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MODIFICATIONS INDUCED BY CYCLOSPORIN A
ON ISCHEMIC LIVER REGENERATION

Laboratory of Experimental Surgery, Faculty of Medicine (Univ. of the Basque
Countryj 48940-LE, Spain

( Accepted for publication 25 April, 1990)

Cyclosporin A (CsA) induces the synthesis of DNA in normal hepaiocyies and also improves liver
regeneration following partial hepatectomy. This study was designed to determine whether these propertncs
of CsA might be useful to improve hepauc regenerallon in ischemic liver. Ischemia was cs(abhshed in rats
by clamping the hepatic hilum, the superior mesenteric ariery and the celiac axis for 15min while liver
regencration was induced by a 70% hepatectomy. CsA was administered intraperitoncally (20 mg/Kg) 24 h
and 4 h prior to the opcmuon Hepatocytic DNA was measured 24 h after pdrllal hcpdlcctomy and the

mean percentage of regenerating hepatocytes (MPRH) and ihe regenerative gradient {RG) were calculated.
Liver ischemia decreased MPRH (5.71 vs. 21.51) but did not affect GR (1.61 vs. 1.48). CsA partially
restored MPRH (12.19 vs. 21.51) and increased GR (2.29 vs. 1.48). Possible explanations are discussed
regarding these interesting findings. We conciude ihai CsA exeris regenerative effects on hepatocytes
probably by means of lymphocytic regulation.

KEY WORDS: Cyclosporin, hepatectomy, liver regeneration, DNA, ischemia.

INTRODUCTION

Liver transplantation is now widely accepted as an established surgical therapy

However, shortage of pediatric donor grafts and difficulty in finding a liver of the
ppropriate size remain as serious obstacles precisely in those cases with better
erspcctivcs for success. A possible solutlon already being tested, is to graft one part

comphcatlons of partlal liver transplamatlon (PLT), the surgical techniques dealing
with bleeding from the transected surface of the !:vcr and the adequate preservation

of [hp oraft after a Ignger period of warm ischemia. 12

thtle attention is paid to the importance of liver regeneration in PLT, as the grafted
organ must grow in order to restore a proper balance between host body welght and
liver mass.’ On the other hand, ischemia is known to depress DNA replication in
hepatocytes Therefore, the discovery of drugs or other therapeutic agents which
reverse such an effect, or simp!y improve normal liver regeneration,
would be a valuable adjunct in PLT. A previous study from our laboratory showed
that CsA induces the synthes:s of DNA in normal hepatocytes and also enhances the
synthesxs of DNA induced in hepatocytes by par(lal hepatectomy.”

In this study, the abiiity of CsA to improve liver regeneration following short
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FIGURE 1. Frequency histogram of hepatocytic-DINA content irom a regenerating nver.
are clearly distinguishable: the left one represents normal “resting” cells while the right peak corresponds

to “regenerating” hepatocytes. Gaussian curves as calculated by a personal computer have been superim-

The two peaks

‘posed.

RESULTS

rolonged to 25 min it was followed by a 60% mortality rate within the firs
y y
e

24
L5
operation. In 70% hepatectomized animals, the mortality rate jumped to 60% and

80% after 20 and 25min, respectively (Table I). It was noteworthy that all deaths

occurred in less than 24 h after operation. In order to avoid mortality an ischemic
period of 15 min was selected as the most suitable for our experiment.

DNA quantification (Tabie ii) showed that hepatic ischemia significantly decreased
M.P.R.H.(p <0.001), while the Regenerative Gradient was not modified (Table III).

When CsA was administered intraperitoneally prior to ischemia induction,
M.P.R.H. (Table II) was clearly increased (p < 0.05), though it did not reach normal
values (p <0.05). On the other hand, CsA also enhanced the Regenrative Gradient

(Table I1I) when compared with control regenerating livers (p <0.01).

Liver ischemia ranging from 5 to 20min was well tolerated. Neverthe
Hrao
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228 I. GARCIA-ALONSO ET AL.

METHODS

Animals

Male Sprague-Dawley rats (Stabulary of the Univ. of the Basque Country, Spain)
weighing 200-220 g. were used. The animals received an ordinary pellet diet (Panlab

S.L., A-40, Spain) and water ad libitum prior to the expenmenis

Surgical Procedure

Surgery was performed between 9:00a.m. and 11:00a.m. to standardize for natural
diurnal rhythms The abdomen was opcnded by means of a midline incision unde(
ether anesthesia. Ischemia was induced by occiuding the hepatic hiium, the supenor

1 1 arail
mesenteric artery and the celiac axis with small vascular clamps {Yasargil-clip, Aes-

culap) for 10, 15, 20 and 25 min. When performed, 70% hepatectomy was carried out
just after inducing the ischemia. The abdomen was closed and the rats were allowed
to awake. Following different time intervals of ischemia, the abdomen was reonened

ol ISLiiciiiig, LIc 40A01IN &S AVUpLaLG

and the vascular clamps were removed. The restabhshment of the blood flow was
apprecnaled by the recoloration of the liver and the gut. Animals still alive 7 days after

the operduon were considered permanem survivors.

N SOy | N
Experiniental Series
Li

iver regeneration was studied in three groups of ten ammals In conlrol rats a 70%
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hepatectomy was performed. The second group included 15 min ischemic-70% nepa-
tectomized rats. The third set of animals was similar to the second, but rats were

treated with CsA (20 mg/Kgi.p.) the day before and two 'I;—(;u—r'sv[v);];r to 0-1;e-rvat'|'(;;1v.
CsA was dissolved in 95% ethanol and diluted with Intralipid 10% (Kavi-Vitrum) to
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din panuuu DNA quanuu(.duon was carried out Dy means of
otomemc technigues on Sum histological sections stained in
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en-Rossenbeck Reacuon) From these data frequency histo-

tala®
ﬂled for each animal (Figure 1). Using a modification f Bartels

method histograms were resolved into two gaussian curves the left one correspond-
ing to static cells and the other to regenerating hepatocytes. This method allowed us
to assess the ‘“Mean Percentage of Regenerating Hepatocytes” (MPRH) and the
relation between mean DNA values in static celis and mean DNA values in regenerat-
epatocytes {“Rg rative (‘.rnrlmpt ")
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230 I. GARCIA-ALONSO ET AL
TABLE 1
Survival rates following different hepatic ischemic periods.
Length of Survival Rate
Animals ischemia Ischemia Is + Hep
{minsj
S 10 100 100
5 15 100 100
5 20 100 40
5 25 40 20
Is + Hep = Ischemia and hepatectomy
TABLE Il
Percentage of hepotocytes entering phase ““S™ after different surgical procedures
Mean S.D.
70% Hepatectomy 21.5i 10.05
Ischemia + Hepatectomy 5.71 444
CsA + Ischemia + Hep. 12.19 4.29
7 TABLE 111
Regenerative Gradient after different surgical procedures.
Mean SD
70% Hepatectomy 1.613 0.142
Ischemia + Hepatectomy 1.482 0.867
CsA + Ischemia + Hep. 2.299 0.353

Portal drainage interrupti
Ann;l\}e [y

esponsible for genera /e

solution employed to a omp ionine P ur

to perform a portocaval shunt which is later closed once the ischemic period® has
ended. However, this is only feasable in large animals (cats, dogs) while the shunt
must remain open when used in rats adding one more variable to the iopath y
under study. This is why an aiternative “derivative” technique is used in rats. First
reported by Asakawa er al.,’ while clamping the pedicules of the main hepatic lobules
the afferent fiow through one smaii iobule is maintained which is subsequently excised
before removing the clamps. However, when studying hepatic regeneration the exist-
ence of a portion of the normai liver during the ischemic phase may interfere with the
experiment. To avoid thi blem w ve completely abolished the splachnic flow
by occluding the celiac uperior mesenteric artery during liver ischemia
Though brief periods of portal hypertension have great repercussions on the organ-
ism, intestinal ischemia of (15 min) is perfectly tolerated. in fact it has
been reported that isc onger than 60min are needed to induce a

minimum mortality r
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The parameters analyzed in this experience provide information about two different
aspects of DNA synthesis. MPRH is a good index of the “‘intensity” of the regenera-
tive response, as it is directly related to the number of hepatocytes undergoing DNA
replication. Usually, the stronger the regenerative stimulus, the larger the number of

0, 49
regenerating hepatocytes, as may be seen after 40% and 70% hepatectomies.

Nevertheless, the intensity of the stimulus and the amplitude of the response do not
follow a linear relation but an assymtotic-like one. Therefore, beyond a certain limit
(about 80% hepatectomy) MPRH increments are nearly inappreciable or do not exist
at all.'"""" A diminution of this index should then imply an interference with the

stimulus (or its mechanism of action) or an impairment of the cells’ ability to respond

to enich a chmn'nc
{0 sucn a sliimuius.

The regenerative gradient is an accurate index to gauge the speed of liver regenera-
tion, which is firmly related to the mtensn_y of the stimulus. DNA replication in
regenerating liver takes place in a syncronic fashion which is manifested by successive
“peaks” in DNA synthesis.”? For instance, the first peak following a 70% hepatec-
tomy in the rat appears Z24h after operation " while it is deiayed up. to 40 h aftera 40%
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ncpateciomy. 10 estimate this “rate” and compare it between different series with-
out makmo Qennem‘ml studies to determine the rrnnnlnov of the npqlm we used the

RG. Once lhc mean DNA content of the regenerating hcpalocytcs (at a fixed time)

is calculated one can assume that the nearer it is to a 4C value the more rapid will be

the regenerative response.

In this study. MPRH (“intensity”) was found lo be decreased by ischemia, while
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! t those which did synthes sized DNA at a normal rate. This is in agreement with
a non -uniform pattern oflschemlc damage in liver cells: those located far from portal
and arterial vessels suffer the effects of flow interruption first, while periportal hepa-
tocytes maintain fairly good activity. Centrolobulillar cells should renounce their
specific functions focusing their scarce energetic reserves to essentlal Iunctlons BOf
OXygen bupply’ is restored these cells will be able to resume their highly specialize
metabolic functions or -in this case- enter
insufficient to kill hepatocytes,'® and they recover rapidly from anoxia.'” From this
point of view it is completely logical that after brief penods of ischemia the number
of hepatocytes responding to regenerative stimuli (MPRH) diminishes while their
DNA-synthesis rate is maintained.

Modmcanons of lactors which induce'® and/or regulate’ liv egeneranon could
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delivery of these factors. Liver regeneration would thus be deoressed Hydroelectrolit-
ic inbalance is ordinarily associated with ischemic events which could also be respon-
sible for a certain impairment of the normal regenerative response.?

All of these possnble explanauons are tr.msntory and lhus after a ccrtam lapse of
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MPRH, though without attammg normal values. In addmon, despite the ischemic
aggression it also enhanced the RG. In other words, CsA increased both the number

of rcgcneratmg hepatocytes and the rate of DNA symncms lhese resuits agree with
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