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Ulcerative colitis (UC) affects the mucosa and submucosa of the large intestine. One of
the mechanisms involved in its etiology is oxidative stress (OS), directly involved in the
inflammatory process characteristic of UC. The Campsiandra laurifolia, known as
acapurana, was described as possessing antioxidant properties. We used 24 male
Wistar rats, divided into control (CO), control +acapurana (CO + A), colitis (CL), and
colitis +acapurana (CL+ A) groups. This study performed histological analysis, mea-
suring anal sphincter pressure (ASP) and lipoperoxidation (LPO). The activity of the
antioxidant enzyme superoxide dismutase (SOD) and glutathione (GSH) levels were
evaluated. The expression of the nuclear factor kappa B (NFkB) and inducible nitric
oxide synthase (iNOS) was analyzed by immunohistochemistry. The statistical analysis
used was the one-way analysis of variance (ANOVA), followed by the Student-Newman-
Keuls test; values were expressed as mean + standard error, and the significance level
was p < 0.05. In the animals of the CL group, we observed the destruction of the crypts
and the presence of mucosal ulcers, edema, and submucosal inflammatory infiltrate, as
well as increased damage to the intestinal mucosa, reduced ASP, increased LPO and
SOD activity, reduced GSH levels, and increased expression of NFkB and iNOS. The
administration of C. laurifolia in the CL+ A group was shown to cause regeneration of
crypts, reduction of inflammatory infiltrate, reduction of damage to the intestinal
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mucosa, increase in ASP, and reduction in LPO with the restoration of SOD activity and
GSH levels. The immunohistochemistry of NFkB and iNOS was significantly reduced.
Therefore, the C. laurifolia aqueous extract appears to exert an antioxidant and anti-
inflammatory effect in rats with AA-induced colitis.

Introduction

Ulcerative colitis (UC) is a chronic inflammatory disease that
affects the mucosa and submucosa of the large intestine; it
could be more limited, affecting only the rectum, or in a more
extensive form when it involves the entire colon. Some
typical features of the disease are crypt abscesses, inflam-
matory infiltrates, superficial ulcerations, edema, necrosis,
and hemorrhage. Several mechanisms may be involved in the
etiology of UC, such as genetic, environmental, dietary
factors, inflammatory mediators, and oxidative stress
(0S).1-°

The induction of experimental colitis in rats by AA instil-
lation by enema is a reproducible model that allows the
observation of many similarities with UC in humans, includ-
ing histological, metabolic, and inflammatory infiltrate by
macrophages and neutrophils in the colon mucosa, in addi-
tion to increased production of inflammatory mediators and
reactive oxygen species (ROS).>’~10

The OS process is established from an imbalance between
the number of oxidizing substances and the antioxidant
capacity, and this imbalance can be caused by the high
production of ROS or by the reduction of antioxidant
defenses.'"1?

Experimental studies have shown a correlation between
nitric oxide (NO) and anal sphincter pressure (ASP) reduction
through an inhibitory action on smooth muscles, which
causes anal sphincter relaxation. An important source of
NO is the inducible nitric oxide synthase (iNOS) enzyme,
which is induced by proinflammatory cytokines and has a
fundamental role in the inflammatory process.”'>:14

The nuclear factor kappa B (NFkB) is present in the
cytoplasm in its inactive form and, when activated, migrates
to the nucleus and triggers the transcription of genes in-
volved in the inflammatory response. Studies have shown
that NFKB causes an increase in inflammatory mediators
such as interleukins, TNF-o, COX-2, and iNOS.”-13-1°

The Campsiandra laurifolia, popularly known as acapur-
ana, is used to treat abscesses, impingement, uterine infec-
tions, malaria, ulcers, arthritis, rheumatism, and especially
lesions caused by leishmaniasis, as it reduces its inflamma-
tory reactions.'®-20 Recently, a study showed that the aque-
ous extract obtained from the leaves of C. laurifolia has
saponins, tannins, and flavonoids, as well as a high content
of phenolic compounds and total tannins, a small content of
total flavonoids, and a high antioxidant potential, surpassing
the potential quercetin antioxidant.?’

Taking into account the high antioxidant potential of the
aqueous extract of C. laurifolia already evidenced, as well as
the lack of information about its toxicity, we aimed to
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analyze the antioxidant effect of the 25 mg/kg dose in rats’
UC, as well as analyze the expression of inflammatory
mediators iNOS and NFkB in these animals.

Methodology

Colitis induction was performed using an enema containing
4ml of 4% AA, this model being an adaptation of what was
described by Yamada et al. and Tannahill et al. The animals in
the control groups received 0.9% saline solution by enema in
a volume of 4 mL.2%%3

A total of 24 male Wistar rats, 60 days old and weighing
350¢g, were used. The animals were purchased according to
the specifications of the Animal Experimentation Unit from
registered suppliers of the Hospital de Clinicas de Porto
Alegre (HCPA). The animals were kept on a 12-hour light/
dark cycle, at a temperature of 22 +/— 2°C, and water and
feed were freely given. They were randomly divided into 4
experimental groups, each with 6 animals: in the rats in the
control (CO) and control +acapurana (CO+A) groups, an
enema with 0.9% saline solution was performed, whereas
in the animals in the colitis (CL) and colitis + acapurana
(CL+ A) groups, enemas were performed to induce colitis
with AA. The aqueous extract of C. laurifolia hulls was
provided by the Phytochemistry Laboratory of the Lutheran
University of Brazil (Canoas, RS, Brazil). The extract (25 mg/
kg) was administered orally by gavage, 24 and 48 hours after
the enema in animals in the CO+A and CL+ A groups.

On the third day after colitis induction, the animals were
anesthetized with isoflurane (4-5% induction and 2-3% main-
tenance) diluted in 100% O, (O, flow =0.5 L/min), and 8 cm
were removed from the distal portion of the large intestine,
with a part of the tissue immersed in 10% formalin for
histological and immunohistochemical analyses. The other
portion was frozen at-80°C for further analysis. All procedures
performed were approved by the Comissio de Etica no Uso de
Animais of the HCPA under number 2019-0196, and were in
accordance with the established by the Comité de Etica em
Pesquisa of the Grupo de Pesquisa e Pds-Graduagdo (GPPG) of
the HCPA, and following the recommendations of the Europe-
an Animal Research Association (EARA).

Histological Analysis

Histological analysis was performed with the material in-
cluded in paraffin blocks, 3 pm-thick sections were made
with a microtome, and slides were produced that underwent
staining techniques with hematoxylin-eosin (HE). The
changes observed microscopically were classified according
to the following scale: 0=no damage and mucosal
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inflammatory infiltrate; 1= presence of mild damage and
little inflammatory infiltrate in the mucosa; 2 = presence of
damage and moderate inflammatory infiltrate in two or
more areas of the mucosa; 3 =damage and severe inflam-
matory infiltrate in the mucosa, with ulceration and pres-
ence of edema and hemorrhage in the submucosa. The slides
were analyzed in a BX51 binocular microscope (Olympus,
Shinjuku, Tokyo, Japan) at 100x magnification.

Anal Sphincter Pressure

The ASP levels were measured before euthanasia, and the
animals were anesthetized at the time of the procedure.
Three consecutive measurements were taken using an ano-
rectal manometer (Proctossystem-Viotti, Sdo Paulo, SP,
Brazil) with a balloon catheter, and the mean between the
three values was calculated for the pressure result, which
was expressed in cmH,0.

Intestinal Homogenization

For tissue homogenate, 5ml of phosphate buffer (1.15% KCI)
per gram of tissue, and phenylmethylsulfonyl fluoride
(PMSF) at a concentration of 100 mM in isopropanol (10
pL/ml of KCl) were used. A homogenizer (QIAGEN GmbH,
Hilden, NRW, Germany) was used for one minute to obtain
the tissue homogenate, subsequently centrifuged for
10 minutes at 3000rpm in a refrigerated centrifuge. The
supernatant was removed and stored in a freezer at -80°C
for biochemical analysis.?*

Proteins

Protein concentration was determined by the Bradford
method, using bovine albumin as a standard. The samples
were analyzed in a spectrophotometer at 595 nm, and the
results were expressed in mg/ml and used to analyze lip-
operoxidation, superoxide dismutase activity, and glutathi-
one levels.®

Lipoperoxidation

Lipoperoxidation was evaluated by analyzing thiobarbituric
acid reactive substances (TBARS). A mixture of trichloro-
acetic acid (TCA) 10% and thiobarbituric acid (TBA) 0.67% was
added to the homogenate. The samples were heated to 100°C
and aftercooled, and butanol was added to extract the
pigment formed from the reaction of TBA with the lipoper-
oxidation products, and centrifugation was carried out at
3:00 pm. The supernatant containing the colored product was
analyzed in a spectrophotometer at 535 nm. The concentra-
tion of TBARS was expressed in nmol per milligram of
protein.26

Superoxide Dismutase Activity and Glutathione Levels
The analysis of the superoxide dismutase activity was made
through the enzyme’s ability to inhibit the reaction of the
superoxide anion radical with adrenaline. The adreno-
chrome is formed when adrenaline oxidation occurs, which
is detected spectrophotometrically at 480 nm. Results were
expressed in superoxide dismutase (SOD) units per milli-
gram of protein (USOD/mg prot).%’
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A phosphate buffer and dithionitrobenzoic acid (DTNB)
solution measured glutathione (GSH) levels in tissue homo-
genates. The spectrophotometer measured the GSH level at
412 nm in micromol per milligram of protein.?®

Immunohistochemical Analysis

The expression of inflammatory mediators NFkB and iNOS
was determined by immunohistochemical analysis. Sections
of the material included in paraffin blocks were obtained;
these sections were deparaffinized and rehydrated. After-
wards, antigen recovery and blocking of endogenous peroxi-
dase activity were performed. The slides were incubated
with monoclonal antibodies to NFkB and iNOS (Santa Cruz
Biotechnology, Santa Cruz, CA, USA). After washing them
with buffer, we incubated secondary anti-mouse IgG anti-
bodies (Santa Cruz Biotechnology, Santa Cruz, CA, USA) on
the slides.

The results were evaluated through a microscope
equipped with a digital camera to capture images using
the Qcapture (Teledyne Qimaging. Tucson, AZ, USA) software,
version 2.9.13. The quantification of NFkB and iNOS expres-
sion was performed with the Adobe Photoshop (Adobe
Systems Inc., Mountain View, CA, USA) software, version
CS3, which quantifies the expression of positive pixels.

Statistical Analysis

Statistical analysis was performed with the GraphPad Instat
(GraphPad Software, San Diego, CA, USA) software, version
3.0. The one-way analysis of variance (ANOVA) test was used
to analyze the results’ variance, followed by the Student-
Newman-Keuls test for parametric data. The results are
expressed as mean + standard error, and the adopted signif-
icance level was at least 5% (p < 0.05).

Results

Histological Analysis

In the histological slides of the animals in the CO and CO +A
groups (=Figs. 1a and -1b), it was possible to observe the
typical architecture of the intestine. The animals in the CL
group (=Fig. 1c) showed destruction and abscess in the
crypts, inflammatory infiltrate, edema, and hemorrhage in
the submucosa. In the animals in the CL + A group (~Fig. 1d),
it was possible to visualize crypt regeneration, reduction of
inflammatory infiltrate, and hemorrhage. The administra-
tion of the aqueous extract of C. laurifolia significantly
(p<0.01) reduced the damage to the intestinal mucosa
(p<0.01), as well as the edema and the inflammatory
infiltrate in the CL + A group, when compared with the CL
group (=Table 1).

Anal Sphincter Pressure

When measuring ASP, a significant reduction (p < 0.01) was
observed in the CL group when compared with the CO and
CO +A groups. The same parameter, when analyzed in the
CL+ A group, showed a significant increase (p <0.05) con-
cerning the CL group, with the reestablishment of the ASP in
the animals treated with C. laurifolia (~Table 1).
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Fig. 1 Histological analysis of the intestine of healthy rats with colitis and treated with C. laurifolia. Notes: A - control (CO); B - control +
acapurana (CO +A); C- colitis (CL); D - colitis + acapurana (CL + A). Magnification 100x. Legend: CP - crypts; SM - submucosa; black
arrow - inflammatory infiltrate; red arrow - hemorragy; red circle - abscess in the crypts. Source: Authors (2021).

Lipoperoxidation

The evaluation of lipoperoxidation by TBARS showed a
significant increase (p <0.01) in the CL group, when com-
pared with the CO and CO+A groups.I It also revealed a
significant reduction (p <0.01) in the CL+ A group, when
compared with the CL group (~Table 1).

Superoxide Dismutase Activity and Glutathione Levels
The SOD activity increased significantly (p <0.01) in the CL
group, when compared with the control groups, whereas in
the colitis group that received C. laurifolia treatment (CL + A),
there was a significant reduction (p <0.01) of the enzyme

activity when compared with the CL group (=Table 1). In the
evaluation of GSH levels, it was possible to observe a signifi-
cant reduction (p <0.01) in the CL group, when compared
with the CO and CO + A groups. Through this analysis, we also
observed a significant increase (p < 0.01) in the levels of GSH
in the CL + A group, when compared with the same parame-
ter in the CL group (~Table 1).

Immunohistochemical Analysis

In the evaluation of NFkB by immunohistochemistry, it was
possible to observe a low marking, visible by the brown
coloration, in the CO and CO + A groups (~Fig. 2aand -2b); in

Table 1 Microscopic damage rating values, ASP, TBARS, SOD activity, and GSH levels

Group Histological ASP TBARS SOD GSH

Score (cmH,0) (nmol/mg prot) (USOD[/mg prot) (#mol/mg prot)
co 0+0 304+1.3 0.34+0.03 6.18+1.17 0.088 +£0.005
CO+A 0+0 30.6+£2,5 0.3+0.03 5.18 £1.41 0.084 +0.002
CL 3+0° 13.74+0.7* 0.88+0.12* 12.78 +1.63" 0.046 +£0.005"
CL+A 1.5+0.22* 23.0+£0.7% 0.51+0.1* 3.9+1.4% 0.089+0.01*

Abbreviations: ASP, anal sphincter pressure; TBARS, thiobarbituric acid reactive substances; SOD, superoxide dismutase; GSH, glutathione. Notes: *
Statistically significant difference between the CL group with the CO and CO + A groups. # Statistically significant difference between CL + A and CL

group. Source: Authors (2021).
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Fig. 2 The NFkB immunohistochemical analysis. Notes: A - control (CO);
B - control + acapurana (CO + A); C- colitis (CL); D - colitis + acapurana
(CL+ A). Magnification 100x. E - NFkB expression. *Statistically significant
difference (p < 0.01) of the CL group regarding the CO and CO + A groups;
#Statistically significant difference (p < 0.01) of the CL + A group compared
with the CL group. Source: Authors (2021).

the CL group (~Fig. 2c), there was intense marking; and in
the CL+A group, treated with C laurifolia extract, the
marking visibly reduced (=Fig. 2d). The quantification of
NFkB expression (=Fig. 2e) showed that in the CL group,
there was a significant increase (p < 0.01) compared with the
control groups (CO and CO+A), and this expression was
significantly reduced (p<0.01) when the animals were
treated with C. laurifolia.

In the CL group (=Fig. 3c), intense labeling for the iNOS
enzyme was observed through immunohistochemistry,
whereas the CO and CO+A groups (~Fig. 3a and -3b)
showed low labeling for the enzyme. The treatment with
C. laurifolia reduced the positive labeling for iNOS in the
CL+ A group (=Fig. 3d). By quantifying the expression of
iNOS (=Fig. 3e), it was found that there was a significant
increase (p < 0.01) in the colitis group, when compared with
the control groups, and that when C. laurifolia was adminis-
tered in the CL + A group, there was a significant reduction
(p<0.01) of the expression of this enzyme compared with
that observed in the colitis group.

Through simple correlation analysis between ASP and
iNOS expression, it was found that there is a negative
correlation between the two variables. That is, as iNOS
expression increases, ASP decreases (~Fig. 4).
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Fig. 3 The iNOS immunohistochemical analysis. Notes: A - control (CO);
B - control 4 acapurana (CO + A); C- colitis (CL); D - colitis + acapurana
(CL+ A). Magnification 100x. E - iNOS expression. *Statistically significant
difference (p < 0.01) of the CL group compared with the CO and CO + A
groups. #Statistically significant difference (p < 0.01) of the CL+ A group
compared with the CL group. Source: Authors (2021).
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Fig. 4 Simple correlation analysis between ASP and iNOS expression.
Note: Control (CO); Control + Acapurana (CO + A); Colitis (CL);
Colitis + Acapurana (CL + A). Significance level was p < 0.05;
Correlation coefficient (r) =-0.9893. Source: Authors (2021).

Discussion

Although the etiology of UC is not fully known, it is known
that OS is a mechanism directly linked to the inflammatory
process present in this disease. Chemical models of colitis are
widely used and can be adapted to acute or chronic models,
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with AA, TNBS, and SDS being the main inducing agents used.
The AA colitis induction model was used for this study to
reproduce many acute features of UC in humans.”'0

A study examining the antioxidant properties an aqueous
extract of C. laurifolia shown the ability to regrow intestinal
crypts, reduce inflammatory infiltrates and edema, and
increase in the anal sphincter pressure and GSH levels.
Additionally, it reduces lipoperoxidation and increases su-
peroxide dismutase activity in rats treated with AA-induced
colitis, and given 50 mg/kg of the extract.?’ Based on the
results obtained in the study, as mentioned above, we
propose investigating whether a dose of 25 mg/kg of the
same extract would provide the observed antioxidant
effects, and whether it was capable of reducing the expres-
sion of inflammatory markers involved in the pathophysiol-
ogy of UC.

When examining the histology of the CO and CO+A
groups under the microscope, it can be seen that the crypts
and submucosa are preserved, and the intestinal mucosa is
intact. In the CL group, inflammatory focuses and severe
lesions in the intestinal mucosa are observed. In the colitis
group treated with C. laurifolia (CL+ A), regeneration of the
crypts, reduction of hemorrhage, edema, and inflammatory
infiltrate can be seen, with a 50% reduction in the histopath-
ological score of bowel damage compared with the CL group.
We found these same results in other studies using antiox-
idants. Filmann et al. used glutamine to treat AA-induced
colitis, and Helal and Elhameed used soursop in their studies.
Finally, Souza et al. used 50 mg/kg of C. laurifolia extract and
found no difference between the two doses.”?!>°

Nitric oxide (NO) acts in smooth muscle relaxation, as the
anal sphincter is composed of smooth muscle, NO is directly
linked to ASP. Previous studies have shown that in AA-
induced colitis, NO production increases, causing anal
sphincter relaxation, a reduction in ASP, and loss of control
over evacuation.””'> When C. laurifolia extract was adminis-
tered to animals with colitis, ASP increased in 68.3%, which is
similar to the increase observed in the CO + A group. The ASP
levels were reduced by 55.2% in the CL group, when com-
pared with the control group. According to these results, we
found the 25 mg/kg dose to be as effective in restoring ASP of
rats with colitis as the 50 mg/kg dose used in the study.’!

A significant increase of 173.9% in lipoperoxidation (LPO)
in the intestine was measured using the TBARS technique in
animals in the colitis group (CL) compared with the control
groups. Moreover, =Fig. 1cillustrates tissue degradation due
to the increase in LPO, which leads to the destruction of
crypts and cell structures. When animals with colitis were
treated with C. laurifolia, there was a significant reduction of
41.8% in LPO, when compared with the CL group. Souza et al.
found a reduction in LPO in the intestine of animals with
colitis treated with C. laurifolia, which can be attributed to
the composition of the extract rich in flavonoids and pheno-
lic compounds, since these substances can reduce free rad-
icals due to their free radical scavenger action.?'

The SOD enzyme activity showed a significant increase of
125% in the CL group, compared with the enzyme activity in
the control groups. The observed increase in enzyme activity
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may result from an attempt to reduce the damage caused by
the AA. When animals with colitis were treated with C.
laurifolia, there was a significant reduction of 70% in SOD
enzyme activity, when compared with animals in the CL
group, approaching the values found in the control groups.
This result agrees with what was observed by Souza et al., who
used the 50 mg/kg dose of C. laurifolia aqueous extract to treat
AA-induced UC, and our results demonstrate that half of this
dose was also successful in re-establishing SOD activity. The
results obtained in the CL+ A group can be attributed to the
presence of flavonoids and tannins in the aqueous extract of C.
laurifolia, as they are capable of scavenging free radicals
reorganizing the intestinal mucosa.?'-3°

Analyzing the GSH levels, a significant reduction of 47% in
the CL group is observed, compared with the controls. This
data corroborates the experimental findings observed in
other studies, and the reduction in GSH levels may be due
to an increase in OS. In the CL+A group, there was a
significant 96% increase in GSH levels, compared with the
CL group. By evaluating this data, along with lipoperoxida-
tion results, it is believed that the antioxidant action of the C.
laurifolia extract reduced the OS, causing a lower consump-
tion of GSH, keeping its levels similar to those observed in the
CO and CO +A groups. The results obtained in this work
corroborate the data obtained in other studies such as the
one performed by Hartmann et al., in which Boswellia serrata
was used as an antioxidant in the treatment of AA-induced
colitis, as well as with the results observed by Souza et al.
who administered the aqueous extract of C. laurifolia at a
dose of 50 mg/kg in rats with colitis.®

Through immunohistochemical analysis, it was observed
that there was a significant increase of 348% in the expres-
sion of NFkB in animals with colitis induced by AA, compared
with animals in the control groups, and that when the C.
laurifolia extract was administered to animals with colitis,
this expression reduced 63% regarding the CL group.

In the present study, we have shown that animals with
colitis have an increased OS, because of an increase in
reactive oxygen species (ROS), which caused a rise in NFkB
expression due to ROS, which has been known to activate
NFkB.”-131° There was also a decrease in lipoperoxidation
and an increase in GSH, as C. laurifolia at a dose of 25 mg/kg
protected the intestinal mucosa in animals with colitis.

Several studies have shown that NFkB activation in ani-
mals with colitis causes an increase in other inflammatory
mediators, such as iNOS, which was also investigated in this
study; we found a significant increase of 921% in the CL
group, compared with control groups. It was also observed
that when C. laurifolia was administered, iNOS expression
reduced to 86%, compared with the CL group, being similar to
controls.3® The iNOS is one of the main NO-producing
enzymes, and this is directly linked to anal sphincter relaxa-
tion, so the increase in iNOS expression in animals with
colitis indeed increased NO levels, and, consequently, re-
duced ASP. Furthermore, C. laurifolia reduced iNOS expres-
sion in animals from the CL+ A group and, consequently,
reduced NO levels, which caused an increase in ASP. This was
demonstrated through the simple correlation analysis,
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where it was possible to evidence that there is a negative
correlation between the ASP and the expression of iNOS,
being (r)=0.9893.

Conclusion

As a consequence of the results of this study, we could
conclude that the C. laurifolia aqueous extract exerted an
anti-inflammatory and antioxidant effect in rats with UC
induced by AA, restoring the crypts, decreasing inflammato-
ry infiltrates in the tissue, increasing the SOD, lowering LPO,
and restoring superoxide dismutase enzyme activity and
GSH levels, thereby restoring the intestinal mucosal archi-
tecture. It is suggested that these results are attributed to the
high antioxidant and anti-inflammatory potential, as well as
the high concentration of phenolic compounds, such as
tannins, found in the aqueous extract of C. laurifolia.
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