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Abstract

Sodium carboxymethylcellulose (SCMC) has been effective in reduc-
ing adhesion formation and corticosteroids reduce the inflammatory
process. The objective of this study was to define the intraperitoneal
(ip) effects of SCMC combined with intramuscular (im) methylpred-
nisolone on peritoneal adhesion formation and on jejunal anastomosis
healing in rats. Twenty Wistar rats (200-350 g) were divided into four
groups (N = 5): groups I and III (controls) 5 and 21 days of treatment
before sacrifice, respectively; groups II and IV (experimental groups)
5 and 21 days of treatment, respectively. SCMC (1%) was infused into
the abdominal cavity and methylprednisolone (10 mg kg-1 day-1) was
injected im daily from the day before surgery for animals of groups II
and IV. All rats were submitted to a jejunal anastomosis. Sections of
the anastomosis were prepared for routine histopathological analysis.
The abdominal adhesion of group IV was less intense when compared
with group III (P<0.0008). Anastomotic resistance was higher in
groups II and IV when compared with groups I and III, respectively
(P<0.05). There was no histological difference between groups I and
II (exuberant granulation tissue on the serosal surface). Group III
presented little peritoneal fibrinous tissue, with numerous thick col-
lagen fibers. Group IV presented extensive although immature young
fibrous tissue with rare thick collagen fibers. Sodium carboxymethyl-
cellulose combined with corticosteroids seemed to diminish perito-
neal adhesion but did not reduce anastomotic resistance.
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Introduction

Fibrinous adhesions link intestinal loops
to other abdominal viscera and peritoneum
in the first hours after surgery, inflammation
or abdominal trauma. The fibrin may be
completely reabsorbed or organized with the
ingrowth of capillaries and fibroblasts estab-
lishing fibrous adhesions (1).

Peritoneal adhesions have been consid-

ered to be the main cause of intestinal ob-
struction. This phenomenon has been exten-
sively studied, but some of its characteristics
are still not fully understood. Adhesions may
not depend only on peritoneal mechanical
injuries, but also on the presence of ischemic
tissue which must result from pulling the
edges of the tissue together with sutures.
Contaminants in the peritoneal cavity at the
time of laparotomy are responsible for both
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granuloma formation and development of
fibrous adhesions (2,3).

Procedures against adhesions involve pre-
vention of fibroblastic proliferation, preven-
tion of fibrin formation, mechanical and en-
zymatic removal of fibrin, use of fibrinolytic
agents, separation of surfaces, and inhibition
of fibroblastic proliferation with antihista-
minic drugs or cortisone. Numerous thera-
peutic agents have been used in the attempt
to prevent postoperative adhesions (2). Re-
cently, it has been shown that sodium car-
boxymethylcellulose (SCMC) is effective in
reducing adhesion formation (4). Solutions
of this material can be prepared to mimic the
viscosity of body fluids such as synovial
fluid and aqueous humor. The high molecu-
lar weight (350,000) and slow peritoneal
absorption of SCMC enhance its ability to
separate serosal and peritoneal surfaces dur-
ing epithelial regeneration (1,5-8). The pos-
tulated mechanism of action for SCMC is
the creation of a �flotation bath� during the
period of epithelial regeneration which pre-
vents the apposition of serosal and perito-
neal surfaces blocking the formation of ad-
hesions (1,3,5,6,9). Another tenable expla-
nation is that SCMC produces its beneficial
effect by curtailing fibroblast activities or
proliferation and preventing fibrin deposi-
tion on the serosal surfaces of the injury
(10). It may also inhibit the movement of
inflammatory cells and cellular elements
during the period of peritoneal repair (10,11).

Another factor that interferes with peri-
toneal healing after a trauma is cortisone,
which reduces the initial inflammatory pro-
cess and delays its subsequent stages. Corti-
sone also reduces the formation of granula-
tion tissue and inhibits fibroblastic prolifera-
tion (2,12). However, the literature presents
contradictory data about the effects of corti-
sone on wound healing (13-17). Some stud-
ies have suggested that wound healing and
integrity of the anastomosis are unaffected
by steroids (2,18). In 1994, we showed that
methylprednisolone reduces the resistance

of intestinal anastomosis in rats (12). Previ-
ous studies have demonstrated that beta-
methasone retards fibroplasia (19) and dexa-
methasone retards the healing process of
anastomosis in rats (20). Consequently, the
use of cortisone is accompanied by a high
incidence of anastomotic fistulas, abscesses
and sepsis.

The purpose of the present study was to
identify the effects of SCMC administered
intraperitoneally (ip) in combination with
intramuscular (im) methylprednisolone on
peritoneal adhesion formation as well as on
jejunal anastomosis resistance in rats.

Material and Methods

The present study was carried out on 20
adult Wistar rats of both sexes weighing
200-350 g from the animal facilities of the
Medical School, Federal University of Minas
Gerais, Belo Horizonte, MG, Brazil. The
animals were randomly divided into four
groups of five or six animals per cage and
received ration and water ad libitum.

Group I (control). Five animals studied
on the 5th postoperative day without ip ap-
plication of SCMC or methylprednisolone.

Group II. Five animals studied on the 5th
postoperative day after ip infusion of 12 ml
1% SCMC. Intramuscular methylpredniso-
lone (10 mg kg-1 day-1) was administered
daily from the first day before surgery to the
end of the experiment.

Group III (control). Five animals studied
on the 21st postoperative day without ip
application of SCMC or methylprednisolone.

Group IV. Five animals studied on the
21st postoperative day after ip infusion of 12
ml 1% SCMC. Intramuscular methylpred-
nisolone (10 mg kg-1 day-1) was adminis-
tered daily from the first day before surgery
to the end of the experiment.

SCMC was obtained from a local phar-
macy; 0.12 g was weighed and transferred to
empty penicillin vials. The vials were steril-
ized in an autoclave and the SCMC in each
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vial was diluted in 12 ml distilled water
immediately before its administration. The
substance was cultured for the detection of
bacteria and fungi before use. No microor-
ganism was detected.

The surgical procedure was performed
under inhalatory anesthesia with ether. All
animals were submitted to the same tech-
nique. Through a median laparotomy, the
jejunum was cut 10 cm from the duodeno-
jejunal flexure and anastomosed end-to-end
in one layer with 5-0 catgut. The abdominal
wall was closed in two layers with continu-
ous 2-0 Vicryl suturing.

After the scheduled time (5th or 21st
postoperative day), the animals were killed
with an ether overdose and the abdominal
cavity was examined. The extent of the ad-
hesions was graded according to the follow-
ing classification: grade 0 - complete ab-
sence of adhesions, grade I - adhesions re-
stricted to the anastomosis area, grade II -
adhesions close to anastomosis, and grade
III - adhesions far from the anastomosis not
related to the suture.

Bowel resistance was tested on the 5th
and 21st postoperative days. This parameter
was evaluated by measuring the rupture ten-
sion of two 10-cm bowel segments: one
containing the anastomosis in its center and
the other consisting of an intact segment of
jejunum located immediately after the first
segment. A three-way set of communicating
tubes was used to measure the rupture ten-
sion. It included a tube containing mercury
graduated in ml, a second tube introduced
into the proximal part of the jejunal segment,
and a third tube connected to an air pump.
The distal part of this segment was closed
with 2-0 silk. Air was gradually and uni-
formly insufflated into the jejunal segment
until its suture burst. The pressure that pro-
voked the burst was determined in the gradu-
ated tube.

A segment of the anastomosis was re-
moved from all rats and prepared for routine
histopathological analysis after staining with

hematoxylin and eosin.
The data for the groups were compared

statistically by ANOVA, with the level of
significance set at P<0.05.

Results

Table 1 shows the pressures of jejunal
rupture and the grade of adhesion in both
control and experimental groups. The resis-
tance of the anastomosis was significantly
lower compared to the intact jejunum in both
the control and experimental groups after 5
days (P<0.03). Groups I and II presented
lower anastomotic resistance than groups III
and IV. The resistance of the intact jejunum
did not differ among the four groups.

Anastomotic resistance was higher for
groups II and IV when compared with groups
I and III, respectively (P<0.05). It should be
emphasized that after 21 days there was no
difference in resistance between the anasto-
mosis and intact segment in either group.
Comparison of groups III and IV did not
show a difference in jejunal wall resistance.

The abdominal adhesion of group IV was
significantly less intense when compared
with group III (P<0.0008).

There was no histological differences be-
tween groups I and II. Both presented exu-
berant granulation tissue on the serosal sur-
face with intense vascular formation; fibro-
blasts and inflammatory mononuclear infil-

Table 1 - Resistance of jejunal anastomosis and intact jejunum and grade of adhesions
in the presence of sodium carboxymethylcellulose (SCMC) and methylprednisolone in
rats.

Group I (control) - 5 days; group II - 1% SCMC (12 ml) + methylprednisolone (10 mg
kg-1 day-1) for 5 days; group III (control) - 21 days; group IV - 1% SCMC (12 ml)  +
methylprednisolone (10 mg kg-1 day-1) for 21 days. Data are reported as means ±
SEM. *P<0.03 compared with the corresponding intact bowel; oP<0.05 compared
with group II; #P<0.002 compared with group III; +P<0.0008 compared with group IV
(ANOVA)

Parameters Group I Group II Group III Group IV

Anastomosis 7.8 ± 2.7*o# 12.2 ± 3.1*+ 23.6 ± 1.8+ 26.6 ± 2.1
Intact jejunum 22.8 ± 3.7 23.2 ± 4.7 22.8 ± 3.3 23.8 ± 2.7
Adhesion grade 1.2 ± 1.1 2.2 ± 0.5+ 2.0 ± 0.0+ 0.4 ± 0.6
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tration were also observed. The animals of
the control group studied on the 21st postop-
erative day presented some peritoneal fibrin-
ous tissue, relatively well organized, with
numerous thick collagen fibers, few inflam-
matory cells, and little vascular formation.
The animals submitted to SCMC and corti-

coid treatment showed extensive although
immature fibrous tissue with rare thick col-
lagen fibers (Figure 1).

Discussion

The peritoneum covers the abdominal
organs, and one of its main functions is to
prevent adhesions. This role is impaired when
inflammatory or trauma processes affect in-
tegrity of the serosa (2). In the present study,
the dose of methylprednisolone was chosen
on the basis of our previous studies and on
literature data that demonstrated an inhibito-
ry effect of the drug on wound healing
(12,17). According to the literature, the harm-
ful effects of corticoids are more evident
when the agents are administered before sur-
gery and maintained during the postopera-
tive period (12,21,22).

As expected, there was less peritoneal
adhesion in the animals submitted to SCMC
and methylprednisolone. However, in con-
trast to reports by others, this condition in-
creased the anastomotic resistance after the
5th postoperative day, with no difference
from the intact wall by the 21st postopera-
tive day. The histological findings for the
groups submitted to SCMC and corticoste-
roids presented thin healing tissue with dis-
organized collagen fibers although contain-
ing thicker fibrous tissue.

We cannot explain the physiopathology
of the increasing resistance in the presence
of SCMC and corticosteroids. In vitro ex-
periments have demonstrated that SCMC
phagocytosis does not affect the production
of oxygen free radicals by peritoneal macro-
phages. It is possible, however, that SCMC
quells the peritoneal inflammatory response
by preventing macrophage adhesion and cy-
tokine production (3). In any case, the ab-
sence of differences between the anasto-
motic resistance on the 21st postoperative
day and resistance of the intact jejunal seg-
ment suggests that anastomosis healing had
reached full resistance by this time in the

Figure 1 - Jejunal anastomosis of the control group (A) and animals submitted to sodium
carboxymethylcellulose and a corticoid (B) on the 21st day after surgery. A, Observe the
scarce peritoneal fibrinous tissue, relatively well constituted, with numerous thick collagen
fibers, few inflammatory cells, and little vascular formation. B, Note the extensive although
immature fibrous tissue with rare thick collagen fibers. Hematoxylin and eosin. A and B,
Magnification =  200X.
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presence or absence of adhesions. It is well
known that in clinical practice most anasto-
motic complications occur during the first
postoperative week. The late complications
observed in intestinal surgeries are obstruc-
tions due to adhesions or, very rarely, due to
anastomotic hyperplastic fibrosis.

In conclusion, the presence of SCMC
combined with corticosteroids reduces peri-
toneal adhesion formation and increases anas-
tomotic resistance. Further studies are nec-
essary in order to explain the role of adhe-
sions on intestinal healing.

References

1. Parra OM, Saad WA, Ferri S, Peduto L,
Ferraz Neto JB & Dal Colletto GM (1991).
Prevenção da formação de aderências
peritoneais pela associação carboximetil-
celulose-papaína. Arquivos de Gastroen-
terologia, 28: 63-68.

2. Ellis H (1971). The cause and prevention
of postoperative intraperitoneal adhe-
sions. Surgery Gynecology and Obstet-
rics, 133: 497-508.

3. Wurster SH, Bonet V, Mayberry A,
Hoddinott M, Williams T & Chaudry IH
(1995). Intraperitoneal sodium carboxy-
methylcellulose administration prevents
reformation of peritoneal adhesions fol-
lowing surgical lysis. Journal of Surgical
Research, 59: 97-102.

4. Petroianu A, Carvalho LB & Rocha KED
(1999). Prevention of abdominal adhe-
sions does not interfere with jejunal anas-
tomosis healing. Journal of Surgical In-
vestigation, 1: 149-156.

5. Elkins TM, Bury RJ, Ritter JL, Ling FW,
Ahokas RA, Homsey CA & Malinak LR
(1984). Adhesion prevention by solutions
of sodium carboxymethylcellulose in the
rat. I. Fertility and Sterility, 41: 926-928.

6. Elkins TM, Ling FW, Ahokas RA, Abdella
TN, Homsey CA & Malinak LR (1984).
Adhesion prevention by solutions of so-
dium carboxymethylcellulose in the rat. II.
Fertility and Sterility, 41: 929-932.

7. Parra OM, Saad WA, Ferri S, Peduto L,
Ferraz Neto JB & Dal Colletto GM (1991).
Dose-dependência da associação carboxi-

metilcelulose-papaína na prevenção de
aderências peritoneais. Arquivos de Gas-
troenterologia, 28: 99-102.

8. Yaacobi Y, Israel AA & Goldberg EP
(1993). Prevention of postoperative ab-
dominal adhesions by tissue precoating
with polymer solutions. Journal of Surgi-
cal Research, 55: 422-426.

9. Sahin Y & Saglam A (1994). Synergistic
effects of carboxymethylcellulose and low
molecular weight heparin in reducing ad-
hesion formation in the rat uterine horn
model. Acta Obstetrica et Gynecologica
Scandinavica, 73: 70-73.

10. Ryan CK & Sax HC (1995). Evaluation of a
carboxymethylcellulose sponge for pre-
vention of postoperative adhesions.
American Journal of Surgery, 169: 154-
160.

11. Hemadeh O, Chilukuri S, Bonet V,
Hussein S & Chaudry IH (1993). Preven-
tion of peritoneal adhesions by adminis-
tration of sodium carboxymethylcellulose
and vitamin E. Surgery, 114: 907-910.

12. Arantes VN, Okawa RY, Silva AA, Barbosa
AJA & Petroianu A (1994). Efeito da
metilprednisolona sobre a tensão anasto-
mótica jejunal. Arquivos de Gastroentero-
logia, 31: 13-18.

13. Alrich EM, Carter JP & Lehman EP (1951).
The effect of ACTH and cortisone on
wound healing. British Journal of Experi-
mental Pathology, 32: 77-84.

14. Howes EL, Plotz CM, Blunt JW & Ragan
C (1950). Retardation of wound healing

by cortisone. Surgery, 28: 177-181.
15. Oxlund H, Fogdestam I & Viidik A (1979).

The influence of cortisol on wound heal-
ing of the skin and distant connective tis-
sue response. Surgery Gynecology and
Obstetrics, 148: 876-880.

16. Sandberg N (1964). Time relationship be-
tween administration of cortisone and
wound healing in rats. Acta Chirurgica
Scandinavica, 127: 446-455.

17. Vogel HG (1970). Tensile strength of skin
wounds in rats after treatment with corti-
costeroids. Acta Endocrinologica, 64: 295-
303.

18. Mastboon WJ, Hendriks T, Man BM &
Boer HH (1991). Influence of methylpred-
nisolone on the healing of intestinal anas-
tomosis in rats. British Journal of Surgery,
78: 54-56.

19. Aszodi A & Ponsky JL (1984). Effects of
corticosteroid on the healing bowel anas-
tomosis. Annals of Surgery, 50: 546-548.

20. Martins Jr A, Guimarães AS & Ferreira AL
(1992). Efeito dos corticosteróides na ci-
catrização de anastomoses intestinais.
Acta Cirúrgica Brasileira, 7: 28-30.

21. Diethelm AG (1977). Surgical manage-
ment of complications of steroid therapy.
Annals of Surgery, 183: 251-263.

22. Gottrup F & Oxlund H (1981). Healing of
incisional wounds in stomach and duode-
num. Journal of Surgical Research, 31:
165-171.


