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Abstract
Phoenixin-14 ‎ (PNX ‎-14 ‎) is a newly identified neuropeptide with potential anti-inflammatory effects in the gastrointestinal 
tract. In this study, we evaluated the protective effect of PNX-14 against the formation of experimental indomethacin (IND)-
induced duodenal ulcer. Thirty-two ‎ male Sprague-Dawley rats were randomly assigned to the four following study groups: 
(1) negative control (2) IND (7.5 mg/kg subcutaneous IND), (3) famotidine (FA) (7.5 mg/kg subcutaneous IND followed by 
40 mg/kg intraperitoneal ‎ FA), and (4) PNX-14 (7.5 mg/kg subcutaneous IND followed by 50 µ/kg intraperitoneal ‎ PNX-14). 
Outcome measures included macroscopic evaluation of duodenal lesion, serum levels of IL-1ß, TNF-α, IL-6, and IL-12, 
and tissue biochemical parameters of oxidative stress, including malondialdehyde (MDA)‎‏,‏‎ myeloperoxidase ‎‎(MPO) activity, 
superoxide dismutase (SOD) ‎activity, and catalase activity. Results        The macroscopic grade of duodenal lesions were 
significantly smaller in the PNX-14 group than in the IND group (p < 0.001). Serum inflammatory cytokines were signifi-
cantly increased in the IND group. PNX-14 treatment significantly decreased the serum levels of inflammatory cytokines 
(p < 0.0001). Oxidative contents (MDA and MPO activity) were significantly smaller in the PNX-14 group compared with 
the IND group (p < 0.0001), while anti-oxidative contents (SOD and catalase activity) were significantly more (p < 0.0001). 
PNX-14 was superior to FA in several anti-inflammatory properties, such as inhibiting the release of inflammatory cytokines 
and increasing the catalase activity. PNX-14 showed significant protective effects against the formation of IND-induced 
duodenal ulcers. These results suggest a promising therapeutic implication for PNX-14 in the treatment of gastrointestinal 
inflammatory disorders.
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Introduction

Several homeostatic functions are regulated by the neuro/
humoral interplay between the central nervous system and 
the gastrointestinal tract (Carabotti et al. 2015; De Vadder 
and Mithieux 2015‎; ‎Abdullah et al. 2020‎). Several disorders 
have also been linked to this axis’s dysfunction, including 
gastrointestinal diseases such as irritable bowel syndrome 
and psychiatric disorders such as depression and autism 

spectrum disorder (Buhmann et al. 2014; Mayer et al. 2014; 
Luna and Foster 2015;‎‎ Dinan and Cryan 2017; Sinagra et al. 
2020). Restoration of this function is shown to contain thera-
peutic implications (Bonaz et al. 2018; Sinagra et al. 2020).

Phoenixin ‎ (PNX ‎ ‎) is a newly discovered peptide of the 
gut-brain axis with two active isoforms: PNX-14 and PNX-
20. It is shared between several species, including humans 
and rodents, in a highly conserved structure. Initially, PNX-
14 was identified as a reproductive peptide. Later, it was 
acknowledged as a pleiotropic gut-brain peptide with sev-
eral additional physiological roles such as inhibiting vis-
ceral pain, inducing anxiety, improving memory retention, 
and eliciting pruritus (Yuan et al. 2017 ‎; ‎ ‎Schalla and Stengel 
2018). Recently, the protective effects of PNX‑14 against 
lipopolysaccharide‑induced inflammation have also been 
demonstrated (Wang et al. 2020).

Inflammatory bowel diseases (IBD) are a group of 
chronic intestinal inflammatory disorders with a relapsing 
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and remitting clinical course and two main subgroups: 
Crohn’s disease (CD) and ulcerative colitis (UC). Despite 
effective therapeutic modalities, a subset of patients either 
do not respond to therapy or lose response over time. There-
fore, the identification of new therapeutic options is of con-
siderable value (Hazel and O’Connor 2020).

Although IBD etiology is not well understood, it has been 
attributed to the host-microbial interactions in individuals 
with genetic susceptibility, causing an aberrant immune 
response to the gut microbiota (Fakhoury et al. 2014). Fur-
thermore, it is known that the gut microbiota, the enteric 
nervous system, and gut hormones are particularly inter-
related (Schalla and Stengel 2018). Considering PNX-14 as 
a neuropeptide in the gut-brain axis (Wei et al. 2020), its 
potential role in gut microbial balance and immunomodula-
tion (Hansen and Sartor 2015; Schalla and Stengel 2018), 
and its anti-inflammatory properties (Wang et al. 2020), we 
hypothesized that it could be involved in the pathogenesis 
of gastrointestinal inflammatory disorders such as IBD. If 
so, PNX-14 supplementation might have therapeutic impli-
cations in the management of these disorders. This study 
aimed to find if PNX-14 protects against experimental indo-
methacin (IND)-induced duodenal ulcer in the experimental 
model.

Materials and Methods

Animals and Study Design

This study was approved by the National Committee on 
‎Ethics in Biomedical Research ‎ ‎(ethics.research.ac.ir) of the 
Islamic Azad ‎University, Science and Research Branch and 
‎approved ‎with the ethics ID ‎IR.IAU.SRB.REC.1396.189. ‎ 
Moreover, according to Helsinki’s ‎declaration, it ‎was con-
ducted with appropriate caution to respect the welfare of 
‎animals used ‎in ‎this research. ‎.

In experimental research, a total of 32 4-month-old adult 
male Sprague-Dawley rats with an average weight of 220 g 
(range 200–250) were obtained from the animal house of 
our university. The rats were given a standard diet and kept 
under the temperature-controlled condition (24 ± 1 °C) and 
12/12 hours’ light/dark cycle. Rats were allocated into four 
study groups of eight rats using a simple randomization 
technique. The first group (negative control group) received 
the solvent liquid of IND (sodium bicarbonate, 0.1ml/100 g) 
subcutaneously for two consecutive days, with an interval of 
24 h. The second group (IND group) received subcutaneous 
IND (7.5 mg/kg) for two consecutive days, with an interval 
of 24 h. The third group (positive control for PNX-14 effect) 
received subcutaneous IND (7.5 mg/kg) followed by intra-
peritoneal‎ famotidine ( FA, 40 mg/kg), 15 min after the IND 
injection for three consecutive days, with an interval of 24 h. 

The fourth group (PNX-14 group) received subcutaneous 
IND (7.5 mg/kg) followed by intraperitoneal ‎ PNX-14 (50 µ/
kg), 15 min after the IND injection for three consecutive 
days with an interval of 24 h.

The rats were decapitated on the 4th day, and after col-
lection of trunk blood and centrifugation at 3000 rpm for 
15  min, the serum samples were extracted and kept at 
− 80 °C for further examinations. Subsequently, through 
a midline incision, the rats’ intestine was extracted and 
weighted. The duodenal lesions were graded macroscopi-
cally. Then the intestinal tissues were stored at − 80 °C for 
the analysis of biochemical parameters.

Macroscopic Appearance of Intestinal Tissues

Macroscopic grading of the duodenal ulcer was performed 
according to the scale introduced by Haber (1999). Accord-
ingly, the lesions were graded on a 0–5 scale as follows: no 
serous and mucosal change (grade 0), hyperemia and pete-
chial hemorrhages (grade 1), single mucosal erosion plus 
ulceration (grade 2), single mucosal erosion plus ulcera-
tion, and hyperemia (grade 3), multiple mucosal erosion and 
ulceration (< 2 cm) plus serosal erosion (grade 4), multiple 
mucosal erosion and ulceration (> 2 cm) plus serosal ero-
sion (grade 5).

Serum Inflammatory Cytokines

According to the manufacturer protocol, serum samples 
were tested for the level of inflammatory cytokines, includ-
ing IL-1ß, TNF-α, IL-6, and IL-12, using an enzyme-linked 
immunosorbent assay.

Biochemical Parameters

Malondialdehyde (MDA)

The thiobarbituric acid reactive substances (TBARS) assay 
was used for MDA evaluation (De Leon and Borges 2020). 
After homogenizing the intestinal tissues in trichloroacetic 
acid (15%) and extraction of supernatants, it was briefly 
exposed to thiobarbituric acid (TBA) and underwent 15 min 
centrifugation at 15,000 rpm and 100 °C, leading to the for-
mation of MDA-TBA2 adducts called TBARS. The final red-
pink color was measured spectrophotometrically at 532 nm.

Myeloperoxidase (MPO) Activity

After homogenization of intestinal tissues with 0.5% hexade-
cyltrimethylammonium bromide (HETAB) and centrifuga-
tion for 10 min at 12,000 rpm and 4 °C, supernatants were 
extracted and processed with 50 mM potassium phosphate 
buffer, o-Dianisidine (20 mg/ml), and H2O2 (20 mM). After 
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three min incubation at room temperature, the absorption 
was measured at 450 nm to estimate MPO activity (Krawisz 
et al. 1984).

Superoxide Dismutase (SOD) Activity

SOD activity was assessed using the riboflavin method (Ber-
trand and Eze 2014). Briefly, the tissues underwent centrifu-
gation for 10 min at 4000 rpm. Then, the supernatants were 
exposed to 0.028 mM riboflavin standard. Subsequently, the 
fluorescent light source (20 w) generated superoxide anion 
radicals from light-excited riboflavin. Finally, the absorption 
was measured at 460 nm to estimate the SOD activity.

Catalase Activity

The tissues were centrifuged for 10 min at 4000 rpm. Then 
the supernatants were incubated with sodium-potassium 
phosphate buffer (50 mM) and H2O2 (30 mM). Catalytic 
activity was measured following the decomposition of H2O2 
and the release of O2. the absorption was measured at 240 
nm (Shangari and O’Brien 2006).

Statistical Analysis

Statistical analysis was performed using GraphPad Prism 
version 9.00 for Windows (GraphPad Software, San 
Diego, California USA). Shapiro–Wilk test was used to 
test the normality of distribution. One-way analysis of 
variance (ANOVA) test or its nonparametric counterpart 
(Kruskal–Wallis H test) was used to compare mean values 
between more than two groups, followed by Dunnett’s mul-
tiple comparisons test. Kruskal–Wallis test was also used 
for comparison of ordinal variables (macroscopic grade of 
ulcer). A p-value < 0.05 was considered significant.

Results

Macroscopic Evaluation of Intestinal Tissues

Induction of duodenal ulcer by IND led to the appearance 
of the duodenal lesion in the IND, FA, and PNX-14 group. 
However, the grade of lesions was significantly lower in 

the FA and PNX-14 groups (p < 0.001 for both). No ulcera-
tive lesion was seen in the duodenum of the normal con-
trol group. The ulcer’s grade was not significantly different 
between the FA and PNX-14 groups (p = 0.39) (Table 1; 
Fig. 1). 

Serum Inflammatory Cytokines

IL‑1ß

The mean serum IL-ß level was significantly increased 
in the IND group compared to the negative control group 
(mean difference: 22.8 pg/ml, p < 0.0001). FA and PNX-14 
treatment significantly decreased the serum levels of IL-1ß 
as compared to the IND group (mean difference: 7.84 pg/
ml, p = 0.014 and mean difference: 12.8 pg/ml, p < 0.0001, 
respectively). Reduction of serum IL-1ß was more signifi-
cant in the PNX-14 group than the FA group (mean differ-
ence: 4.93 pg/ml, p = 0.018) (Fig. 2a).

TNF‑α

The mean serum TNF-α level was significantly increased 
in the IND group compared to the normal control group 
(mean difference: 28.1 pg/ml, p < 0.0001). FA and PNX-14 
treatment significantly decreased the serum levels of TNF-α 

Table 1   Grade of duodenal 
ulcer in different study groups

IND indomethacin; FA famotidine; PNX-14 Phoenixin-14

Group Grade 0 Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

Negative control 8 0 0 0 0 0
IND group 0 0 2 2 3 1
IND + FA group 0 2 4 2 0 0
IND + PNX-14 group 1 2 4 1 0 0

Fig. 1   Macroscopic evaluation of intestinal tissues showing a marked 
increase in the indomethacin (IND) group compared to the Normal 
group and a significant decrease in the Phoenixin (PNX-14) With dif-
ferent concentrations and Famotidine (FA) treated ‎group compared 
to the IND group. Data are presented as mean ± standard devia-
tion. Asterisks ‎indicate the level of significant difference: ∗p < 0.05, 
∗∗p < 0.001, and ∗∗∗< 0.001
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as compared to the IND group (mean difference: 16.8 pg/
ml, p = 0.0005 and mean difference: 23.6 pg/ml, p < 0.0001, 
respectively). Reduction of serum TNF-α was more signifi-
cant in the PNX-14 group than the FA group (mean differ-
ence: 6.78 pg/ml, p = 0.005) (Fig. 2b).

IL‑6

The mean serum IL-6 level was significantly increased in the 
IND group compared to the normal control group (mean dif-
ference: 25.4 pg/ml, p < 0.0001). FA and PNX-14 treatment 
significantly decreased the serum levels of IL-6 as compared 
to the IND group (mean difference: 17.7 pg/ml, p = 0.0006 
and mean difference: 25 pg/ml, p < 0.0001, respectively). 
Reduction of serum IL-6 was more significant in the PNX-
14 group than the FA group (mean difference: 12.9 pg/ml, 
p = 0.0008) (Fig. 2c).

IL‑12

The mean serum IL-12 level was significantly increased 
in the IND group compared to the normal control group 

(mean difference: 35.4 pg/ml, p < 0.0001). FA and PNX-14 
treatment significantly decreased the serum levels of IL-12 
as compared to the IND group (mean difference: 20 pg/
ml, p < 0.0004, and mean difference: 35 pg/ml, p < 0.0001, 
respectively). The reduction of serum IL-12 was more sig-
nificant in the PNX-14 group than in the FA group (mean 
difference: 15 pg/ml, p = 0.0002) (Fig. 2d).

Antioxidant Activity

MDA

The mean duodenal MDA was significantly increased 
in the IND group compared to the normal control group 
(mean difference: ‎40.1 nmol/g tissue, p < 0.0001). FA and 
PNX-14 treatment significantly decreased the duodenal 
MDA activity compared to the IND group (mean differ-
ence: 38.4 nmol/ g tissue, p < 0.0001 and mean difference: 
35.6 nmol/ g tissue, p < 0.0001, respectively). The mean 
reduction of MDA activity was more significant in the FA 
group than the PNX-14 group (mean difference: 2.8 U/g 
tissue, p = 0.024) (Fig. 3a).

Fig. 2   Evaluation of serum levels of IL-1ß a, TNF-α b, IL-6 c, 
and IL-12 d  showing a marked increase in the indomethacin (IND) 
group compared to the negative control (NC) group and a significant 
decrease in the Phoenixin (PNX-14) and Famotidine (FA) treated 

group compared to the IND group. Data are presented as mean ± 
standard deviation. Asterisks indicate the level of significant differ-
ence: ∗p < 0.05, ∗∗p < 0.001, and ∗∗∗< 0.001
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MPO Activity

The mean duodenal MPO activity significantly increased 
in the IND group compared to the normal control group 
(mean difference: ‎149.8 ‎ U/g tissue, p < 0.0001). FA and 
PNX-14 treatment significantly decreased the duodenal 
MPO activity compared to the IND group (mean differ-
ence: 117.3 U/g tissue, p < 0.0001 and mean difference: 
116.3 U/g tissue, p < 0.0001, respectively). The reduction 
of MPO activity was not significantly different between 
the FA and PNX-14 groups (mean difference: 1 U/g tis-
sue, p = 0.98) (Fig. 3b).

SOD Activity

The mean duodenal SOD activity significantly decreased 
in the IND group compared to the normal control group 
(mean difference: ‎8.7 ‎ U/g protein, p < 0.0001). FA and 
PNX-14 treatment significantly increased the duodenal 
SOD activity compared to the IND group (mean differ-
ence: 13.6 U/g protein, p < 0.0001 and mean difference: 
7.2 U/g protein, p < 0.0001, respectively). The mean ele-
vation of SOD activity was significantly greater in the FA 
group than the PNX-14 group (mean difference: 6.4 U/g 
protein, p = 0.03) (Fig. 3c).

Catalase Activity

The mean duodenal catalase activity was not significantly 
different between the IND and normal control groups (mean 
difference: ‎2.3 U/g tissue, p = 0.07). FA treatment did not 
significantly increase the duodenal catalase activity com-
pared to the IND group (mean difference: 0.7 U/g tissue, 
p = 0.47), while PNX-14 treatment did (mean difference: 
14.8 U/g tissue, p < 0.0001) (Fig. 3d).

Discussion

In this study, we investigated the protective effect of PNX-
14 against IND-induced duodenal ulcers in the laboratory 
model. According to our macroscopic observation, the 
severity of duodenal ulcers was significantly reduced when 
PNX-14 was also administered. The level of proinflamma-
tory cytokines, including IL-1ß, TNF-α, IL-6, and IL-12, 
was significantly lower in the serum samples of the rats 
who received PNX-14 than those who received IND alone. 
Besides, oxidative content (MDA and MPO activity) was 
significantly lower in the PNX-14 group, while anti-oxida-
tive content (SOD and catalase activity) was significantly 
more. Compared to the FA group, the effects of PNX-14 on 

Fig. 3   a–d Evaluation of duo-
denal malondialdehyde (MDA) 
activity (a),‎ myeloperoxidase 
(MPO) activity (b), superox-
ide dismutase (SOD) activity 
(c), and catalase activity (d) 
in the study groups. Asterisks 
indicate the level of significant 
difference: NC; non-significant, 
∗p < 0.05, ∗∗∗∗p < 0.0001,
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inhibiting the release of inflammatory cytokines and increas-
ing the catalase activity were more significant.

To date, several potential roles have been suggested for 
PNX-14. The central nervous system has been attributed 
to improved memory recognition and mitigating memory 
impairment (Schalla and Stengel 2018). In addition, the 
reproductive system has been shown to potentiate LH secre-
tion, control the estrus cycle, stimulate oocyte maturation, 
and increase the number of ovulated oocytes (Billert et al. 
2020). Besides the effects of PNX-14 on the central nervous 
and reproductive system, its anxiolytic, anti-inflammatory, 
and cell-protective effects have also been demonstrated in 
several investigations (Billert et al. 2020).

The protective effect of PNX-14 against intestinal inflam-
mation has not been revealed in any earlier investigations. 
However, experimental data support the presence of a neu-
ronal connection between the gastrointestinal and central 
nervous system and the mediating role of neuropeptides in 
this interplay (Emge et al. 2016; Houser and Tansey 2017; 
Sinagra et al. 2020). In this respect, several studies have 
shown that psychological disorders are more prevalent in 
IBD patients (Graff et al. 2009; Walker et al. 2008). Besides, 
stress is attributed to aggravated IBD symptoms (Maaser 
et al. 2017). This bi-directional communication in the gut-
brain axis is partly manipulated via neuropeptides (Wei et al. 
2020).

Alteration of gut microbiota has been associated with sev-
eral disorders such as IBD, in which changes of gut-asso-
ciated neuropeptides have also been detected (Sanz and El 
Aidy 2019). Interestingly, neuropeptides are acknowledged 
as mediators in orchestrating the microbiota-gut-brain axis 
(Holzer and Farzi 2014; Hansen and Sartor 2015; Schalla 
and Stengel 2018) and immunomodulation (Chen et  al. 
2020; Nimer et al. 2020).

Nesfatin-1, a recently identified neuropeptide and an 
emerging player of the gut-brain axis, has been shown to 
contain protective effects against colitis induction in the 
experimental model, besides its anorexigenic, neuroprotec-
tive, and anti-apoptotic effects (Ozturk et al. 2015). Pałasz 
et al. revealed that PNX-14 is highly co-expressed with nes-
fatin-1 in the rat hypothalamus and suggested a potential 
functional relationship between these two neuropeptides 
(Pałasz et al. 2015). The present study reveals that PNX-14, 
similar to nesfatine-1, has protective effects against intestinal 
inflammation, suggesting a functional association between 
these peptides.

Recently, the anti-inflammatory effect of PNX-14 in astro-
cytes was shown in the study of Wang et al. In this respect, 
pretreatment of isolated mice astrocytes with PNX-14 sup-
pressed the production of inflammatory cytokines, including 
IL-1ß and IL-18. Moreover, the production of reactive oxygen 
species was suppressed. Accordingly, they suggested a poten-
tial role for PNX-14 in treating neuroinflammation (Wang et al. 

2020). In the present study, PNX-14 supplementation reduced 
the severity of IND-induced duodenal ulcers, decreased serum 
levels of inflammatory cytokines, and suppressed the produc-
tion of oxidative content. These observations suggest a protec-
tive role for PNX-14 against intestinal inflammation, which 
could have therapeutic utility in managing gastrointestinal 
inflammatory disorders such as IBD.

According to the present study, PNX-14 was superior to 
FA in modulating several duodenal inflammation indices, 
including proinflammatory cytokines and catalase activity. 
These observations further support the efficacy of PNX-14 
as a promising agent in the management of gastrointestinal 
inflammatory conditions.

The main limitation of the present study was the lack of 
further confirmation of the microscopic changes of duodenal 
tissue through histopathologic examination. This limitation 
was caused by the COVID-19 pandemic, which forced the 
due research lab to shut down. Therefore, future complemen-
tary studies are required to shed more light on the anti-inflam-
matory effect of PNX in the gastrointestinal system, both in 
animal and human models.

Conclusions

PNX-14 supplementation significantly prevents the formation 
of duodenal ulcers induced by IND. In addition, the preven-
tive effects of PNX-14 were superior to FA in several markers 
such as inflammatory cytokines and catalase activity. These 
observations suggest a promising anti-inflammatory role for 
PNX-14 in the gastrointestinal system with potential thera-
peutic implications in gastrointestinal inflammatory disorders 
such as IBD.
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