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The effect of time and temperature on viability and
performance of Langerhans islets separated from Balb/c
mouse after death
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Abstract Background: Tissue transplantation plays a pivotal role in the treatment of diseases. Pancreatic beta cell

~transplantation is the best way to obtain normal blood glucose in patients with diabetes type 1. However, it
is not clear how long endocrine pancreas cells can be used for transplantation after the donor’s death. The
present study was conducted to analyze the performance and viability of pancreatic islet cells after death.
Materials and Methods: Pancreas was separated from Balb/c mice at different times (0, 1, 4, 6, 12, and 24 h
after death) at temperatures of 4°C and 23°C, and was cultured in Roswell_Park _Memorial_Institute (RPMI)
1640. Insulin shock, MTT assay, aldehyde fuchsin staining, dithizone staining, and florescence microscopy
methods were applied to analyze the performance of beta cells, cell viability, islets’ diagnosis, islet cells’
diagnosis, and viable and necrotic cells diagnosis, respectively.
Results: Islets of Langerhans and beta cells were diagnosed. By increasing the temperature and time, the
viability and performance of beta cells decreased significantly (P < 0.05).
Conclusion: The best condition for keeping the islets of Langerhans in terms of viability and performance
is 4 h after death at temperature of 4°C.
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INTRODUCTION the tendency to use more favorable methods such as
transplantation of tissue components such as islets of
In recent decades, transplantation of different tissues ~ Langerhans.!! In the treatment of diabetes type 1, the
has played a significant role in the treatment of various  islet transplantation is more advantageous than the
diseases, and lack of volunteer donors has increased  whole pancreas transplantation, including possibility
of saving islets before transplantation, increasing

Access this article online the acceptance potential of transplantation,™ lack of

Quick Response Code: lifetime use of immunosuppressive drugs, solving the
Website: problem of insufficient transplant organs, decreasing

www.advbiores.net the mortality resulting from major surgeries of

organ transplantation and analyzing the quality

DOI: of islets and their performance outside the body by

10.4103/2277-9175.156657 researchers before transplantation.® Pancreas is both

an endocrine and an exocrine gland.” The exocrine
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acini of pancreas drain their secretions into duodenum,
and endocrine cells called Langerhans islets, function
in the metabolism of carbohydrates.’™ The endocrine
component comprises 1%—2% of pancreas.”! Islets of
Langerhans are compressed masses of epithelial cells
through which a labyrinth of capillaries penetrate.™
There are different types of cells in the islets, the
most important of which are alpha (present in the
periphery of islets and secrete glucagon hormone) and
beta cells (existing in the center of islets and secrete
insulin hormone)."® In recent years, separation of islets
has been one of the most applicable cases of pancreas
cell separation for the purpose of transplantation to
treat human diabetes type 1.”! After separating the
islets, it is possible to change the immunogenicity of
cells, to increase their immune functions and to isolate
immune cells by cellular coverage."%!! However,
recent studies have indicated that the most important
method of obtaining normal blood glucose in diabetic
patients is transplantation of pancreatic beta cells.[?1?!
The individuals who die from accidents are considered
a good source of pancreas cells for transplantation.
In principle, between the time of death and organ
donation, different tissues can survive in normal
conditions for a specific period of time; however,
it is not definite how long the cells can be used for
transplantation after the death. Thus, the present
study was aimed to investigate the viability and
performance of islet cells in various conditions after
death in order to evaluate the optimum conditions
in terms of time, place, and temperature to preserve
pancreas tissue and cells for the follow-up use such
as organ transplantation.

MATERIALS AND METHODS

Experimental animals and groups

Forty-eight male Balb/c mice with the weight
range of 25-30 g were purchased from Pasteur
institute (Tehran, Iran). The animals were kept
in the temperature of 24 + 2°C under controlled
environmental conditions, 12/12 h light/dark cycle
and free access to water and food.**! The mice were
classified into three groups: Group A: The mice were
sacrificed immediately after cutting the spinal cord
(control). Group B: The mice were kept in laboratory
conditions (23°C) for 1, 4, 6, 12, and 24 h after cutting
the spinal cord and then were sacrificed. Group C:
After cutting the spinal cord, the mice were kept in
refrigerator (4°C) for 1, 4, 6, 12, and 24 h and were
then sacrificed.

Separation and culture of Langerhans islets cells

The animals were sacrificed immediately after cutting
the spinal cord (cervical dislocation). The tissue
separated from the animal was placed in the sterile

Petri dish, the lipid and lymph glands were separated
by stereomicroscope (CETI), and part of the tissue
was removed for aldehyde fuchsin staining. The other
sections of the tissue were cut into 2 mm segments by
a surgical blade and 10 mL collagenase type H (Roche)
with concentration of 4 mg/mL was added to it and
kept in incubator for 20 min. The undigested segments
were separated by Pasture pipette and washed
several times with HBSS containing 20% fetal calf
serum (Gibco) and centrifuged for 1 min in 200 g
each time. The obtained solution was cultured for
24 h in RPMI-1640 medium (Sigma) supplemented
with 10% fetal bovine serum (FBS, Sigma) and 1%
penicillin—streptomycin (Sigma), and incubated at 37°C
and in humidified atmosphere containing 5% CO,.""!

Dithizone staining method

Dithizone staining method was used to confirm
Langerhans islets. This method is based on the
formation of the color complex obtained from
7Zn?* ion connection within islets and dithizone. After
separation and purification of the islets of Langerhans
from pancreas, 20 uL of the stain stock (Sigma) was
prepared for each milliliter of RPMI-containing islets
and incubated at a temperature of 37°C for 30 min.
After washing with FBS, the islets were analyzed by
an inverted microscope.!

Aldehyde fuchsin staining method

This method was used to diagnose the islets of
Langerhans and to determine cell death in the
tissue. Accordingly, 5 um sections were prepared
from pancreas. Tissue processing was performed
and tissue was blue by oxidation of potassium
permanganate 0.5% (Merck) and sulfuric acid
0.05% (Merck). Also, bleaching by 2.5% sodium
thiosulfate at 10 min and washing with water and
ethanol 70% (Merck) were carried out. Furthermore,
aldehyde fuchsin (Merck) staining, washing with
water and ethanol 96% (Merck), Celestine blue
staining (Merck), differentiation with acid ethanol
and orange G (Merck) and light green (Merck) staining
were performed as contrast. Moreover, washing with
glacial acetic acid (Merck), ascending percentages of
ethanol, clearing (Zylol (Merck), and imaging with
light microscope (B x 50-Olympus) were carried out.
The percentage of cell viability was obtained through
dividing the number of live cells by total number of
cells x100.07

Glucose shock test

To analyze the performance of the separated beta
cells, the insulin secretion level was measured by
insulin enzyme-linked immunosorbent assay (ELISA)
kit (DRG-Germany) according to the manufacturers’
protocol. Accordingly, 100 uL cell suspension was
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added to 900 pL glucose solutions (2.8 molar) and
incubated for 45 min. The above procedures were
repeated using glucose solution (16.7 molar) at 4°C.
Other procedures were carried out according to the kit’s
protocol. At the end, absorbance was measured using
an ELISA reader (Hyperion, Germany) at 490 nm. All
experiments were carried out in triplicate.!'®

MTT assay

The viability of cells is assessed by the MTT assay.
At first, the medium of each well is removed, rinsed
with PBS, and replaced with 400 uL medium
(serum free) and 40 uLL MTT (Sigma) solutions. Next,
it is incubated at 37°C, 5% CO, for 4 h. The medium
is discarded and 400 uLL DMSO (Sigma) is added to
each well and is incubated in dark for 2 h. Hundred
microliters of the solution is transferred to 96-well
plate and absorbance of each well is read at 570 nm
with ELISA reader (Hyperion, Germany). The assays
are performed in triplicate.[”

Acridine orange/ethidium bromide assay

This method was used to diagnose the live and necrosis
cells. In this method, 50 uL acridine orange (Sigma)
solution was added to 5 uL ethidium bromide.
Propidium iodide (Sigma) and acridine orange were
used as florescent markers. The obtained solution was
added to 400 uL culture solution containing pancreatic
islets and analyzed by Florescent Microscope (Eclipse
TS 100- Nikon) and G filter. The percentage of
cell viability was determined via dividing the live
cells (green color) by total number of cells x 100.12%

Statistical analysis

All the quantitative data were presented as
mean + standard deviation. One-way analysis of
variance and least significant difference (LSD)
post hoc tests were performed to determine the
statistical significance between different groups
using SPSS software package 16.0. Significance was
accepted at the level of P < 0.05.

RESULTS

Dithizone staining

The findings indicated those 24 h after cell culture
at both temperatures, the cells separated from islets
of Langerhans joined each other on the Petri dish
floor and formed new masses the same as islets of
Langerhans. Following dithizone staining, the islets
were purple-colored in the pink background observed
under inverted microscope [Figure 1].

Aldehyde fuchsin staining

The dead cells in the live tissue were observed as
eosinophilic and clear, segmented cell membrane and
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partly vacuolar in the groups investigated. Islets of
Langerhans were separated from exocrine pancreas
and islet cells (purple beta cells and dark-colored alpha
cells) were separated from each other [Figure 2].

Insulin shock
The findings of insulin shock indicated that at
intervals of 1 and 4 h after death at 4°C, 70% of beta
cells were able to secrete insulin, whereas 1 h after
death at 23°C, only 50% of the cells demonstrated
this potential.

Cells viability (MTT)

The finding obtained showed that by increasing the
time at 4°C after the mice death, the viability increased
significantly compared with control group (P < 0.05),
reaching 12% in the 24-h period [Figure 3]. By increasing
the time after the mice death at 23°C, the viability of
cells decreased significantly in comparison with the
control group (P < 0.05), reaching zero in the 24-h period.
The cell viability was significantly higher at all times at
4°C compared with 23°C (P < 0.05) [Figure 3].

Acridine orange/ethidium bromide assay
Fluorescence staining by acridine orange/ethidium
bromide depicted the live islet cells as green, and the
red cells indicated ethidium bromide penetration,
which resulted in cell damage [Figures 4 and 5].
The findings revealed that in the initial hour after
death at 4°C, 98% of cells were healthy; in 4 h after
death, 80% of cells were healthy and in other periods,
less than 50% of cells were healthy [Figures 4-5].
60% of cells were healthy at 23°C 1 h after death
and less than 30% of cells were healthy in other
periods [Figure 4]. All cells were dead 24 h after death
in both groups [Figures 4-5].

C ) ‘ i Pues
Figure 1: Dithizone staining of islets of Langerhans, (a) immediately
after death, 24 h after culture, (b) 1 h after death at 4°C 24 h after
culture, (c) 1 h after death at 23°C 24 h after culture (reverted
microscope, 100x)
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Figure 2: Aldehyde fuchsin staining, (a) differentiation of islets of
Langerhans 1 h after death, (A: alpha, B: beta and *: apoptotic cells,
optic microscope, 100x), (b) differentiation of islets from exocrine

pancreas 1 h after death (optic microscope, 40x)

Figure 4: Acridine orange/ethidium bromide staining of the cells
separated from islets, (a) control, (b) 1 h after death, (c) 6 h after
death, (d) 24 h after death at 4°C (fluorescence microscopy, 40x)

DISCUSSION

In the present study, the viability and performance
of islets of Langerhans were investigated at different
times and temperatures after the animals’ death.
Diabetes is the most important disease of endocrine
pancreas.”?!! In recent years, transplantation of islets
of Langerhans has had many more advantages in the
treatment of diabetes type 1 than transplantation of
the whole pancreas, which has consequently resulted
in the increasing chances of amelioration in diabetic
patients.??' Standardization and optimization of the
conditions for separation and purification of islets
of Langerhans is one of the crucial stages in the
transplantation process.”! In this study, dithizone
staining indicated that the cell suspensions joined
each other 24 h after culture and reformed the islets
of Langerhans. It seems that in the present study in
the separation and purification of cells, these results
are due to lack of using substances such as ficoll
and histopaque, which damage islets, although they
perform the best separation of pancreatic cells.*

In the study conducted by Lag et al., the islet cells were
damaged due to using sucrose concentration slope for
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Figure 3: Results for the viability of separated cells in different periods
at 4°C and 24°C after the animal’s death by acridine orange/ethidium
bromide staining and MTT. *Significant decrease of viability in all groups
of study compared with control group (P < 0.05). **Significant decrease
of viability in all groups of study compared with control group (P < 0.05).
...Significant decrease of viability in all groups of study compared with
control group (P < 0.05). ****Significant decrease of viability in all groups
of study except control group in the 1-h group (P < 0.05)

Figure 5: Acridine orange/ethidium bromide staining of islets,
(a) control, (b) 1 h after death, (c) 6 h after death, (d) 24 h after death
at 4°C (fluorescence microscopy, 40x)

purification of islets as well as high osmolarity, and the
obtained results are in contrast with the findings of the
present study.?* In the present study, the viability of
cells was analyzed by aldehyde fuchsin staining and
performance of insulin secretion was evaluated by beta
cells and insulin shock. Based on the obtained results
and given the protein structure of insulin, it seems
that temperature increase can enhance the hydrolysis
velocity due to the breakdown of peptide chains in
this hormone. On the other hand, the temperature
fall can have reverse effects on this hormone.?>2% The
finding of the present study confirm the results of the
study carried out by Kinasiewicz et al. in which they
introduced the time between pancreas removal from
the donor and performing laboratory process as cold
ischemia time.?” Moreover, the findings indicated that
by increasing the time and temperature, the viability
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of islet cells was significantly reduced. It seems that
the temperature fall in the environment affects the
enzymatic reactions, causes dysfunction, and impedes
the release of many detrimental enzymes in lysosomes
and other cell vacuoles, and decreases the activity
of external microorganisms that influence the cell
destruction trend.®

In the present study, MTT test and fluorescence
method were applied to analyze the viability of cells.
The results of both methods showed that, increase
the time was a factor for viability decline. It seems
that by increasing the time, the detrimental effects
of temperature rise, microorganisms, apoptosis level,
necrosis level, and so on are increased.?” Tao-Laigian
et al. analyzed the viability of cells of Langerhans and
used 2.8 and 16.7 molar osmosis shock to confirm
the insulin secretion. The findings obtained in this
study are compatible with the results of the present
study.'® In another study, Yukari et al. investigated
the changes of exocrine pancreas at different times
and reported more resistance for exocrine pancreas
than for endocrine counterpart, which is in line with
the results of the present study.”

The findings of the present study, however, were in
contrast with the results obtained by Senn et al., which
they reported to have no significant difference between
viability of stem cells of inner ear and increasing
the preservation time.® In general, given the fact
that there are approximately one million islets of
Langerhans in the pancreas of an adult human,’?
it seems that it is possible to save 50% of the cells in
terms of viability and performance for transplantation
by proper preservation of pancreas and separation
techniques.

CONCLUSION

The findings of the present study indicated that 80%
of the islets of Langerhans were healthy and active for
4 h after death at 4°C, whereas 60% of islet cells were
alive and active 1 h after the animal’s death.
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