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a-Lipoic Acid Protects Against
Ischemia-Reperfusion Injury in Simultaneous

Kidney-Pancreas Transplantation

Nella Ambrosi, BSc," Victoria Arrosagaray, MD,? Diego Guerrieri, PhD," Pablo D. Uva, MD,? Jorgelina Petroni, MD,?
Monica Buonpensiere Herrera, MD,? Juan L. lovanna, PhD,® Luis Ledn, MD,? Claudio Incardona, MD,*
H. Eduardo Chuluyan, MD," and Domingo H. Casadei, MD?

Background. Multiple factors have been implicated in the process of ischemia-reperfusion injury (IRI) in organ transplantation.
Among these factors, oxidative damage seems to initiate the injury. a-lipoic acid (ALA) is a potent antioxidant that is used in patients
with diabetic polyneuropathy. The aim of the present study was to determine the effect of ALA in patients undergoing simultaneous
kidney-pancreas transplant by evaluating the functional recovery of the graft and biochemical markers of IRI. Methods. Twenty-
six patients were included in the following groups: (i) untreated control; (i) donor and recipient (DR) ALA-treated, in which ALA was
administered both to the deceased donor and to the recipients; and (jii) recipient ALA-treated group. The expression of inflamma-
tory genes, as observed in biopsies taken at the end of surgery, as well as the serum cytokines, secretory leukocyte protease in-
hibitor, regenerating islet-derived protein 3(3/pancreatitis-associated protein, amylase, lipase, glucose, and creatinine levels were
quantified as markers of organ function. Results. The DR group showed high levels of TGF3 and low levels of C3 and TNFa
in the kidneys, whereas high levels of C3 and heme oxygenase were identified in pancreas biopsies. Decreases in serum IL-8,
IL-6, secretory leukocyte protease inhibitor, and regenerating islet-derived protein 3 [3/pancreatitis-associated protein were ob-
served after surgery in the DR group. Serum lipase and amylase were lower in the DR group than in the control and recipient
groups. Early kidney dysfunction and clinical pancreatitis were higher in the control group than in either treatment group. Conclu-
sions. These results show that ALA preconditioning is capable of reducing inflammatory markers while decreasing early kidney

dysfunction and clinical posttransplant pancreatitis.
(Transplantation 2016;100: 908-915)

J

K idney ischemia-reperfusion injury (IRI) is a coordinated
process leading to delayed graft function and reduced
long-term graft survival of the transplanted organ. Several
factors, originating mainly from endothelial injury, inflam-
mation, and recruited leukocytes, seem to be involved in the
pathogenesis of IRI. Among them, reactive oxygen species
(ROS), such as superoxide radical, hydrogen peroxide, and
hydroxyl radicals, play a significant role in oxidative damage
of the tissue."” In fact, healthy kidneys generate small
amounts of ROS in the course of renal oxidative metabolism.
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However, under an injury, the production of ROS is increased
by parenchyma cells or inflammatory infiltrating cells and
contributes to acute or chronic renal injury.>* Therefore,
there is special interest in testing agents with antioxidant
properties that could possibly reduce the deleterious effects
of ROS, and thus, the effect of the ischemia and reperfusion
on the grafts.

a-lipoic acid (ALA) is a fat- and water-soluble, naturally
occurring, potent antioxidant. It has the ability to regenerate
other factors, such as vitamins C and E, in addition to raising
glutathione intracellularly. Several studies have documented
a beneficial therapeutic effect of ALA, benefits encompassing
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diseases, such as diabetes, atherosclerosis, neurodegenerative
diseases, and AIDS, among others.” Specifically in IRT, ALA
has been shown to be protective in several rat models, such
as intestinal reperfusion,® isolated rat heart and hindlimbs,”
hepatic IRL?® acute pancreatitis,” and kidney.'” In these later
studies, the intraperitoneal administration of 100 mg/kg of
ALA to rats subjected to 45 minutes of ischemia by renal ped-
icle occlusion was able to reverse the deleterious effect of the
ischemia, such as the increases in serum creatinine, IL-1p,
IL-6, and TNFa, among others.!! Also in rats, the intraperi-
toneal administration of ALA prevented the dysregulation of
aquaporins and sodium transporters that is observed after
kidney reperfusion'® and attenuated the increased expression
of endothelin-1, which leads to kidney dysfunction and injury
caused by IRL!'? Interestingly, in these studies, the adminis-
tration of this high dose of ALA (100 mg/kg) was done before
ischemia and immediately before the reperfusion period.

The beneficial effect of ALA has also been observed in
humans. For example, ALA reduced hepatic IRI after inflow
occlusion and liver resection.'® However, the most significant
proven therapeutic effect of ALA in humans is on many of the
complications induced by diabetes, including polyneuropathy
and cataract formation.* In fact, intravenous (IV) and oral
forms of ALA are approved for treatment of diabetic senso-
rimotor polyneuropathy in several countries around the
world, including Argentina. The huge amount of work done
in different ischemia-reperfusion animal models mentioned
above in addition to the beneficial effect observed in humans
and the lack of serious adverse effects justify the putative use
of ALA in transplant settings, where the production and ef-
fect of ROS have proved to be detrimental for grafts survival.

Because diabetes patients with chronic kidney disease ex-
perience excessive morbidity and mortality, simultaneous
kidney-pancreas (SKP) transplantation is the treatment of
choice for patients diagnosed with type 1 diabetes mellitus
with end-stage chronic renal disease.'”'® Many of these pa-
tients suffer from diabetic sensorimotor polyneuropathy.
Therefore, ALA administration by the time of the transplant
may be beneficial not only for diabetic complications in the
host but also for IRI's effects on the grafts from the organ
procurement until the reperfusion in the host.

Therefore, the aim of the present study was to determine
the effect of ALA in patients undergoing SKP transplantation,
evaluating functional recovery of graft and biochemical
markers of IRL.

MATERIALS AND METHODS

Patient Selection

The clinical and research activities being reported are con-
sistent with the Principles of the Declarations of Helsinki and
Istanbul, as outlined in the “Declaration of Istanbul on Organ
Trafficking and Transplant Tourism.” An institutional board
and research committee approved this prospective study. In-
formed consent for the administration of ALA to deceased
donor organs was unnecessary as stated in the IRB protocol,
as allowance to preconditioning the donor already existed.

The study included 26 kidney-pancreas transplant patients
(11 men and 15 women; age range, 21-57 years). Transplants
were performed between April 28, 2011, and January 17,
2013, at the Instituto de Nefrologia de Buenos Aires, Nephrol-
ogy. Because both IV and oral forms of ALA are approved to

Ambrosi et al 909

mitigate the diabetic sensorimotor polyneuropathy in
Argentina, all patients recruited for the study suffered from
diabetic sensorimotor polyneuropathy. The recipient selec-
tion criteria were as follows: (1) age range, 18 to 65 years;
and (2) received an SKP transplant. The patients received in-
duction therapy consisting of thymoglobulin (1.5 mg/kg for
5 days) and Solumedrol, and they were started on a triple im-
munosuppressive protocol (Tacrolimus with target level of
10 to 12 ng/ml, prednisone tapered to 4 mg/day, and myco-
phenolate sodium 1440 mg/day).

All recipients included in the study had signs of sensorimo-
tor polyneuropathy.

The patients were divided into 3 groups: (1) Control: re-
ceived no ALA treatment; (2) ALA recipient (R)-treated:
ALA (600 mg) was administered to the recipients only imme-
diately before the surgical procedure; and (3) ALA
DR-treated: ALA (600 mg) was administered to the deceased
donor at the time of procurement and to the recipients imme-
diately before the surgical procedure. The aim of ALA admin-
istration is to reduce the untoward effect of the ROS that are
produced throughout the process known as IRI, which starts
in the donor and continues in the recipient. This experimental
design of comparing the ALA DR-treated group with the
ALA R-treated group tends to unravel the impact of ROS
that are produced during different steps of the IRI process.
Thus, the treatment group was divided into groups 2 and 3
to address both the impact of ROS produced during different
steps of the IRI process and the effect of donor precondition-
ing because in group 3, both donor and recipient were treated
with ALA. The donor ALA preconditioning was performed
just before the procurement procedure by IV drip (20 mi-
nutes) of 600 mg of ALA diluted in 250 mL saline at the
beginning of the donor operation, which was approximately
90 to 120 minutes before clamping. The choice of donor
dosage was based on previous work by Diinschede et al'?
and Miiller et al,'” who examined humans and rodents, re-
spectively. Further, this dose has been approved by our local
regulatory authorities to treat diabetic neuropathy. Adminis-
tration of this antioxidant was considered part of the normal
process of organ harvesting, and therefore, no further in-
formed consent was necessary beyond that associated with
organ donation. All organ procurements were performed
by our team with the “no touch” technique, and organs were
flushed with 2 L of aortic flush with University of Wisconsin
solution. Portal flush for the liver was performed through a
portal venotomy distal to the pancreas. The organs were then
packed and stored in ice until transplantation. The ALA-
preconditioned organs and ALA IV administration were dis-
tributed according to simple random numbers enclosed in
numbered and sealed envelopes, which were opened in the
operating room only after the donor organ was accepted
and before IV ALA administration.

Blood samples were obtained at the beginning and end of
surgery, after the unclamping procedure, 12 hours after sur-
gery, and every 1 or 2 days after the transplantation for at
least 14 days or until discharge of the patient as part of the
routine determination of analytes to assess kidney and pan-
creatic function. Furthermore, kidney and pancreatic biop-
sies were taken at the end of surgery to perform a real-time
polymerase chain reaction (RT-PCR) study. The amount of
biopsied tissue was not enough to simultaneously performed
immunohistochemical staining.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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Demographic data of transplanted patients?

Control DR R
(n=11) (n=7) (n=18)
Male, % 36.4 57.1 375
Recipient age, y 354 +6.8 414 +10.3 415+109
Recipient BMI, kg/m? 224 27 235 %32 25734
Time of dialysis, mo 231 +314 28.7 =181 39.9+27.0
CIT, h
Pancreas 6:82 + 2:65 7:50 + 1:10 7:92 £ 149
Kidney 8:63 + 2.62 8.87 + 1:36 9:71 £ 1:29
Donor age, y 21+64 27 =117 25+5.0

4 Data represent the mean =+ SD for recipient age, recipient BMI, time of dialysis, CIT and donor age.
There were no statistically significant differences among the groups.
CIT indicates cold ischemia time

Serum Inflammatory Cytokines

Serum levels of IL-8, IL-1p, IL-6, IL-10, TNF-a, and
IL-12p70 were measured before and during the first 24-hour
posttransplant surgery using the BD Cytometric Bead Array
kit (BD Biosciences, San Jose, CA), following the manufac-
turer's instructions.

Serum Secretory Leukocyte Protease Inhibitor
And Regenerating Islet-Derived Protein
3 B/Pancreatitis-Associated Protein Determination

Serum secretory leukocyte protease inhibitor (SLPI) was
measured by sandwich ELISA (lower limit of detection,
0.31 ng/mL) as previously described.'® Serum regenerating
islet-derived protein 3 B (Reg3{)/pancreatitis-associated pro-
tein (PAP) was determined by sandwich ELISA following the
manufacturer's instructions (PancrePAP, Dynabio, France).
The serum Reg3p/PAP concentration was measured before
and during the first 24-hour posttransplant surgery and
was expressed as nanograms per milliliter (ng/mL).

RT-PCR Analysis

Total RNA was isolated from the 19 (11 controls and 8 from
DR group) fresh frozen biopsy samples using the RNeasy 5110
kit (Promega) according to the manufacturer's instructions.
First-strand complementary DNA (cDNA) was synthesized
from total RNA by reverse transcriptase (First Strand cDNA
V3800 synthesis kit; Promega). The amplification and detec-
tion of cDNA in real-time quantitative PCR was performed
using SYBER GreenER qPCR SuperMix Universal (Invitrogen,
Grand Island, NY) according to the manufacturer's instruc-
tions. The instrument used for de qPCR was a Corbett
Research Rotor-Gene 6000 (QIAGEN, Valencia, CA).

Clinical Endpoints

We assessed early kidney dysfunction and the development
of clinical pancreatitis. Kidney dysfunction was defined as a
decrease in creatinine of less than 70% of basal creatinine
by day 7 after transplantation or the need for hemodialysis
during the first week. Clinical pancreatitis was defined as a
clinical status of abdominal distension, abdominal pain, pan-
creas graft swelling, and the need for pancreatic rest with
total parenteral nutrition. This diagnosis was performed in-
dependent of this study by the clinicians who were in charge
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of the patient and was recorded in the patient posttransplant
database.

We also assessed early posttransplant graft and patient sur-
vival at 3 months to determine the impact of these early
events on hard endpoints.

Statistical Analysis

All statistics were analyzed in GraphPad Prism. Unpaired
¢ tests were used to compare means. A nonparametric test
with Spearman rank correlation coefficient was used to ana-
lyze correlations. A P value less than 0.05 was considered
significant. Graphs were generated by GraphPad Prism
(GraphPad, Inc., La Jolla, CA).

RESULTS

The patients comprised 11 men and 15 women, with a
mean age of 38.9 = 9.1 years, a BMI of 23.1 = 2.9 kg/m?,
an average of 21.7 = 5.8 years with diabetes and a time on di-
alysis of 27.0 = 24.0 months. Table 1 gives an overview of pa-
tient and donor demographics for each treatment group.
Exocrine pancreas diversion was enteric and to the bladder
in 21 and § patients, respectively.

First, we performed the RT-PCR analysis for C3, TNFa,
TGEFp, and heme oxygenase (HMOX) from the pancreas
and kidney biopsies from the control (untreated) and
DR-treated groups. For the R-treated group, the time that se-
rum ALA could be in contact with the allograft was very
short because biopsies were taken at the end of surgery,
whereas ALA was administered at the beginning. Therefore,
the RT-PCR analysis for the R group was not performed be-
cause changes in the transcript levels are unlikely to occur
within this short period (time from the unclamping till the
end of the surgery).

Figure 1A shows that the kidney biopsies from the ALA
DR-treated group expressed lower levels of C3 and TNF«
and higher levels of TGF than those of the control biopsies
(P =0.003, P = 0.0025, and P = 0.0005, respectively). Fur-
thermore, the expression of HMOX-1 on these biopsies
was not different from that of the untreated patients
(P = 0.669). On the contrary, pancreas biopsies showed high
expression of C3 (P = 0.0018) and HMOX-1 (P < 0.0001),
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FIGURE 1. Real-time PCR results evaluating mRNA levels of some
inflammatory mediators in SKP transplant patients. C3, TGFf3, TNFa,
and HMOX-1 were assayed by real-time PCR in kidney and pancreas
RNA samples from untreated controls or ALA-treated donors. Biop-
sies were taken at the end of the transplant surgery. Values were nor-
malized to the level of GADPH. Data represent the mean + SD, and
*P < 0.05; P < 0.01; P < 0.001. A 1-sample t test was used to
compare the untreated control group to a hypothetical value of 1.
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the latter being more significant than C3. Unlike what
was observed for kidneys, we did not observe significant dif-
ferences in TNFa (P =0.171) or TGFp (P = 0.608) in the pan-
creas (Figure 1).

Next, we measured the serum levels of IL-8, IL-6, and
IL-10 cytokines at the end of the surgery. Figure 2 shows that
24 hours after surgery, the untreated patients had higher se-
rum levels of IL-8 (P = 0.028), IL-6 (P = 0.022), and IL-10
(P = 0.0016) than the pretransplant values. However, the se-
rum levels of IL-8 and IL-6 for the ALA DR-treated group
were similar to the pretransplant values and significantly
lower than the untreated control group (P = 0.029 for IL-8
and P = 0.039 for IL-6; unpaired #test). The ALA R-treated
group showed a tendency to have lower levels of IL-6 and
IL-10 but not of IL-8. However, the data observed in the
R-treated group was not statistically significant compared
with those of the untreated group (Figure 2).

Because pancreatitis causes a more than 200-fold increase
in Reg3R/PAP,'” we next measured the serum levels of PAP. In
all the groups analyzed, the serum level of PAP, measured at
the end of the surgery (time, 0 hour after transplantation), in-
creased relative to pretransplant values (Figure 3A). How-
ever, at 12 hours after transplantation, the level of PAP
clearly decreased in the serum of ALA DR-treated groups
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FIGURE 2. Serum levels of IL-8, IL-6, and IL-10. Serum cytokines
were quantified by flow cytometry with a Cytometric Bead Array on
samples taken before the surgery and 12 hours after the surgery.
Data represent the mean + SD. *P < 0.05. Unpaired t test compared
with control group.
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FIGURE 3. Serum levels of PAP and SLPI. Serum PAP (A) and SLPI
(B) were quantified by sandwich ELISA on samples taken before the
surgery, immediately after the surgery and 12 hours after the surgery.
Data represent the mean + SD for (A) and (B). *P < 0.05. Unpaired t
test compared with control group. C, Correlation between serum
PAP and SLPI from all the serum samples analyzed (|e before and
0 and 12 hours after transplantation). Coefficients (R%) and P values
are shown in the figure.

(P = 0.039; Figure 3A, unpaired ¢ test compared with time
0 hour after transplantation). This effect was not observed
in the untreated patients or the ALA R-treated patients. We
next measured the level of SLPIL, which is an alarm serine pro-
tease inhibitor with anti-inflammatory activity. Figure 3B
shows that the levels of SLPI at the end of surgery (time,
0 hour after transplantation) were similar to the pretrans-
plant values. By 12 hours after transplantation, the levels of
SLPI had decreased in only the ALA DR-treated patients
(P = 0.044, unpaired #-test), following the same pattern found
for PAP. Moreover, we found a statistically significant direct
correlation between PAP and SLPI serum plasma values
(Figure 3C).

To determine the clinical significance of the inflammatory
signature observed in the ALA DR- and R-treated groups,

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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we next analyzed the graft function by assessing the serum
levels of amylase, lipase, glucose, creatinine, and urea over
a period of 14 days after the surgery. Figure 4A shows that
the serum levels of amylase and lipase, but not of glucose,
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creatinine, or urea, were lower for the ALA DR-treated
group than that for the control group at day 1 after trans-
plantation. However, these differences were not statistically
significant, probably due to the high variability found in the
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FIGURE 4. Serum levels of amylase, lipase, glucose, creatinine and urea. A, Serum levels of amylase, lipase, glucose, creatinine and urea at
first day after the surgery. B, Area under the curve of serum values of biochemical markers analyzed during the first 5 days and 6 to 14 days after
the surgery. Data represent the mean + SD. *P < 0.05. Unpaired t test compared with the control group.
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serum values inside each group. Therefore, to avoid the high
variability of values found in each group at the first day, we
decided to analyze the values during the first 5 days for each
patient. We then calculated the area under the curve for each
patient and each analyzed parameter. Figure 4B shows that
the DR-treated group had significantly lower levels of amy-
lase (P = 0.015, unpaired ¢ test) and lipase (P = 0.039, un-
paired  test) and that the R-treated group showed slightly
lower levels of lipase than the untreated group (P = 0.066),
confirming the tendency found in the values for the first
day. With these analyses, we also observed a tendency to-
ward lower levels of serum glucose, creatinine, and urea for
patients in the ALA DR-treated group that was still not sig-
nificantly different compared to those of the untreated pa-
tients. When the same analysis was performed using the
serum values obtained from day 6 to 14, we were unable to
observe significant differences among the groups, likely be-
cause the serum values for the analytes in the control group
began to decrease slightly. This was expected because all of
the patients had recovered from the transplant and had been
discharged from the center approximately after the second
week of the surgery (Figure 4B).

Kidney dysfunction and clinical pancreatitis were also
assessed as defined in the Methods section. There were
3 patients with early kidney dysfunction in the control group
and 1 in both the ALA R- and ALA DR-treated groups
(Table 2). We found 3 cases of pancreatitis in the control group,
none in ALA R-treated group and 1 in ALA DR-treated group
(Table 2). However, there were no differences in patient sur-
vival or in kidney and pancreas graft function during the first
month after the transplantation. The follow-up of these pa-
tients at 3 months after transplantation revealed patient, kid-
ney, and pancreas survival rates of 91% (10/11) in the
controls and 100% in both ALA-treated groups (Table 2).

DISCUSSION

Reduced IRI in organ transplantation can decrease the inci-
dence of organ loss caused by acute inflammation of the graft.

In the present article, we have shown that by targeting the
production of ROS with an antioxidant drug, it was possible
to reduce some inflammatory mediators and improve some
clinical parameters. Thus, the results obtained herein rein-
force the deleterious effect of ROS, as previously described,
as one of the main mechanisms responsible for graft injury
in solid organ transplantation. However, the effectiveness of
antioxidant therapies has been questioned because a number
of studies have not shown beneficial effects. In fact, in our
study, treating the host with ALA at the time of the surgery

TABLE 2.

Short-Term Outcomes

Control DR R

% Organ dysfunction

Kidney dysfunction 27.3 14.3 12.5

Pancreatitis 27.3 14.3 0
% Graft survival rate (at 3 mo)

Kidney 91 100 100

Pancreas 91 100 100
Patient survival rate (at 3 mo) 91 100 100
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(R group) did not substantially improve most of the inflam-
matory or clinical parameters analyzed. However, a tendency
toward improvement was observed in some clinical end-
points (such as pancreatitis and kidney dysfunction), even
by treating only the recipients of the graft. This suggests that
a better adjustment of the ALA doses or timing of the admin-
istration could improve graft outcome. In fact, preclinical an-
imal studies have shown better results with high ALA doses
(100 mg/kg) and have demonstrated that lower doses
(10 mg/kg), such as that used in our study, are less effective.'
It is important to note that the doses used in our study were
the ones that had been approved for diabetic neuropathy
treatment by local regulatory authorities.

On the contrary, when the transplant is performed with
organs from donors who had been previously treated with
antioxidants, beneficial results were obtained for the inflam-
matory parameters that affected improved graft function
(DR group). The multiple variables of the deceased donors
may impact the quality of the graft, and this influence can
be counteracted with ALA antioxidant-donor treatment.
In fact, the RT-PCR analysis of inflammatory and anti-
inflammatory mediators in the kidney and pancreas derived
from ALA-treated donors showed that ALA fostered de-
creased inflammation of the grafts, as indicated by the low
expression of C3 and high expression of TGFp in the kidney
with a remarkably high expression of HMOX-1 in the
pancreas. This result compares to the high C3 expression in
the pancreas compared to untreated donor-derived organs.
In this regard, it is interesting to note that it was recently pro-
posed that the original classification of C3a be changed from
a “proinflammatory mediator” to an “inflammatory modu-
lator,” based on several anti-inflammatory facets found for
C3a in vivo.?? The protective effect of HMOX-1 is not a sur-
prise. Beneficial effects of this antioxidant molecule have
been observed in several IRI animal models.?! However,
unlike what has been observed in the kidney, where the
expression of HMOX-1 was apparently associated with a
poor outcome,*>* in the pancreas, the upregulation of
HMOX-1 may prevent fibrosis by inhibiting the prolifera-
tion of pancreatic stellate cells.”* The overall effect observed
in biopsies from the DR group compared with the untreated
group clearly indicates an effect of ALA on the donor.

Donor-preconditioning to reduce IRI is not a new
concept.* Brain-dead rats treated with steroids or soluble
P-selectin glycoprotein ligand had improved graft survival.*®
Furthermore, in humans, the treatment of a brain-dead do-
nor with steroids reduced the expression of proinflammatory
cytokines.® In fact, the DR ALA-treated group but not the
ALA receptor-treated patient group in our study had a re-
duced expression of IL-8 and IL-6 (Figure 2), whereas
IL-10, which is considered an anti-inflammatory cytokine,
was unchanged. The efficacy of ALA in decreasing the levels
of some cytokines was already described during extracorpo-
real circulation.>* However, we believe that by administering
ALA immediately before ablation, ALA can protect the or-
gan from the ROS produced by the ischemia due the ablation
procedure, rather than from the storm of cytokines, which is
highly likely to start well before the administration of ALA.

The PAP has been described in the pancreatic juice after
transplantation®*** and was found to be a good serum marker
for pancreatic injury.>® We observed that the serum levels of
PAP in patients who received grafts from an ALA-treated

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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brain-dead donor were lower than those in patients who re-
ceived untreated grafts and were treated with ALA at the
time of surgery. The same pattern was observed for another
alarm cationic nonglycosylated protein named SLPI>® which
has anti-inflammatory and microbicidal activity but has re-
cently been suggested to be a biomarker of acute kidney
injury.’” Indeed, a strong direct correlation was observed be-
tween PAP and SLPI (Figure 3C).

The ALA treatment clearly affects the levels of serum in-
flammatory markers. This effect was more marked for the
ALA DR-treated group and, to a lesser extent, for the ALA
R-treated group relative to the untreated patients. However,
we could see a trend toward a decrease in the incidence of
early kidney dysfunction and clinical pancreatitis in the
DR- and R-treated groups. The complexity of multiple path-
ologic mechanisms that causes kidney dysfunction and pan-
creatitis could explain the lack of an ideal association
between all the inflammatory markers analyzed and the clin-
ical outcome in the ALA R-treated group, as found for ALA
DR-treated group.

Our findings for the cytokine profiles and levels of inflam-
mation markers are stronger for the DR group than for the R
group. These results suggest that the ROS produced by the
donor during ablation might be more important than the ROS
produced by the reperfusion. Thus, donor preconditioning
with ALA plays a major protective role, as described herein.

It is probable that doses should be optimally adjusted to
observe more significant results. In fact, in the R-treated
group, we administered only 1 dose of ALA. A daily admin-
istration of ALA after surgery could perhaps improve the re-
sults because the values begin to increase after the fifth day to
the level of the control group (Figure 4B). In general, ALA is a
well-tolerated drug that has minor side effects. Nausea®® and
itching have been reported with high doses (1 200-1 800 mg)
of ALA.*>’ However, recently, adverse effects on liver mito-
chondria have been reported with high IV doses.*” This high
dose (90-100 mg/kg) extremely exceeded the dose used in our
study (600 mg). In our study, we detected no side effects, such
as those described in the studies mentioned above. However,
an increased number of rejection episodes was observed for
both the ALA DR- and R-treated groups (3 patients in each
ALA-treated group) during the first posttransplant year (data
not shown). However, there were no differences in early graft
function. Therefore, these rejection episodes were related to
other factors, such as adherence to the immunosuppressive
treatment, the presence of donor-specific antibodies, and
the presence of infection, among others. In fact, 2 of the 3 re-
jection episodes in the ALA DR group involved antibody-
mediated rejection, and 1 rejection episode was related to
BK virus infection in the ALA R-treated group.

It is well known that brain death releases massive amounts
of cytokines and growth factors and upregulates complement
activation.*® To our knowledge, this report is the first to
show that the use of an antioxidant may reduce inflamma-
tory markers and improve some clinical parameters in hu-
man SKP transplantation. In fact, this preliminary study
suggests that ALA preconditioning may be suitable for de-
creasing the inflammatory markers during the first days after
SKP surgery, which may subsequently decrease the incidence
of early kidney dysfunction and clinical graft pancreatitis.
More studies need to be performed to fully optimize the phar-
macology of this drug.
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