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Abstract. Current biophotonics methods cover the entire optical spectrum
from the deep ultraviolet to the terahertz. To optimize such methods for
diagnostic and therapeutic applications, the need to obtain the wideband
dispersion of tissues is high. The pancreas is a very important organ in the
human body, since it produces insulin and its malfunction may induce
diabetes. A reduced number of biophotonics publications regarding the
pancreas is available, meaning that studies to determine its optical properties
and their variation during optical clearing treatments are necessary.
Considering this fact, we used the total internal reflection method to measure
the refractive index of the rabbit pancreas for wavelengths between 400 and
850 nm. The experimental results allowed to calculate the pancreas dispersion
with the Cauchy, Conrady and Cornu equations. It was observed that all those
equations provided good data fitting in the spectral range of the
measurements, but differences were observed outside these limits.
Considering the wavelength of 633 nm, the mean value from the three
dispersions was 1.3521, while the one published for porcine pancreas is
1.3517. The dispersion calculated with the Conrady equation does not present
a fast decreasing behavior for shorter wavelengths as the ones calculated with
the Cauchy and Cornu equations, but comparing these curves with a dispersion
for a tissue-like material, all seem to have good agreement. © 2021 Journal of
Biomedical Photonics & Engineering.
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1 Introduction

Among the various optical properties of biological
tissues, the refractive index (RI) is one of the most
important and fundamental, since it can be used for many
biophotonics applications. If, from one hand, the RI can

be a practical measurement to mark pathologies [1-3], it
is needed, on the other hand, to estimate the other optical
properties through inverse simulations [4], to correct
optical coherence tomography (OCT) or microscopy

J of Biomedical Photonics & Eng 7(2) 020303-1 8 May 2021 © J-BPE


mailto:lmo@isep.ipp.pt
https://dx.doi.org/10.18287/JBPE21.07.020303

I. Martins et al.: Estimation of Rabbit Pancreas Dispersion Between 400 and 1000 nm

images [5—7] and to optimize light tissue interactions in
diagnostic or treatment procedures [8—10].

Clinical applications of light can be made at various
wavelengths within a very wide spectral range that goes
from the deep ultraviolet (UV) to the terahertz
(THz) [11]. Consequently, the determination of tissue’s
dispersions for a broad range of wavelengths is of great
interest.

The evaluation of tissues’ dispersions is also of great
interest for the application of optical clearing (OC)
treatments, since the exchange of interstitial tissue water
by an optical clearing agent (OCA) induces RI variations
that will be responsible for the light scattering decrease
and consequent increase in tissue transparency [12]. For
such particular application, the knowledge of the tissue
dispersion and of the dispersions of its components is
highly important [13, 14].

While in the THz range, direct RI measurement of
biological tissues and OCAs for a wide spectral range is
possible [15,16], in the ultraviolet-near infrared
(UV-NIR) range such methodology is not possible, and
dispersion calculations must be made from discrete
measurements [4, 17-19]. There are some distinct
methods to measure the RI of biological samples at
discrete wavelengths, such as the ones based on
interferometer or ellipsometer setups [20], but the most
commonly used nowadays are the ones that use multi-
wavelength refractometers [18] or the total internal
reflection setup to be used with various lasers at different
wavelengths [21]. Other techniques to measure the RI of
biological tissues and the importance of these
measurements for optical diagnosis have also been
recently described [22]. Although the multi-wavelength
refractometers provide results with better precision, the
setup based on the total internal reflection method can be
easily implemented in any optics laboratory at a reduced
cost. Another benefit of this method is that additional
wavelengths can be selected for measurement, provided
that lasers are available at those wavelengths. The total
internal reflection was first proposed by Li and Xie in
1996 to measure the RI of biological tissues [21], and it
has been widely used since then to measure the RI and
estimate the correspondent dispersions for various
tissues, such as human normal and pathological
colorectal tissues [23,24], human normal and
pathological liver tissues [19, 25], porcine skin [26], or
human skin [27]. An improvement to this setup was
presented by Deng et al in 2015 [28], which allows a fast
determination of the continuous wavelength dependence
of the biological materials’ RI for a limited spectral
range. Such setup, uses a broad-band xenon lamp and a
spectrometer to perform measurements [29], making it
beneficial for a fast dispersion calculation, but it uses
more expensive instrumentation.

Pancreas is an organ that plays an important role in
human and animal physiology. It is responsible for the
production of insulin that prevents the occurrence of
diabetes [30]. Pancreatic cancer, on the other hand,
although rare, has presented an increasing number of
cases over the years [31]. Due to the lack of early-
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diagnostic and treatment procedures, the pancreatic
cancer is highly lethal. Although some reviews on
treatment methods for this pathology have been carried
out, the results have been disappointing [32]. Pancreatic
ductal adenocarcinoma (PDAC) is the type of cancer with
the most lethal malignancies in humans, where a huge
percentage of the patients presents an advanced stage and
a life expectancy less than 1 year after diagnosis. This
problem is largely due to the low number of
immunotherapy and drug approaches that target driver
mutations [33]. An identification of the risk factors and
an early diagnosis are very important to improve overall
survival. There are some risk factors that have been
reported, like the pancreatic duct dilation, chronic
pancreatitis, pancreatic cyst, intraductal papillary
mucinous neoplasia (IPMN), and the deterioration of
diabetes mellitus [34]. In comparison to other cancers,
pancreatic cancer has a wide range of metastatic diseases,
like carcinomas at the time of diagnosis, from localized
1-2 cm primary tumors to diffuse carcinomatosis within
and outside the abdomen [35].

Regarding biophotonics, pancreas is one of the
biological organs that is less studied. From the few
optical studies on pancreas, there is one regarding OCT
imaging of pancreas with needles for in-depth image
acquisition [36], and another that suggests the potential
of tissue optical spectroscopy to characterize the human
pre-cancerous neoplasms in  human pancreatic
tissues [37]. A third study has been reported [38],
showing the visible spectra for the measured
fluorescence and for the estimated absorption and
reduced scattering coefficients from human pancreatic
tissues (normal, adenocarcinoma and pancreatitis) for
comparison.

More recently, two other pancreas-related papers
have been published. These papers [39, 40], report on
studies about blood microcirculation and blood flow
monitoring in rat pancreas with alloxan diabetes by laser
speckle contrast imaging, and show that the disease
development in animals induces changes in the
microcirculatory system response to the application of
optical clearing solutions.

The improvement of such techniques or the
development of new optical approaches for pancreas
imaging or spectroscopy, with particular interest in the
early pancreatic cancer detection, can be achieved with
the help of OC treatments. To proceed with the study of
pancreas tissues under OC treatments, it is necessary to
evaluate its optical properties, especially its RI for a wide
spectral range. Only after obtaining such data, the
variations induced by OC treatments can be truly
evaluated.

Regarding the evaluation of the RI of pancreas, only
two studies have been published so far. One presents the
RI of porcine pancreas for 632.8 nmat 20 + 2 °C[41] and
the other presents the calculated dispersion for human
pancreas at 25 °C between 450 and 1550 nm [42].

In the present study, we measured the RI of rabbit
pancreas tissues at wavelengths in the visible and NIR
and calculated the corresponding dispersion for this
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spectral range. The methodology used in this study is
described in Section 2, and the obtained results and
discussion are presented in Section 3.

2 Materials and methods

In order to measure the refractive index of the pancreas,
at different wavelengths, and calculate its dispersion, the
total internal reflection method was used [23, 24]. The
sample preparation, experimental methodology and
dispersion calculation are described in the following
subsections.

2.1 Tissue samples

The pancreas of three recently sacrificed rabbits were
dissected and frozen for 24 h. Fig. 1 shows one of those
pancreas.

Fig. 1 One of the rabbit pancreas used in the RI
measurements during thawing at room temperature.

One tissue sample with 1 cm x 1 cm x 3 mm was
taken from each of the three rabbit pancreas, while they
were still frozen. All the samples were prepared with a
thickness of 3 mm and completely flat and uniform
surfaces to perfectly adhere to the prism surface, without
creating air bubbles in-between. These samples were kept
in saline for 10 min and then were cleaned to remove
outside remains of the solution.

2.2 Measurement procedure

Each sample was submitted to measurements with
different lasers to obtain the pancreas RI at discrete
wavelengths in the visible and NIR range.

The lasers used in this study had emission
wavelengths at 401.4, 534.6, 626.6, 782.1, 820.8, and
850.7 nm. All these lasers are laser diodes from Edmund
Optics, with the exception of the 534.6 nm and 626.6 nm
lasers. The 534.6 nm laser is from Kvant (Slovakia) and
the 626.6 nm laser is from Pasco (USA). The emitting
power of all lasers was 5 mW or less and their emitting
wavelengths were verified with a spectrometer from
Avantes™.

For a particular set of measurements with a particular
tissue sample and a particular laser, the tissue sample was
placed in perfect contact with the base of the prism in the
internal reflection setup (see Fig. 2).

A laser emitting at a particular wavelength entered the
prism by another surface, where by refraction, was
redirected to the prism/tissue interface. A reflected beam
at this interface exited the prism through the third
interface, where a detector (laser power sensor from
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Coherent with spectral range from 0.15 pm to 11 pum)
connected to an electrical voltmeter (from Wavetek
Meterman) was placed to collect the signal.

The prism was placed over a rotating stage
(constructed in our lab — see Fig. 2), which allowed to
vary the angle of incidence of the beam over the setup.
As the incidence angle varied, the detector was also
rotated to detect the reflected beam at each angular

position.
\

Reflected Beam Detector

wa . A

b Prism

4

Rotating Stage

Incident Beam

Fig.2 Total internal reflection setup for RI
measurements.

The dispersion prism used in these measurements is a
SCHOTT N-SF11 prism acquired from Edmund Optics,
with a wavelength dependence for its RI as presented in
Fig. 3.

1.88
1.87 [
1.86 [
1.85
1.84
1.83
1.82
1.81
1.80 -
1.79
1.78 |-
1.77 -
1.76 -
1.75

RI (A) for N-SF11 dispersion prism

RI

1.74 S S SO S S SO S SR
350 400 450 500 550 600 650 700 750 800 850 900 9501000
A (nm)

Fig. 3 Refractive index as a function of wavelength for
the N-SF11 dispersion prism.

The curve presented in Fig. 3 is described by the
Sellmeier equation [43], at 20 °C:

K\ . K\ . KA\

2
n —1=
)\.2 Ll }\42 L2 )\.2 L3

) ()

where the Sellmeier coefficients have the following
values for the SCHOTT N-SF11 glass: Ki=1.7376,
K>=10.3137, K3=1.8988, L1=10.0132, L>=0.0623, and
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L3;=155.2363. According to Ref. [43], since A is
represented in pm in Eq. (1), K1, K2 and K3 are
dimensionless coefficients, without units, while L1, L>
and L3 are represented in pm?.

Three sets of measurements were performed for each
laser, one per tissue sample. In each individual study,
temperature was kept constant at 20 °C, and the
following measuring procedure was performed:

1. The sample was placed in perfect contact with
the prism base (see Fig. 2).

2. TIllumination of the setup was made with the
laser beam through one side of the prism.

3. The reflected beam was collected with a
photocell, connected to a voltmeter to read the electrical
potential.

4. This measuring procedure was repeated for
several incidence angles (o) between the incident laser
beam and the normal to the air/prism interface. The
angular resolution for these measurements was 1°.

Such procedure was repeated for the other lasers. The
collected data from each set of measurements needed to
be submitted to calculations to obtain the RI of pancreas
at the wavelengths of the lasers used. The following sub-
section describes these calculations.

2.3 RI calculations

Considering Fig. 2, and since the incident and reflected
angles for the beam can only be measured outside the
prism, at the prism/air interfaces, the Snell-Descartes
equation needed to be used to convert the angle of the
incident (or reflected) beam as measured outside the
prism (a) to the incident (or reflected) angle at the
prism/tissue interface (0) [44]:

0 =B—arcsin{ xsin(a):l, )

n prism

with B representing the internal angle of the prism (60° in
our case) and 7prism representing the RI of the prism at the
wavelength of the laser in use (see Fig. 3).

Considering the electrical potential measurements
and the corresponding angles at the prism/tissue
interface, as obtained with Eq. (2), a reflectance curve
was calculated as [25]:

R(0)= V(0) Ve ’ 3)
I/Iaser - Vnoise

with the potential measured at angle 0 represented by

7(60), the potential measured with background light

represented by Vnoise and the potential measured directly

from the laser represented by Viaser.

Once the reflectance curve was calculated with
Eq. (3), the critical angle of reflection (6.) needed to be
obtained from it. To identify such angle from the curve,
its first derivative was first calculated. Such calculation
was made according to [25]:
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deriv(9)= R(eé):g(eil)’ 4)

where 0; and 0.1 are the consecutive angles of
measurement and R(6:) and R(6:-1) are the corresponding
reflectance at those angles. As previously observed in
other studies [23, 24], those derivatives will present a
strong peak, whose central angle identifies the critical
angle for each set of measurements.

By representing the curve for the first derivative, the
value of 6. was identified and then used in Eq. (5) to
calculate the RI of the pancreas (mssue) at the laser
wavelength [7]:

ntisxue (7\‘) = nprism (X) X Sil’l (ec ) (5)

Since three sets of measurements were performed
with a particular laser, mean and standard deviation
values for nissue provide higher accuracy and describe
data dispersion between samples [7, 25].

Such calculation procedure was performed for each
laser used in the RI measurements, so that the mean #iissue
values can be fitted with appropriate curves to obtain
pancreas dispersion.

According to literature [2, 3,7, 12, 18, 23-25,27,42],
the most common dispersion equations to fit discrete RI
data from biological tissues are the Cauchy (Eq. (6)), the
Conrady (Eq. (7)) and the Cornu (Eq.(8)) equations
[7,25]:

B C
Miissue (}\’) =A+ F + F’ (6)
B C
nti.\x\'ue (7\') = A + I + F’ (7)
B
n(r)=4 : ®
nttssue( ) + (}\/ _ C)

where 4, B and C are the Cauchy, Conrady, or Cornu
parameters, that are obtained during the fitting of the
experimental data.

All these curves were tested to fit the experimental RI
data obtained for pancreas. Such data fittings were made
using the Curve Fitting Tool (CFTOOL) of MATLAB™,

The results obtained and their discussion are
presented next.

3 Results and discussion

After performing all experimental measurements, we
started by calculating the reflectance curves for each set
of measurements with each laser. Those reflectance
curves, as calculated with Eq. (3), are presented in Fig. 4.

Using Eq. (4), we calculated the first derivative of the
reflectance curves presented in Fig. 4 to obtain the values
of 6.. Those curves are presented in Fig.5 for the
measurements with each laser.

8 May 2021 © J-BPE



I. Martins et al.: Estimation of Rabbit Pancreas Dispersion Between 400 and 1000 nm

-
o

o
©

o
©

2"9 measurement

Reflectance (%)
o
~

3" measurement

15t measurement

8S

0.5
0.4
ARABDABDABDDROOGUO GGG
S NWRPROIONOOO=_2NWAR,OON
o)
(a)
1.0 - - - - -
rd
3" measurement
0.9
—_
X
<
[
5 0.8
c
8 st
° 17" measurement
o 0.7
‘S ond
o measurement
0.6
0.5
ARAAABDARARDROGOO OGO
S NWPAROTONODOO=_2NWARAAION®
o)

Reflectance (%)
o o o
o o N

N
IS

doi: 10.18287/JBPE21.07.020303

o
©

15t measurement

measurement

3" measurement

3" measurement

15! measurement

2"? measurement

1% measurement~—, 1% measuremen

0.9
< 3
X
< tolg
[ [
S 0.8 g
@ s 0.7
S ° nd
® 0.7 @ 2" measurement
5 % 06
x measurement x

0.6

3" measurement 3" measurement
0.5, T T ESS aao oo o ARRABABAABRRDOGUOGOOGOGG
- OO N WhOOoONO® S NWARTONODOO=_2NWAR,AION®
0(°)

Fig. 4 Reflectance curves for the studies with the: 401.4 nm (a), 534.6 nm (b), 626.6 nm (c), 782.1 nm (d), 820.8 nm (e)

and 850.7 nm (f) lasers.
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The values of 0. as obtained from the graphs in Fig. 5
are presented in Table 1.

Using the 0. values presented in Table 1 in Eq. (5),
we calculated the corresponding ntissue values. Those
values, the mean and SD for each laser wavelength are
presented in Table 2.

Using the CFTOOL in MATLAB, we fitted the mean
RI values in Table 2 with the Egs. (6), (7) and (8) for
comparison. Fig. 6 presents such calculated dispersions
for the spectral range of the experimental measurements
(401-851 nm), along with some data for pancreas RI as
collected from literature [41, 42].

Table 1 6. values obtained from the graphs in Fig. 5.

0. (deg) per measurement

Laser 15 2nd 3rd
401.4 nm 479 47.7 47.5
534.6 nm 49.0 493 48.8
626.6 nm 493 49.5 49.7
782.1 nm 50.1 49.8 49.4
820.8 nm 49.6 49.7 50.3
850.7 nm 49.5 49.9 50.2

Table 2 Calculated nissue data for each laser wavelength.

Rtissue

A
(nm)
401.4  1.3688 1.3643 13604  1.3645 0.0042
534.6 13542 13612 1.3499 13551 0.0057
626.6  1.3491 1.3521 1.3572  1.3528 0.0041
782.1 1.3411 1.3489 13552  1.3484 0.0071
820.8  1.3429 1.3447 13560  1.3479 0.0071
850.7  1.3409 1.3474 13537 13473 0.0064

15t 2nd 3rd Mean SD

1.370 i
Cauchy
1.365 Conrady | |
== =Cornu

1.360

o 1.355

1.350

1.345

1.340 D
400 450 500 550 600 650 700 750 800 850

A (nm)

Fig. 6 Mean niissue data and calculated dispersions.
Fig. 6 shows that all curves provide good fitting of

our experimental data for this range. All the calculated
curves fall within the SD bars for each laser wavelength.
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Such SD bars present higher values for the longer
wavelengths, already inside the NIR, a fact that is
correlated with the visual difficulty in the alignment of
invisible laser beams during measurements.

The calculated equations that describe the dispersions
represented in Fig. 6 were the following:

(Cauchy),

ntissue ()\') = 1343 + 3;‘2"2 + 01}\’5476

M (M) =1.332+ % + 0'7{35,36 (Conrady), (10)
Ny (M) =1.337+ 7915 (Cornu). a1

(r-117)

The R-square values obtained in these fittings were:
0.994 (Cauchy and Conrady) and 0.997 (Cornu).

Comparing the data in these curves with data in
literature, we see that the rabbit pancreas has a similar RI
to the one from porcine pancreas at 633 nm — 1.3521 for
rabbit (our study) and 1.3517 for porcine (Ref. [41]).
Since the two results were obtained at 20 °C, their
similarity makes perfect sense. Comparing our data with
the human pancreas dispersion published in Ref. [42],
which was calculated with only the first two terms in
Eq. (6), our values within the visible-NIR range are
higher, but we need to consider the difference in
temperatures between studies.

As indicated in the introduction, the knowledge of
tissue dispersion from the deep-UV to the infrared is
highly important for a wide range of applications. Due to
this interest, we extended the calculated dispersions to
the spectral range between 200 and 1000 nm and looked
in literature to find dispersions of tissues or tissue-like
materials for comparison.

The only data for tissue or tissue-like dispersion that
we could find for that spectral range, corresponds to
histologic rat liver sections, which were initially fixed in
Bouin’s, Zenker’s or Carnoy’s fluid, then embedded and
cut in paraffin and later deparaffinized in xylene [45].
Xylene is known as an OCA, and is also known to be
toxic [46], meaning that the histologic preparation of
those samples have altered the native dispersion of the
liver sections. These changes are due to two processes.
First, by embedding the liver samples in paraffin, a
dehydration of the samples occurs, leading to an increase
of the entire dispersion. Second, by deparaffinizing the
samples in xylene leads to a RI matching mechanism,
which further increases the sample’s dispersion, in
particular in the deep-UV, where the RI of proteins is
bigger.

Although these changes occurred in the liver’s
dispersion, the contributions of collagen, DNA and
hemoglobin to that dispersion remained unchanged,
meaning that it is still the better approximation available
in literature for the spectral range of interest. Retrieving
that dispersion from Ref. [45], we modified its scale
factor and baseline to match our experimental results for
normally hydrated soft tissue (the complete rat liver
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dispersion was multiplied by 0.34 and then we added
0.83 to it). By multiplying by 0.34, we reversed the
dehydration and RI matching effects in a certain extent.
Different values were tried in this rescaling process, but
the ones indicated above were the ones that provided the
best match to our experimental data.

To have a wide-band view, such rescaled dispersion
and the calculated dispersions for the rabbit pancreas are
presented in Fig. 7 for comparison.

1.44 ‘ T T :
143} == Cauchy fit
I\ Conrady fit
1.42 Cornu fit
1.41 Scaled rat liver disperion | |
1.40 -
= 1.39
1.38 -
1.37 -
1.36
1.35 ¢ o
[ ——
1.34 - 1
1.33
200 300 400 500 600 700 800 900 100

A (nm)
Fig. 7 Various dispersions for comparison.

Analyzing the various curves in Fig. 7, we see that the
adjusted dispersion from rat histologic sections is also a
good fit to our experimental data between 401 and
851 nm. It is also contained within the SD bars of our
experimental data. For longer wavelengths, such adjusted
dispersion is in better agreement with the Cauchy and
Cornu dispersions, while in the deep-UV it falls almost
in the middle of the calculated Conrady and the
Cauchy/Cornu dispersions. Such positioning of the
rescaled rat liver dispersion in-between the Conrady and
the Cauchy/Cornu dispersions may be related to the RI
matching of proteins, which was not completely reversed
by our mathematical arrangement.

This means that, considering the UV-range, where
major differences are observed, we cannot be sure which
of the calculated dispersions for the pancreas is the more
precise. They all may have equal probability to describe
the pancreas dispersion in this range. To be sure, further
studies are necessary. One possible approximation to get
accurate dispersion for pancreas in the UV range is to
obtain the spectrum of the absorption coefficient of
pancreas and then through Kramers-Kronig (K-K)
relations, calculate the real part of the RI [47].

Such procedure has been used in other studies
[19,47,48], and in addition it provides more
information, since spectral signatures of the pancreas can
be seen in the dispersion after the calculation with the
K—K relations. The calculated dispersions, as described
by Egs. (9), (10), and (11) do not show such spectral
signatures due to the fact that they were obtained from
measurements at discrete wavelengths. To obtain the
pancreas dispersion between 200 and 1000 nm through
K-K relations, the absorption coefficient spectrum
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(a(X)) in that range must be obtained from spectral
measurements. Then, the imaginary part of the RI (x(1))
of the pancreas can be calculated from pa(A) [47]:

k(A)=—p,(1). (12)

After calculating k(A), the real part of pancreas RI
(nsissue(X)) can be calculated through the following K-K
relation [47,48]:

13)
=1+— dA, (
[lSSll(’ .[ A A 2 7\‘2

with A representing the integrating variable and A
representing a fixed wavelength that can be tuned for
better vertical adjustment of the calculated dispersion to
the one obtained from discrete data. In previous studies
that we have made for other tissues [4, 13, 14, 19], we
observed that by tuning A, a better vertical alignment was
obtained between the dispersion that results from
calculations with Eqgs. (12) and (13) and the dispersion
that was calculated from discrete RI measurements.

This better adjustment is obtained if some dispersion,
even for a shorter spectral range, such as the one obtained
from discrete measurements through the total internal
reflectance is available [4, 13].

Returning to the calculated dispersions for pancreas,
as presented in Fig. 6 and described by Egs. (9), (10), and
(11), and considering only the wavelength range between
401 and 851, they all provide a good fit of our
experimental data.

4 Conclusion

The RI values of rabbit pancreas were obtained from
measurements acquired with the total internal reflection
setup.

Three dispersion curves were calculated using the
most common equations to fit discrete RI data from
biological tissues: the Cauchy, the Conrady and the
Cornu equations. All these curves fit the experimental
data well in the visible-NIR range, but in the UV range,
the curves calculated with the Cauchy and the Cornu
equations present a faster decrease with wavelength than
the one calculated with the Conrady equation. Such
difference motivates further studies to inquire which of
these curves provides an accurate fitting for the pancreas
dispersion in the UV range.

For visible wavelengths, our data fits well with
published data for porcine pancreas, although a single
value for 633 nm is available in literature. A comparison
with data in literature for human pancreas shows some
significant differences, which are probably related to the
difference in temperatures used in both studies.

After calculating the three dispersion curves that fit
our data, it is our plan to continue this research with
rabbit pancreas by perform spectral measurements to
estimate the wavelength dependence of the optical
properties of this tissue from the deep-UV to the NIR. In

8 May 2021 © J-BPE
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those estimations, we will use the p,(A) of the pancreas
to calculate real dispersion through the K-K relations. We
will use that dispersion to compare with the ones
obtained in this study to check which one is the best.
After such selection is made, we intend to use the selected
pancreas dispersion in further studies that involve OC
treatments.
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