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Abstract

caused by various single celled protozoans of the genus
Plasmodiwm. Human malaria is transmitted by female
Anopheles mosquitoes.”

Plasmodium (P.) falciparum which causes fevers that some-
times occur at less than 48-hour intervals. Symptoms like

Objectives: This study was carried out to assess the histomorphological findings of the liver of Plasmodium-infected albino
mice following administration of aqueous leaf extract of Mangifera indica.

Methods: Forty-two male albino mice, weighing 20-25 g, were used for this research. The mice were randomly assigned
into six groups A, B, C, D, E and F (n=7, each). Groups B, C, D, E and F were infected with P. berghei, while group A was
administered equivalent volume of normal saline. Mice in groups C, D and E were orally administered Mangifera indica
extract (50 mg/kg, 100 mg/kg and 150 mg/kg body weight, respectively) dissolved in 0.2 ml of distilled water for 5 days,
and those in group F were orally administered with artesunate for 5 days (3 mg/kg and 1.5 mg/kg body weight on the first
day and on subsequent 4 days, respectively) while groups A and B were administered equivalent volume of distilled water,
all administrations starting 72 hours post-infection. The animals were left for another 14 days after treatment.

Results: The result showed that the extract treated groups presented dose dependent ameliorative changes in the organi-
zation of histoarchitecture such as reduction of collagen fibers, reticular fibers and hemozoins. There was a significant
decrease (p<0.0001) in the percentage parasitemia in groups C, D and E when compared with group B. There was also a
significant (p<0.03) reduction in Kupffer cell density in groups C, D and E when compared with group B.

Conclusion: This study showed that Mangifera indica has an ameliorative effect against injury-related changes in liver his-
tomorphology.
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Introduction high fever, headache, drowsiness and confusion occur as
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Malaria, the world’s most devastating human parasitic the paras tes.sp e.ad to severa other organs Fo cause (.)the
. o . ) . ., . symptoms like jaundice, diarrhea and kidney failure.
infection, " is a vector-borne infectious disease which is

Malarial parasites have developed resistance to a number
of anti-malarial medicines in many parts of the world."”
Prompt and effective treatment with artemisinin-based
combination therapies, usage of mosquito nets or insecti-
cidal nets by people at risk, and indoor residual spraying of
insecticide to control the mosquito vectors are important
for elimination and control of malaria.”

Most serious illnesses and deaths are attributed to
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The four Plasmodium species that have been
described in African murine rodents are P. berghei, P.
chabaudi, P. vinckei and P. yoelli. P. berghei infects the liver
after being injected into the bloodstream by a bite of an
infected female mosquito. Plasmodium species is used for
development and screening of anti-malarial drugs and
the development of an effective vaccine against malaria,
since it has the same effects on rodents as P. falciparum.™”

Multiplication of the parasite in the blood causes ane-
mia and damage of essential organs of the host such as
the lungs, liver and spleen. P. berghei infections may also
affect the brain causing cerebral complications in labora-
tory mice with symptoms comparable to those of
patients infected with P. falciparum.™*”

Disrupting the life cycle of the parasite by controlling
the vector had only limited success, while the anti-malarial
drugs are not easily available to those most in need and
there has also been rapid evolution of drug resistant para-
sites.” Therefore, an effective vaccine is the most promis-
ing approach to controlling the disease, but it is stll not
available.

Several malarial syndromes including severe anaemia,
hyperparasitemia, cerebral malaria, acute respiratory dis-
tress and chemical jaundice differ significantly in terms of
target organs of disease, with the brain, lungs, kidney and
liver affected.” The common feature of all severe malaria
syndromes is that parasite burdens are significantly higher
than in patients suffering uncomplicated malaria;” para-
site burdens play a crucial role in causing cerebral, respi-
ratory and hepatic pathologies during malaria.

Initial manifestations of disease for all malaria species
can resemble flu symptoms,” and other conditions such as
septicemia, gastroenteritis, and viral diseases."”
Splenomegaly, hepatomegaly, hypoglycemia, severe
headache, and hemoglobinuria with renal failure may
occur.” Toxicity, such as fatal neuropenia by amodi-
aquine,"" reversible retinopathy by chloroquine,"” exfolia-
tive dermatitis and aplastic anaemia by mepacrine,"” and
acute brain syndrome presenting with convulsions by
mefloquine” are known to be associated with convention-
al anti-malarial drugs.

The infection of liver cells by sporozoites form of the
malaria parasite can cause organ congestion, sinusoidal
blockage and cellular inflammation. Liver changes in
severe malaria often include hyperplastic Kupffer cells,""
fatty changes, portal tract inflammation, cholestasis"” liver
cell necrosis,"” sequestration of parasitized red blood cells
(PRBCs) and the deposition of hemozoin pigment."*"”
Histopathological changes in the livers of severe P. falci-
parum malaria cases are associated with increase in total
bilirubin levels."” Hepatomegaly occurs as a result of

inflammation and accumulation of cytotoxic substances
and white blood cells.®”
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Mangifera indica Linn (MI) is a species of mango in the
Anacardiaceae family, one of the most important tropical
plants marketed in the world.”" It is found in the wild in
India and cultivated varieties have been introduced to
other warm regions of the world, including Nigeria. The
different chemical constituents of the plant are the
polyphenolics, flavonoids, triterpenoids and mangiferin (a
xanthone glycoside is its major bio-active constituent), iso-
mangiferin, tannins and gallic acid derivatives.””

Oyewo et al.”” stated that administration of Mangifera
indica extract showed no mortality and toxic effect on the
histoarchitecture of the liver in adult Wistar rats. This
study was thus performed to examine the histomorpholo-
gy of the liver of Plasmodium-infected mice following
administration of aqueous leaf extract of Mangifera indica.

Materials and Methods
Animal care and management

Forty-two male albino mice (Mus musculus), weighing
between 20 and 25 g, obtained from the Animal holding
of College of Health Sciences, Obafemi Awolowo
University Ile-Ife, were used for this research. The mice
were housed in plastic cages in the Animal Holding of the
Department of Anatomy and Cell Biology, Obafemi
Awolowo University Ile-Ife. They were maintained on
standard laboratory animal pellets before the start of the
experiment and water was provided ad libitum. The mice
were randomly assigned into six groupsA, B, C, D, E and
F of seven mice each.

Plant material and preparation of extract

Fresh leaves of mango tree were obtained from plantations
in Ile-Ife and authenticated by a plant taxonomist in the
Department of Botany, Obafemi Awolowo University, Ile-
Ife. A voucher specimen was deposited at the department’s
Herbarium for future reference (Voucher number: IFE-
17465). The leaves were washed with clean water and air-
dried. The dried leaves were pulverized with squeezing and
crushing machine (Daiki Rika Kogyo Co., Ltd., Kounosu,
Saitama, Japan) into fine powder. The aqueous extract was
prepared by extracting the powdered leaves, weighing 2.0
kg, with 6 L of distilled water, macerated in a polytron
homogenizer for 48 hours and the solution was filtered
using Buchner funnel and Whatmann No. 1 filter paper
(Whatmann International Ltd, Maidstone, UK). The fil-
trate was evaporated under 56 atm reduced pressure using
a rotary evaporator (Rotavapor-R110, Biichi Labortechnik,
Flawil, Switzerland) and later freeze-dried in a lyophilizer
(Ishin Lab. Co. Ltd, Seoul, Republic of Korea). The
extract obtained was kept in a desiccator undil use. The per-
centage yield was 10.52%.
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Infection with Plasmodium parasites

Infection with Plasmodium parasites was done in the
Department of Medical Microbiology and Parasitology,
College of Health Sciences, Obafemi Awolowo
University, Ile-Ife. Mice were infected with P. berghei
intraperitoneally with 0.2 ml of mixture of infected blood
of the donor mouse whose parasitemia level was approxi-
mately 36% and normal saline at ratio 1:31, respectively.
The infection was carried out on the first day of the
research and left for two more days to allow for the spread
of Plasmodium parasites.”! The percentage parasitemia was
determined on the 3rd day to confirm the Plasmodium sta-
tus of each mouse. The animal handling and care was in
line with the rules and guideline of the Health Research
and Ethics Committee of the Institute of Public Health,
Obafemi Awolowo University Ile-Ife, Nigeria.

Experimental design

* Group A was the negative control group adminis-
tered equivalent volume of normal saline;

* Group B was infected with Plasmodium parasite (PP)
+ equivalent volume of normal saline;

® Group C was infected with PP and treated with MI
(50 mg/kg body weight) after 72 hours post-infection
for 5 days;

® Group D was infected with PP and treated with MI
(100 mg/kg body weight) after 72 hours post — infec-
tion for 5 days;

* Group E was infected with PP and treated with MI
(150 mg/kg body weight) after 72 hours post-infec-
tion for 5 days; and

* Group F was infected with PP and treated with arte-
sunate after 72 hours post-infection for 5 days (3
mg/kg body weight on first day and 1.5 mg/kg body
weight for the next 4 days).

The animals were left for another 14 days after treat-
ment during which percentage parasitemia was calculat-
ed from blood smear every other day. The mice were
weighed during the experimental period.

Sacrifice of animals and histological analyses

At the end of the experiment, the mice in all groups were
sacrificed under chloroform anaesthesia. After sacrifice,
the liver was removed and processed histologically for
microscopic examination. The excised livers were fixed
in 10% formol saline for minimum of 72 hours, and
processed using paraffin wax embedding method.
Paraffin embedded tissues were cut at a thickness of 5 pm
and stained with haematoxylin and eosin (H&E).
Masson’s trichrome stain was used to demonstrate colla-
gen fibers, and Gordon and Sweets’ silver impregnation
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method was used to demonstrate reticular fibers. Liver
sections stained with Giemsa were examined to confirm
the presence of Plasmodium parasite under the oil immer-
sion lens of Leica DM750 microscope.

Stained sections were viewed under a Leica DM750
microscope (Leica Microsystems GmbH, Wetzlar,
Germany) with a Leica ICC50 digital camera (Leica
Camera AG, Wetzlar, Germany) attached, and digital
photomicrographs were taken at various magnifications.

Statistical analysis

One-way ANOVA was used to analyze data, followed by
Student Newman-Keuls (SNK) test for multiple com-
parisons. Significant difference was set at p<0.05.

Results
Body weights of control and treated mice

There was a gradual increase in body weight of mice in the
negative control, 150 mg/kg MI and artesunate groups
(Figure 1). There was a gradual decrease in mean body
weights of group B (20.30£0.45 g, 18.30£0.30 g and 17.50=
0.33 g) on days 8, 15 and 22 when compared across groups
C (22.10+0.33 g, 22.50+£0.36 g and 22.80+0.35 g), D
(22.500.29 g, 22.70+£0.47 g and 22.700.64 g), E (23.00=+
0.38 g, 23.20+0.36 g and 23.50+0.40 g) and F (24.60+0.29
g, 24.90+0.32 g and 25.70+0.44 g), respectively. There
were significant differences (p<0.0001) between groups F
(24.60:0.29 g, 24.90:032 g and 25.70:0.44 g) and E
(23.00+0.38 g, 23.20+0.36 g and 23.50+0.40 g) on days 8,
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Figure 1. The effect of Mangifera indica and artesunate on the body
weight of control and treated mice.



15 and 22, respectively. A significant increase (p<0.0001)
was found for in mean body weights of group A
(24.30+0.54 g, 24.90+0.55 g and 25.90+0.70 g) when com-
pared with group B (20.30£0.45 g, 18.30£0.30 g and
17.50+0.33 g) on days 8, 15 and 22, respectively.

Level of parasitemia

The result presented a significant decrease (p<0.0001) in
the levels of parasitemia in groups C (16.22+0.50%), D
(14.6920.64%), E (14.02£0.28%) and F (11.74£0.29%),
when compared with group B (33.80£0.94%). There was
no significant change (p=0.3051) in the parasitemia lev-
els between the treated groups (Figure 2).

Kupffer cell density

There was a significant increase in the Kupffer cell den-
sity in the positive control (13.60+0.65) when compared
with the treated groups as shown in Figure 3. There was
also a dose-dependent decrement in Kupffer cell density
of the extract treated groups.

Histological findings
Haematoxylin and eosin staining

The hepatic histoarchitecture of the control group pre-
sented parenchymal cells arranged in lobules. Each lobule
appeared with a central vein at its centre and portal canals
at the periphery. The portal triad comprised branches of
the hepatic artery, hepatic vein and bile duct. The hepatic
cells were arranged in series of branching plates between
which are the sinusoidal plates (Figure 4a). Sections from
the untreated Plasmodium-infected mice showed presence
of inflammatory lymphocytes, increased number of
Kupffer cells within the sinusoids, disruption of the nor-
mal structural organization of the hepatic lobules and loss
of the characteristic radial arrangement of the normal liver
cells (Figure 4b). Hepatocytic vacuolations, congested
sinusoids and lymphocytes aggregating around the portal
vein were noticed in the mice treated with 50 mg/kg MI
(Figure 4c). In Figure 4d, sinusoidal congestion, mild
inflammation of the portal tracts, mixture of nuclei with
normal and prominent nucleoli which are hyperchromat-
ic and hepatocytic vacuolations were noticed in mice treat-
ed with 100 mg/kg MI. Following treatment with 150
mg/kg MI, the sinusoids appeared less congested and
more radially arranged with reduced number of Kupfter
cells, borders of cytoplasm are not clearly defined; there
was mild inflammation of the hepatocytes and lymphocyte
aggregating around the portal tract (Figure 4e). Figure
4f also revealed congested sinusoids with prominent
nucleoli within the nuclei of the hepatocytes around the
central vein with presence of inflammatory lymphocytes.
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Figure 2. The effect of Mangifera indica and artesunate on the para-
sitemia level (%) in control and treated mice. Arrows in order: inocu-
lation of Plasmodium parasites; administration of Ml and artesunate
started; administration of Ml and artesunate ended and beginning of 2-
week withdrawal period; 2-week withdrawal period ended.

Gordon and Sweets’ silver impregnation method

There was regular distribution of the reticular fibers
around the central vein and the lining of the sinusoids of
the liver tissue in Figure 5a. The reticular fibers were
observed to be sparsely distributed as shown in Figure
5b. In Figure Sc, the reticular fibers were less in distri-
bution compared to Figure 5a. There wassparse distri-
bution of the reticular fibers along the outline of the cen-

Kupffer cells
M A (-ve control)

159 * M B (+ve control)
B C (50 mg/kg M)
2 B D (100 mg/kg MI)
2 D E (150 mgrkg Mi)
—~ .
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sE
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0+ : :
A B c D E F
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Figure 3. Kupffer cellular density (x10? cells/mm?) in control and treat-
ed groups. Values are expressed as mean+SEM; p<0.05. *significantly
different when compared with group A (negative control); fsignificantly
different when compared with group B (positive control); Ssignificantly
different when compared with group F (artesunate).
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Figure 4. Photomicrographs of the liver with Haematoxylin and eosin stain (x400). Negative control (a), positive control (b), 50 mg/kg Ml (c), 100
mg/kg Ml (d), 150 mg/kg MI (e), and artesunate (f). BC: bile canalicula; BN: binucleated nuclei; HA: hepatic artery; IL: inflammatory lymphocyte;
KC: Kupffer cell; PV: portal vein; S: sinusoid

tral vein and lining of the sinusoids (Figure 5d). hepatic parenchyma. Sparse distribution of the reticular
Although, there are concentrations of reticular fibers fibers around the central vein and lining the sinusoids
(Figure 5e), this was not evenly distributed within the  was evident in Figure 5f.

Figure 5. Photomicrographs of the liver stained with Gordon and Sweets’ silver impregnation method (x400). Negative control (a), positive control
(b), 50 mg/kg Ml (c), 100 mg/kg MI (d), 150 mg/kg Ml (e), and artesunate (f). CV: central vein; RF: reticular fibers
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Figure 6. Photomicrographs of the liver stained with Masson's trichrome stain (x400). Negative control (a), positive control (b), 50 mg/kg Ml (c), 100
mag/kg Ml (d), 150 mg/kg Ml (e), and artesunate (f). BC: bile canaliculum; C: collagen deposits; CV: central vein; HA: hepatic artery; PV: portal vein

Masson'’s trichrome staining

Normal histoarchitecture of liver tissue was evident with
the sinusoids radially arranged. Also sparse distribution
of collagen fibers was observed around the central vein
(Figure 6a). Collagen deposition was found distributed
around the portal triad and the sinusoids of the untreat-
ed group (Group B; Figure 6b). There was presence of
collagen fibers around the central vein and within the
sinusoids of animals in group C (Figure 6c). Collagen
fibers of animals in group D showed similar pattern with
that of control animals (Figure 6d). There was concen-
tration of collagen fibers around the inflammatory lym-
phocytes more than within the sinusoids of animals in
group E (Figure 6e). Deposition of collagen fibers
around the inflammatory lymphocytes, the central vein
and the sinusoids was evident for animals in group F

(Figure 6f).

Giemsa's staining

The liver histoarchitecture revealed different degrees of
hemozoins (Hz) (black spots) — parasite pigments densi-
ty in the micrographs of the experimental mice. There
was no deposition of parasitic pigmentation within the
sinusoids (Figure 7a). Figure 7b revealed high density
of hemozoins within the sinusoids of animals in group B.
There was a dose dependent reduction in the hemozoins
within the hepatic sinusoids of the extract treated mice

(Figures 7c—e). Animals in group F presented a similar
pattern of hemozoins distribution when compared with
animals in group E (Figures 7e, f).

Discussion

A gradual significant reductionwas observed in the body
weight of P. berghei-infected mice left untreated which is
in conformity with the study of Yeshanew and
Mekonnen.”” There was a gradual increase in the body
weights of the mice in the extract treated and artesunate
groups. One of the features of rodent malaria infections
is body weight loss.”” Nwinuka et al.”” reported a grad-
ual increase in the body weight following the adminis-
tration of extract of MI. These are in accordance with the
findings in this study. The increase in weight may be due
to MI inhibiting gluconeogenesis and eventually pre-
venting the breakdown of fats stored in the body.This
also conforms the findings of Sellamuthu et al.””

Our results also showed that the positive control
group presented a gradual significant increase in para-
sitemia, while the levels of parasitemia in the treated
groups were reduced significantly (p<0.05) when com-
pared with the positive control group. This significant
reduction of percentage levels of parasitemia by MI was
dose dependent. The presence of triterpenoid in MI
might have inhibited the stages of infection, thereby
reducing the percentage parasitemia. Triterpenoid pos-
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Figure 7. Photomicrographs of the liver with Giemsa stain (x1000). Negative control (a), Positive control (b), 50 mg/kg Ml (c), 100 mg/kg MI (d),
150 mg/kg Ml (e), and artesunate (f). Black spots — Hemozoins (malarial pigments) found within the sinusoids and the cytoplasm of Kupffer cells.

sesses dual antimalarial activity as inhibitor of erythro-
cytic and liver stages of Plasmodium infections.””
Artesunate reduced the number of PRBCs in circulation
and this was in accordance witha previous study by

Georgewill and Ebong."”

The photomicrographs of this study revealed that the
histoarchitecture of the liver in negative control appeared
normal with radially channeled sinusoids towards the cen-
tral vein. There were few Kupffer cells within the sinu-
soids and the endothelium of the central vein was clearly
distinctive from the membranes of the hepatocytes sur-
rounding it. There was also no endemic inflammation of
hepatocytes. The hepatocytes were normal, and were
positioned wall-to-wall and membrane-to-membrane
with one another with sinusoids between them. Hepatic
dysfunction in severe malaria infection was due to failure
of bilirubin excretion from heavy parasitemia, ischemia
and acidosis.”" In the positive control group, liver changes
in severe malaria cases such as hyperplastic Kupffer cells"”
were observed in this study. Portal tract inflammation was
revealed by the presence of inflammatory lymphocytes
surrounding the portal triad, as previously reported by
Chawla et al."” In our study, there was derangement in the
radial channeling of the sinusoids towards the portal vein
in accordance to the study of Rupani and Amarapurkar."”
This was evident in the positive control, 50 mg/kg MI and
100 mg/kg MI groups. In the positive control group, there
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was disturbance in the pattern of sinusoid arrangement
and there appeared hyperplastic Kupffer cells and inflam-
matory lymphocytes. The group that received artesunate
had hyperplastic Kupffer cells and portal tract inflamma-
tion similar to that in the report by Hamman et al.” The
MI extract presented a dose dependent reduction in
inflammatory lymphocytes.

The regular distribution of the reticular fibers around
the hepatocytes and the portal veins in the negative con-
trol group provides meshwork that gives mechanical sup-
port to the hepatic tissue. These fibers were observed in
the negative control group, and appeared sparsely distrib-
uted in the positive control group. Gradual distribution of
the reticular fibers was observed in the groups adminis-
tered with MI in a dose dependent manner. This amelio-
rative impact of MI may be due to the presence of
mangiferin which according to Rasool et al.,"” has the
ability to reverse the structural components of the liver. In
the negative control, there was moderate distribution of
collagen fibers around the portal vein which maintained
the integrity of the vessels. Excess of these fibers may lead
to fibrosis of the hepatic tissues. Increased distribution of
collagen fibers was observed around the portal triad in the
positive control group which may be due to hepatic toxic-
ity parallel to the study of Rojkind et al.”" Reduced distri-
bution of collagen fibers was evident in the groups admin-
istered with MI in a dose dependent pattern. This reduc-



tion in the distribution of collagen fibers may be due to
ability of quercetin, one of the most abundant flavonoids
in MI, in preventing the development of hepatic fibrosis
by reducing type I collagen mRNA production in liver tis-
sue.”™ Tt was also reported by Yuan et al."” that flavonoids
were able to ameliorate liver injury and protect rats from
CCl4-induced liver fibrosis by suppressing oxidative
stress.

Our results for the Kupffer cell density showed
increased distribution of Kupffer cells within the sinu-
soids of the positive control group which shows the
response to the damage caused by the parasite conges-
tion and breakdown of ruptured red blood cells by
phagocyte action. Hyperplastic Kupffer cells were evi-
dent in the positive control group and there was a reduc-
tion in the distribution of the Kupffer cells in a dose
dependent manner. The increase in Kupffer cell num-
bers with more lymphocytic infiltration in the portal
spaces is a prominent response of body facing any injuri-
ous impact.”” Dharmeshkumer et al.” reported severe
hepatic dysfunction during maximum parasitemia where
the liver was enlarged with more sinusoidal dilatation
and hyperplasia of Kupffer cells.

There was densely-packed Hz in the positive control
group when compared with other groups. The density of
these Hz was reduced in the extract and artesunate treat-
ed groups, and this reduction was also dose-dependent.
The reduction may be due to reduction of PRBCs pres-
ent in circulation. It was evident that the Hz distribution
in artesunate group was similar to the group that was
administered 150 mg/kg MI. Hz is a disposal product
formed from the digestion of red blood cells by malaria
parasites, and it was observed in the cytoplasm or outside
the Kupffer cells as black or brownish granule.”

Conclusion

This study shows that Mangifera indica has an ameliorat-
ing effect against injury to liver histoarchitecture, and
also reveals that it is capable of ameliorating the hepatic
disruptions such as loss of reticular fibers and the distri-
bution of collagen fibers. Also, there was a dose depend-
ent significant reduction in the percentage of parasitemia
level and Kupffer cell density in the extract treated
groups as compared with the positive control group.
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