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Summary. Aims. Pancreatic adenocarcinoma represents
a therapeutic challenge due to the high toxicity of
antineoplastic treatments and secondary effects of
pancreatectomy. T-514, a toxin isolated from Karwinskia
humboldtiana (Kh) has shown antineoplastic activity on
cell lines. In acute intoxication with K4, we reported
apoptosis on the exocrine portion of pancreas. One of the
mechanisms of antineoplastic agents is the induction of
apoptosis, therefore our main objective was to evidence
structural and functional integrity of the islets of
Langerhans after the administration of K4 fruit in Wistar
rats.

Methods. TUNEL assay and immunolabelling
against activated caspase-3 were used to detect
apoptosis. Also, immunohistochemical tests were
performed to search for glucagon and insulin. Serum
amylase enzyme activity was also quantified as a
molecular marker of pancreatic damage.

Results. Evidence of toxicity on the exocrine
portion, by positivity in the TUNEL assay and activated
caspase-3, was found. On the contrary, the endocrine
portion remained structurally and functionally intact,
without apoptosis, and presenting positivity in the
identification of glucagon and insulin.

Conclusions. These results demonstrated that KA
fruit induces selective toxicity on the exocrine portion
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and establish a precedent to evaluate T-514 as a potential
treatment against pancreatic adenocarcinoma without
affecting the islets of Langerhans.
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Introduction

Pancreatic cancer is a health problem that ranks
tenth in incidence in men and eighth in women,
occupying fourth place as a cause of death in the United
States (Siegel et al., 2022). The pancreatic ductal
adenocarcinoma is the most common of all malignant
pancreatic tumours and accounts for more than 85% of
all pancreatic tumours (Luchini et al., 2016; Schawkat et
al., 2020).

Today, the most effective medical treatment for
advanced pancreatic cancer is combined chemotherapy,
but it is hard to find the correct combination of drugs with
minimal side effects for each patient (Chin et al., 2018). In
addition, although surgical treatment is only available to
15 to 20% of patients with pancreatic adenocarcinoma
(Grossberg et al., 2020), often pancreatectomy causes
secondary endocrine insufficiency that triggers type 3c
diabetes mellitus (Scholten et al., 2019). This endocrine
insufficiency increases the incidence of postsurgical
diabetes mellitus up to 100% (Scavini et al., 2015).
Because of that, the search for some effective therapeutic
alternatives that do not trigger all mentioned medical
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complications is a challenge.

On the other side, T-496, T-514, T-516 and T-544 are
some anthracenonic compounds extracted from
Karwinskia humboldtiana (Kh), a plant whose fruit has a
highly venomous seed (Dreyer et al., 1975; Ferndndez
Nava, 1992). One of those toxins, T-514, showed
cytotoxic effects on cancer cells from hepatoma, colonic
adenocarcinoma, lung adenocarcinoma, non-differenced
bronchogenic carcinoma, and small cell carcinoma
(Pifieyro-Lopez et al., 1994). Nevertheless, the
usefulness of T-514 over cell cultures from pancreatic
cancer has not been evaluated.

The induction of apoptosis is relevant as a potential
mechanism of action of some antineoplastic agents to
eliminate transformed cells (Naeimi et al., 2019).
Regardless of the pathway leading to the activation of
caspase-3, structured and orderly chromatin degradation
is one of the morphological characteristics of apoptosis.
The TUNEL assay is the technique to demonstrate this
molecular process (Tang et al., 2019).

In a previous study carried out by our research
group, using Wistar rats as an animal model of acute
intoxication with the fruit of K4, we evidenced the
destruction of the exocrine glandular tissue of
the pancreas, characterized by the appearance of
apoptotic bodies, activation of caspase-3, chromatin
fragmentation, inflammation and necrosis (Carcano-Diaz
et al., 2016).

Following this search line, in the present study, we
decided to evaluate whether cell death is limited to the
exocrine portion of the pancreas without damaging the
islets of Langerhans by two different techniques: 1)
TUNEL assay to show the nuclear chromatin
fragmentation into injured cells (Lu et al., 2020), and 2)
the immunolabelling of activated caspase-3, an enzyme
that participates in the pathway of apoptosis (Forika et
al., 2021).

In addition to the above, because the blood levels of
serum amylase tend to increase or decrease when the
pancreas presents inflammatory or neoplastic processes
respectively (Hansen et al., 2021), the seric activity of
this biomarker of acute pancreatitis (Ismail and Bhayana,
2017) was quantified.

Finally, to improve the characterization of our model
of acute pancreatitis, we evaluated the production of
insulin and glucagon by cells of the islets of Langerhans
by immunolabelling.

Thus, our main objective was to identify, as evidence
of functionality of the islets of Langerhans, the presence
of such molecules and to check that these cells retain a
morphologically intact aspect despite the intense
destruction of the exocrine portion of the pancreas,
previously reported.

Materials and methods
Model of acute intoxication with the fruit of Kh

For this investigation, eighteen female Wistar rats

weighing 225425 g were used. Animals were maintained
under environmentally controlled conditions in the
animal facility of our research centre. This project was
evaluated and approved by the Institutional Scientific
and Ethics Committee (Folio HT14-004). All procedures
were performed following NOM-062-Z00-1999.

Fruits of Kh, collected during July and August, were
allowed to dry, then they were ground and sieved in a
50x mesh. A group of fifteen rats (treated group), using
oral gavage, were administered with a single dose (5
g/kg) of fruit powder mixed with water according to
previous reports (Bermudez et al., 1992; Carcano-Diaz
et al., 2016). The control group (non-treated group) was
composed of three rats that received only water. The
animals were killed following protocols (in groups of 3
each) at 24, 48, 72, 96 and 120h after administration of
fruit.

Collecting and processing tissue samples

Tissue samples of the proximal pancreas from
intoxicated rats (treated group) were obtained at
established times. Samples from the control (non-treated
group) were collected at the end of the experiment. All
tissue samples were fixed in buffered formalin at pH 7.4
for 48h and subsequently processed until embedded in
paraffin.

Collecting serum samples to the determination of
amylase

In 1 ml Eppendorf tubes, blood samples obtained
from the right ventricle were allowed to clot. Once they
were coagulated, the serum was separated by
centrifugation at 14,000 rpm for 10 minutes at 4°C.
Serum samples were recovered and stored at -80°C until
used for the amylase assay.

TUNNEL test

To search apoptosis in pancreas samples, Trevigen’s
TACS 2 TdT-DAB in situ apoptosis detection kit (4810-
30-K), was used following the manufacturer’s
instructions. Five-micron histological sections were
deparaffinized and rehydrated until taking them to PBS
at pH 7.4 for 10 minutes. Subsequently, to permeabilize
tissues, they were incubated with Proteinase K for 15
minutes and washed with ultra-purified water.
Endogenous peroxidase was neutralized immersing
slides in bleaching solution for 5 minutes and washing
them with PBS for 1 minute. One pancreas sample from
the non-treated group, used as a positive control, was
incubated with 50 pl of TACS Nuclease enzyme in a
humid chamber for 30 minutes at room temperature and
subsequently washed with PBS. All samples, including
the positive control, were immersed in the TdT labelling
buffer for 5 minutes and subsequently incubated in a
humid chamber with the labelling reaction mixture for
60 minutes at 37°C.
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Slides were immersed in the stopping buffer for 5
minutes to stop the reaction. After washing them with
ultra-purified water, the samples were incubated at 37°C
in a humid chamber with 50 pl of streptavidin-
horseradish peroxidase solution for 10 minutes, washed
with PBS, and immersed in DAB solution for 5 minutes.
Finally, they were washed with ultra-purified water and
contrasted with 1% methyl green for 30 seconds. Once
slides were washed, they were mounted and analyzed
under brightfield light microscopy.

Immunohistochemical staining

Immunolabelling was carried out also on 5 um
thickness pancreas sections. A rabbit anti-activated
caspase-3 primary antibody (ab2302), in a concentration
of 5 pg/ml in PBS, was used to detect the cells with
apoptosis.

Alpha cells (A cells) were labelled with a rabbit anti-
glucagon primary antibody (ab92517) diluted 1:500 in
PBS. On the other hand, a rabbit anti-insulin primary
antibody (ab63820), diluted 1:500 in PBS, was used for
labelling beta cells (B cells). A horseradish peroxidase-
conjugated donkey anti-rabbit secondary antibody
(ab6802), diluted 1:1000 in PBS, also was used for DAB
immunoprecipitation.

Briefly, all pancreas sections were deparaffinized at
60°C for 40 minutes. Subsequently, they were immersed
in xylene for 5 minutes twice and then in absolute and
96% alcohol for 5 minutes each. Antigen retrieval was
performed in HIER H buffer (pH 9.0) at 98°C for 20
minutes in a PT Module (Thermo Scientific). The
samples were immersed in a 3% hydrogen peroxide
solution in methanol for 30 minutes to deactivate
endogenous peroxidase. Next, they were washed twice
with PBS for 5 minutes each. They were then blocked
with 0.1% Triton X100 in 3% donkey serum in PBS for
90 minutes. They were then incubated with the primary
antibody overnight at 4°C in a humid chamber. The next
day, the samples were tempered, washed with PBS, and
incubated with the secondary antibody for 2 hours at
room temperature in a humid chamber. After that, they
were washed with PBS, incubated with DAB solution
for 3 minutes, and washed with PBS 4 times for 5
minutes each. One washing with distilled water, previous
contrasting staining with Gill's Hematoxylin for 30
seconds, was done. Finally, they were washed with
distilled water, dehydrated, cleared, and mounted with
Entellan® resin.

Determination of serum amylase

For determination of serum amylase activity, the o-
amylase assay colorimetric kit (DAMY-100) Quanti-
Chrom™ was used according to the manufacturer's
instructions.

First, the serum samples from treated and non-
treated rats were thawed and placed on ice. 10 ul of
serum from each sample was placed separately in

Eppendorf tubes. In another tube, 10 pl of ultra-purified
water was used as blank control. Samples were
incubated with 190 pl of the preheated substrate at 37°C
for 5 minutes. 80 pl of stop reagent was added to each
tube to stop the reaction. Subsequently, all tubes were
centrifuged at 14,000 rpm for 5 minutes. Then, 200 pl of
supernatants from each of the tubes was transferred
separately to a clear bottom 96-well box to obtain the
optical density (OD) readings from samples, blank
control, and the calibrator provided by the manufacturer.
The OD readings were obtained using a plate reader at
595 nm.

With the OD data, the a-amylase activities were
calculated using the formula provided by the
manufacturer, as follows:

Activity = [Sample OD - Blank OD x n x 550 (U/L)] /
[Calibrator OD - H,O OD].

(It was not necessary to dilute the samples for which the
value of n=1).

Plotting (average values and standard deviation
along with the P value) of the a-amylase activities from
experimental groups were obtained using the Student’s t-
test.

Results
Identification of fragmented chromatin by TUNEL assay

In the non-treated group, nuclei of the cells in both
the endocrine and the exocrine portions showed negative
result to TUNEL assay.

In the treated group, negative results of TUNEL
assay were shown by nuclei of the cells into the islets of
Langerhans from those samples collected at 24, 48, 72,
96 and 120 hours after administration of the fruit of KA
(Fig. 1).

Concerning the acinar cells of the exocrine portion,
we only found negative results in the samples collected
at 24 hours. On the contrary, positive results at 72 hours
were markedly observed (Fig. 1D). Finally, in the
samples obtained at 96 and 120 hours, we only could
observe few positive marks (Fig. 1E,F).

In the sample (positive control) incubated with
TACS nuclease (Fig. 1G), all nuclei of the cells from
both exocrine and endocrine portions showed positive
marks as we expected.

Identification of activated caspase-3 in pancreatic tissue

Some positive marks to immunolabelling against
activated caspase-3 were found in those samples of
pancreas obtained at 24 hours from intoxication (Fig.
2B). Nevertheless, those marks were more evident in the
samples obtained at 48 and 72 hours (Fig. 2C,D). In the
same way, the presence of positive marks was notably
diminished in the samples obtained at 96 and 120 hours
after intoxication (Fig. 2E,F). It is important to note that
in samples obtained at 72 hours (Fig. 2D), remarkable
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destruction of the exocrine portion of the pancreas,
together with data of inflammation were appreciated.
This tissue destruction was so intense that the islets of
Langerhans were found so prominent in the samples
from 96 hours (Fig. 2E).

None of the samples showed any activated caspase-3
positive signal over the cells of the isles of Langerhans,
nor were apoptotic bodies observed. Non-treated group
(Fig. 2A) did not show any positivity in either the
endocrine or the exocrine portion.

Proving the functional integrity of the A and B cells

In samples, at all studied times, from the treated
group, positive marks to insulin in the cytoplasm of the
B cells were identified, as well as in the non-treated
group. The positive marks were identified in most cells
distributed throughout the whole islet of Langerhans.

The endocrine tissue, in all slides from the treated
group, showed an aspect very similar to those from the
non-treated group, even in those cases where
surrounding exocrine tissue showed an intense
inflammation characterized by edema, necrosis and
inflammatory cellular infiltrated at 96 and 120 hours
(Figs. 3E,F, 4E,F).

No inflammatory cells, in the blood capillary of the
islets of Langerhans from any of the treated rats were
found. Neither was presence of edema observed in this
portion (Figs. 3, 4).

In the same way, in all samples of the pancreases
from intoxicated rats (at all times), positive marks to
immunolabelling against glucagon in the cytoplasm of
the A cells were identified, as well as in the non-treated
group (Fig. 4). These A cells were localized in peripheral
areas of the islets of Langerhans and their histological
aspects were similar to those shown by the non-treated

. Fig. 1. TUNEL assay on histological slides from pancreas contrasted with 1% methylene green. A.
Non-treated group. The exocrine portion structured by pyramidal cells forming serous acini is
= observed. The endocrine portion, islets of Langerhans (*), structured by disseminated cumulous of
| pale color polyhedral cells and abundant capillaries between them is shown. Both, the
morphological aspect as well as the color, are characteristics of normal healthy tissue. As can be
seen in the image, the TUNEL assay in both portions resulted to be negative. B-F. Tissue from the
treated group obtained at different times after oral administration of the fruit of Kh. B, C. At 24 and
48 hours, negative results are shown in endocrine and exocrine portions. D. At 72 hours, brown
y color marks on the nuclei of the acinar cells are seen. Positivity for the TUNEL assay in exocrine
portion is shown (arrows), while the endocrine tissue is negative (*). The architecture of the exocrine
portion is disorganized, interstitial edema and inflammatory infiltrated are present (stars). E. At 96
hours, the exocrine portion still reveals signs of positivity and the tissue is disorganized. The
pancreatic islets do not show positive marks. F. At 120 hours, selective destruction of the exocrine
portion, characterized by the absence of acini is observed. The morphological aspect of the ducts is

apparently preserved (arrow heads) desplte the intense surrounding inflammatory phenomenon (stars). The endocrine portion retains intact
morphological appearance (*). G. Pancreas from non-treated group incubated with TACS Nuclease (positive control for staining). Brown color marks in
the nuclei, both in the exocrine as well as in the endocrine portions, are shown (arrows).
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group.
Determination of serum amylase

The mean serum amylase activity for the non-treated
group was 161+12.91 U/L. In the treated groups it was
156+34.25 U/L for the 24-hours, 128+17.89 U/L for the
48-hours, 168+68.45 U/L for the 72-hours, 1354+27.56
U/L for the 96-hours and 164+25.20 U/L for the 120
hours after K4 administration. According to Student’s t
test, no significant differences between the treated
groups concerning the non-treated group (p>0.05) were
found (Fig. 5).

Discussion

The correct selection of the antineoplastic drug in
treatment of patients with cancer is one of the most
critical issues. The goal is to choose a drug capable of
killing the transformed cells which blocks their
proliferation with minimal deleterious effect on healthy
tissues (Naeimi et al., 2019) and few collateral effects.

In a previous report from our working team, using an
experimental acute intoxication model with the fruit of
Kh, we described the histopathological aspect of the

pancreas characterized by apoptotic bodies, activation of
caspase-3, chromatin fragmentation, necrosis and
inflammation in the exocrine portion, but without
damage to the islets of Langerhans. Although the
activated caspase-3 was detected in pancreatic acinar
cells by immunofluorescence, it was unclear whether
this signal was limited only to the exocrine portion
(Carcano-Diaz et al., 2016). It is known that apoptosis is
triggered by, among others, activation of caspase-3,
which induces chromatin fragmentation and the
formation of apoptotic bodies (Tang et al., 2019).

In the present study, we could see that the cells of
the islets of Langerhans remained intact and did not
present apoptosis despite the intense destruction of the
exocrine portion of the pancreas. We arrive at this
conclusion because in all experimental groups studied,
the immunoreaction against activated caspase-3 in the
cells of islets of Langerhans was negative. Furthermore,
these cells showed a negative result in the TUNEL assay,
discarding any chromatin fragmentation. With this, we
also corroborate that K/ only affected the acinar cells
(from the exocrine portion) which showed positive
marks.

Both assays showed that nuclear chromatin
fragmentation, one of the characteristics of apoptosis,

Fig. 2. Indirect immunolabelling against activated caspase-3 by DAB precipitation contrasted with Gill’'s haematoxylin. A. Non-treated group showing
negative result in both portions of the pancreas. B. At 24 hours after intoxication, the exocrine portion of the pancreas has few positive marks for
immunolabelling (arrow). The retraction of acini concerning the non-treated group is evident. C. At 48 hours, abundant positive marks for activated
caspase-3 on pancreatic acini are shown (arrows). D. At 72 hours, a whole loss of the morphological architecture of the exocrine portion is shown.
Labelling of this portion is shown positive (arrows), while endocrine tissue remains negative (*). E. At 96 hours after administration of the fruit, some
positive marks of immunolabelling still can be observed over the, evidently destroyed, exocrine tissue (star). It is evident the morphological preservation
of the endocrine tissue where the immunolabelling to activated caspase-3 is negative. F. At 120 hours, the preservation of the morphological integrity in
the endocrine portion (*) is remarkable. On the contrary, the selective destruction of the exocrine portion is evident.
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Fig. 3. Indirect immunolabelling against glucagon by DAB precipitation contrasted with Gill’s haematoxylin. A. Non-treated group that shows positivity
to the immunoassay on the cytoplasm of the A cells (arrows) located on the periphery of the islets of Langerhans (*). B-F. Treated group. In all the
times analyzed, the positivity to the glucagon immunoassay (dark brown color marks) can be observed only on the A cells (arrows) of the endocrine
islets.

WD #i o R B e S o P SO Wl R 54
Fig. 4. Indirect immunolabelling against insulin by DAB precipitation contrasted with Gill’s haematoxylin. A. Non-treated group showing positivity on the

cytoplasm of the B cells that are distributed throughout the islet of Langerhans (*). B-F. Treated group, at different times, also showing positivity to the
insulin immunoassay (dark brown color marks) on most pancreatic islet cells (B cells).
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was limited only to exocrine tissue, while cells of the
endocrine tissue remained morphologically intact.
Therefore, now we can affirm that in the studied model,
there was a selective lesion to the exocrine pancreatic
tissue due to the confinement of the positive
immunohistochemical mark for activated caspase-3 and
the TUNEL assay on acinar cells.

The selective effect observed in this model of acute
intoxication by K& correlates with some results
previously reported where the authors demonstrated that
T-514, a toxin extracted from the K/ fruit, had a
selective cytotoxic activity against some carcinogenic
cellular lines from hepatoma, colonic adenocarcinoma,
lung adenocarcinoma, non-differentiated bronchogenic
carcinoma, and small cell carcinoma (Pifieyro-Lopez et
al., 1994). This correlation establishes a precedent to
evaluate its possible cytotoxic effect on cellular lines
from pancreatic cancer.

Some compounds with a promising anticancer effect
exist, such as luteolin, which induces apoptosis in
pancreatic cancer cells by suppressing the K-ras/GSK-
3B/NF-kB signalling pathway in vivo. Also, there is a
release of cytochrome c, activation of caspase-3 and
reduction of Bcl-2/Bax apoptosis ratio, which arrests the
cell cycle and suppresses the phosphorylation of proteins
and signalling pathways (Imran et al., 2019). Other
agents, such as polyphenol Nevadensin, produce an
inhibitory effect over topoisomerase II in vitro (Miiller et
al., 2021). Now it is known that topoisomerase II plays a
role in the transcription and replication of DNA by
catalyzing reactions leading to genomic stability (Austin
et al., 2018). Because of that, its affectation imbalances
the dynamics of the cell cycle inducing apoptosis (Riccio
et al., 2020). One of the compounds producing this effect

Serum amylase activity
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Fig. 5. Determination of seric amylase activity. Each bar represents the
average and standard deviation of three determinations of serum
amylase enzyme activity. The non-treated group and the treated groups
(at 24, 48, 72, 96 and 120 hours) don’t show statistically significant
differences between them (p>0.05).

is ciclopirox olamine (Yin et al., 2022).

Although in this model of intoxication with the fruit
of Kh, the specific pathway that leads to apoptosis is not
known, other studies evidenced that T-514, named
Peroxisomicine Al, induces apoptosis by inhibition of
topoisomerase Il (Jaramillo-Rangel et al., 2020).
Therefore, both our results as previously published in
other in vitro studies using purified T-514 (Lansiaux et
al., 2001), would allow us to think that the possible
pathway of activation of apoptosis (in our model) could
be through inhibition of topoisomerase I1.

Another relevant result was to demonstrate that
glucagon and insulin producing cells remained
functional in the islets of Langerhans of all experimental
groups. Immuno-histochemical assays, identifying the
presence of glucagon in peripheral cells of the islets of
Langerhans and insulin inside of cells distributed
throughout the cluster, evidenced it. The location of the
positive immunolabelling to glucagon and the location
of A cells, previously reported for murine models
(Titova et al., 2020), as well as the detection of insulin
and the distribution of insulin-secreting B cells
throughout the pancreatic islet (Dalgaard, 2019), were
coincident.

The immunohistochemical evidence demonstrated
that, in this model of acute experimental intoxication, the
A and B cells secreting insulin and glucagon continued
being functional. Therefore, we can conclude that the
endocrine function of the pancreatic islets did not stop.
This means that, if we use the purified T-514 in cultures
of cells from pancreatic cancer, some selective toxicity
like that shown in other cancerogenic lines could be
observed. Ductal pancreatic adenocarcinoma is the most
common among malignant pancreatic tumours and
corresponds to more than 85% of all tumours in the
pancreas (Luchini et al., 2020; Schawkat et al., 2020).
Furthermore, it is still one of the malignant neoplasms
with increasing incidence, high resistance to
chemotherapy (Adamska et al., 2017), and the most
mortality, so there is an urgent need to develop newer
and more effective treatments.

That is how, when facing the current adverse
therapeutic scenario against pancreatic cancer (Siegel et
al., 2022), our obtained results are promising in the
search for therapeutic alternatives.

Moreover, selective toxicity of fruit on the exocrine
portion turns out to be advantageous, since it would
avoid the endocrine insufficiency caused by the drugs
currently used against pancreatic adenocarcinoma that
affect the cells of the islets of Langerhans (Yeh et al.,
2018).

Therefore, we could expect the same selective
toxicity when the isolated toxin shall be administered to
a model of pancreatic cancer. If so, it would be very
fortunate for patients to have an effective and selective
alternative without the known side effects.

On the other hand, the incidence of diabetes mellitus
secondary to pancreatic antitumoral therapy is as diverse
as the available therapeutic options. Even the pre-
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existing diabetes could be aggravated due to these
therapies (Wu et al., 2020). However, after total
pancreatectomy, a 100% incidence has been reported
(Scavini et al., 2015).

Serum amylase is one of the most used biomarkers
in the diagnosis of pancreatic disorders, in addition to
being a cheap test and being available in most clinical
laboratories (Hansen et al., 2021); in humans, according
to international guides like the INSPIRE consortium, its
determination constitutes one of the main criteria for
diagnosis of pancreatitis (Abu-El-Haija et al., 2018).
Because of this, we considered determining the seric
concentration of amylase in our model.

The obtained results did not show statistically
significant changes between the seric concentrations
found in the treated groups concerning the non-treated
group; furthermore, we observed a direct correlation
between its concentrations in blood with the reduction of
the size of acini, data previously reported (Carcano-Diaz
et al., 2016).

Some authors have said that during most cases of
acute pancreatitis, seric levels of amylase are very high.
When they are found to be low, they might reflect the
presence of some obstructive phenomenon (Hansen et
al., 2021). Nevertheless, in our model, we found low
levels of amylase which reflect the decreasing size of
acini and their consequent destruction. Because of that,
we could conclude that there is a direct cytotoxic effect
on the exocrine portion of the pancreas.

Conclusions

In conclusion, in our acute intoxication model,
results show that the fruit of K4 induces selective
toxicity on the exocrine portion of the pancreas because:
1) the cells of the islets of Langerhans, in addition to
keeping the morphological integrity already described
previously, do not show fragmentation of the chromatin;
2) A and B cells keep producing glucagon and insulin
respectively, and 3) the activated caspase-3 is present
only in the acinar cells from the exocrine portion. Finally
4) in this model, the activity of seric amylase remains
constant despite extensive destruction of the exocrine
tissue.

These findings establish a precedent to evaluate the
toxins from K/ as a potential treatment against
pancreatic adenocarcinoma without affecting the islets of
Langerhans.
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