WBI 42 3.12 7.5 NS WBI 3.82 0.76 10 NS
CsA 41.4 5.77 8.5 NS CsA 2.92 0.60 1.5 0.031
Table III: Length of Damaged Intestine (Percentage). Cy:  Table IV: Mucosal Damage Index. Cy: Cyclosphosphamide,
Cyclosphosphamlde WBI: Whole Body Irradiation, CsA: ~ WBI: Whole Body Ir radmuan CsA: CYCIOSPON'W A.

Cyclosporine A.

3 AomAmina mtiimnl /10 11 L
with Cyclosporine A, Natural Killer celis were suggeste
as being involved in the pathogenesis of intestinal

In order to evaluate this hypothesis, cyclosporin
treatment was compared with two other therapies that also
inhibit NK acLivity Cy was selected because of its well-

known inhibiting effect on NK cells (11). It also

L

T srutatacina m

1 CYiIOiloxicC lyu pnocy
(12). As no SC“""!"“

a4/, S Vv Ve
4

is avaxlable WBI was used to a. er
the treatment tested. In searchm for a more
comprehensive analysis of the results, three other
parameters were also recorded. Mortalny rate is closely

1. L

relaied o the sysiemic disorders mduced by mleslmal

A thae A
It may be assumed that a

L
be follow

vy

e It mawu ha anconmad thaet Ao Aancn~san~ I
lesions.

intestinal damage will
improvement in survival rate, or at 1
delayed (and so mean survival time
monallty rate greater accuracy).

LDI can be considered to be of little value since the
ngih of aamagea xmesune depends mainly on the vessel

which was consiani in our
ent. However, colla mml blood flow does provide

ment, However, collateral S proviae

xper
zones ol' low-flow in which treatments protecting against
ischemia may prevent the appearance of mucosal damage.
From this point of view, it is not surprising that LDI

paralleled MDI.

ed
W\
€as

w
=
2
<
h:

It seems hkely that the lack of sensitivity of this mdex
depends more on the time employed in our study (30 min.

\

after reperfusro ) than on the particuiar CsA mechanism
ar 7.
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ut modifying ell.ner of me damage

ThA

w Sf'

ou
simple explanation. The beneficia

imnla avnlanatina

Ind'PPe mpie \u\p anation.

ARSIV,

effect we
ability to reduce mucosal damage thro c
lmmunosuppressron (14,15). Moreover Lhe apparent
mcrease m survival rate had a deleterious effect, as all

animais d suddenly between the 6th and 8th day.
"robably, the

oment of the morpnologlcal study was
. .
L

by treatment. whereac mortality rata

TV ARVANGRS invilaltly 1ai

to provide such information,

amellorauon nduced

(a much later mdex) was as abl?.

(12); bol lypes of cell have been shown to be involved
in ischemic injury because of their ability to produce free
radicals. However, a beneficial effect was also expected
according to our initial hypothesis suégesung an active
role of the i immune system in reperfusion les

As to the late deaths among WBI ammals after bowel
ischemia, no references could be found. It seems
reasonable lhat death was related to anemia and/or
ch ofien takes place after ischemic accidents
i tha Anan

ifi tnisS case Uy meduiar

= &
g
:

The results obtained with Cy were rather
disappointing. The drug was chosen because it has been
shown to inhibit NK activity at the doses used in this

11). However, all parameters considered were

expenmem (i1). H
lio eaunem - even LDl

mele, oo

algmubauuy' wOrse IUlIOWlﬁg C

mcdifind hy ntha
there may be one or s e 1S
Cy depresses B lymphocytes ore selecuvelv thus
inducing antibody depletion (17) that could cause acute
infection and sepsis. In fact, toxin absorption and bacterial
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proliferation have been involved in ischemic damage of
the bowel (1B). On the other hand, Cy causes
thrombopenia that, in association with coagulation
disorders induced by ischemia, couid increase the
hemorthagic wend developed ﬂunuﬁ fﬂﬁffdﬁiﬂﬂ
Unfortunately, we found no reference concerning Cy in
experimental ‘ischemia.

Congidering all the above-mentioned findings and
observations, we feel a modification of our original
hypothesis shouid be proposed. it was asseried that ihe
precocity of the cellular response observed during
ischemia and reperfusion discarded T lymphocyte
intervention, bcmuac these cells require an activating
period (19); NK cells were thus proposed. However,
results obiained with Cy n:qui.rt; us o u:xpl{:rrc other

F‘JbSlDl]lUES if we agsume ihe free radicai ﬁ}-pﬂll'l!!'ﬁts L:.‘i-

L T Ry e s mammene i e m e wndianls the

Pl il Thic LJ.MI.M..-J !,I-' "dle Illslllj II-‘.II-IM-"'U |uuu.-:l4..1 I.IJI-'I-I|

via lipid perpxide: 2 cell membrane; however, it
pid perpxides :
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Role of the Immune System
1, Oniz-Lacorzana et al

i5 also proposed that this mechanism occurs in ageing
{200, Thus, membrane antigen modification by lipid
peroxides is a common event in the organism, and
iymphocyies aiready activaied against such modified

anticane are penalle availahls 1P thie 1o the cass than T
I.I.lll.lE‘\.rlJJ Al LAJARCEd I VLN s Rk RAERO B LN el LAl B

lymphocytes should be the last effectors of
ischemic/reperfusion injury and CsA should be useful in
invalidating this step in pathogenesis. Moreover,
assuming that free radicals and immune attatk take place
sequentaliy, free radical scavengers and CsA shouid act

cunarmryees 'l.r-.r-nrrhnnhn LAEE  aFE i v 1T
SO REGGEL T, PRI Ry WY Ae R A I\..u.l.ll_'ulr_ Oul Now

INvestgatons |twnlv:|ng hn[h LyDes of treatment to verify

this modified hypothesis. :
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