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ABSTRACT This study aimed to evaluate the gastroprotective mechanism of action of the essential oil of Croton cajucara
Benth. (Euphorbiaceae) stem bark in ethanol-induced gastric ulcers and its in vitro anti-Helicobacter pylori activity. The
involvement of heat-shock protein-70, vasoactive intestinal peptide, glutathione, nitric oxide, and nonprotein sulfhydryl
compounds in the gastroprotective effect was determined in male Wistar rats. The minimum inhibitory concentration against
H. pylori was determined in vitro. The results were analyzed by analysis of variance followed by the Dunnett test, and a P
value less than 0.05 was considered to represent a statistically significant difference. C. cajucara decreased ethanol-induced
ulcer area in 100% of ulcers and decreased the histologic lesions. In the C. cajucara group, the area marked by heat-shock
protein-70 was significantly higher than the area in the control group; this finding was not seen for vasoactive intestinal
peptide. C. cajucara could not maintain glutathione levels close to those in the sham group. The gastric ulcer area of rats
treated with the sulfhydryl compound blocker was decreased, but the ulcer area of rats treated with nitric oxide synthase
inhibitor showed no alteration. The minimum inhibitory concentration obtained for C. cajucara was 125 ug/mL. These
findings suggest that sulthydryl compounds and heat-shock protein-70, but not nitric oxide, glutathione, or vasoactive
intestinal peptide, are involved in the C. cajucara gastroprotective effect against ethanol-induced gastric ulcers.
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INTRODUCTION

F OLK MEDICINE IS ESPECIALLY IMPORTANT in developing
countries. In Brazil, information from ethnic groups on
traditional medicine has played a vital role in the discovery
of novel therapeutic agents from plants." An increasing
number of studies have shown that several Brazilian plant—
derived essential oils exhibit a variety of biological proper-
ties, such as analgesic,2 anticonvulsant,3 and antiulcerogenic
activities.* Naturally sourced medicines have become in-
creasingly popular among consumers searching for natural
ways to maintain their health.’

Plant extracts have been used to treat gastric disorders for
many centuries. Gastric and duodenal ulcers are illnesses that
affect a large number of people worldwide. Stress, smoking,
nutritional deficiencies, ingestion of nonsteroidal anti-
inflammatory drugs, presence of the bacteria Helicobacter
pylori in the stomach, and ethanol ingestion increase the
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incidence of gastric ulcer lesions.® Even normal acid secre-
tion can cause ulceration if some gastroprotective factors are
overwhelmed.” Although there are many products on the
market for the treatment of gastric ulcers, including antacids,
proton-pump inhibitors, anticholinergics, and histamine-2
antagonists, most of these drugs produce several adverse re-
actions, such as hypersensitivity, arrhythmia, impotence,
gynecomastia, and hematopoietic changes.® Thus, more ef-
fective and less toxic antiulcer agents are needed.

Croton cajucara Benth. (Euphorbiaceae), popularly
known as sacaca (“‘sorcery’’ in the Tupi Indian language), is
a native plant from the Amazon rainforest with a medicinal
property important in Amazonian folk medicine. The tree is
6—-10 meters in height. The leaves are glabrous in the ventral
face and pubescent in the dorsal face. The inflorescences are
racemes of 9-cm length, with 7 feminine flowers in the base
and 12 masculine flowers in the terminal portion of the ra-
ceme. The fruits are globose capsule, tricoca, and dehis-
cent.’ It is a well-known medicinal plant used to treat
several illnesses, such as diarrhea, diabetes, and liver in-
flammation, and to control cholesterol levels.'® In addition,
this plant is used in the treatment of stomachache, fever,
jaundice, hepatitis, and malaria."' After infusion, the
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C. cajucara stem bark is consumed in cases of heartburn,
gastritis, and peptic ulcer.'? It is one of the most important
Brazilian medicinal plamts.13

C. cajucara essential oil prevents acute gastric lesion
formation and accelerates the healing of acetic acid—induced
gastric ulcers. Its antiulcerogenic effect was attributed to
the presence of C;sH,4 sesquiterpene-like cyperene (29.0%)
and ao-copaene (20.9%), which were found to be the main
components of the essential oil.'*

Our study aimed to evaluate the gastroprotective effects
of C. cajucara essential oil in ethanol-induced gastric ulcers.
We sought to elucidate whether its mechanism of action is
associated with nitric oxide, sulthydryl compounds, and
glutathione, and we focused on its histologic alterations.
Furthermore, we also evaluated the in vitro activity of C.
cajucara against H. pylori.

MATERIAL AND METHODS
Animals

Male Wistar rats (weighing 200-250 g) from the Central
Animal House of Universidade Estadual Paulista (UNESP)
were used. They were fed a certified Nuvilab (Nuvital) diet
and had free access to tap water under standard conditions
of lighting (12 hours dark/12 hours light), humidity
(mean tstandard deviation, 60% *1%), and temperature
(21£2°C). The rats were fasted before all assays because
treatments were orally administered, and they were kept in
cages with raised floors of wide mesh to prevent coproph-
agy. Seven rats were used for each group. The vehicle
used was 8% polysorbate 80 (10 mL/kg). All experiments
followed the recommendations of the Canadian Council
on Animal Care, and all protocols were approved by the
UNESP Institutional Animal Care and Use Committee.

Plant material and essential oil extraction and dose used

C. cajucara was collected during the dry season in San-
tarém, Para State, Brazil. A voucher specimen (number 247)
has been identified by Nelson A. Rosa and deposited in the
IAN Herbarium in Belém, Brazil. The presence of both the
diterpene desidrocrotonin and the triterpene acetylaleur-
itolic acid in the chloroform extract of the bark was deter-
mined by thin-layer chromatography; this analysis was used
to authenticate the plant material.">'® The air-dried barks
were milled and subjected to hydrodistillation for 5 hours,
yielding 0.85% (w/w) of the essential oil.

The dose of 100 mg/kg was chosen according to the lit-
erature.'’

Ethanol-induced gastric ulcers

The experiment was performed as described by Morimoto
et al.'® Male Wistar rats, having fasted for 24 hours, were
distributed into 4 groups (n="7). The animals orally received
vehicle (8% polysorbate 80, 10 mg/kg), carbenoxolone as
the positive control (100 mg/kg), or C. cajucara (100 mg/kg).
A sham group did not receive any drug or treatment. After 1
hour, the animals orally received 1 mL of absolute ethanol.

Animals were killed in the CO, chamber after 1 additional
hour, and the stomachs were removed, opened along the
greater curvature, and scanned; the ulcer area (mmz) was
determined by AVSoft BioView software. A small fragment
of each stomach was collected for measurement of gluta-
thione levels. Stomach samples were used for histologic
slides confection; they were stained with hematoxylin—eosin
to analyze morphologic and histologic characteristics and
with periodic acid—Schiff to demonstrate the mucus secre-
tion. Samples were also submitted for immunocytochemis-
try analyses. A microscopic score’® was determined for
epithelial desquamation, hemorrhage, glandular damage,
and eosinophilic infiltration by using a scale ranging from 0
to 3 (0: none, 1: mild, 2: moderate, and 3: severe) for each
criterion. The total score was 12.

Immunocytochemistry analyses

Twenty-four slides were deparaffinized, rehydrated, and
immunostained by the avidin-biotin complex method to
detect heat-shock protein-70 (HSP-70) and vasoactive in-
testinal peptide (VIP). The antibodies were provided by
Santa Cruz Biotechnology. Nonspecific reaction was
blocked with H,O, and goat serum before the incubation
with the specific antiserum. After rinsing in phosphatase-
buffered saline (PBS; 0.01 mol/L; pH, 7.4), the sections
were incubated in secondary antiserum (avidin-biotin
complex kit). They were washed in PBS, the avidin-biotin
complex was applied, and the reaction was finally carried
out in a 3,3'-diaminobenzidine-tetrahydrochloride solution
containing 0.01% H,0O, in PBS. After immunostaining, the
sections were lightly counterstained with hematoxylin and
the immunoreactive cells were observed under a Leica mi-
croscope associated with Leica Qwin Software. For the
control reaction, some slides were processed with omission
of the primary antibody, and other slides omitted the pri-
mary and secondary antibodies. Twelve slides were used for
each antibody, in which the marked area (,umz) for both was
measured with the aid of AVSoft BioView software.

Determination of glutathione level

Total glutathione content was quantified with the re-
cycling assay.20 Samples of stomachs submitted to ethanol-
induced gastric ulcer were thawed, minced, diluted 1:20
(w/v) in ice-cold 5% (w/v) trichloroacetic acid, and homog-
enized. The homogenates were centrifuged at 7000 g for 15
minutes at 4°C, and the supernatants were used to quantify
glutathione content through reaction with 5,5'-ditiobis-2-
nitrobenzoic acid; the absorbance was read in a spectro-
photometer (412 nm). The results were expressed as nmol
glutathione/g tissue.

Ethanol-induced gastric ulcers in NEM-
or L-NAME-pretreated rats

Having fasted for 24 hours, the male Wistar rats were
distributed into 6 groups (n=7). Two groups of rats were
intraperitoneally treated with N-ethylmaleimide (NEM),
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10mg/kg, a sulthydryl compound-blocker; 2 groups were
intraperitoneally treated with N-nitro-L-arginine methyl
ester (L-NAME), 70 mg/kg, a nitric oxide synthase inhibi-
tor; and 2 groups were treated with saline (10 mL/kg, used as
the vehicle for NEM and L-NAME). Thirty minutes later,
8% polysorbate 80 (10 mL/kg) and C. cajucara (100 mg/kg)
were orally administered to 3 groups each. After 60 minutes,
all groups were orally treated with 1 mL of absolute ethanol
for gastric ulcer induction.”’ Animals were killed 1 hour
after the ethanol administration and the stomachs were re-
moved, opened along the greater curvature, and scanned.
The ulcer area (mm?) was determined by using AVSoft
BioView software.

In vitro anti-H. pylori activity

Bacterial strains and culture conditions were as follows:
culture of H. pylori (ATCC 43504) was stored at —80°C on
Miiller—Hinton broth containing 5% bovine calf serum and
20% glycerol. Stocks were subcultured on Miiller—Hinton
agar, to which 10% sheep blood was added; the result was
incubated at 37°C for 72 hours in a microaerobic atmo-
sphere (80% N, 15% CO,, and 5% O,) with 98% humidity.
The cells were suspended in sterile saline to obtain turbidity
equivalent to a 2.0 McFarland standard (approximately 108
colony-forming units/mL).%>

Broth microdilution procedure was used to evaluate the
antibacterial activity. The minimum inhibitory concentra-
tion (MIC) was determined by using a dilution assay in a 96-
well microtiter plate. One hundred pl. of Miiller—Hinton
broth containing 10% horse serum was added to all 96 wells
of the microtiter plate (Corning). Each microplate was in-
cubated with bacteria (100 uL.) at a final concentration of
about 107 colony-forming units/mL plus 20 uL. of solution

from each dilution of C. cajucara at concentrations between
1000 uLL and 6.25 ug/mL using 2-fold serial dilutions. The
plates were incubated for 3 days in a microaerobic atmo-
sphere at 37°C and then examined visually and spectro-
photometrically to determine the lowest concentration
showing complete growth inhibition. This value was re-
corded as the MIC, in accordance with the Clinical and
Laboratory Standards Institute.”

Statistical analysis

Parametric data were analyzed by using 1-way analysis of
variance, followed by the Dunnett multiple comparison post
hoc test. Results are presented as mean tstandard error.
Nonparametric data (histologic scoring) were analyzed by
using the Kruskal-Wallis (nonparametric analysis of vari-
ance) test followed by the Dunn multiple comparison post
hoc test. Results are presented as median (range). All ana-
lyses were performed by using GraphPad Instat software. A
P value less than .05 was considered to represent a statis-
tically significant difference.

RESULTS

Ethanol-induced gastric ulcers

In the vehicle group, severe mucosal lesions were ob-
served, consisting of elongated bands parallel to the long
axis of the stomach. This group presented a mean ulcer area
of 156.60+36.30 mm?. In contrast, C. cajucara completely
prevented gastric ulcer formation. The ulcer area was
0.00 £ 0.00 mm? (P<.01), indicating that C. cajucara of-
fered 100% gastroprotection. All 7 stomachs examined
from the C. cajucara group were completely protected
from any visible damage. The group receiving the positive

FIG 1. Photomicrographs of rats’ stomach submitted to ethanol-induced gastric ulcer after treatment with vehicle (A, D), carbenoxolone
(100mg/kg) (B, E), or C. cajucara (100 mg/kg) (C, F). Hematoxylin—eosin staining (A—C) or periodic acid-Schiff staining (D-F); original
magnification, X 320. * indicates epithelial desquamation and # indicates glandular damage. Arrows indicate mucous secretion.
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TABLE 1. HISTOLOGIC SCORE AND IMMUNOREACTIVE AREA FOR HSP-70 AND VIP IN RATS’ STOMACHS (N=7) SUBMITTED TO ETHANOL-INDUCED
GASTRIC ULCER AFTER TREATMENT WITH VEHICLE, CARBENOXOLONE (100 MG/KG), OR C. cAJUCARA (100 MG/KG)

Analysis Vehicle Carbenoxolone C. cajucara
Median score (range)” 12 (11-12) 6 (5-7) 2 (1-3)***
HSP-70 (um?)° 34.33£6.32 168.88 £ 19.40%* 105.13+£9.47%*
VIP (um?) 118.57+28.70 114.88+24.52 45.71+10.60

“Score was assessed by analysis of variance testing followed by the Dunn test; comparisons to vehicle, ***P <.001.
PHSP-70 and VIP values are expressed as mean *standard error. They were assessed by analysis of variance testing followed by the Dunnett test; comparison to

vehicle, **P<.01.
HSP-70, heat-shock protein-70; VIP, vasoactive intestinal peptide.

control carbenoxolone presented a mean ulcer area of
22274821 mm? (P<.01); gastroprotection in this group
was 85.8%.

Histologic analyses

When compared with the control, the C. cajucara group
presented a well-preserved gastric mucosa with no hemor-
rhage or eosinophilic infiltration and mild epithelial des-
quamation and glandular damage. The total score for the C.
cajucara group was 2 (range, 1-3) (P <.001). The group
treated with carbenoxolone obtained a total score of 6
(range, 5-7); epithelial preservation in this group was worse
than that in the C. cajucara group, with moderate epithelial
desquamation, hemorrhage, and glandular damage and mild
eosinophilic infiltration. The score in the vehicle group was
12 (range, 11-12). Figure 1 (parts A—C) and Table 1 illus-
trate these results.

C. cajucara treatment led to the development of a sub-
stantial continuous periodic acid—Schiff—positive mucous
gel layer that came to cover the surface of the gastric mu-
cosa. A bright purple—stained area covering the mucosa and
extending up to the gastric pits was noted, which indicates
that C. cajucara treatment stimulated mucous production.
This area is represented by the dark area in parts D-F of
Figure 1.

Immunohistochemical analyses

The C. cajucara and carbenoxolone groups marked HSP-
70-positive cells, and the immunostained area was signifi-
cantly larger (P <.01) than in the vehicle group. This finding
indicates that HSP-70 is part of the cytoprotective mecha-
nism of action from C. cajucara (Table 1). Further, im-
munostaining remained concentrated in lesion areas,
confirming that the treatment stimulated the adaptive cel-
lular protection through HSP-70 activity (data not shown).

The immunostained area for VIP did not differ among the
3 groups (Table 1). There were a few VIP-positive cells in
all groups (data not shown). C. cajucara did not increase
VIP levels compared with the control groups.

Determination of glutathione level

In the C. cajucara group, glutathione was not maintained
at levels close to those of the sham group (Fig. 2) after
administration of the glutathione-depleting ethanol. This

effect was also seen in the control groups, but the statistical
difference between the positive and negative control groups
and the sham group were higher (P <.01) than the difference
between the C. cajucara and sham groups (P <.05). These
observations indicate that the gastroprotective effect of C.
cajucara does not act via this antioxidant pathway.

Ethanol-induced gastric ulcers in NEM—
or L-NAME—pretreated rats

Pretreatment with NEM, a sulfthydryl-blocker, signifi-
cantly increased the gastric ulcer area of animals treated
with C. cajucara (Table 2) compared with saline-pretreated
animals. This finding suggests that endogenous sulfhydryl is
involved in the gastroprotective effect of C. cajucara.

Pretreatment with L-NAME, a nitric oxide-blocker, did
not increase the gastric lesions of animals treated with C.
cajucara (Table 2), indicating that nitric oxide is not in-
volved in the gastroprotective effect of C. cajucara.

In vitro anti—H. pylori activity
The MIC obtained for CC was 125 pug/mL.

DISCUSSION

Gastric ulcers induced by absolute ethanol are predominant
in the glandular portion of the stomach. Ethanol administra-
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FIG 2. Glutathione levels in rats’ stomachs (n=7) submitted to
ethanol-induced gastric ulcer after treatment with vehicle, carbe-
noxolone (100 mg/kg), or C. cajucara (100 mg/kg). Values are ex-
pressed as the mean * standard error. *P <.05; **P <.01. Levels were
as follows: sham group, 1704.30+149.03 nmol/g; vehicle group,
982.80+79.07 nmol/g; carbenoxolone group, 1195.60+
37.57nmol/g; C. cajucara group, 1286.51+93.15nmol/g. GSH,
glutathione.
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TABLE 2. EFFECT OF C. cAJUCARA ESSENTIAL OIL (100 MG/KG) ON ETHANOL-INDUCED GaAstric ULCER AREA (MM2) IN RATS (N = 7)
PRETREATED WITH N-ETHYLMALEIMIDE (10 MG/KG) OR N-NITRO-L-ARGININE METHYL ESTER (70 MG/KG)

Pretreatment (i.p) Saline NEM L-NAME
Treatment (oral) Vehicle Vehicle Vehicle
Ulcer area (mm?) 139.05+19.21 1229.70+ 141.25" 511.94+80.96”
Treatment (oral) Croton cajucara Croton cajucara Croton cajucara
Ulcer area (mm?) 0.55+0.30* 356.63 +53.69*¢ 40.08 +£18.23%
Gastroprotection (%) 99.6 71.0 92.2

Values are expressed as the mean =+ standard error. Unpaired r-test.
P<.01 in the column (same pretreatment).

®P<.01 in the same row (same oral treatment—vehicle).

°P<.01 in the same row (same oral treatment—Croton cajucara).

IP, intraperitoneally treated; L-NAME, N-nitro-L-arginine methyl ester; NEM, N-ethylmaleimide.

tion causes gastric damage by a variety of pathways, such as
decreasing reduced glutathlone levels, reducmg protective
factors of the gastric mucosa,** depleting mucus in the gastric
surface, and inhibiting prostaglandin synthesis.”® Gastro-
intestinal diseases related to alcohol consumptlon play an
important role in clinical gastroenterology In the present
study, we examined the protective mechanism of C. cajucara
against gastric mucosa damage produced by absolute ethanol.
When rats were pretreated with C. cajucara before ethanol
administration, gastric ulcer formation was completely sup-
pressed. This finding suggests that C. cajucara acts as a direct
cytoprotective agent.

The results of histologic analysis confirmed that ethanol
administration caused gastric mucosal injuries characterized
by mucosal hemorrhage, glandular damage, epithelial des-
quamation, and eosinophilic infiltration, as described by
Jahovic er al."® The group treated with vehicle clearly pro-
duced the expected characteristics of necrotizing mucosal
lesions. However, the pretreatment with C. cajucara in-
hibited such alterations, including complete inhibition of
hemorrhage and eosinophilic infiltration. These data re-
vealed a correlation with the absence of gastric ulcers,
confirming the effectiveness of the treatment and indicating
a significant protective effect from C. cajucara against ab-
solute ethanol.

Ulcerogenic substances cause dissipation of the mucous
gel and phospholipid layer, leading to acid back-diffusion
and mucosal injury.”® According to the periodic acid—Schiff
staining, the increase in the mucus secretion is part of the C.
cajucara gastroprotective mechanism.

Recently, the importance of gastroprotective effects of
molecular chaperones, mainly HSP-70 families, was re-
ported in several experimental models. 2 HSP-70 is a pro-
tein produced from different forms of stress that protects
cellular homeostatic processes from injuries through the
preservation of normal protein structure and reparation or
removal of damaged protelns thereby offerlng protectlon
from gastric ulcer formation.*® HSP-70 expression is asso-
ciated w1th adaptive cellular protection against ethanol in-
gestlon " Immunomarked area for HSP-70—positive cells in
the C. cajucara and carbenoxolone groups and its expres-
sion concentrated in microscopically injured areas indicated

that the treatments stimulate adaptive cytoprotection
through HSP-70 expression.

VIP equilibrates beneficial and harmful effects of hista-
mine, which is an important mediator for tissue repair and
healing, in addition to Eresenting antioxidant and anti-
inflammatory activities.** However, the gastroprotective
effect of C. cajucara is not involved with histamine level
control by VIP activity.

Another aggressive mechanism by which ethanol attacks
gastric mucosa is the impairment of glutathione levels.
Glutathione is an 1mp0rtant antioxidant found in most
mammalian cells.>® Tt is essential for maintaining gastric
mucosa integrity, preventing injuries caused by noxious
agents, and protecting the cell from free-radical-induced
damage.”™ However, our results showed that the gastro-
protective effect of C. cajucara does not act through this
antioxidant pathway.

The mucous synthesis that strengthens the mucosa barrier
against harmful agents also has an important role in gastric
protection. Accordingly, the literature reports that endoge-
nous non protein sulfhydryl (NP-SH) compounds are the
key agents in mucosal protection against ethanol-induced
gastric injury.*> NP-SH compounds bind the free radicals
formed from the ethanol action and are also involved in
controlling the productlon and nature of mucus and in re-
cycling antioxidants.*® Our findings agree with earlier re-
ports showing depletion of NP-SH compounds in ethanol-
induced gastric lesions.>” The decrease in gastric ulcer area
observed after pretreatment with NEM in animals treated
with C. cajucara indicated a significant improvement in the
depleted level of NP-SH concentration, thus indicating a
strong participation of the endogenous NP-SH in the gas-
troprotective effect of C. cajucara.

Previous studies focused on nitric oxide as a gastro-
protective factor that is released i in large qualities and con-
tributes to decreasmg the lesions,*® given that nitric oxide is
important in the regulation of acid and alkaline secretlon
mucous secretion, and gastric mucosal blood flow.* How-
ever, our results did not show an increase in the gastric ulcer
area after blocking of nitric oxide production with L-
NAME, suggesting that the gastroprotective effect of C.
cajucara is not mediated by the nitric oxide pathway.
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Since the 1982 discovery by Marshall and Warren (2005
Nobel Laureates for Medicine) that the bacterium H. pylori
is an etiologic agent of gastric ulcers, the pathogen has
been shown to be a causative agent of disease states of
varying degrees of severity, including chronic gastritis,
peptic ulcer disease, gastric adenocarcinoma, and gastric
mucosa-associated lymphoid tissue lymphoma Reports
in literature have shown that an MIC of 250 ug/mL or less
is an interesting result for natural products.*'*** Thus,
C. cajucara presented satisfactory activity against other
important factor in gastric ulcers development. It is possible
that C. cajucara could be administered as a supplement to
enhance the efficacy of the actual antibacterial therapies.

In conclusion, C. cajucara essential oil presented gas-
troprotective activity in ethanol-induced gastric ulcer. It
completely prevented the formation of gastric ulcers, re-
duced epithelial desquamation and glandular damage, and
avoided mucosal hemorrhage and eosinophilic infiltration in
the gastric mucosa. This effect was not due to the mainte-
nance of glutathione levels, was not modulated by nitric
oxide release, and did not activated VIP expression. It was
due to HSP-70 expression, mucous secretion, and increase
in the bioavailability of gastric sulfhydryl groups, which led
to a reduction in the gastric oxidative injury induced by
ethanol. These data confirm knowledge from the northern
region of Brazil that indicates this plant as an option for
gastric ulcer treatment.
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