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ABSTRACT

PURPOSE: The objective of the present study was to monitor the process of second intention
skin wound healing in rats with jaundice.

METHODS: The study was divided into two steps. In the first, obstructive jaundice was induced
in 68 male rats to investigate the biochemical changes and to determine the ideal time for the
study of healing. In the second step, 54 rats were divided into two groups: control (normal) and
experimenta (jaundiced). Seventy-two hours after jaundice induction, a standardized wound was
produced in the dorsum by removing the skin and the subcutaneous net, whose contraction was
assessed on the 39 7" 10" and 14" day and monitored with a computer program. After
sacrifice, the tissue was submitted to histopathologic analysis.

RESULTS: The most marked biochemical changes were detected between the 3% and 5" day.
The reduction of he wound area was dower in the jaundice group at all 4 time points studied
(ps=0.0366, py=0.0054, pP;0=0.0000. p14=0.0000). Collagen concentration was lower in the
wound of jaundiced animal's (p3=0.0000. p;=0.0000. p14=0.0000).

CONCLUSION: Jaundice delays collagen deposition and maturation and wound contraction in
wounds left to heal by second intention wound healing in rats.
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RESUMO

OBJETIVO: O objetivo do presente estudo foi monitorar 0 processo de cicatrizacdo, por
segunda intenc&o em ratos com ictericia.

METODOS: O estudo foi dividido em 2 etapas. Na primeira, ictericia obstrutiva foi induzida em
68 ratos machos para investigacdo das mudancas bioquimicas e para determinacdo do momento
ideal para o estudo da cicatrizagdo. Na segunda etapa, 54 ratos foram divididos em dois grupos:
controle (normal) e experimental (ictérico).Setenta e duas horas apés a inducdo da ictericia, uma
lesdo padréo foi produzida na regido dorsa dos animais com a remocdo da pele e da tela
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subcuténea. A contragdo da ferida foi mensurada no 3.°, 7.°, 10.° e 14.° dia e monitorada com
programa computadorizado. Apds a eutanasia, os tecidos da érea de cicatrizacdo foram
submetidos a analise histopatol 6gioca.

RESULTADOS: As dteracdes bioquimicas mais marcantes foram detectadas entreo 3.°e 0 5.°
dia. A reducdo da érea daferidafoi menor no grupo ictérico nos 4 tempos estudados (p3;=0.0366,
p7=0.0054, p10=0.0000. p14=0.0000) e a concentracdo de colageno foi menor nas feridas destes
animais (p=0.0000).

CONCLUSAO: A ictericia diminui a concentragio de col4geno, a maturago e a contracio das
feridas deixadas para cicatrizar por segunda intencdo, em ratos.

Descritores: Cicatrizagdo de feridas. Ictericia.

I ntroduction

Jaundice has been repeatedly recognized as a factor impairing surgical wound healing.
Keill et a* reported a similar number of abdominal wound dehiscences in icteric and anicteric
patients, while Ellis, Heddle? observed a 33.3% frequency of complications such as dehiscence
and hernia in icteric patients compared to 5.2% in anicteric patients (p=0.0002). Irvin et a
found a 27.1% frequency of abdomina wound complications in icteric patients but only a 4.3%
frequency in anicteric subjects (p<0.0001). Armstrong et a* followed up 1133 patients and
found a higher incidence of dehiscence and incisional hernia (p<0.0005) in those with
hyperbilirubinemia. Grande et a° confirmed an association between jaundice and a higher
frequency of abdominal wound healing complications, but called attention to the fact that this
was only true for patients with malignant disease.

Hyperbilirubinemia has been shown to exert some effects on wound healing. Lee®, in a
study on rats with induced jaundice, observed a reduced migration of reticuloendothelial cells
and fibroblasts, with collagen deficiency and, thus, deficient heding®. Bayer, Ellis’ studying
abdominal wall healing in rats, found dense and ordered collagen in normal animals on day 8
after surgery, while jaundiced animals showed a marked inflammatory infiltrate containing
young fibraoblasts, minimal collagen formation and rare neovascul arization.

Tharf reported an important loss in the capacity of the skin to withstand tension in
animals with jaundice. In contrast, Greaney et al° observed that, although animals with jaundice
presented a lower collagen concentration (p<0.01), their capacity to withstand tension was
unaltered.
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Taube et al*® showed that the addition of bilirubin to fibroblast cultures led to histological
modifications and a reduced replication rate. Dawiskiba et al** observed in jaundice rats that both
the early and late healing phases were affected, leading to a loss of resistance of the wounds
accompanied by reduced proliferation of fibroblasts and endothelia cells, as well as a low
collagen concentration.

In arecent study carried out in our laboratory, we observed a lower concentration of total
collagen and collagen fractions | and 111 in jaundiced animals during the initial phases of skin
healing up to day 7. During the later phases, total collagen and collagen | concentrations
continued to be lower in jaundiced animals, demonstrating a delay in collagen synthesis and
maturation'?.

Studies reported in the literature and those carried out in our laboratory have thus far only
approached wounds treated by first intention; however, since icteric patients present more skin
dehiscence, how do wounds heal that are left for restoration by second intention? The objective

of the present study was to monitor the process of healing by second intention in rats.
Methods

The present investigation was carried out according to the guidelines of the Brazilian
College of Animal Experimentation (COBEA), an ingtitution affiliated with the International
Council for Laboratory Animal Science and Federal Brazilian Law 6.638.

The study was divided into two stages. during the first stage, biochemica aterations
caused by jaundice were analyzed to establish the ideal time for carrying out the second stage
during which healing by second intention was monitored.

For the first stage, 68 male rats (Rattus norvegicus albinos, Rodentia mammalia) aged
130 to 150 days, with a mean weight of 360.44 + 17 g, obtained from the Parana Technology
Institute were used. For the second stage, 54 male Wistar rats Rattus norvegicus albinus,
Rodentia mammalia) aged 150 days, with a mean weight of 353 + 22g, obtained from the same
ingtitution were used. The animals were housed in polypropylene boxes appropriate for the
species at the Laboratory of Surgical Technique and Experimental Surgery, Faculty of Medicine,
Federal University of Parana. The animals were maintained under natura light/dark and

humidity conditions, without artificial regulation, at a controlled temperature of 20 + 2°C.
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Sage one - The rats were divided into two groups: the control group (8 animals) was used
to establish reference values and the experimental group (60 animals) submitted to occlusion of
the common bile duct was used to determine biochemical aterations after occlusion. The latter
group was subdivided into 10 lots of 6 rats each, which were evaluated at 1, 2, 3, 4, 5, 6, 7, 10,
15 and 21 days after occlusion.

On the day of assessment, blood was collected by cardiac puncture under anesthesia for
the determination of coagulation time, prothrombin time, and total and fractiona bilirubin.
Prothrombin time was determined by the one-stage method (Quick's test, Replastin®) and
bilirubin by a colorimetric diazo-assay (Labtest®). After blood collection, the animas were
sacrificed and liver biopsies were obtained by laparotomy. Liver samples fixed in 10% formalin
were submitted to histological preparation and hematoxylin-eosin stained sections were
examined under a light microscope.

Stage two - The 54 rats were divided into a control group (30 animals) and an
experimental group (24 animals). All animals were submitted to two surgical interventions under
sulfur ether inhalation. In the first surgery, after trichotomy, disinfection of the ventral abdominal
wall and median laparotomy, rats of the experimental group had their main bile duct sectioned
between ligatures and the man stump was wrapped with a 3.0 nonabsorbable nylon
monofilament up to its origin as described by Castro e Silva Jr and Mazzeto™. The control group
was submitted to the same interventions, with the bile duct being manipulated but not
interrupted. The animals were then submitted to laparorrhaphy with continuous stitching with
4.0 monofilament nylon sutures on two planes.

After 72 hours, the animals were again anesthetized and submitted to trichotomy of the
dorsal region. The circumference of the wound whose center was the midline below the scapul ae
and above the upper limit of the ilium was then outlined, and the skin and subcutaneous layer
delimited by the drawing were excised with a N.° 11 surgical knife. The drawing of the wound
was transferred to transparent graph paper, thus obtaining the real size of the wound at time zero.

The wounds were cleaned daily with 0.9% sodium chloride solution and received an
occlusive dressing.

New measurements of the wound areas were made on postoperative days 3, 7, 10 and 14.

These areas were transferred by means of a 100-dpi resolution scanner to a computer which
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calculated their size using an integral differential calculation program and the individual percent
reduction in wound size was recorded for each animal.

One-third of the control animals and one-third of the icteric animals were selected by
drawing lots for sacrifice on postoperative day 3, 7 and 14, when the surgical wound was excised
leaving a 1-cm margin of normal skin. The specimens obtained were stretched out on filter paper
and sent for histological processing. The material was cut into 4-um thick sections and stained
with Sirius Red for the determination of collagen content*. The histological sections were
examined under a polarized light microscope, and the images were captured with a Sony camera,
transmitted to a color monitor, digitalized and analyzed using the Optimas 6.0 for Windows
software. Thick and strongly birefringent collagen fibers show an orange to red color and consist
of collagen I, while collagen 11 is represented by fine and dispersed, weakly birefringent fibers
of green color. The sum of the two types of collagen provided the percentage of total collagen in
the area studied. Three fields were analyzed per histological section and the mean was
calculated.

The results were analyzed statistically by the student t-test. A level of p ? 0.05 or 5% was
considered for rgjection of the null hypothesis.

Results

Sage one - Elevated mean plasma bilirubin concentrations were observed from the first day on,
with a maximum peak reached on days 4 and 5, followed by a decrease and stabilization (Table
1).

Prothrombin time was found to be altered at al time points studied, with a significant
difference being observed between day 3 and day 5 (Table 2).

The initial weight of control animals was 253.6 ? 33.01 g and the initial weight of experimental

animals was 248.3 ? 22.53 g, with this difference being nonsignificant (p=0.1799).
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Sage two - The mean area of the surgical wounds at time zero was 252.36 ? 21.16 mn¥ for the

control group and 245.93 ? 21.53 mn? for the experimental group, with the difference being non
significant (p=0.1397).

The wounds of the control group were smaller than those of the icteric group at the four
time points analyzed. On postoperative day 3, the mean residual area was 79.62% for the control
group and 84.05% for the icteric group (p=0.0366). On day 7, the mean residual area was
65.81% for the control group and 75.69% for the icteric group (p=0.0054). On day 10, the mean
residua area was 32.85% for the control group and 57.30% for icteric group (p=0.000003). On
day 14, the mean area of the residua wound was 9.35% for the control group and 18.17% for the
icteric group (p=0.00003). The same was observed when only the group that participated in the

four time points was analyzed.

TABLE 1 - Mean plasma hilirubin concentration (mg/dl) and standard deviation obtained for
the control group and for the experimental group on different days after bile duct occlusion.

Control Group with bile obstruction
Group Dayl1l Day2 Day3 Day4 Day5 Day6 Day7 Day 10 Day15 Day?21
DB Mean 0,38 572 726 839 8,73 906 7,17 6,04 5,95 5,72 5,02

SD 0,039 0,488 0,669 1,071 0525 0,845 0,186 0,734 0,67 0,442 0,338
%SD 10,26 885 921 12,76 6,01 933 259 12,15 11,26 7,73 6,73

IB Mean 0,22 1,18 145 155 132 126 117 1,558 1,27 1,43 1,48
SD 0,039 0,172 0,165 0,16 0,211 0,167 0,217 0,065 0,141 0,185 0,077
%SD 17,73 14,58 11,38 10,32 15,98 13,25 1855 4,11 111 12,94 5,2

TB Mean 0,6 6,9 871 994 10,05 10,32 8,34 7,62 7,22 7,15 6,6
SD 0,074 0,857 0,862 1,024 0442 1,029 0,305 0,775 0,757 0,586 0,41
%SD 12,33 1242 989 103 44 998 366 10,17 1048 819 6,21

DB = direct bilirubin
IB = indirect bilirubin
TB = total bilirubin
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TABLE 2 — Mean prothrombin time and standard deviation obtained for the control group and

for the group with bile obstruction on different days after surgery.

Control
Group

Mean 99
SD 2,34
%SD 2,36

Group with bile obstruction
Dayl Day2 Day3 Day4 Day5 Day6 Day7 Dayl1l0 Dayl15 Day?21

91 84 56,4 50,6 54,2 69 75,6 79,6 82 83,2
821 652 699 607 554 652 627 3,47 4.47 3,84
902 7,76 1239 11,99 10,22 945 8,29 4,36 5,45 4,61

Significant differencesin total collagen and collagen fractions were observed on days 3, 7

and 14 (Table 3).

TABLE 3 — Mean percent area of the wound occupied by collagen at the three time points

studied.
Collagen | Collagen lli Total collagen
Control lIcterric Control Icteric Control Icteric
Day 3 Mean 11,84 11,06 30,68 22,45 42,52 33,89
SD 3,01 3,25 5,84 3,63 6,31 5,55
%SD 25,46 29,38 19,03 16,17 14,84 16,38
Day 7 Mean 18,3 11,61 35,77 24,63 54,07 36,23
SD 5,2 2,85 8,07 5,09 7,57 7,26
%SD 28,41 24,57 22,56 20,65 14,02 20,04
Day 14 Mean 18,37 11,65 39,27 24,77 57,64 36,42
SD 1,49 2,3 7,05 3,7 7,28 5,45
%SD 8,12 25,73 17,94 25,73 12,64 14,96
t teste day 3 day 7 day 14
collagen | 0,3033 0,0014 6E-06
collagen 11 0,0016 0,001 3E-06
Total collagen 0,0039 0,00002 2E-06

Discussion
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Extra hepatic biliary obstruction is known to cause jaundice accompanied by alterations
in prothrombin time”° . In the present study, increased serum bilirubin levels were observed after
24 hours, which further increased gradually until reaching maximum concentrations between day
3 and day 5, followed by a decline and remaining stable thereafter at 7 mg/dl up to day 21. The
aterations in prothrombin time followed the changes in bilirubin. Based on these aterations, day
3 after the induction of jaundice was chosen for introducing a wound on the back of the animals
which was left to heal by second intention.

Jaundice has been repeatedly recognized as a factor impairing surgical wound healing,
although controversy still exists. Kelll et a (1973) reported a similar number of abdominal
wound dehiscences in icteric and anicteric patientst, but dehiscences and hernias have been more
frequently observed in icteric patients’®. Grande et a (1990) demonstrated an association
between jaundice and a higher frequency of abdomina wound healing complications, but called
attention to the fact that this was only true for patients with malignant disease’.

Hyperbilirubinemia has been shown to exert some effects on wound healing. Migration of
reticuloendothelial cells and fibroblasts is known to be reduced in jaundiced rats which show
deficient collagen synthesis®. A prolonged inflammatory reaction with delayed
neovascularization has also been described’. The addition of bilirubin to fibroblast cultures led to
a reduction in the replication rate of these cells'®. More recently, Dawiskiba et a (2000)
observed in jaundiced rats that both the early and late healing phases were affected, leading to a
loss of resistance of the wounds accompanied by reduced proliferation of fibroblasts and
endothelial cells, as well as alow collagen concentrationt.

In a study carried out in our laboratory using jaundiced rats with skin wounds treated by
first intention, we observed a lower collagen concentration in the wounds of these animals
accompanied by delayed maturation'?.

Dehiscences are among the disorders observed in wound healing by second intention. We
did not find any study on this process in patients or animals with jaundice. In the present study,
delayed wound contraction and slower collagen deposition and maturation were observed in
jaundiced rats.

In conclusion, jaundice delays collagen deposition and maturation and wound contraction

in wounds left to heal by second intention.
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