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Endogenous opioid peptides and ghrelin are synthesized in the gastro-intestinal tract and modulate its func-
tions in human and animals in physiological and pathophysiological conditions. Opioids, mainly Met-enkeph-
alin, and ghrelin are involved into regulation of appetite, gastric emptying, intestinal motility and intesti-
nal juices secretion. Obesity is a metabolic disorder of energy homeostasis caused by the overdose of energy 
contained in food in relation to the needs of the organism. Bariatric surgery is often considered as a method 
of obesity treatment being more effective with a long-term. However, it seems probable that surgery mark-
edly affects the interaction between these two endogenous peptides and their receptors. Thus the aim of the 
study was to compare the effect of two methods of bariatric surgery on the concentrations of Met-enkephalin 
and ghrelin in the stomach and other regions of the gastro-intestinal tract in rats. Experimentation was 
undertaken using 24 male Wistar rats divided into control and two experimental groups undergoing sleeve 
gastrectomy (GR) or gastric plication (GP). Three weeks after surgery blood and fragments of stomach, duode-
num, jejunum, ileum and ascending colon were collected. Plasma glucose and triglycerides were signifi cantly 
changed after the bariatric surgery. Both bariatric procedures signifi cantly but differentially changed the 
Met-enkephalin and ghrelin concentrations in the most of tested tissues. The obtained results clearly showed 
involvement of Met-enkephalin and ghrelin in the regulation of post-bariatric metabolic processes.
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INTRODUCTION

Endogenous opioid peptides are widely dis-
tributed in the central nervous system and in 

peripheral organs such as adrenal, heart, pancre-
as, lungs, liver and all parts of gastrointestinal 
system (KOLTA et al., 1992; STERNINI et al., 2004). 
Physiologically active small peptides are released 
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from their precursors which belong to three opi-
oid families β–endorphins, enkephalins and dyn-
orphins. In the gastrointestinal tract, opioid pep-
tides are present in neurons and endocrine cells 
of the mucosal layer. Opioids are synthesized in 
the enteric nervous system mainly in the dorsal 
root ganglion and transported to the nerve ter-
minals. Released peptides act in sto-mach and 
intestine through G-protein coupled receptors – 
MOR, DOR and KOR for endorphin, enkephalin 
and dynorphin, respectively (BAGNOL et al., 1997). 
The distribution of opioid receptors in the GI tract 
is uneven, MOR are present in the submucosal 
plexus, myenteric plexus and longitudinal mus-
cle of small intestine; DORs were detected in sto-
mach, intestines and are expressed in NPY sub-
mucosal neurons and in myenteric plexus toge-
ther with SP expression. The presence of KORs 
in GI tract was found in myenteric and submu-
cosal neurons, fi bres in muscle layer and mucosa 
(WOOD and GALLIGAN, 2004; SOBCZAK et al., 2014).

Opioids, particularly β-endorphin and Met-
enkephalin modulate functions of gastro-intesti-
nal (GI) tract in human and animals in physio-
logical and pathophysiological conditions. Under 
physiological conditions, opioids inhibit gastric 
emptying and intestinal motility, decrease bile, 
pancreatic and intestinal juices secretions (WOOD 
and GALLIGAN, 2004)

Long term treatment with drugs based on 
opioid molecules slows motility of GI, mucosal 
transport of fl uids and electrolytes and addi-
tionally have other side effects such as respira-
tory depression or even induction of opioid de-
pendence. It was found that opioids act on the 
enteric neurons through the interaction with 
other neurotransmitters such as acetyl choline, 
substance P, ATP, vasoactive intestinal peptide, 
NPY or neurokinine A (HOLZER, 2010; BROCK et 
al., 2012; HOLZER, 2014).

Additionally, opioids are involved into anal-
gesic response and regulation of appetite (PAR-
RISH, 2008). The latter mechanism is directed by 
the interaction with ghrelin in stomach and inte-
stines. Ghrelin is a 28 amino-acids peptide with 
an unique modifi cation on the N-terminal third 
amino acid –serine. Ghrelin, identifi ed by KOJIMA 
et al., (1999) as an endogenous ligand for growth 
hormone secretagogue receptors (GHSR-1a), is lo-
calized in the stomach and proximal GI tract and 
is involved into mediation of motility, gastric emp-

tying, induction of migrating motor complexes 
(DATE et al., 2000; KORBONITS et al., 2004; KOJIMA 
and KANGAWA, 2005; TACK, 2006; SATO et al., 2011).

Obesity is a metabolic disorder of energy ho-
meostasis caused by the overdose of energy con-
tained in food in relation to the needs of the or-
ganism. The results of energy imbalance are fi rst 
stage of metabolic disorders manifested by an 
increase in the excess storage in adipose tissue. 
The primary method of treatment for obesity is 
a conservative regime (diet, physical activity, 
pharmacotherapy). The effectiveness is estima-
ted at a low as 5% (long-term results of conser-
vative treatment of obesity). Bariatric surgery 
is more effective with a long-term effectiveness 
of 80% (DEMARIA, 2007). Its effectiveness can be 
decisive when selecting an effective method of 
treatment of obesity (MAGGARD et al., 2005; ABELL 
and MINOCHA; 2006, TUCKER et al., 2007). 

However, the results of the clinical observa-
tions indicated that patients undergoing these 
treatments manifest metabolic disorders have 
not seen before surgery (WHITSON et al., 2007). 
The studies have shown changes in the nervous 
BOECKXSTAENS and JONGE, 2009) hormonal and 
immune systems after bariatric surgery (LANGER 
et al., 2005; SUNDBOM et al., 2007; TYMITZ et al., 
2011; IVANO et al., 2013).

Opioid agonists used for the treatment of post-
operative pain may negatively contribute to post-
operative ileus by stimulation of MOR in the GI 
tract and inhibit the intestinal motility. Baria-
tric surgery drastically decreases the gastric vo-
lume what can change concentrations of the en-
dogenous opioid peptides and their receptors and 
also affects the ghrelin synthesis and secretion. 
It seems probable that surgery markedly affects 
the interaction between these two endogenous 
peptides and their receptors. Thus the aim of the 
study was to compare the effects of two methods 
of bariatric surgery on the concentrations of Met-
enkephalin and ghrelin in the stomach and other 
regions of the gastro-intestinal tract in rats.

MATERIALS AND METHODS

Experimentation was undertaken using 24 
male Wistar rats (Collegium Medicum UJ), 
weighing about 250 g. The rats were maintained 
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at a controlled temperature (20°C) and light re-
gime (12L:12D). Rats had free access to water, 
but feed was carefully weighed before and after 
the experimental procedure. After 24 hours of 
feed deprivation animals were divided into three 
groups: control and one undergoing sleeve gas-
trectomy (GR) and the other undergoing gastric 
plication (GP). Protocol was approved by I Local 
Ethics Committee.

Sleeve gastrectomy

Surgery was performed with anesthesia (ke-
tamine 10 mg/kg and droperidol 0.25 mg/kg b. wt 
administered intraperitoneally). The abdomi-
nal cavity was opened. Tube embolectomy 4 Ch 
was introduced into the stomach via the mouth. 
Then, the stomach was resected about three-
quarters along the probe and stapled from the 
side of greater curvature. 

Gastric plication

The procedure was similar to the sleeve gastrec-
tomy but part of stomach was folded about three-
quarters along the probe to inside instead being 
resected. Then it was stapled from the side of 
greater curvature.

The rats were kept in single cages for the next 
21 days. Then, animals were sacrifi ced by deca-
pitation after 24 hours of starving. The following 
were collected: blood and representative portions 
of the stomach, duodenum, jejunum, ileum and 
ascending colon. 

Determination of Met enkephalin, ghrelin, 
glucose and triglycerides concentrations

Plasma concentrations of glucose and trigly-
cerides were determined with commercial kits 
(Pointe Sci. USA). Tissue concentrations of both 
Met-enkephalin and ghrelin in the different re-
gions of the intestine were determined by radio-
immunoassay following the method described by 
PIERZCHALA and VAN LOON, (1990). Briefl y, this en-
tailed the following. Met-enkephalin was isolated 
using Porapak Q: column chromatography and 
elution with ethyl alcohol (99.8%). After lyophili-

zation, protein was dissolved with phosphate buf-
fer pH=6.5, antibody to Met-enkephalin (1:8000) 
and iodinated with 125I opioid (2500 cpm) were 
added and incubated at 4°C for 18-20 h. The next 
day, second antibody (0.1% anti-rabbit gamma-
globulin) was added and mixture was incubated 
for 30 min. Separation of the antibody and pep-
tide complex was achieved with polyethylene gly-
col 8000 (20%) and centrifugation.

Ghrelin was estimated in the fragments of 
gastrointestinal tract by RIA using commercial 
kits (Phoenix, USA).

STATISTICAL ANALYSIS

Data were analyzed by one way analysis of va-
riance with means separated by post hoc Tukey’s 
range text. Results are showed as ±SEM (n=6).

RESULTS 

Plasma concentrations of glucose and 
triglycerides (Table 1)

Both gastric procedures resulting in the drastic 
decrease of the stomach volume by almost 70% 
were accompanied by changes in the plasma con-
centrations of glucose and triglycerides. Plasma 
concentrations of glucose were depressed by 
9.2% in rats following sleeve gastrectomy and 
decreased by 24.3% (P<0.01) after gastric plica-
tion compared to controls. In contrast, plasma 
concentrations of triglycerides were increased 
(P<0.01) after GR and GP by respectively 58.4% 
and 53.2% [from 3.01±0.07 mmol/l in control 
rats to 4.77±0.23 (GR) and to 4.61±0.15 mmol/l 
(GP)].

TABLE 1. The effect of sleeve gastrectomy and gastric 
plication on the rat plasma levels of glucose and triglycerides 
( ± SEM, *P<0.01 compared with control)

Control Sleeve 
Gastrectomy

Gastric 
Plication

Glucose
mmol/l 4.11 ± 0.11 3.73 ± 0.09 3.11 ± 0.08*

Triglycerides 
mmol/l 3.07 ± 0.07 4.77 ± 0.11* 4.66 ± 0.12*
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Tissue concentrations of Met-enkephalin 
and ghrelin (Fig. 1-3)

There were marked changes in the tissue concen-
trations of both Met-enkephalin and ghrelin in all 
regions of the gastro-intestinal tract examined. 
The results for, respectively, the stomach, small 
intestine and colon are summarized in Figures 1, 2 
and 3. As might be expected, tissue concentrations 
of ghrelin in control rats were greater (P<0.001) 
in the stomach than in the small intestine which 
in turn are higher than in the colon (P<0.001). In 
contrast, tissue concentrations of Met-enkephalin 
in control rats were highest in the duodenum, 
declining (P<0.05) along the small intestine into 
the colon. Moreover, tissue concentrations of Met-
enkephalin in control rats were lower (P<0.01) in 
the stomach than in the duodenum. 

Stomach (Fig. 1A,B)

Tissue concentrations of ghrelin were lower 
(P<0.01) in the stomach pouch from GR and GP 
compared to control rats. The tissue concentra-
tions of Met-enkephalin were depressed by 20.0% 

in the GR treatment group [from 4.01±0.16 pmol/g 
in control rats to 3.21±0.11 pmol/g in GR rats] 
and by 25.4% in the GP rats [declining from 
4.01±0.16 pmol/g in control rats to 2.99±0.10 
pmol/g in GP rats]. 

Following gastric plication, stomach tis-
sue concentrations of ghrelin were decreased 
by 83.3% (P<0.001) [from 278.5±11.9 pmol/g in 
control rats to 46.6±5.3 pmol/g in GP rats]. Un-
expectedly in GR rats, tissue concentrations of 
ghrelin in the stomach were depressed by 18% 
(P<0.05).

Duodenum (Fig. 2A,B)

Tissue concentrations of Met-enkephalin in the 
duodenum of GP rats were somewhat elevated, 
albeit by only 6.9%  [from 7.67±0.8 pmol/g in con-
trols to 8.20±0.9 pmol/g in GP rats]. Similarly, 
tissue concentrations of ghrelin were increased 
by 57% (P<0.01) after gastric plication. There 
were no differences in duodenal concentrations 
of either ghrelin or Met-enkephalin after sleeve 
gastrectomy compared to control rats.

Jejunum (Fig. 2A,B)

Following sleeve gastrectomy, tissue concentra-
tions of Met-enkephalin were slightly depressed 
(P<0.05) by 15.0% [declining from 6.01±0.3 
pmol/g in control rats to 5.11±0.3 pmol/g in GR 
rats]. In contrast, after gastric plication, tissue 
concentrations of Met-enkephalin were increased 
(P<0.001) by 2.38 fold compared to those in the 
control rats [increasing from 6.01±0.3 pmol/g in 
control rats to 14.31±1.5 pmol/g in GP rats. 

Jejunal concentrations of ghrelin were un-
affected by sleeve gastrectomy. However, tis-
sue concentrations of ghrelin were increased 
(P<0.001) by more than four-fold higher after 
plication [increasing from 21.14±1.23 pmol/g in 
control rats to 116.53±9.65 pmol/g in GP rats]. 

Ileum (Fig. 2A,B)

Ileal concentrations of Met-enkephalin were in-
creased (P<0.001) in both GR and GP rats; the 

Fig.1. Met-enkephalin (A) and ghrelin (B) concentrations 
in rat stomach (±SEM, *P<0.05-0.001 compared with the 
control, #P<0.05 compared with sleeve gastrectomy). 
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increases being 202.13 % in GR [increasing from 
3.75±0.29 pmol/g in control rats to 11.33±1.87 
pmol/g in GR rats, P<0.001)] and 134.93 % in GP 
rats [increasing from 3.75±0.29 pmol/g in control 
rats to 8.81±0.91 pmol/g in GP rats (P<0.001)]. 
The difference between Met-enkephalin concen-
tration in GR and GP rats was statistically signi-

fi cant (P<0.001). Tissue concentrations of ghrelin 
were greatly decreased in GR and GP rats; the 
decreases being 78.19 % in GR [decreasing from 
66.11±5.93 pmol/g in control rats to 14.42±1.63 
pmol/g in GR rats] and 84.98 % in GP rats [de-
creasing from 66.11±5.93 pmol/g in control rats 
to 9.93±1.15 pmol/g in GP rats]. 

Fig. 2. Met-enkephalin (A) and ghrelin (B) concentrations in rat small intestine  (±SEM, *P<0.05-0.001 compared with the 
control, #P<0.01 compared with sleeve gastrectomy).      

Colon (Fig. 3A,B)

Tissue concentrations of Met-enkephalin in the 
colon were increased (P<0.001) by 2.18 fold fol-
lowing sleeve gastrectomy [increasing from 

2.99±0.22 pmol/g in control rats to 6.53±0.60 
pmol/g in GR rats]. There was no difference in 
the tissue concentration of Met-enkephalin in 
the GP and control rats. The tissue concentration 
of ghrelin was decreased by both surgical pro-



105Opioids and Ghrelin After Bariatric Surgery

cedures by 58.93% in GR rats [decreasing from 
7.11±0.59 pmol/g in control rats to 2.92±0.33 
pmol/g in GR rats, (P<0.001)] and 30.37% in GP 
rats [decreasing from 7.11±0.59 pmol/g in con-
trol rats to 4.95±0.56 pmol/g in GP rats P<0.01)]. 
The difference between ghrelin concentration 
in GR and GP rats was statistically signifi cant 
(P<0.05). 

tissues process and/or metabolize enkephalin 
precursor to different degrees. Similar results 
were obtained by KOLTA et al., (1992).

The ghrelin concentration was the highest in 
the stomach and similarly to the Met-enkephalin 
was decreasing along the intestine except the co-
lon where the level was almost the same as in du-
odenum. It is probable that in addition to its roles 
in appetite regulation, immunomodulatory, anti-
infl ammatory and antioxidant actions ghrelin has 
protecive effects in the colon (CERAN et al.,2013).

Both bariatric surgeries signifi cantly de-
creased the plasma level of glucose and unexpec-
tedly increased plasma level of triglycerides. 
Daily feed intake was much higher in control 
animals than in rats after surgery [25.4 g/rat/
day vs. 20.9 g/rat/day (unpublished data)]. GOLD-
PAIE et al., (2013) reported that bariatric surgery 
resulted in lowering plasma levels of fasting 
glucose and triglycerides in patients during six 
weeks period. Another study (GUIMARAES et al., 
2013) carried out on rats showed that 21 days 
after surgery, sleeve gastrectomy did not infl u-
enced the body composition and glucose, while 
gastric infl uence plication decreased body fat 
content. 

Gastric sleeve gastrectomy lowered Met-en-
kephalin concentration in the remaining part of 
stomach and in jejunum, in contrast opioid level 
was increased in the ileum and colon what may 
suggest that in the distant parts of the intestine 
synthesis and processing of proenkephalin were 
increasing (Fig. 2A, 3A). Also, it seems probable 
that increased concentration of opioids may serve 
as: 1. analgesic; 2. antidiarrheal; 3. slowering mo-
tility and emptying stomach drug. All of these 
functions improve recovery of the gastro-intesti-
nal tract after surgery and inhibit immune sys-
tem preventing the infl ammation (HOLZER, 2010; 
BOCHICCHIO et al., 2012; HOLZER, 2014). Unexpec-
tedly, gastric plication decreased Met-enkephalin 
concentration only in the stomach and increased 
in the duodenum, jejunum, and ileum what may 
suggest that such surgery is more severe than 
sleeve gastrectomy and stimulates synthesis and 
probably increases enzymatic hydrolysis of large 
enkephalin precursor. On the other hand, the 
activity of enkephalinases, which degrade endo-
genous opioids once they are secreted from neu-
rons or other cells in the gastrointestinal tract 
might be decreased (HOLZER, 2009).

Fig.3. Met-enkephalin (A) and ghrelin (B) concentrations in 
rat ascending colon (±SEM, *P<0.05-0.001 compared with 
the control, #P<0.01 compared with sleeve gastrectomy). 

DISCUSSION 

Endogenous opioid peptides are synthesized and 
released from all parts of the gastrointestinal sys-
tem and are involved into regulation of the intes-
tinal motility, exogenous and endogenous gastro-
intestinal secretions and appetite. The highest 
concentration of Met-enkephalin has been found 
in the duodenum and was subsequently decrea-
sing along the intestine by 22% in jejunum, by 
21% in ileum and by 61% in colon of control rats. 
Concentration of opioid in the stomach was low-
er by 35% compare to the duodenum level. The 
uneven distribution of Met-enkephalin in tested 
fragments of intestines may suggest that these 
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There were large decrease in both stomach 
tissue concentrations of ghrelin (Figure 1B) and 
plasma concentrations of ghrelin following gas-
tric plication. Similarly there was consistency 
between the small depression of stomach tissue 
concentrations of ghrelin and the absence of an 
effect on plasma concentrations of ghrelin follow-
ing gastric sleeve gastrectomy in rats ( GUIMARÃES 
et al., 2013) and the small decrease in patients 
that had undergone laparoscopic Roux-en-Y gas-
tric bypass surgeries (LEONETTI et al., 2003).

There was some lack of consistency between 
the effects of sleeve gastrectomy and gastric pli-
cation on tissue concentrations of either ghrelin 
or Met-enkephalin. For instance, jejunal con-
centrations of Met-ekephalin were elevated by 
gastric plication but depressed by sleeve gastrec-
tomy (Figure 2A). Similarly, colonic concentra-
tions of Met-ekephalin were elevated by gastric 
plication but unaffected by sleeve gastrectomy 
(Figure 2A). The lack of an effect of sleeve gas-
trectomy on duodenal concentrations of ghrelin 
is similar to the recent report of a lack of a sig-
nifi cant effect of sleeve gastrectomy on the num-
ber of ghrelin producing cells in the duodenum 
(TEIVE et al., 2012).

While gastric plication markedly decreased 
tissue concentrations of ghrelin in the stomach, 
there were reciprocal large increases in the tis-
sue concentrations of ghrelin in the duodenum 
and jejunum. It is argued that the increase in 
duodenal and jejunal concentrations of ghrelin 
refl ects a compensatory mechanism with poten-
tially circulating and/or lumenal ghrelin of sto-
mach origin suppressing ghrelin production 
in the upper small intestine. The physiological 
mechanisms underlying this remain to be eluci-
dated. In line with the present data, plasma con-
centrations of acylated ghrelin are elevated in 
people with chronic atrophic gastritis (CAMPANA 
et al., 2007). 

It was interesting that gastric plication was 
associated frequently with changes in the tis-
sue concentrations of both Met-enkephalin and 
ghrelin [e.g. increases in both in the jejunum and 
duodenum, large increases in tissue concentra-
tions of Met-enkephalin and large decreases in 
tissue concentrations of ghrelin in the duodenum 
and decreases in both in the stomach (Figure 2)]. 
This is at least suggestive of some linkage be-

tween gastro-intestinal production of ghrelin 
and that of Met-enkephalin, perhaps involving 
the same control mechanism.

To conclude, our results indicate that Met-en-
kephalin and ghrelin synthesized at the gastro-
intestinal tract might regulate the mechanism 
of recovery and mitigate the negative effects of 
gastric surgery.

To the best of our knowledge, this is the fi rst 
report on changes in ghrelin and Met-enkephalin 
in different regions of the gastro-intestinal tract 
following sleeve gastrectomy and gastric plica-
tion in any species. However, the physiological 
mechanisms underlying their interaction remain 
to be elucidated.
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