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Abstract
AIM: To explore the effects of fentanyl on insulin 
release from freshly isolated rat pancreatic islets in 
static culture.

METHODS: Islets were isolated from the pancreas 
of mature Sprague Dawley rats by common bile duct 
intraductal collagenase V digestion and were purified 
by discontinuous Ficoll density gradient centrifugation. 
The islets were divided into four groups according to 
the fentanyl concentration: control group (0 ng/mL), 
group Ⅰ (0.3 ng/mL), group Ⅱ (3.0 ng/mL), and group Ⅲ  
(30 ng/mL). In each group, the islets were co-cultured 
for 48 h with drugs under static conditions with fentanyl 
alone, fentanyl + 0.1 μg/mL naloxone or fentanyl + 
1.0 μg/mL naloxone. Cell viability was assessed by 
the MTT assay. Insulin release in response to low and 
high concentrations (2.8 mmol/L and 16.7 mmol/L, 
respectively) of glucose was investigated and electron 
microscopy morphological assessment was performed. 

RESULTS: Low- and high-glucose-stimulated insulin 
release in the control group was significantly higher 

than in groups Ⅱ and Ⅲ (62.33 ± 9.67 μIU vs 47.75 ± 
8.47 μIU, 39.67 ± 6.18 μIU and 125.5 ± 22.04 μIU vs 
96.17 ± 14.17 μIU, 75.17 ± 13.57 μIU, respectively, P < 
0.01) and was lowest in group Ⅲ (P < 0.01). After adding 
1 μg/mL naloxone, insulin release in groups Ⅱ and Ⅲ was 
not different from the control group. Electron microscopy 
studies showed that the islets were damaged by  
30 ng/mL fentanyl.

CONCLUSION: Fentanyl inhibited glucose-stimulated 
insul in release from rat is lets, which could be 
prevented by naloxone. Higher concentrations of 
fentanyl significantly damaged β-cells of rat islets.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
In recent years, anesthetists and surgeons have had to 
manage an increasing number of  diabetic patients. A 
concern for the anesthetist is how to control blood 
glucose and protect islet function in the clinical setting. 
Because the risk of  surgery and anesthesia is higher for 
these patients, it is particularly important to maintain 
whole-body glucose homeostasis during the perioperative 
period. It is well known that many drugs used during 
surgery for anesthesia or pain relief  have effects on 
pancreatic islets, for example, one study has demonstrated 
that β-endorphin, an endogenous opioid peptide, can 
inhibit insulin secretion[1]. Therefore, when administering 
drugs to diabetic patients, the surgeons and anesthetists 
must consider the protection of  islet function in these 
patients. Fentanyl was first synthesized 60 years ago and is 
currently the most popular opioid used in the preoperative 
period because of  its safety and efficacy. In addition, 
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fentanyl transdermal patches have been developed to 
manage chronic pain associated with diabetic neuropathy. 
These patches have been designed to provide continuous, 
rate-controlled systemic delivery of  the fentanyl base for 
up to 72 h[2,3]. 

The minimum effective plasma concentration of  
fentanyl is 0.63 ng/mL after intravenous administration 
and the therapeutic plasma concentration is 1-2 ng/mL. 
However, the plasma concentration often exceeds 3 ng/mL 
because many practitioners prefer to administer high 
doses of  fentanyl[4,5]. In most cancer cases secondary to 
disease progression, the initial median transdermal fen-
tanyl dose is generally 60-70 μg/h (release rate), which 
increases to about 170 μg/h over time[6]. Furthermore, 
a small proportion of  patients require doses of  between 
400 and 1000 μg/h in the latter stages of  therapy and the 
mean treatment period is often longer than 50 d. These 
large doses are associated with high plasma concentra-
tions (up to 14.5 ng/mL) which are linearly related to 
the dose[7,8]. Furthermore, fentanyl has been commonly 
used for patients undergoing cardiac operations because 
high doses of  fentanyl can stabilize the cardiovascular 
circulatory system during operations. After administra-
tion of  50-100 μg/kg fentanyl, the plasma concentra-
tion of  fentanyl in these patients is commonly above  
20-30 ng/mL[9]. However, high plasma concentrations 
of  fentanyl are associated with clinical side effects such 
as nausea and vomiting, constipation, skin itching and 
respiratory depression. So far, the potential effects of  
fentanyl on pancreatic islet β-cells remain unknown.

Because some opioid receptor agonists affect insulin 
release[10,11], it would be expected that high-doses of  
fentanyl would have an effect on islet insulin secretion. 
Studies have suggested that some opiates inhibit insulin 
secretion[12]. In mouse pancreatic islets incubated under 
static conditions, glucose-stimulated insulin release 
is inhibited by β-endorphin and endomorphin-1, 
endogenous opioid receptor agonists. This inhibition 
could be prevented by naloxone, an opioid receptor 
antagonist[13]. Therefore, we hypothesized that fentanyl 
would affect insulin release. Therefore, we investigated 
the effect of  fentanyl on rat islets in a static culture 
model and believe the results have important implications 
on the use of  fentanyl in clinical situations, particularly in 
people with diabetes.

MATERIALS AND METHODS
Animals
Male SD rats weighing 250-300 g were purchased from 
the Shanghai Laboratory Animal Center of  the Chinese 
Academy of  Sciences and housed under constant 
conditions of  temperature (20-22℃) and artificial lighting 
(12-h light-dark cycle) before taking part in the study. The 
study was carried out in accordance with the Guidelines 
for Animal Experimentation, Tongji University of  
Shanghai, China, and all the tests were approved by the 
Animal Experimentation Committee of  Tongji University 
of  Shanghai.

Islet preparation
After male adult rats were anesthetized with 50-75 mg/kg  
sodium pentobarbital, the abdominal wall was cut open 
and 10 mL of  Hank’s buffered saline solution (HBSS) 
containing collagenase V 1.0-1.2 mg/mL (Sigma Chemi-
cal Co., St Louis, MO, USA) was injected into the com-
mon bile duct of  the rat. The pancreas, which was 
swollen with the digestion solution, was quickly excised 
and immersed into a plastic culture bottle containing 
HBSS and incubated with shaking for 13-15 min at 37℃. 
The digested suspension was obtained by filtering the 
suspension through a 0.5-mm metal mesh and washed 
with HBSS containing 2% bovine serum albumin (BSA). 
A total of  300-400 islets were obtained from each rat 
by discontinuous Ficoll density gradient centrifugation 
(density: 1.100, 1.077) (Ficoll, Sigma Chemical Co., St 
Louis, MO, USA). After being washed with HBSS con-
taining 2% BSA, the islets were cultured for 24 h with 
5% CO2 and collected for further tests[14]. The islets 
were identified by dithizone (Sigma, USA) staining. Cells 
stained red under light microscopy were considered 
to be islets[15]. The combination dyes acridine orange 
(AO) and propidium iodide (PI) (AO: 0.67 μmol/L; PI:  
75 μmol/L) were applied to differentiate between viable 
and non-viable whole islets; the dyes stained living cells 
green and dead cells red using minimal background fluo-
rescence[16]. 

Groups
The islets were divided into four groups according to 
the fentanyl concentration used: control group (0 ng/mL), 
group Ⅰ (0.3 ng/mL), group Ⅱ (3.0 ng/mL), and group 
Ⅲ (30 ng/mL). In each group, the islets were co-cultured 
for 48 h with drugs as follows: fentanyl alone, fentanyl + 
0.1 μg/mL naloxone and fentanyl + 1.0 μg/mL naloxone. 
There were 12 wells in each group with 30 IEQ (islet 
equivalent, the diameter of  an islet of  150-200 μm equates 
to 1.7 IEQ) islets/well. An additional two groups were 
co-cultured with naloxone alone at concentrations of  0.1 
or 1.0 μg/mL.

Islet viability
The effect of  fentanyl on cell viability was measured by 
MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide] (Sigma, USA) assay to display a direct 
correlation with cell metabolism. After co-culturing with 
fentanyl for 48 h, 100 μL MTT solution was added to 
each well to a final concentration of  0.5 mg/mL per well 
and the plates were cultured for 4 h at 37℃. The su-
pernatant was then removed by the addition of  DMSO 
to each well to dissolve the deposition, and the optical 
density (OD) disparity was read at 490 nm using a spec-
trophotometer microplate reader (Labsystems, Finland). 
The inhibition of  islet cells caused by the different 
concentrations of  fentanyl was calculated using the for-
mula: inhibition rate (%) = (1 - ODdrug exposure/ODcontrol) × 
100[17,18]. 

4164    ISSN 1007-9327    CN 14-1219/R     World J Gastroenterol     September 7, 2009    Volume 15    Number 33



www.wjgnet.com

Glucose-stimulated insulin release assay in static 
culture 
After incubating with the drugs for 48 h, the islets were 
washed with serum-free and glucose-free medium twice. 
The insulin release stimulation test was performed by 
first incubating the islets in low (2.8 mmol/L) and then 
high (16.7 mmol/L) concentrations of  glucose in static 
culture medium for 1 h each. Supernatant from each well 
was collected and the insulin level was determined using 
a rat insulin radioimmunoassay kit (Linco Research, 
Inc, St Charles, MO, USA). The stimulation index (SI) 
was calculated by dividing the value of  high glucose-
stimulated secretion by the value of  low glucose-
stimulated secretion[19,20].

Electron microscopy studies
After co-culturing with fentanyl for 48 h, the islets in the 
control group and those in group Ⅲ were cut into thin 
sections and mounted on slides. Samples were stained 
with 2% uranyl acetate and lead citrate. The sections 
were viewed and photographed on a JEOL JEM-1230 
transmission electron microscope (Jeol Ltd., Japan) at 
80 kV.

Statistical analysis
Statistical and graphic analyses were performed with 
SPSS 13.0 software. Differences between groups were 
evaluated with one-way ANOVA or Kruskal-Wallis 
H tests, as appropriate, and the differences between 
two groups were analyzed with the LSD test or Mann-
Whitney U test. P < 0.05 was considered statistically 
significant.

RESULTS
Islet viability assessment
In this study, the rat islets were isolated from the rat 
pancreas with good quality. The viability was about 90% 
and the purification rate was about 95% (Figure 1). 
Fentanyl had no effect on cell viability (Figure 2).

Insulin release test
Fentanyl significantly inhibited the low and high concen-
tration glucose-stimulated insulin release in a concen-
tration-dependent manner (P < 0.01), and the insulin 
release was lowest at the concentration of  30 ng/mL  
(P < 0.01). After adding 0.1 μg/mL naloxone, fentanyl 
still significantly inhibited glucose-stimulated insulin re-
lease (P < 0.01). However, after adding 1 μg/mL naloxone, 

DC

BA Figure 1  The procedure of 
islets preparation. A: The 
islets were stained red by DTZ 
in digested pancreatic tissue; 
B: Pure islets isolated from 
digested pancreatic tissue; C: 
Pure islets stained by DTZ; D: 
The dye AO-PI stained living 
cells green and dead cells 
red in minimal background 
fluorescence (× 100).

Figure 2  The cell viability after co-culture with fentanyl. The viability 
measured by MTT was 100% in the control group. The viability of islets exposed 
to 0.3, 3 and 30 ng/mL fentanyl was 94.3%, 91.3% and 96.9%, respectively. There 
was no difference between groups. The data represent means ± SE.
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the insulin release showed no difference from that of  
controls. Naloxone had no effect on insulin release (Table 1).  
There was no difference in SI between any of  the groups 
(Table 2).

Evaluation of electron microscopy studies
Electron micrography of  β-cells in rat islets from the control 
group showed no pathological changes (Figure 3). After 
exposure to 30 ng/mL fentanyl for 48 h, the β-cells were in 
a poor morphological condition, and exhibited chromatin 
margination and severe cytoplasmic vacuolization and 
degeneration (Figure 4). 

DISCUSSION
Many studies have focused on islet isolation, application 
and function in the diabetes field. Many factors affect 
the isolation of  rat pancreatic islets; therefore, the yields 

and function of  the isolated islets vary considerably, 
despite the introduction of  novel or improved methods. 
Large variations in yields and function have been found, 
even if  the same sources of  collagenase are used[21]. In 
our study, the islets were isolated from the rat pancreas 
with good quality (viability rate was about 90% and 
purification rate was about 95%). Generally, we obtained 

Table 1  The glucose-stimulated insulin release (μIU) in response to fentanyl with different concentrations of naloxone (mean ± 
SD, n  = 12 )

Fentanyl alone    Fentanyl + 0.1 μg/mL naloxone     Fentanyl + 1 μg/mL naloxone

Low glucose High glucose Low glucose High glucose Low glucose High glucose

Control (0 ng/mL) 62.33 ± 9.67   125.5 ± 22.04 62.33 ± 9.67 125.5 ± 22.04 62.33 ± 9.67  125.5 ± 22.04
Ⅰ (0.3 ng/mL)  54.75 ± 5.93a 118.17 ± 16.81 54.33 ± 8.99 110.4 ± 15.69   61.5 ± 8.13 126.75 ± 16.48
Ⅱ (3 ng/mL)  47.75 ± 8.47b    96.17 ± 14.17b  45.92 ± 7.63b   88.25 ± 11.22d 59.75 ± 8.42 118.33 ± 21.09
Ⅲ (30 ng/mL)  39.67 ± 6.18b   75.17 ± 13.57b  36.33 ± 5.79b   68.67 ± 11.99d 61.08 ± 8.07   126.0 ± 15.54
Naloxone 61.67 ± 9.16 120.3 ± 18.04 60.67 ± 9.15   123.0 ± 20.89

aP < 0.05, bP < 0.01 vs control group (Mann-Whitney U test); dP < 0.01 vs control group (LSD test). Low- and high-glucose-stimulated insulin release in the 
3 and 30 ng/mL fentanyl groups was significantly lower than in the control group (P < 0.01), and was lowest with 30 ng/mL fentanyl (P < 0.01). After 
adding 0.1 μg/mL naloxone, insulin secretion in the 3 and 30 ng/mL fentanyl groups remained significantly lower than the control group (P < 0.01) and 
was lowest with 30 ng/mL fentanyl (P < 0.01).

Table 2  Stimulation index at different concentrations of 
fentanyl and naloxone (mean ± SD, n  = 12)

Fentanyl Fentanyl + 
0.1 μg/mL naloxone

Fentanyl + 
1 μg/mL naloxone

Control 
(0 ng/mL)

2.01 ± 0.21 2.02 ± 0.21 2.02 ± 0.21

Ⅰ (0.3 ng/mL) 2.17 ± 0.36 2.07 ± 0.35 2.08 ± 0.26
Ⅱ (3 ng/mL) 2.04 ± 0.26 1.95 ± 0.23 1.99 ± 0.34
Ⅲ (30 ng/mL) 1.89 ± 0.16 1.89 ± 0.19 2.08 ± 0.27
Naloxone 1.97 ± 0.29 2.04 ± 0.28
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Figure 4  Electron micrographs of rat pancreatic islet 
β-cells after exposure to 30 ng/mL fentanyl for 48 h. N: 
Nucleus; SG: Secretory granules; V: Vesicle; E: Endoplasmic 
reticulum. Chromatin margination and severe cytoplasmic 
vacuolization and degeneration were observed in the islets. 
Large and small vacuoles are present in the cytoplasm. The 
secretory granules and endoplasmic reticulum were much 
smaller than in the control group (A, × 10 000). In addition, 
endoplasmic reticulum and normal vesicles were almost never 
observed (B, × 12 000).
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Figure 3  Electron micrographs of β-cells in rat pancreatic 
islets of control group. N: Nucleus; SG: Secretory granule; V: 
Vesicle; E: Endoplasmic reticulum. The typical β-cells had an 
abundance of cytoplasmic granules and endoplasmic reticulum. 
The electron density of the granules increased when the 
granules were maturating in the vesicles. The mature secretory 
granules displayed a highly electron-dense core surrounded 
by a wide electron-lucent halo. The granules had a space 
between the core and the membrane. The vesicles showed a 
normal round outline (A, × 6000). There were many nascent 
granules in the β-cells; subsequent maturation involved further 
condensation of the matrix constituents and a reduction in 
granule diameter (B, × 8000).
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300-400 islets from each rat. This indicates that our 
method is efficient and provides high yields of  islets. 
The high yields and favorable function of  the isolated 
islets were attributed to the pancreatic tissue being 
infused and fully digested. Low yields of  islets typically 
result from insufficient digestion; therefore, we suggest 
that the digestion time and collagenase concentration 
should be optimized precisely for islet isolation.

Over the last two decades, despite the development 
of  more potent, safer, faster onset, and shorter- and 
longer-lasting opioids, fentanyl has remained the 
mainstay of  anesthesiologists and Certified Registered 
Nurse Anesthetists in the perioperative period, and 
for physicians involved in pain management. Because 
diabetic patients undergo higher risk procedures during 
the period of  operation and anesthesia, anesthetists 
and surgeons should protect islet function and try to 
minimize any harmful medical effects on islets during 
the procedure. Although some studies have suggested 
that some opiates inhibit insulin secretion, it was 
unknown whether fentanyl has a similar effect[12].

Before our current study, a number of  studies have 
demonstrated direct effects of  endogenous and selective 
opioid receptor agonists on insulin release[10,11]. Some 
opioid receptor agonists, such as methadone, were 
found to improve multiple-low-dose streptozotocin-
induced type 1 diabetes in mice, which suggests that the 
opioid receptor agonists improve insulin release in vivo[22]. 
However, other studies have suggested that some opiates 
inhibit insulin secretion[12]. β-endorphin seems to inhibit 
glucose-induced insulin secretion but, conversely, an 
excitatory effect has been reported in many studies[11,23]. 
These observations have yielded conflicting results with 
marked variations between species. Therefore, it could 
not be hypothesized whether fentanyl inhibits insulin 
release[13].

Our results clearly demonstrate that fentanyl inhibited 
glucose-stimulated insulin release from islets in vitro. 
Electron microscopy studies showed that the cells in the 
control group exhibited good viability but, after the cells 
were exposed to 30 ng/mL fentanyl for 48 h, chromatin 
margination and severe cytoplasmic vacuolization 
were observed, indicating that the cells were in a poor 
condition. Thus, our test suggests that the islets were 
injured by exposure to fentanyl at the concentrations 
tested. 

We know that glucose uptake by tissues is as likely 
to play a decisive role as does the release of  insulin. In 
the presence of  insulin, opioid receptors in the pancreas 
have been reported to regulate plasma glucose and the 
activation of  mu-opioid receptors, which could increase 
the utilization of  glucose in peripheral tissue to lower 
the plasma glucose[24,25]. In vivo, a potent opiate was 
shown to lower glucose levels by enhancing peripheral 
glucose utilization without improving insulin release[26]. 
Also, serum glucose levels are responsible for the altered 
potency of  mu-opioid agonists only during the early 
stages of  diabetes[27]. Thus, the plasma glucose-lowering 
response induced by mu-opioid receptor activation in vivo 
is not attributed to improved insulin release. 

Endogenous opioid receptors are expressed in 
endocrine pancreas and studies have indicated that 
endogenous opioid peptides and selective opiate receptor 
agonists suppress insulin release[28]. Thus, the effect of  
fentanyl on insulin release might be related to opiate 
receptor activation. Activation of  the opioid receptor 
initiates a cascade of  events that result in an array of  
biological effects, which inhibit insulin release [29,30]. 
It seems that fentanyl-induced mu-opioid receptor 
activation leads to the inhibition of  glucose-stimulated 
insulin release. This inhibitory effect could be reversed by 
high doses of  naloxone, an opioid receptor antagonist. 
Therefore, the activation of  opioid receptors induced by 
fentanyl appears to be a route by which insulin release is 
inhibited. 

There are two processes that take place during insulin 
secretion: hormone biosynthesis and release. Many drugs 
affect insulin secretion, although the exact mechanism 
varies. Many drugs have different effects on either of  
the two processes. For example, long-chain fatty acids 
powerfully increase insulin release and inhibit glucose-
stimulated pro-insulin biosynthesis[31,32]. In the present 
study, it is unknown which of  these processes are 
affected by fentanyl. Because fentanyl may be involved 
in both insulin release and biosynthesis[33,34], the role of  
opioid receptor activation on insulin secretion requires 
further investigation.

There are certain limitations in our experiment. 
The pharmacology of  the mu receptor signaling 
pathway involves G-protein coupling which, when 
activated, closes Ca2+ channels and opens K+ channels, 
resulting in a decline in intracellular Ca2+ levels and 
hyperpolarization; all of  which are short-term effects. 
The magnitude of  the insulin response to glucose is 
related not only to the absolute level of  glucose but also 
to the rate of  change in the glucose level. There are two 
phases of  insulin release. An acute increase in glucose 
level elicits a rapid and transient secretion of  insulin, 
called the first or acute-phase response, which subsides 
within 10 min. The second phase response begins when 
glucose levels increase slowly and progressively for up to 
4 h[35]. As in many other studies, we measured the insulin 
release over 60 min in static culture after incubating 
in low (2.8 mmol/L) and then high (16.7 mmol/L) 
glucose concentrations[19,20,36]. Therefore, the effect of  
fentanyl on glucose-stimulated insulin release in rat 
islets in dynamic culture also needs to be investigated. 
In addition, perfusion of  islets with glucose provides 
a dynamic profile of  the characteristics of  glucose-
stimulated insulin release, which could be used to fully 
determine the effect of  fentanyl on the inhibition of  
insulin release, and the ability of  the cells to down-
regulate insulin secretion after a fentanyl challenge are a 
focus of  our future studies.

In conclusion, fentanyl inhibited glucose-stimulated 
insulin release from islets, and the inhibition could be 
reversed by naloxone. Because islet function varies 
between animal species, translation of  our results to the 
clinical setting will necessitate further studies. However, 
our results indicate the potential for fentanyl to inhibit 
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insulin release; thus, it is necessary to test the plasma 
insulin level and the islet function regularly in patients 
treated with fentanyl, particularly patients treated with 
fentanyl for a long term and/or with high doses of  
fentanyl. Further studies are needed to explore the exact 
mechanism by which fentanyl affects islet insulin release.
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Fentanyl citrate is a potent synthetic narcotic analgesic extensively used for 
anesthesia and analgesia in the operating room and intensive care unit. In 
recent years, anesthetists and surgeons have had to manage an increasing 
number of diabetic patients. However, the effects of fentanyl on the glucose-
stimulated insulin secretion capacity of rat β-cells in vitro has remained unclear. 
Although some studies have suggested that some opiates inhibit insulin 
secretion, it could not be concluded whether fentanyl has a similar effect, 
because the earlier studies yielded conflicting results, with marked species 
variation. Therefore, this study investigated the effects of fentanyl on rat islets 
in static culture.
Research frontiers
This study is a novel field in diabetes investigation that has been largely 
overlooked. The research team used freshly isolated islets to study the 
effects of the opiate fentanyl on insulin release, which is an important subject 
for anesthetists and surgeons. In this study, the results demonstrated that 
fentanyl inhibited glucose-stimulated insulin release in rat islets and higher 
concentrations of fentanyl significantly damaged rat islets. 
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The study of effects of anesthetic and analgesic drugs on pancreatic islets is a 
novel field in diabetes management. This is the first study to report that fentanyl 
inhibits the release of insulin from rat islets. These findings would be helpful for 
clinicians who administer fentanyl.
Applications
The results may stimulate further investigation of diabetes management in the 
anesthesia field. These findings suggest that it is important to regularly test the 
plasma insulin level and islet function in patients treated with fentanyl for the 
long term and/or at high doses, and could help to develop novel approaches to 
help people with diabetes to maintain whole-body glucose homeostasis during 
the perioperative period.
Peer review
The author has used rat islets as a model to study the effect of the mu-opioid 
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