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ABSTRACT

Background: Acute pancreatitis (AP) is a widespread disease resulting from the inflammation of acinar cells in the pancreas.
B-hydroxybutyrate (BHB) is a water-soluble main ketone body synthesized in the human liver. The purpose of this study was to examine
the possible therapeutic effects of BHB in the experimentally-induced AP model in rats.

Methods: In our study, male rats were randomly allotted into 6 groups, as control (0.9% saline i.p.), BHB1 (200 mg/kg BHB i.p.), BHB2
(2 doses of 200 mg/kg BHB i.p.), AP (4 doses of 50 ug/kg cerulein i.p., 4 doses at 1 h intervals), AP+BHB1 and AP+BHB2 groups. In pan-
creatic tissue sections, immunohistochemistry staining and western blot analysis for the inflammasome complex (caspase-1, ASC, and
NLRP3) and inflammation-associated proteins (TNF-a and NF-xB) and a histopathological examination were performed. The levels of
lipase, amylase, interleukin (IL)-18 and IL-1p in serum were measured.

Results: Several pathological degenerations, including edema, inflammatory cell infiltration, acinus necrosis, and bleeding were observed
in the AP group, while the histological architecture of the control and the sham BHB1 and BHB2 groups were regular. The AP-induced
pathological changes were considerably alleviated in the AP+BHB1 and AP+BHB2 groups. In the AP group, a conspicuous increase in
caspase-1, ASC, NLRP3, TNF-a, and NF-xB proteins, and in the levels of amylase, lipase, IL-18, and IL-1f3 were detected. BHB treatments
after AP induction decreased those proteins to the level of control.

Conclusions: We demonstrated that BHB has the potential to cure AP by suppressing the NLRP3 inflammasome and can be used in the

treatment of many diseases which progress through the NLRP3 inflammasome.
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INTRODUCTION

Acute pancreatitis is an acute inflammation of the pan-
creas and is based on the inflammation occurring in
the acinar cells.! Pancreatic damage exacerbates as
the inflammation progresses. In a couple of hours after
the onset of pancreatic damage, there is a surge in the
serum concentrations of pancreatic amylase and lipase
enzymes, which assist the digestion of nutrients. Since
lipase remains at higher levels in the blood than amylase
does, it gives more accurate information in the diagno-
sis of AP.2 In the etiology of AP, there are many causes
such as gallstones blocking the pancreatic duct and
obscuring fluid drainage, alcohol, hypertriglyceridemia,
pancreatic injury during endoscopic retrograde cholan-
gio-pancreatography, hypercalcemia, abdominal trauma,
various infections, carcinomas of pancreas head, autoim-
mune causes, and ischemia of the pancreas, along with
hereditary causes.® AP is initiated via the conversion of
trypsinogen into active trypsin in the acinar cells. The
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trypsin activates several destructive enzymes (amylase,
lipase, elastase, phospholipase A2, etc.), leading to the
degradation of biomolecules and the internal digestion of
cellular components. The homeostatic imbalance in the
tissue with disrupted and impaired cells elevates inflam-
mation, by increasing proinflammatory cytokine synthe-
sis by the local macrophages IL-1, IL-6, IL-8, and tumor
necrosis factor alpha (TNF-a), and the subsequent diape-
desis of immunomodulatory cells such as macrophages,
neutrophils, and lymphocytes to the inflammatory site.*
Recently, the importance of the NOD-like receptor fam-
ily pyrin domain-containing-3 (NLRP3) inflammasome,
which is an intracellular multiprotein complex, has been
emphasized in the pathogenesis of AP.°

Inflammation can also be caused by ischemia-reperfu-
sion, trauma, and chemical agents, apart from microor-
ganisms, which is defined as sterile inflammation. Sterile
inflammation underlies many diseases, including chronic
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obstructive pulmonary disease, silicosis, obesity, gout,
pseudogout, arthritis, Type 2 diabetes, myocardial infarc-
tion, Alzheimer's disease, and AP.® There are receptors in
the immune system cells for recognizing microorganisms
and the molecules of damaged cells. Among them are
Toll-like Receptors, nucleotide-binding domain leucine-
rich repeat-containing receptors (NLRs), RIG-I-like RNA
helicases, and C-type lectin receptors.” The stimulation
of any of these receptors triggers the formation of the
inflammasome complex, from which sterile inflammation
originates. NLRs are the receptors located in cytoplasm.
In the molecular structure of the NLR protein family,
there is an N-terminal effector domain, a central nucleo-
tide-binding domain, and a variable number of C-terminal
leucine-rich repeats. The NLRP3 inflammasome complex
forms with the stimulation of NLRP3, a member of the
NLR family. The NLRP3 inflammasome consists of NLRP3,
ASC, and pro-caspase 1 proteins. With NLRP3 activation,
pro-caspase 1 converts into caspase 1, which leads to the
release of proinflammatory cytokines like IL-1a, IL-1f and
IL-18, causing hyperinflammation.®

B-Hydroxybutyrate (3-hydroxybutanoic acid, BHB) is a
water-soluble main ketone body found in humans. It is
formed by the oxidation of fatty acids in the mitochon-
dria of hepatocytes in the liver and is released into the
blood. It is an alternative source of energy for the brain,
heart, and skeletal muscles in low-carbohydrate diets and
nutritional deficiencies.® An increase in BHB levels causes
the cellular glycolysis rate to diminish and the mitochon-
dria to produce less ROS through complex I1.1° BHB, the
NLRP3 inflammation inhibitor, reduces the activity of
caspase-1in bone marrow-derived macrophages treated
with NLRP3 activators. In addition, BHB also inhibits the
maturation process of IL-1p."

The purpose of this study is to examine the effects of
BHB, which has been shown to experimentally inhibit
sterile inflammation through the NLRP3 inflammasome,
in the experimental model of AP, which is a widespread
disease and becomes chronic if not treated, progresses
over the NLRP3 inflammasome, and eventually leads to
multiple organ failure and death.

MATERIALS AND METHODS

Animals and Experimental Design

In general, acute pancreatitis affects males more often
than females. Moreover, since we did not want our study
to be affected by the hormonal changes in females,
this study was performed in male (8- to 10-week-old,

280-300 g Wistar albino rats). The rats were kept in
Eskisehir Osmangazi University, Medical and Surgical
Experimental Application and Research Center, Turkey.
All experimental procedures were carried out in accor-
dance with the guidelines issued by the Local Animal
Ethics Committee, of Eskisehir Osmangazi University,
Turkey (approval date/number: November 12, 2017/627-
2). All rats were housed under a 12-hour light/12-hour
dark cycle in a temperature- (21-24°C) and humidity-
(50-60%) controlled room. The rats were adapted to the
environment for 2 weeks before the experiment. They
were fed with standard diet and water ad libitum. They
were randomly divided into 6 groups (n = 7) as follows;

Control group
They were fed with standard diet and drinking water. Only
0.9% saline solution was given.

Sham group 1 (BHB1)

A single dose of BHB (200 mg/kg) dissolved in phosphate
buffer (PBS) was administered intraperitoneally (i.p.)."?
After 12 hours, the rats were euthanized.

Sham group 2 (BHB2)

Two doses of BHB (200 mg/kg) were administered intra-
peritoneally at 12-hour intervals. The rats were eutha-
nized 12 hours after the last administration of BHB.

AP group

For AP induction, the rats were fasted for 12 hours, and
cerulein (50 pg/kg) dissolved in 0.9% saline was adminis-
tered as 4 doses at 1-hour intervals i.p.'® The rats were euth-
anized 12 hours after the last administration of cerulein.

AP+BHB1

After AP induction, a single dose of BHB (200 mg/kg) dis-
solved in PBS was administered. After 12 hours, rats were
euthanized.

AP+BHB2

After AP induction, 2 doses of BHB (200 mg/kg) dissolved
in PBS were administered at 12-hour intervals. The rats
were euthanized 12 hours after the last administration of
BHB.

At the end of the experiment, all groups were anesthe-
tized with a mixture of 2.5% ketamine hydrochloride
(Ketalar, New York, USA) and 2% xylazine (Rompun, Bayer,
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Leverkusen, Germany), then euthanized. Blood samples
were centrifuged at 1000 rpm for 15 minutes. Serum sam-
ples were stored at —80°C in tubes until analysis day. The
abdominal area of the rats was opened along the midline
and the pancreases were excised and photographed with
a digital camera. Each pancreas sample was cut into trans-
verse pieces. One part of the pancreas was stored at —80°C
for western blot studies and the other part was placed in
10% neutral formaldehyde for histochemical studies.

Tissue Preparation and Histopathological Scoring
Tissue pieces excised for light microscopic examination
were fixed for 24 hours in 10% neutral formaldehyde
solution. They were then subjected to a routine histo-
logical process to form paraffin blocks. Further, 5-pm
thick sections taken from prepared paraffin blocks were
stained with hematoxylin-eosin (H&E).

The prepared samples were examined by 2 histologists
(blinded) in terms of edema, inflammatory cell infiltration,
and acinus necrosis with a photomicroscope (Olympus
DP70 with digital camera) according to the scores pro-
vided in Table 1.'

Immunohistochemical Examination

Routine histological procedures (fixation, washing, tissue
processing, and blocking) were applied to the 4-pm thick
sections cut from paraffin blocks. For deparaffinization,

Table 1. Histological Scoring for Acute Pancreatitis

Condition Score  Indication
Edema 0 Absent
1 Focally increased between lobules
2 Diffusely increased between lobules
3 Acini disrupted and separated
Inflam'ma}tory 0 Absent
cellinfiltrate 1 In ducts (around ductal margins)
2 In the parenchyma (in <60% of the
lobules)
3 In the parenchyma (in >50% of the
lobules)
Acinar necrosis 0 Absent
1 Periductal necrosis (< 5%)?
Focal necrosis (5-20%)
3 Diffuse parenchymal necrosis (20-

50%)

2Referring to the approximate percentage of cells involved per examined
field.

the sections were put in 2 different xylene solutions for
10 minutes each. After that, sections were placed in ethyl
alcohol at a descending series of 100%, 96%, and 80%
for 5 minutes each. Next, the sections were put in distilled
water for 5 minutes. The antigen retrieval procedure was
done in 10% citrate buffer for 5 minutes by using a pres-
sure cooker. To block the endogenous peroxidase activity
in the tissues, the slides were kept in 3% hydrogen perox-
ide for 10 minutes. After the blocking step, the slides were
incubated with NLRP3, caspase 1, ASC, NF-KB, and TNF-«a
(sc-66846,sc-56036, sc-514414,sc-8414 and sc-52746,
Santa Cruz, USA) antibodies at +4°C overnight. The follow-
ing day, the slides were washed with PBS, and biotinylated
secondary antibody (Thermo Scientific, TP-125-HL, USA)
was added to the slides for 10 minutes. After washing with
PBS, the slides were kept in a streptavidin—peroxidase
enzyme solution for 10 minutes. They were re-washed with
PBS and treated with chromogen amino ethyl-carbazole
(Thermo Scientific, TA-060-SA, USA) to make the immune
reaction visible. The sections stained with Harris hematoxy-
lin were mounted with water-based medium. The mounted
slides were evaluated and photographed with the Olympus
BX 51 computer-aided imaging system.

Determination of Serum Amylase, Lipase, IL-18, and
IL-1p Levels

The amylase and lipase levels of the rats were measured by
the enzymatic—colorimetric method (Cobas ¢ 501 auto-
mated analyzer, Roche, USA) in the Medical Biochemistry
Laboratory of the Medical Faculty of Eskisehir Osmangazi
University. Serum IL-18 and IL-1p levels were evaluated
with a commercially available ELISA kit (YL Biont, Jiading
District, Shanghai, China, YLCO074RA and YLC0220RA),
according to the manufacturer's instructions.

Western Blot Method

Proteins were separated by sodium dodecyl sulfate—poly-
acrylamide gel electrophoresis and transferred to nitrocel-
lulose membranes by the semi-dry method. Non-specific
binding in the membranes was blocked by 5% bovine
serum albumin. Then, the membranes were incubated with
NLRP3, caspase 1, ASC, NF-KB, and TNF-a primary anti-
bodies (sc-66846, sc-56036, sc-514414, sc-8414 and
sc-52746, Santa Cruz, US) overnight at 4°C.The mem-
branes were then washed in tris-buffered saline 0.05%
Tween (TBST) and incubated with HRP-conjugated sec-
ondary antibody for 1 hour at room temperature.

The membranes were washed 3 times for 5 minutes and
then developed with the chemiluminescent substrate
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(LI-COR, Lincoln, NE, USA). The results were then ana-
lyzed with a western blot scanner (C-DiGit, LI-COR,
Lincoln, NE, USA). Beta (f)-actin was used as a loading
control. The normalization of groups was done with its
own B-actin band. The fold change of the control group
was accepted as 1 and the values for the other groups
were calculated through the control group.

Statistical Analysis

Statistical studies were performed with the Statistical
Package for the Social Sciences (SPSS). A value of P < .05
was considered significant in all studies. The suitability
of the data for normal distribution was examined by the
Shapiro-Wilk test. One-way ANOVA, followed by Tukey's
multiple comparison test, were performed on normally
distributed data.

RESULTS

Morphological Results

At the end of the experiment, the pancreases excised
from anesthetized rats were examined macroscopically
and pictures were captured. In the control, BHB1, BHB2,
AP+BHB1, and AP+BHB2 groups, the pancreases were
macroscopically alike. In the AP group, the pancreases
were swollen and edematous (Figure 1).

Histopathological Examination and Scoring Results
According to H&E staining, normal histological struc-
ture was observed in the control, and in the groups with
BHB1 and BHB2 alone. However, severe pathological
alterations, including intense edema, diffuse inflamma-
tory cell infiltration, acinar necrosis, and hemorrhage
were observed in the lobes, lobules, and acini of the AP
group. These pathological alterations in the AP group
were significantly ameliorated in the AP+BHB1 and
AP+BHB2 groups. This amelioration was more appar-
ent in AP+BHB2 group than that in AP+BHB1 group. A
statistically significant difference was detected in histo-
pathological scoring. The AP group had the highest mean
of the histological score among all groups (P < .05). In the
AP+BHB1 and AP+BHB2 groups, the histopathological
score was significantly lower than that in the AP group
(both P <.05). There was no significant difference among
control, BHB1, BHB2, AP +BHB1, and AP + BHB2 groups
(P> .05) (Figure 2).

Immunohistochemical Results
NLRP3, caspase 1, ASC, NF-KB, and TNF-a staining was
performed by the indirect immunohistochemical method.
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Figure 1. Macroscopic images of the pancreas in the different
groups. The abdominal area of the rats was opened along the
midline and the pancreases were excised and photographed with a
digital camera. In the control (A), BHB1 (E), BHB2 (F), AP+BHB1(C)
and AP+BHB2 (D) groups, pancreatic tissue was similar, while in the
AP group (B), the pancreas was swollen and edematous (red arrow).
The rulers in the figure are at centimeter scale.

The BHB1 and BHB2 groups were poorly stained, while
the control group showed negative reaction for all anti-
bodies. The most intensive staining for all antibodies was
detected in the AP group. It was determined that the
immunoreaction for all antibodies was decreased in the
AP +BHB1 and AP + BHB2 groups, when compared to the
AP group (Figure 3 and 4).

Amylase, Lipase, IL-1f, and IL-18 Results

According to the amylase, lipase, and IL-1p results, no sig-
nificant difference was detected among control, BHBI1,
BHB2, AP+BHB1, and AP+BHB2 groups (P > .05). The AP
group showed a statistically significant difference when

705



Turk J Gastroenterol 2021; 32(8): 702-711

Sahin et al. B-Hydroxybutyrate Ameliorates Acute Pancreatitis

compared to each group (for all P < .05) and had the
highest amylase and lipase levels. In addition, the amy-
lase and lipase levels were decreased significantly in the
AP +BHB1 and AP +BHB2 groups (P < .05). According to
the IL-18 results, the lowest IL-18 levels were detected
in the control group (P < .05 vs all groups). The BHB1 and
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Figure 2. Hematoxylin—eosin staining and histopathological scoring
of groups. Typical pancreatic histological structure is seen in the
control (A), BHB1 (E), and BHB2 (F) groups. However, severe
pathological alterations, including intense edema (star), diffuse
inflammatory cell infiltration (thin arrow), acinar necrosis
(arrowhead), and hemorrhage (thick arrow) were observed in the
lobes, lobules, and acini of the AP group (B). These pathological
alterations in the AP group were significantly ameliorated in the
AP+BHB1 (C) and AP+BHB2 (D) groups. This amelioration was more
apparent in the AP+BHB2 group than in the AP+BHB1 group. All
bars are 50 ym. G: Scoring table. The scores of the groups are
shown as mean =+ standard deviation. a: AP group is significantly
higher than all other groups (P < .05). b: It is different from the AP
group (P < .05).

BHB2 groups had significantly higher IL-18 levels than
the control group (both P < .05). In the AP group, IL-18
levels were the highest (P < .05 vs control). Although
IL-18 levels decreased in the AP + BHB1 group, it was not
statistically significant when compared to the AP group (P
> .05). Yet, there was a significant decrease in the IL-18
levels of the AP +BHB2 group when compared to the AP
group (P < .05) (Figure 5).

Western Blot Results

The levels of NLRP3, caspase 1, ASC, NF-KB, and TNF-a
proteins were markedly higher in the AP group when com-
pared to the control group. BHB treatments decreased
the expressions of these proteins. The detailed band
density and protein fold changes among the groups are
shown in Figure 6.

DISCUSSION

In the present study, BHB was shown to produce a thera-
peutic effect on experimentally-induced acute pancre-
atitis by suppressing the NLRP3 inflammasome complex.

AP is a rapidly-progressing pancreatic disease that can
lead to systemic inflammation and multiple organ fail-
ure.”s It can be easily modeled in many experimental ani-
mals. In our study, we used cerulein to generate AP in
Wistar albino rats. AP can be induced by applying various
doses of cerulein.'®'” In our preliminary studies, we deter-
mined that 4 doses (50 pg/kg) of cerulein were sufficient
to induce AP.

In humans, AP has been diagnosed by measuring the
levels of blood amylase and lipase, since 1916. These
enzymes increase by at least 3-4 times the normal levels,
during AP. 8

In this study, 12 hours after the last cerulein injec-
tion, the blood amylase and lipase levels were found
to be increased by 6.3- (AP group/Control group,
12508.3/1962.7 U/L) and 48.75- fold (AP group/Control
group, 234/4.8 U/L), respectively, when compared to the
control. At the end of the experiment, it was observed
that the pancreases in the AP group were swollen and
had intense edema between the lobes. This result showed
similarity with the results of Mayerle et al.'® BHB reduced
swelling and edema in the AP groups.

This is the first study in which BHB was used as a thera-
peutic agent in AP. In this respect, it is an original study.
When we look at the histopathological evaluation of the
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Figure 3. NLRP3, caspase 1 and ASC staining of pancreas sections. The BHB1 and BHB2 groups were poorly stained while the control group
showed negative reaction for all antibodies. The most intense staining (red arrow) for all antibodies was detected in the AP group. It was
determined that the immunoreaction for all antibodies was decreased in the AP +BHB1 and AP + BHB2 groups when compared to the AP

group.

groups, dense and diffuse edema, inflammatory cell infil-
tration, acinar necrosis, and hemorrhage were observed
between the lobes and acini, in the AP group. These find-
ings are similar to the previous results.?® In the BHB1 and
BHB2 groups, the histological structure was similar to the
control group. In the AP+BHB1 and AP+BHB2 groups,
the pathological findings were significantly reduced
compared to those of the AP group. When we look at a
study on pancreas and BHB, BHB was shown to reduce

the oncogenic signal and cellular movement in pancreatic
cancer.?'In another study, BHB administration was shown
to increase the proliferation of pancreatic f cells, and the
number of mitochondria and mitochondrial ATP produc-
tion.?2 There are few studies related with both pancreas
and BHB.

When we look at the mechanism of AP, we see that it
stems from inflammation. One of the factors involved in
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AP

AP+BHB1

AP+BHB2

Figure 4. NF-KB and TNF-a staining of pancreas sections. The
BHB1 and BHB2 groups were poorly stained while the control group
showed negative reaction for all antibodies. The most intense
staining (red arrow) for all antibodies was detected in the AP group.
It was determined that the immunoreaction for all antibodies was
decreased in the AP +BHB1 and AP + BHB2 groups, when compared
to the AP group.

the etiology of AP is the conversion of trypsinogen into
active trypsin in the acinar cells.

Trypsin activates many destructive enzymes (such as
elastase, phospholipase A2, amylase, and lipase) and

causes internal degradation of the cell and biomolecules.
Infiltrated macrophages in the region of degraded cells
increase the synthesis of proinflammatory cytokines (IL-
1, IL-6, IL-8, and TNF-«a). Then, the diapedesis of neu-
trophils, macrophages, and lymphocytes into the region
accelerates, and finally inflammation begins.*

Inflammation is a complex process that involves many
intracellular pathways. One of these pathways is the
NLRP3 pathway. The most important event in the
NLRP3 pathway is the binding of NLRP3, ASC, and pro-
caspase 1 to form the NLRP3 inflammasome. By acti-
vated NLRP3, pro-caspase 1 converts into active caspase
1. Active caspase 1 leads to the release of proinflamma-
tory cytokines such as IL-1a, IL-16, IL-18, and TNF-a. The
release of these cytokines exacerbates the inflammation
(hyperinflammation) in the cell.?2 Recent studies showed
that the NLRP3 pathway is active in the pathophysiology
of AP.'523 Fu et al. studied the importance of NLRP3 in
NLRP3—/— and NLRP3+/+ mice. After cerulein and lipo-
polysaccharide injections, AP could not be induced suffi-
ciently in NLRP3—/—mice, but AP was easily induced in the
NLRP3+/+ mice. In addition, lung infection developed in
AP-induced NLRP3+/+ mice. In the same study, injection
of an NLRP3 inhibitor, INF39, to AP-induced NLRP3+/+
mice quenched the severity of AP.2* In our study, we stud-
ied the effects of BHB, which is the main ketone body
and is synthesized by fatty acid oxidation in hepatocyte
mitochondria, on AP, through the NLRP3 pathway. We
showed that the expressions of NLRP3, ASC, caspase 1,
IL-1B, and IL-18 proteins increased in the AP group, and
that 200 mg/kg BHB injection reduced these protein
expressions.

Many studies have shown that BHB inhibits NLRP3 inflam-
masomes.?>28 Trotta et al. showed that BHB (25, 50, and
100 mg/kg) reduced diabetic retinal damage by inhibit-
ing endoplasmic reticulum stress and NLRP3 inflam-
masomes in diabetic mice, dose-dependently.?” In our
study, we had 2 BHB sham control groups, as BHB1 and
BHB2. The pancreatic macroscopy and histopathology,
and IL-1B, amylase and lipase levels of these groups were
similar to those of the control group. However, in these
2 groups, unexpectedly, the BHB doses (200 mg/kg) used,
which had been determined as beneficial doses in accor-
dance with the literature,'? increased NLRP3 inflam-
masome proteins dose-dependently, although they
decreased the levels in the AP+BHB groups. For example,
the value of IL-18 increased significantly in the groups
treated with BHB alone. IL-1p and IL-18 arise as a result
of NLRP3 activation. When we examine our results, while
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Figure 5. ELISA analysis of amylase, lipase, IL-1p, and IL-18 in serum samples. The highest amylase, lipase, IL-16, and IL-18 expression was
found in the AP group; and the amylase, lipase, IL-16, and IL-18 expression decreased in the BHB-treated groups. a: AP group is significantly
higher than all other groups (P < .05). b: It is different from the AP group (P < .05).

IL-1B is similar to the control in the only-BHB-treated
groups, it is thought-provoking that the IL-18 value is
higher. In similar NLRP3 inflammasome and BHB stud-
ies, it has been reported that BHB has a lowering effect
on the amount of IL-1p and IL-18 in lower and long-term
treatments.?”2 We think that this change may be related
to the IL-18 kit we used, or there may be an explicit rela-
tionship between the dose we used and the production
of IL-18. Another study that may clarify this issue showed
that BHB acutely increases the level of NLRP3 and related
proteins.?® Based on this study, there may be an acute
increase in the IL-18 levels in our study. From another
perspective, it can be speculated that since some amount
of BHB was bodily utilized against AP, rest of the BHB did
not surpass the toxic threshold of BHB; however, it partly
induced NLRP3 inflammasomes due to nonconsumption
of BHB in the BHB alone groups.

BHB significantly reduced the amylase and lipase levels
after AP induction in a dose-dependent manner. This
is the first study showing the effect of BHB on amy-
lase and lipase levels. Shang et al. showed that 1, 10,
and 25 mM of BHB had anticancer activities and curbed

cell migration and NLRP3 inflammasome activation in
C6 glioma cells.®® Yet, Deora et al. showed that BHB did
not inhibit NLRP3 inflammasomes in the synuclein-stim-
ulated microglia cells.®" Yamanashi et al. reported that
BHB had antidepressant and anti-inflammatory effects
via the NLRP3 pathway.®? In this study, a single dose of
250 mg/kg has been the highest reported BHB dose in
the literature until now. BHB can use many pathways
when inhibiting the NLRP3 inflammasomes. For instance,
BHB can inhibit NLRP3 inflammasomes via the pathway
of endoplasmic reticulum stress.™

In conclusion, in this study, we demonstrated that BHB,
an endogenous ketone body, can be used to treat AP
due to its suppressing effect on the NLRP3 inflamma-
somes. For future studies, we suggest that effective
BHB doses be investigated and BHB be tested on other
NLRP3 inflammasome-related diseases. In addition, as a
result of our investigations, studies up to now have inves-
tigated only the relationship between NLRP3 inflamma-
somes and BHB. There are no publications investigating
the relationship of BHB with other NLRPs. The effect of
BHB on other inflammasomes belonging to other NLR
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Figure 6. Western blot analysis of NLRP3, caspase 1, ASC, NF-KB, and TNF-« in pancreas tissues. Western blot results are similar to the
immunohistochemistry results. The highest NLRP3, caspase 1, ASC, NF-KB, and TNF-a expressions were found in the AP group and these
protein expressions decreased in the BHB-treated groups.

families (NLRP1, NLRP6, NLRC4 etc.) should also be
investigated.
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