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Abstract

Non-steroidal anti-inflammatory drugs (NSAIDs) are commonly used in animals, especially in
dogs, to manage pain due to inflammatory disease. This study investigated whether plant drugs can
prevent mucosal injury induced by robenacoxib. We used fifteen healthy beagle dogs (7 male and
8 female) aged 4 months, weighing 4.2-5.1 kg at the beginning of the study. Endoscopy and biopsy of
the colon were performed before and on the 21 day treatment with robenacoxib (1), robenacoxib,
herbal solution with liquorice extract (2), placebo – an empty capsule (3). There were 5 animals in
each group. The greatest microscopic damage in the colon was observed in animals which received
robenacoxib. Plant drug administration reduced the severity of lesions in the colon when administered
with robenacoxib (ARI = – 0.15). Conclusion: concurrent administration of liquorice extract and
plant solution with robenacoxib was associated with significant decreased severity of the
robenacoxib-induced colonic mucosal lesions.
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Introduction

Coxibs cause gastrointestinal damage in dogs.
They have proven analgesic and anti-inflammatory ef-
fects, mostly for musculoskeletal disorders (Lascelles
et al. 2007). The mode of action of NSAIDs lies in the
inhibition of the enzyme cyclooxygenase (COX)
(Sakamoto et al. 2006, Lascelles et al. 2007). Prostag-
landins, produced by the gastrointestinal mucosa, ap-
pear to mediate mucosal defense (Almansori et al.
2005). While effective at relieving inflammation and
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pain, coxibs are associated with the potential risk of
adverse intestinal effects (Almansori et al. 2005).
Long-term NSAID therapy can generate erosions,
submucosal hemorrhages, rare ulceration or perfor-
ation (Deneuche et al. 2004, Jankowski et al. 2015). It
is appropriate, therefore, to search for new strategies,
including the co-administration of mucoprotective
plant extracts (Blumenthal et al. 2000, Huo et al.
2011).

The healing properties of liquorice extract on the
mucosa may result from stimulation of mucus syn-
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thesis (Blumenthal et al. 2000). Liquorice prepara-
tions seem to be successful in treating spasmodic pain
in chronic gastritis. The mucoprotective effect of
liquorice has been examined previously in dogs (Mor-
ris et al. 1974, Langmead and Lampton 2001). We
used liquorice root powder in capsules at a dose of 50
mg per day (Lukrecja; Herbapol Kraków, Poland).
In our study we also used a herbal solution consisting
of saponariae root, thyme, icelandic lichen and hyssop
root. Icelandic lichen exhibits antibacterial and
anti-inflammatory activity, and inhibits gastric acid se-
cretion. In veterinary practice Icelandic lichen is often
used to treat erosions, gastric hyperacidity, and mu-
cosal inflammation (Langmead and Lampton 2001,
Frondoza et al. 2004). The herb hyssop can signifi-
cantly reduce the number of intestinal bacteria and
binding of bacterial toxins. Hyssop reduces gas-
tromucosal inflammation and smooth muscle tension
(Poppenga 2001). In animals, the herb thyme is used
to prevent peptic ulcers by increasing the secretion of
mucus. Moreover, thyme exhibits antibacterial activity
(Smart et al. 1986). Saponariae root has been used
successfully in human medicine to protect the intesti-
nal mucosa (Langmead and Lampton 2001). We used
the tested herbal solution described above in dogs at
an oral dose of 0.1 ml/kg daily (Pectosol; Herbapol
Pruszków, Poland).

The present study was designed to investigate the
effects of a combination treatment of a selective
COX-2 inhibitor – robenacoxib – with herbal prepara-
tions with potential mucosal – protective action. Our
aim was to determine the extent to which liquorice
extract with herbal solution exhibits protective effects
when co administered with robenacoxib.

Materials and Methods

The study was approved by the Animal Research
Local Ethics Committee of the University of Warmia
and Mazury, Olsztyn, Poland.

Animals and experimental design

Fifteen beagle dogs (7 male and 8 female) aged
4 months, weighing 4.2-5.1 kg were used in the pres-
ent study. Before the study complete blood count and
serum biochemical analyses was performed to confirm
that the dogs were healthy. The dogs were placed in
three boxes, with five in each box. No mortality occur-
red during the study and, apart from diarrhea and
occasional blood in the feces, no abnormalities were
recorded. The study comprised 21 days of treatment.
All treatments were administered daily by the same

investigator, who performed a health examination
each day for evidence of vomiting, diarrhea, inap-
petance, or abdominal pain.

The dogs were randomly assigned to one of three
treatment groups (n=5 in each group). Group 1:
2 mg/kg robenacoxib per os, daily (Onsior; Novartis,
United Kingdom), group 2: 2 mg/kg robenacoxib and
50 mg/dog liquorice extract, and 0.1 ml/kg herbal sol-
ution per os, daily. The dogs in control group 3 re-
ceived an empty capsule orally.

Colonoscopy was done before and after three
weeks to take a mucosal biopsy. During endoscopic
investigation material for histopathological examin-
ation was collected. Specimens were fixed in 10% buf-
fered formalin, then saturated with intermediate sol-
utions, and finally embedded in paraffin blocks. Sec-
tions were stained with hematoxylin and eosin (Jacobs
et al. 1990, Kleinschmidt et al. 2006). Histopathologi-
cal evaluation of the colonic mucosa was performed
using the NIS-Elements BR 2.30 programme (Nikon,
Japan) under a Nikon Eclipse 80i optical microscope
equipped with a Nikon PS – Fi1 digital camera
(Eclipse 80i; Nikon, Japan) in the field of view (20
x 10). Microscopic lesions were assessed using the
author’s scale: no deviation from normal tissue (desig-
nated as 0 – no obvious changes compared to normal
tissue); very minor lesions (designated as 1 – changes
to 30% of the tissue); moderate lesions (designated as
2 – changes to 31-60% of the tissue). According to this
scale four types of lesions were evaluated, among
them are infiltration of the lamina propria with lym-
phoid cells, connective tissue proliferation, increased
diameter of glands and hyperemia.

Statistical analysis

Analyses of histopathological lesions in the co-
lonic mucosa allowing comparison between the
groups were carried out using the chi-squared test,
Cochran’s Q test and by calculating the z scores. The
Statistica 9.1 programme was used.

Results

Cochran’s Q test yielded statistically significant
differences among dogs in the groups (p<0.001). The
highest number of differences, 80%, were noted in
animal group 1, whereas dogs from group 2 varied just
20% from the placebo group.

The chi-squared test revealed significant differen-
ces among animals in the groups for infiltration of
lymphoid cells. For this variable, the lowest results
were reported in animals from group 1 (variable in
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Fig. 1. Morphological pattern of the colonic mucosa on day 21 of the experiment: A. Moderate focal infiltration of lymphoid cells
including crypts (arrows), in the right corner double magnification – group 2; B. Swollen glands filled with a large amount of
mucus (asterisks) and sloughed epithelial cells (arrows), in the left corner double magnification – group 1; C. Connective tissue
laying a thick band between the crypts (asterisks) – group 1; D. The blood vessels in the mucous membrane (arrows); E. Colonic
mucosa without lesions – group 3. HE staining, magnification as on the scale in micrometers.

Table 1. The scores distribution (in points of own scale / in
percentages) of the lesions in the colonic mucosa in dogs of
the day 21 of the experiment.

Infiltration of lymphoid cells

without minor moderate
Group

1 1 / 20 4 / 80 0 / 0
2 4 /80 1 / 20 0 /0
3 5 / 100 0 / 0 0 / 0

Increase in the diameter of glands

1 1 / 20 3 / 60 1 / 20
2 4 / 80 1 / 20 0 / 0
3 5 / 100 0 / 0 0 / 0

Proliferation of the connective tissue

1 2 / 40 3 / 60 0 / 0
2 4 / 80 1 / 20 0 / 0
3 4 / 80 1 / 20 0 / 0

Hyperemia

1 0 / 0 4 / 80 1 / 20
2 3 / 60 2 / 40 0 / 0
3 5 / 100 0 / 0 0 / 0

4 dogs), in which the z scores were significant and
achieved the result 2.22. Minor infiltration with lym-
phoid cells was found in just one individual from
group 2 (Fig. 1). These results most closely resembled
the findings in the control group, where this variable
was not detected (Table 1).

The chi-squared test also revealed differences
among the animals between groups for the increase in
the diameter of glands in the colonic mucosa
(p=0.00364). The majority of animals in which the
this lesion was found were in the groups administered
robenacoxib; it was detected in 4 dogs (3 minor
changes and 1 moderate). In all cases, the lesions were
mild (Fig. 1B). This type of change was observed in
biopsy specimens from one dog administered coxib
and plant remedies. This change was not observed in
biopsies in dogs from the placebo group. The z score
for this finding was statistically significant and
achieved the result 2.09 (Table 1).

For the changes defined as proliferation of the
connective tissue the chi-squared test revealed a lack
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of statistically significant differences among the
groups (p=0.10319). Minor proliferation of the con-
nective tissue was found in colonic biopsy specimens
from three dogs administered coxib (Fig. 1C), one dog
administered coxib with plant remedies, and one
which received an empty gelatin capsule (Table 1).

For hyperemia, we found that most of this variable
was in animals which received coxib for 21 days (the
highest z score was for group 1 – 2.49). In group 1 hy-
peremia was detected in all specimens (Fig. 1D). In
group 2, this type of lesion was found in 2 of the
individuals, whereas in the placebo group it was not
detected (Fig. 1E). In each case of this variable the
lesions were mild (Table 1).

According to the percentage distribution of hy-
peremia in dogs that were simultaneously adminis-
tered robenacoxib and plant products, the plant reme-
dies decreased the risk of hyperemia in the colon.

The risk of histopathological lesions in the colonic
mucosa increased most rapidly in animals from group
1 (absolute risk increase [ARI] = – 0.75). Whereas
the best result was recorded in dogs which received
the plant remedies together with coxib (group 3; ARI
= – 0.20). Absolute risk increase in the control group
– 0.15. In all cases, the confidence interval included
the integer 1.

Discussion

This study, under experimental conditions, was
the first to explore the effects of herbal remedies on
colonic mucosa in dogs; the effects of co administra-
tion of coxib and herbal remedies have not been re-
ported previously. Our study also focused on colon
side effects in dogs treated with NSAIDS for 21 days,
which is a chronic treatment (Jones et al. 1992). We
noticed that most studies in veterinary medicine on
side effects associated with administration of NSAIDS
have been limited to the stomach, and, rarely, the
duodenum. Recent studies in humans have indicated
that coxibs may also increase the risk of mucosa dam-
age to the lower section of the gastrointestinal tract
(Bjarnason et al. 1993, Luna et al. 2007, Fujimori et
al. 2008, 2009). The results of our study, under labora-
tory conditions, provide further confirmation of the
above observations.

None of the dogs in the present study developed
clinically observed side effects. This information can-
not be transferred to a clinical setting, in which pa-
tients are in pain and have other concurrent diseases.
In such circumstances lesions may be exacerbated and
result in clinical worsening. Recently, new reports
have revealed that coxibs can induce colonic damage
in dogs (Bernardi et al. 1994, Jackson 2000, King et al.

2009). Our histopathological studies indicated that
robenacoxib can damage the mucosa of the distal gas-
trointestinal tract. In a previous study in dogs aged
6 months, the administration of much higher doses of
robenacoxib than those used in our study was not as-
sociated with histopathological lesions in the colonic
mucosa (King et al. 2010, Gruet et al. 2011, 2013).

Based on our and some other researchers findings
there is obviously need for medicinal compounds with
protective actions on the gastrointestinal tract of dogs.
(Chen and Zhang 1990). In recent years have been
few studies about herbal medicines successfully used
in the treatment of ulcerative colitis in people (Be-
rnardi et al. 1994). There have been also couple stu-
dies of the effects of herbal remedies in dogs, most of
this studies have indicated that the herbal solution can
be used in veterinary medicine for the treatment of
intestinal disorders, with promising results (Blumen-
thal et al. 2000, Poppenga 2001, Viegi et al. 2003). In
our study, we found that only dogs receiving tested
herbal solution and liquorice extract coo administered
with robenacoxib showed no signs of irritation the co-
lonic mucosa. It is worth noting that liquorice has
been used in humans in the treatment of large bowel
ulcerations and gastric ulcers (Bernardi et al. 1994,
Viegi et al. 2003). This results are similar to ours in
field of large intestine.

In order to precisely examine the impact of the
products that we tested on the colonic mucosa of
dogs, we performed first endoscopy, than addition-
ally microscopic examinations taken samples. The
most frequent changes were observed in coxib group,
as opposed to group 2, which the least differed from
the placebo group. Comparisons results among the
groups with accordance to the severity and preva-
lence of different types of lesions showed that the
most severe infiltration of lymphoid cells into the
colonic mucosa was observed in animals from group
1. For comparison this type of changes was detected
in only one dog received coxib and the plant reme-
dies (group 2).

What is important also increases in gland diam-
eters were observed most often in dogs received
robenacoxib in monotherapy. The authors want to pay
attention that increases in gland diameters was detec-
ted just in one dog administered robenacoxib and the
plant remedies.

Proliferation of connective tissue in the colonic
mucosa was observed in 3 dogs that received coxib
alone, and just in one dogs from group 2 and 3.

In biopsy specimens collected from all dogs re-
ceived for 21 days coxib authors found colonic mucosa
hyperemia. Our results clearly suggest that use of the
two tested remedies containing herbs may, when coo
administered with robenacoxib, significantly decrease
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the risk of coxib-induced damage in the colonic mu-
cosa of young healthy dogs.

Conclusions

In our innovative study, we were able to prove that
robenacoxib induced lesions in the colonic mucosa of
healthy beagle dogs when administered for three
weeks. However, when tested coxib was administered
together with liquorice extract and herbal solution,
definitive smaller damage was observed, what was
confirmed by histopathological examination.

The most severe microscopic lesions were associated
with coxib administration. Moreover this tested herbal
combination was not associated with extensive his-
topathological lesions in biopsy specimens. The tested
plant remedies appeared to significantly reduce the se-
verity of coxib-induced damage to the colonic mucosa.

At this point we would like to highlight that men-
tioned results do not apply to all dogs. There are
a need to additional studies to measure the phar-
macokinetics of tested herbal solution and liquorice
extract in accordance with the distribution and elimin-
ation phases. This could confirm the suitability of pro-
posed by authors protocol for chronic use in veterin-
ary settings.
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