
INTRODUCTION

Ischemia-reperfusion syndrome, particularly in the in-
testine, has been the subject of numerous studies in recent
decades. Today, however, much remains to be learned,
and treatments being tried require further improvement.
In the years since McCord’s first report on the involve-
ment of oxygen free radicals in the pathophysiology of
this process (1), new mediators of intestinal cell damage
have been discovered (2-6). It is now generally accepted
that polymorphonuclear leukocytes are the main agents
of reperfusion injury, due to the lesions they cause in the
vascular endothelium (7-9). This endothelial lesion wors-
ens histological injury in reperfused tissue and extends
damage to other organs (kidney, liver, lung). For these
reasons, the use of laser-Doppler to study the microcircu-
lation during reperfusion of an ischemic organ (10) could
prove to be a useful tool for evaluating treatments. The
results would have to be compared with other parameters
currently utilized: pathoanatomical disorders (11), serum
enzyme levels (12), and survival of animals subjected to
ischemia-reperfusion processes (13,14).

Since oxygen free radicals appear to be the initiators of
this pathologic process, researchers have studied the ca-
pacity of different antioxidant drugs to reduce the dam-
age caused by reperfusion. One of the most effective
agents tested is folinic acid, the active form of folic acid.
In our experiment, the intravenous administration of
folinic acid during the minutes prior to the restoration of
mesenteric blood flow following complete blockage of
the superior mesenteric artery in rats reduced both mu-
cosal injury extent (15) and mortality (16). A drug is now
available that contains only the levo enantiomer, or bio-
logically active form, of folinic acid. However, there are
as yet no data on whether this new drug is more effective
in managing reperfusion injury than the racemic com-
pound tested earlier.

The work reported here was designed to assess the ef-
fectiveness of monitoring capillary blood flow by laser-
Doppler as a new tool for the study of the reperfusion of
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ABSTRACT

Objective: an intestinal reperfusion study with two aims: a) to
assess the usefulness of intestinal capillary blood flow measure-
ment by laser-Doppler for intestinal reperfusion studies; and b) to
compare the effects of racemic and levo forms of folinic acid in
treating the syndrome.

Experimental design: a murine model of intestinal ischemia
by completely clamping the superior mesenteric artery for 90
minutes. A comparison was made of three treatment groups:
saline, folinic acid, and levo-folinic acid. The following factors
were analyzed: changes in biochemical parameters (levels of crea-
tine kinase, lactic dehydrogenase, and alkaline phosphatase at 60
minutes, and at two and seven days after restoring blood flow),
capillary flow in the jejunum and ileum by laser-Doppler (during is-
chemia and after the first hour of reperfusion), intestinal mucosa
injury, and survival curve. 

Results: laser-Doppler provided reliable data on how the dif-
ferent treatments affected capillary flow during intestinal reperfu-
sion. Levo-folinic acid improved capillary flow in the ileum after
25 minutes of reperfusion, and also reduced mucosal injury in the
same stretch of intestine by the seventh day post-reperfusion (p <
0.05). On the other hand, it produced an initial increase in serum
enzymes during reperfusion, and did not modify survival.

Conclusions: the changes observed in intestinal capillary
blood flow measurement by laser-Doppler  have similarities with
the effects of drugs on pathological mucosal changes. We could
not prove that the levo form of folinic acid has a stronger protec-
tive effect versus racemic folinic acid in intestinal ischemia-reper-
fusion syndrome.

Key words: Ischemia-reperfusion. Intestine. Folinic acid. Laser-
Doppler. Capillary blood flow. 



26 J. SAN CRISTÓBAL ET AL. REV ESP ENFERM DIG (Madrid)

REV ESP ENFERM DIG 2007; 99(1): 25-32

ischemic tissue. The flow meter data obtained are com-
pared to the data provided by pathology, serum biochem-
istry, and survival studies. At the same time, these four
parameters are used to compare the therapeutic useful-
ness of the levo and racemic forms of folinic acid in a
murine model of intestinal ischemia-reperfusion syn-
drome.

METHODS

Animals and surgical procedures

The study was performed using 12-week-old male
WAG/RijCrl rats. The animals were kept in individual
cages with free access to water and food (Panlab A-04),
with a constant 12-hour light-dark cycle. Spain’s “Na-
tional Guidelines for the care of animals kept for experi-
mentation and other scientific purposes” (Royal Decree
Law no. 223/88) were respected at all times.

The animals were anesthetized with Nembutal® (40
mg/kg i.p.), and a median laparotomy was performed,
dissecting the superior mesenteric artery at its base where
it branches off the aorta. Mesenteric ischemia was in-
duced by clamping the artery with two Yasargil clips for
90 minutes. Ten minutes before restoring mesenteric
flow, the drugs (dissolved in 2 ml of saline) were admin-
istered through the inferior suprarenal vena cava (27G
needle). Delivery speed (0.2 ml/min) was controlled us-
ing an infusion pump (Cordis Hyperion®). On completion
of ischemia time, the clips were removed and checks
were made for restored bpm in the straight mesenteric ar-
teries. 

Experimental groups and series

Three experiments were performed (Table I), using in
each of them three groups of 10 animals. Group 1, which
served as the control group, received only saline; group 2
was treated with folinic acid (Lederfolin® 2.5 mg/kg); and
group 3 received levo-folinic acid (Isovorin® 2.5 mg/kg). 

In the first experiment (series I) all animals were sub-

jected to the ischemia-reperfusion process, and the vari-
ous treatments were administered; 48 hours later the ani-
mals were sacrificed to study mucosal injury and serum
enzyme levels.

In the second experiment (series II) we studied the
restoration of capillary blood flow in the intestine using
three probes, which lightly rested on the antimesenteric
serose layer of the jejunum, the ileum, and a middle
stretch of the small intestine, connected to a laser-
Doppler flow-meter (Oxford Optronix®). To ascertain
capillary flow values in baseline conditions and during
ischemia the capillary blood flow was monitored contin-
uously for at least two minutes of stable measurement be-
fore placement of the clips (baseline measurement) and
following the induction of ischemia. During reperfusion a
continuous recording was maintained and average flow
values were subsequently calculated during three ten-
minute intervals: initial (0’ to 10’), intermediate (25’ to
35’) and final (50’ to 60’). These data were then used to
calculate the rate of capillary blood flow recovery as
compared to baseline values in each animal (Table II). On
measurement completion animals were sacrificed. 

The purpose of the third experiment (series III) was to
study survival. To this end the animals were subjected to
the same procedures as in the first series, but this time
deaths were monitored: hourly during the first 12 hours,
and daily until the seventh day, whereupon all remaining
animals were sacrificed.

Parameters studied

Following the sacrifice of animals three consecutive 1-
cm long samples of intestine were taken from the termi-
nal ileum and proximal jejunum, embedded in paraffin,
and sectioned at 6-mm. Histological sections were
stained with hematoxylin-eosin, and examined for degree
of injury in each of the four quadrants of each sample, ac-
cording to a scale based on Park et al. (11) (Table III). 

To study serum enzyme levels 2 ml of blood were
drawn at the time of sacrifice. In order to provide a con-
trol serum blood was also extracted in the second experi-
ment prior to the placement of clips, after which 2 ml of

Table I. Experimental series

Time of sacrifice Studies performed

Series I Day 2 (48 h) Injury (enzymes and mucosal
injury) 48 h

Series II 60’ reperfusion Capillary flow recovery
Injury (enzymes and mucosal

injury 60 minutes

Series III Day 7 Survival
Injury (enzymes and mucosal

injury) day 7

Table II. Calculation of the recovery rate for intestinal
capillary flow

MF – Ischaemia
% recovery = ––––––––––––––––– x 100

Baseline – Ischaemia

– MF: mean flow at each interval (initial, intermediate and final) of
reperfusion

– Ischaemia: flow during ischaemia
– Baseline: flow prior to ischaemia



saline were administered. Enzyme levels (LDH, alkaline
phosphatase, and creatine kinase) were determined using
a spectrophotometer (Schimazu®). 

The statistical analysis was performed using the Graph-
Pad® software. Results have been noted as mean and stan-
dard deviation. For survival analyses the Kaplan-Meier
test was used. The results of the three experimental groups
were compared using an analysis of variance, and applying
the Newman-Keuls test in cases where ANOVA yielded a
p < 0.05. 

RESULTS

Survival studies

Mortality due to ischemia-reperfusion syndrome oc-
curred in all cases during the first 24 hours, with a 70%
survival rate in the control group. Neither of the two test
treatments induced significant modifications in this re-
gard (Fig. 1). In fact, although the animals treated with
racemic folinic acid had a 50% survival rate, this differ-
ence was not significant (p = 0.58).

Restoration of capillary blood flow

In the ileum of non-treated animals, following the re-
moval of the superior mesenteric artery clamp, capillary
blood flow amounted to approximately 20% of the base-
line value. During the next sixty minutes capillary flow
decreased gradually to about 15% (Fig. 2). 

In the animals treated with racemic folinic acid blood
flow values during the first moments of reperfusion
reached 35%, but the difference was not statistically sig-
nificant. During the first hour of reperfusion capillary
blood flow decreased slightly, but always remained
above the figures in the control group. Again, the differ-
ence was not statistically significant. 

On the other hand, the animals treated with levofolinic
acid did exhibit a different pattern of capillary blood flow
in the ileum. While initial figures were similar to those of
the group that received the racemic compound, values in-
creased as reperfusion progressed and finally stood at 50%
of baseline figures (intermediate interval, p = 0.0279; final,
p = 0.0362).

Capillary blood flow during the reperfusion of the je-
junum was very similar to that of the ileum. However, at
this level differences were never statistically significant
during the study (Fig. 3). 

Assessment of mucosal injury in the intestine

Samples obtained at the end of reperfusion exhibited
a serious degree of injury. According to the scale

Vol. 99. N.° 1, 2007 CAPILLARY BLOOD FLOW AS AN INDEX OF THE THERAPEUTIC EFFECT 27
OF FOLINIC ACID IN ISCHEMIA-REPERFUSION SYNDROME

REV ESP ENFERM DIG 2007; 99(1): 25-32

Time (hours)

A
ni

m
al

s 
al

iv
e 

(%
)

0              4              8             12           16            20            24

100

80

60

40

20

0
Folinic acid
Control Levofolinic acid–– - ––

Fig. 1. Survival curve of the three experimental groups. Differences
with the levofolinic-treated group were not statistically significant.

Table III. Histological damage scale
(adapted from Parks et al.) (11)

0. No apparent damage (normal mucosa)
1. Development of a subepithelial space at the tip of the villi
2. Apical denuding of villi (< 20%)
3. Partial loss of villus epithelium (20-50%)
4. Major loss of villus epithelium (50-80%)
5. Total loss of villus epithelium (> 80%)
6. Flattening of villi
7. Destruction of villi
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Fig. 2. Capillary blood flow during reperfusion of ileum: A 0’-10’, B 25’-35’, C 50’-60’. Results are expressed as a percentage of baseline flow. p values
refer to comparison against the control group.
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shown in table II samples from the jejunum had a score
of 5, and those from the ileum were close to 6. Signifi-
cant improvement was not attained by either of the two
treatments. In samples taken two days after the is-
chemic aggression injury extent was found to have de-
creased in all groups (p < 0.01) to below 3 (Fig. 4).
Again, no differences were attributable to either of the
two drugs, nor were there differences between the je-
junum and ileum. According to the studies performed
seven days after reperfusion, histological damage was
similar to that observed at 48 hours post-reperfusion.
The only exception was found in the ileum of animals

treated with levofolinic acid, where there was a signifi-
cant improvement over the findings at 48 hours (2.6 vs.
1.5, p < 0.05).

Changes in serum enzymes

Lactate dehydrogenase

In samples taken from our animals prior to inducing is-
chemia we found serum LDH concentrations of around
300 UI/l. In samples taken after an hour of perfusion, how-
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Fig. 4. Mucosal injury in jejunum and ileum assessed at one hour of reperfusion and on days 2 and 7 post-ischemia (p values refer to comparison
against the column on the left side).
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Fig. 3. Capillary blood flow during reperfusion of jejunum: A 0’-10’, B 25’-35’, C 50’-60’. Results are expressed as a percentage of baseline flow. p va-
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ever, these values had risen to around 750 UI/l both in
treated animals and in the control group (p < 0.01). The
next examination, performed at 48 hours, found normal
values both in control animals and in those treated with the
racemic compound. However, in animals treated with lev-
ofolinic acid values were still significantly elevated at 48 h
(700 UI/l, p < 0.05). Finally, the analyses performed on the
7th day yielded normal values in all animals (Fig. 5).

Alkaline phosphatase

Serum alkaline phosphatase values at the end of the
first hour of reperfusion were found to be within normal
limits in all groups. After 48 hours a drastic change in
these values (p < 0.01) was found in the control group,
with a return to normal by the seventh day. In contrast,
animals treated with both forms of folinic acid exhibited
no change whatsoever (Fig. 5). 

Creatine kinase

At the end of the first hour of reperfusion we found in
all three experimental groups an important increase in
serum CK values (p < 0.05). However, in animals treated
with levofolinic acid the increase was much greater (124
± 68 UI/l; p < 0.05) than in those treated with the racemic
compound (50 ± 22 UI/l) or those in the control group
(59 ± 23 UI/l). The analyses performed at 48 hours and
on day 7 showed normal values in all cases.

DISCUSSION

Is microflow measurement by laser-Doppler a reliable
aid in assessing the therapeutic effect of treatments ap-
plied in a model of intestinal ischemia-reperfusion syn-
drome? This was the first question to be answered by our
experiment. In this regard, our measurements with laser-
Doppler detected the positive effect of levofolinic acid
limited to the ileum. However, the anatomopathological
exploration also found a positive effect on the ileum only
in animals treated with levofolinic acid (analyzed on day
seven of the experiment). It could be said, therefore, that
the sensitivity of laser-Doppler is similar to that of
pathology but offering earlier results. Moreover, while
our survival study failed to yield positive results, thus de-
priving this work of one of its projected comparisons, it is
also true that laser-Doppler made it possible to detect a
pharmacological effect which would otherwise have not
been revealed by the survival analysis.

We have found no published reports on the effect of
folinic acid on survival following intestinal ischemia. The
only data we have are earlier results obtained by our own
group using two models very similar to the present one. In
both the drug used was Lederfolin (racemic folinic acid).
In one experiment (15) where 200 g female Sprague-Daw-
ley rats were used folic acid decreased mortality after 120
minutes of ischemia (56 vs. 25%, p < 0.05). In the other
(17), despite reducing ischemia time to 60 minutes, the
model’s mortality rate was higher due to the fact that the
hemodynamic monitoring techniques used increased the
aggressiveness of the experiment. In this model folic acid
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reduced mortality from 83 to 50%, but this reduction was
not statistically significant. 

In contrast, in the present work with its intermediate
ischemia time (90 minutes), mortality was slightly higher
than in the 2-hour ischemia model. Again, this could be
due to the aggressiveness of surgery, as the laparotomy
remained open during the entire experiment to allow a
constant monitoring of intestinal blood flow. However, as
was the case in the second work cited above (17), the reduc-
tion in mortality attributable to Lederfolin was not statisti-
cally significant in the present work either (70 vs. 50%). 

In view of these data it is even more surprising that the
animals treated with levofolinic acid exhibited the same
mortality rate as the control group. As we have found no
reports on this subject in the literature, we are unable to
provide an explanation to account for this finding. One
possibility could be that the observed effect on mortality
was not due to the folinic acid but to some property pre-
sent in the excipient of the racemic compound (Leder-
folin®), but new studies would be necessary in order to
prove or disprove this hypothesis.

There are no studies analyzing the effect of folic acid
on intestinal microcirculation, although there is a work
published by Ulibarrena et al. (18) that analyzed the ef-
fect of folic acid on different hemodynamic parameters
(macrocirculation). Specifically, it reports that animals
treated with folinic acid exhibited a slight improvement
in mean arterial blood pressure during the first moments
of reperfusion, but that the effect did not last beyond fif-
teen minutes.

In our study, however, folinic acid exerted no de-
tectable positive effect on the microcirculation of the in-
testinal areas studied at any time during reperfusion. Of
course we did not expect that hemodynamic changes in
the macrocirculation would be paralleled by intestinal
microcirculation, as each circulation is regulated by dif-
ferent mechanisms and criteria.

However, treatment with levofolinic acid did result in
a significant improvement in capillary perfusion in the
terminal ileum during reperfusion of the ischemic intes-
tine. We do not know whether this local improvement
was accompanied by an improvement in macrocircula-
tion  hemodynamics.

Regarding mucosal injury the experiment conducted
by Bilbao et al. (15) using lighter female rats subjected to
120 minutes of ischemia showed that folinic acid had a
positive effect, since the Mucosal Injury Index dropped
from 9.76 to 8.54 (p < 0.05). In our model, however, this
drug failed to demonstrate any capacity to diminish dam-
age to the intestinal mucosa following reperfusion. This
may be due to the facts that, with a less aggressive model
from the local point of view (rats with greater weight and
shorter ischemia time) (13), the experiment fell outside
the “therapeutic window” of folinic acid.

On the other hand, treatment with levofolinic acid had
a positive effect at the mucosal level, as seen in the val-
ues obtained on the seventh day of follow-up. This result

is consistent with earlier work done by our group, which
has always obtained good results following the adminis-
tration of folic acid in intestinal ischemia models.

Our analysis of serum enzymes in the control group
yielded results that are consistent with reports published
by other authors. For example, in a rabbit model of 60
minutes ischemia, Caglayan et al. (12) observed after one
hour of reperfusion that LDH and CK values had dou-
bled, while PA remained normal. The fact that in our ex-
periment enzyme concentrations –following a similar
pattern– turned out to be somewhat higher might be due
to differences in the animals used and/or mesenteric is-
chemia time.

In their turn Thompson et al. (19) found, in a different
experimental model, an elevation of CK levels at 4 hours
of reperfusion, and of LDH and PA at 24 hours. Our mea-
surements at 48 hours show normal values for all three
enzymes.

The analysis of how drugs had affected plasma levels
for these enzymes revealed a lack of correspondence be-
tween these values and the other parameters measured in
the experiment. According to our initial hypothesis, levo-
folinic acid should provide a more effective protection
versus folinic acid, and therefore be associated with low-
er serum enzyme levels. We found, however, that it took
at least 24 hours for LDH values to normalize, and that
there was a significant increase in the initial elevation of
CK. 

With the information currently available it is not possi-
ble to provide a reliable explanation for these facts. Levo-
folinic acid did produce a situation that was somewhat
different from that of the control and folinic acid treat-
ment groups, but it is difficult to find a consistent expla-
nation for the effects observed. A higher or longer en-
zyme elevation would seem to indicate a worsening of
injury, but both our mucosal injury and capillary micro-
circulation studies demonstrate the positive effect of lev-
ofolinic acid regarding injury prevention. To reconcile
such contradictory results we could perhaps surmise that,
thanks to levofolinic acid treatment, a highly acute situa-
tion was transformed into a subacute condition with a
better prognosis.

In any event there are many authors who feel that in-
creased enzyme levels do not provide relevant informa-
tion on the extent or reversibility of intestinal injury
(15,19,20). If this were the case, the therapeutic effective-
ness of these antioxidants should not be called into ques-
tion by a lack of correspondence in enzyme levels. 

In conclusion, the only parameter in which levofolinic
acid has shown a stronger protective effect than the
racemic compound was mucosal injury –and only when
considering the terminal ileum, and values from the sev-
enth day. Differences found in the other parameters are
not statistically significant. On the other hand, in this ex-
periment the highest values of capillary blood flow dur-
ing the reperfusion of the ischemic intestine were found
in those animals with the lowest mucosal injury on the

30 J. SAN CRISTÓBAL ET AL. REV ESP ENFERM DIG (Madrid)

REV ESP ENFERM DIG 2007; 99(1): 25-32



seventh day. New studies with different levels of mortali-
ty and anatomopathological injury are needed in order to
establish clearly the “lesion window” where microflow
measurement will prove most useful for studying treat-
ments of intestinal reperfusion syndrome. However, the
above results do show that microflow measurement is a
promising tool and that its use in these studies is justified.
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