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ABSTRACT
Background: Juniperus communis Linn. is an important plant in India 
traditional system of medicine which is widely used by different tribes in 
many countries. Objective: In the present study, the antioxidant, cytotoxic 
and hepatoprotective activities of Juniperus communis leaves were 
investigated against various models. Materials and Methods: ethanolic 
extract (70% v/v) of J. communis leaves was successively extracted using 
hexane and ethyl acetate to prepare various fractions. Total phenol content 
was resolute by the Folin-Ciocalteau’s process. The antioxidant properties 
of the different fractions/extract of leaves of J. communis were examined 
by 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity and Fe2+ 
chelating ability. Cytotoxic activity was examined by cell viability assay 
on HepG2 cells. Hepatoprotective activity of ethyl acetate fraction (EAF) 
evaluated against PCM-Paracetamol-induced hepatic damage in Wistar 
albino rats. Results: Total phenol content was found maximum 315.33 mg/
GAE/g in EAF. Significant scavenging activity were found for EAF (IC50 = 177 
μg/ml) as compared to standard BHT (IC50 = 138 μg/ml), while EAF showed 
good Fe2+ chelating ability having an IC50 value of 261 mg/ML compared 
to standard ethylenediaminetetraacetic acid (7.7 mg/mL). It was found 
that EAF treated group shows remarkable decrease in serum Aspartate 
aminotransferase, serum Alanine aminotransferase, total bilirubin, direct 
bilirubin, and alkaline phosphatase level in treatment group as compared 
to the hepatotoxic group. Conclusion: EAF of J. communis leaves is found 
to be potent antioxidant and hepatoprotective without any cytotoxicity and 
it can also be included in nutraceuticals with notable benefits for mankind 
or animal health.

SUMMARY
• Phenol-rich fraction (PRF) and other fractions/extract of Juniperus communis 

leaves were screened for antioxidant, cytotoxic, and hepatoprotective activity.

• Significant antioxidant and hepatoprotective activity without any cytotoxicity 
were found while treating with ethyl acetate fraction (EAF).
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INTRODUCTION
Juniperus is one of the most important genus belongs to the 
Cuppressaceae family.[1] The Juniperus communis Linn. is an evergreen 
coniferous dioeciously shrub widely distributed throughout the Artic 
and temperate region of Northern hemisphere.[2-4] Throughout India, it 
is widely distributed across the Himalayas from Kumaun region at an 
altitude of 1700-4200 meters.[5] The important phytoconstituents from 
Juniperus communis leaves contain a pair of atropisomer, (M)- and 
(P)-cupressuflavone 4-O-β-d-glucoside and its oil contain monoterpene 
hydrocarbons such as α-pinene (51.4%), β-pinene (5.0%), sabinene 
(5.8%), myrcene (8.3%), limonene, imbricatolic acid, junicedral, and 
trans-communic acid.[6,7] It also contains diterpene compounds such 
as isocupressic acid and aryltetralin lignin deoxypodophyllotoxin.[8-10]  

J. communis is useful as folk medicine such as appetizer, flavoring agent, 
abortifacient, antiseptic, contraceptive, diuretic, as a remedy for urinary 

tract infections, scrofula, chest complaints, diabetes, rheumatism, 
backache, chest troubles, and tuberculosis.[11-20] The whole plant of 
J. communis is scientifically proven to have anti-inflammatory, anti-
pyretic, analgesic, antidiabetic, antihyperlipidemic, antioxidant, 
anticataleptic, and antimicrobial activities.[21-26] 
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The hepatotoxicity can be produced by alcohol, chemicals, and 
xenobiotics. At healing doses, acetaminophen (PCM) is considered 
to be nontoxic for liver. Although, when given at overdose, it is the 
foremost cause of hepatocytes, nephrons, and other cells damage in 
both humans and animals.[27] It is rapidly metabolized in the liver by 
conjugation with glucuronic acid (40-67%) and sulfates (20-46%) and 
also metabolized by cytochrome P450 isoenzymes to the extremely toxic 
substance N-acetyl-p-benzoquinoneimine (NAPQI).[28-30] PCM-induced 
toxicity in animal is one of the most commonly experimental model to 
evaluate the hepatoprotective activity. However, there is no single report 
yet demonstrated on J. communis leaves for potent hepatoprotective 
potential against PCM induced liver toxicity. Moreover, J. communis was 
demonstrated for anti-oxidant potential against different animal models. 
Consequently, combining both the individual action for counteracting 
the liver pathogenesis would be novel challenge in liver diseases.[31] 
Therefore, the objective of this study was to investigate hepatoprotective 
activity of phenol-rich fraction (PRF) of J. communis leaves using PCM-
induced liver damage in Wistar albino rats as well as assay of antioxidant 
activity of the different fractions/extract of J. communis leaves by two 
in-vitro methods such as 2, 2-diphenyl-1-picrylhydrazyl (DPPH) radical 
and ferrous ion-chelating tests.

MATERIALS AND METHODS
Plant material: collection and authentication
The plant material J. communis leaves were collected from Botany 
Department of Kumaun University, Nainital, India, and authenticated 
by pharmacognostic, phytochemical, and other studies, whereas voucher 
sample was deposited for future reference.

Extraction: preparation of PRF
The weighted quantity 100 g of powdered leaves of J. communis was 
soaked in 70% ethanol (1:5 w/v) at 25°C. After 24 h, the supernatants 
were decanted and the residues were re-soaked in respective fresh 
solvent. This procedure was repeated three times for absolute extraction. 
Supernatants were then collected separately, followed by filtration 
and centrifugation at 5000 rpm for 10 min at 4°C. Solution was then 
lyophilized and the dried extracts were preserved in hermetically sealed 
dark bottles at 4°C. Five grams of crude extract was dissolved in 100 mL 
water and successively extracted thrice using 100 mL hexane to obtain 
hexane fraction (HF) and then with 100 mL ethyl acetate to obtain ethyl 
acetate fraction (EAF).

Determination of total phenol content
In brief, 150 µL of extract/fractions of leaves of J. communis, 2400 µL 
of triple distilled water and 150 µL of 0.25 N Folin-Ciocalteau’s reagent 
were combined and mixed well. The fusion was allowed to react for 3 
min, and then 300 µL of 1 N Na2CO3 solution was added and mixed well. 
The solution was incubated at 25°C in the dark for 2 h. The absorbance 
was determined at 725 nm using a double beam spectrophotometer and 
the results were expressed in milligrams of gallic acid equivalents (GAE) 
per gram of extract/fraction.[32]

Antioxidant activity
Antioxidant activity by radical-formation method: DPPH free 
radical scavenging activity
DPPH free radical scavenging method is an antioxidant assay based on 
electron-transfer that produces a violet solution in ethanol.[33,34] Five 
different concentrations (100-500 μg/mL) of ethanolic extract (JLE), 
aqueous extract (WF), and EAF of J. communis leaves were used for 
DPPH assay. The samples were reacted with the stable DPPH radical in an 

ethanolic solution. The reaction mixture consisted of 0.5 mL of sample, 3 
mL of absolute ethanol and 0.3 mL of DPPH radical solution (0.5 mM in 
ethanol). When DPPH reacts with an antioxidant compound, which can 
donate hydrogen, it is reduced. The changes in color (from deep violet to 
light yellow) were read (absorbance) at 517 nm after 100 min of reaction 
using a UV-VIS spectrophotometer. The mixture of ethanol (3.3 mL) 
and sample (0.5 mL) served as blank. The control solution was prepared 
by mixing ethanol (3.5 mL) and DPPH radical solution (0.3 mL). The 
radical scavenging activity (RSA) was calculated as a percentage of 
DPPH discoloration, using the following equation:
% RSA = [(ADPPH − AS)/ADPPH] × 100, where AS is the absorbance of the 
solution when the sample extract is added at a particular level and ADPPH 
is the absorbance of the DPPH solution.[35] The results were obtained 
from the average of three independent experiments and are expressed as 
mean % RSA ± SD and as mean IC50 value.

Antioxidant activity by iron-related methods: ferrous ion-
chelating effect
Different concentrations of each extract/fraction (100-500 μg/mL) of J. 
communis leaves in 1 mL solvent were mixed with 0.5 mL of distilled 
water and 0.05 mL of 2 mM FeCl2. The reaction was initiated by the 
addition of 0.1 mL of 5 mM ferrozine. Then the mixture was shaken 
vigorously and left standing at room temperature for 10 min. The 
absorbance of the solution was measured spectrophotometrically at 
562 nm. The control contains FeCl2 and ferrozine, complex formation 
molecules. Ethylenediaminetetraacetic acid (EDTA) was used as 
reference standard. The results were obtained from the average of three 
independent experiments and are expressed as mean percentage (%) of 
inhibition of the ferrozine-(Fe2+) complex formation ± SD and as mean 
IC50.

[36]

Cytotoxic activity: cell viability assay on HepG2 cells
The effect of extracts on HepG2 cell viability was evaluated using a WST-1 
Cell Proliferation Kit (Roche Applied Science, Mannheim, Germany). 
HepG2 human hepatocellular liver carcinoma cells were routinely 
cultured as monolayers in RPMI-Roswell Park Memorial Institute 
medium supplemented with 20% fetal bovine serum. Cells were seeded 
in 96-well culture plates and allowed to adhere to the plate surface for 
36 h before being exposed to various concentrations (0-10 μg/mL) of 
extract/fractions of leaves of J. communis for 24 h. The extracts/fractions 
were diluted in complete media to reach the final concentrations, and 
0.01% of methanol (final concentration) was used as control. WST-1 
(4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio]-1,3-benzene 
disulfonate) reagent was then added to each well and incubated for 40 min 
in a humidified atmosphere (37°C, 5% CO2). Formazan dye produced by 
metabolically active cells was measured at 450 nm by microplate ELISA 
reader. The results were obtained from the average of three independent 
experiments and data were expressed as mean cell growth (%) ± SD. 
Statistical comparison of the results was carried out by using one-way 
analysis of variance (ANOVA) followed by Dunnett’s post hoc test.

Biological activity
Animals
Healthy adult male Wistar albino rats (180-220 g) were obtained from 
NBRI (CSIR), Lucknow, India. Animals will be selected from an inbred 
colony maintained under the controlled condition of temperature (23 
± 2°C), humidity (50 ± 5%), and light (12 and 12 h of light and dark, 
respectively). The animals will have free access to sterile food and 
water. All animal experiments were carried out after the approval by the 
institutional ethical committee for research on animals and performed as 
per approved protocols (CPCSEA Reg. No. 222/2000).
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Acute toxicity study
The acute toxicity of EAF of J. communis was determined using 
Wistar albino rats (180-220 g), maintained under standard husbandry 
conditions. Acute toxicity was calculated as per OECD-Organization for 
Economic Co-operation and Development guidelines No. 420 by fixed 
dose method. After administration of dose up to 2 g/kg body weight of 
EAF of J. communis leaves, the mortality with each dose was noted after 
14 days.

Hepatoprotective activity
A total of 42 Wistar albino rats were divided into seven groups of six 
rats each. The first group received saline 0.5 mL/kg per oral for 1 week 
(Normal control). The group II received 2 g/kg body weight PCM orally 
for 1 week (Disease control). The groups III received 100 mg/kg body 
weight per oral Silymarin (Reference control) for 7 days. Group IV, V, 
VI, and VII received the different concentrations (50-200 mg/kg body 
weight orally) of EAF of leaves of J. communis. On the fifth day, after the 
administration of the respective treatments, all the animals of test groups 
were administered with PCM 2 g/kg by oral route. On the seventh day 
after 2 h of respective treatments, the blood samples were collected for 
the estimation of biochemical marker enzymes by reported methods to 
assess liver functions.

Experimental design
• Group I Normal control: Normal saline, 0.5 mL/kg body weight per 

oral for 7 days.
• Group II Disease control: PCM, 2 g/kg body weight per oral for 7 days.
• Group III Reference control: Silymarin, 100 mg/kg body weight per 

oral for 7 days.
• Group IV EAF, 50 mg/kg body weight per oral for 7 days.
• Group V EAF, 100 mg/kg body weight per oral for 7 days.
• Group VI EAF, 150 mg/kg body weight per oral for 7 days.
• Group VII EAF, 200 mg/kg body weight per oral for 7 days.

Biochemical estimation
Aspartate aminotransferase (AST)
An aliquot of 1 mL of substrate (2 mM α-ketoglutarate and 0.2 M D, 
L-aspartate) was incubated with 0.2 mL of serum sample for 1 h at 40°C. 
Then the reaction was clogged by addition of 1 mL of dinitrophenyl 
hydrazine (1 mM). After 20 min, 10 mL of 0.4 N NaOH was added. The 
absorbance of the solution was measured at 505 nm after 30 min and 
distilled water kept as a blank.[37]

Alanine aminotransferase (ALT)
An aliquot of 1 mL of substrate and 0.2 M L-alanine (for AST) was 
incubated with 0.2 mL of serum sample for 1 h at 40°C. Then the reaction 
was stopped up by addition of 1 mL of dinitrophenyl hydrazine (1 mM). 
Then after 20 min, 10 mL of 0.4 N NaOH was added. The absorbance of 
the solution was considered at 505 nm after 30 min and distilled water 
kept as a blank.

Alkaline phosphatase (ALP)
A single vial Monotest Alkaline Phosphatase (AMP buffer) Kit was used 
to measure the total alkaline phosphatase activity in serum.

Bilirubin (total and direct)
0.4 mL of serum diluted with 3.6 mL of distilled water in two separate 
tubes, one treated with 0.5% HCL (blank) and other with diazo reagent 
(0.5% sodium nitrite and 0.1% sulfanilic acid) and incubated for 30 
min at room temperature. After incubation absorbance at 540 nm was 
calculated against blank.[38]

Histopathological studies
The animals were sacrificed and abdomen was cut open to remove 
the liver. The liver was fixed in Boucin’s solution (mixture of 75 mL of 
saturated picric acid, 25 mL of 40% formaldehyde and 5 mL of glacial 
acetic acid) for 12 h, and then embedded in paraffin using conventional 
methods and cut into 5 μm thick sections and stained using haematoxylin-
eosin dye and finally mounted in di-phenyl xylene. The sections were 
then observed under microscope for histopathological changes in 
liver architecture and their photomicrographs were taken and shown  
in Figure 2 A-D.

Statistical analysis
The mean values ± SD were calculated for each parameter. For 
determining the significant inter-group difference, each parameter was 
analyzed separately, and ANOVA was carried out. Then the individual 
comparisons of the group mean values were done using Dunnett’s test 
procedure. All the analysis was carried out using Graph pad Prism 
software.

RESULTS AND DISCUSSION
Phenol‑rich fraction
Extractive value of 70% ethanolic extract of J. communis leaves was 
found 21.76%. From this crude extract, PRF was prepared by sequential 
extraction using hexane and ethyl acetate. Total phenol content of 
ethanol extract, hexane fraction, EAF, and aqueous fraction were found 
to be 238.78, 189.65, 315.33, and 205.33 mg/GAE/g extract/fraction, 
respectively. It was found that EAF contained the maximum amount of 
phenolic compounds. Therefore, EAF is considered as PRF and it was 
used for cytotoxic, hepatoprotective, and antioxidant studies.

Acute toxicity
Over the study duration of 14 days, no mortality was seen up to dose of 
2 g/kg body weight of the EAF of leaves of J. communis orally. During 
the observation time animals did not produce any changes in the general 
appearance.

Antioxidant activity
There are numerous methods for assessment of antioxidant activity of 
plant extract/fraction, but every method has its individual limitations. 
Antioxidant activity of extract/fraction cannot be practically validated 
by a particular method due to the composite nature of phytochemicals 
and their interactions, thus it becomes essential to use multi assay system 
with diverse indices.[39] In view of that, DPPH radical scavenging and 
ferrous ion-chelating assays were performed to verify in vitro antioxidant 
activity of the extract/fractions of J. communis leaves.
The antioxidant property of the JLE, EAF, HF, and WF of J. communis leaves 
were studied for DPPH RSA according to the method described and the 
outcomes of the test are revealed in Table 1. Among all of the fractions/
extract evaluated, significant RSA was found to be for EAF (IC50 = 177 
μg/mL) as compared to standard BHT (IC50 = 138 μg/mL). Elevated iron 
levels may perform catalytically to generate reactive oxygen species, with a 
harmful impact on the structure and function of the cells. Iron can excite 
lipid peroxidation using the Fenton reaction and hasten the peroxidation of 
the lipid breakdown pathway of hydroperoxides into peroxyl and alkoxyl 
radicals that can abstract hydrogen and propagate the chain reaction of 
lipid peroxidation. Thus, metal chelating activity specifies antioxidant 
property. The reduced absorbance in the reaction mixture point toward 
higher metal chelating ability.[40] Different fractions/extract such as JLE, 
WF, and EAF showed Fe2+ chelating ability; based on the IC50 values, the 
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these enzymes leading to an elevation of their serum level. The levels 
of ALT (24.33 ± 1.33 IU/L), AST (13.17 ± 1.87 IU/L), and ALP (184.7 
± 2.70 IU/L) significantly (**P < 0.01) reduced on treatment with the 
standard drug Silymarin in reference control group. The EAF at the dose 
of 50, 100, 150, and 200 mg/kg body weight oral were significantly (**P < 
0.01) reduce the increased levels of ALT, AST, and ALP in PCM-induced 
liver damage in rats. The EAF showed maximum hepatoprotective 
potential (ALT = 25.17 ± 1.60 IU/L; AST = 13.33 ± 1.21 IU/L; and ALP = 
186.17 ± 2.01 IU/L) at 200 mg/kg body weight and is comparable to the 
standard drug Silymarin. Similarly, in normal control group of animals, 
levels of total bilirubin (TB) and direct bilirubin (DB) were found to 
be normal (0.55 ± 0.11 and 0.12 ± 0.04 mg/dL, respectively), but when 
treated with PCM, the level of TB and DB were increased (1.51 ± 0.18 
and 0.33 ± 0.06 mg/dL, respectively) which may be due to excessive 
heme destruction and block of bile duct within the liver leading to mass 
inhibition of conjugation reaction and release of unconjugated bilirubin 
from damaged liver cells. After treatment with reference drug Silymarin 
in standard group animals, the levels of TB and DB were significantly 
(**P < 0.01) decreased (0.58 ± 0.19 and 0.11 ± 0.04 mg/dL, respectively). 
The EAF showed maximum potency in decreasing the levels of TB and 
DB at 200 mg/kg body weight, which was found to be 0.58 ± 0.12 and 
0.10 ± 0.03 mg/dL, respectively. Hepatoprotective effect of EAF obtained 
from ethanol extract of leaves of J. communis at the dose of 200 mg/kg 
body weight was found to be comparable in effect with Silymarin for 
reduction in all biochemical parameters (ALT, AST, ALP, TB, and DB) 
as shown in Table 3.

activity was higher for EAF (261 mg/mL) and JLE (654 mg/mL), although 
fractions/extract exerted lower chelating effects on ferrous ions than those 
of the standard EDTA (7.7 mg/mL) as shown in Table 2.

Cytotoxic activity: cell viability assay on HepG2 cells
A growing body of literature data based on cell models suggests that 
Juniperus genus could represent a source of bioactive compounds with 
potential anticancer activity.[41-47] In vitro studies of various Juniperus 
species have been found to exert cytotoxic effects against human cancer 
cell lines from different origins (liver, HepG2; breast, MCF-7/AZ; cervix, 
HeLa; stomach, HGC-27). However, the cytotoxicity of J. communis 
leaves extract against human tumor cell lines has not been investigated 
till date. We aimed to test the effect of JLE and EAF on cancer cell 
viability by using a human hepatocellular liver carcinoma (HepG2) cell 
line. Results obtained from the WST-1 proliferation assay clearly show 
that EAF did not affect HepG2 cell viability after treatment for 24 h at all 
concentration tested (0-10 μg/mL) as shown in Figure 1.

Hepatoprotective activity: biochemical markers
To assess liver injury, biochemical markers (ALT, AST, ALP, TB, and DB) 
levels are measured. In this study, the hepatotoxicity due to treatment 
of animals with PCM (disease control) was confirmed by increased 
levels of ALT (73.66 ± 1.33 IU/L), AST (48.33 ± 1.30 IU/L), and ALP 
(324.3 ± 2.33 IU/L), as compared to normal control group ALT (23.17 
± 1.30 IU/L), AST (11.67 ± 1.33 IU/L), and ALP (181.5 ± 2.78 IU/L). 
In hepatotoxicity, the transport function of liver cells is compromised, 
causing leakage of plasma membrane, therefore resulting in leakage of 

Extract/fraction Concentration (µg/mL) IC50

100 200 300 400 500
Ethanolic extract (JLE) 42.58±1.17 48.84±2.05 56.46±1.27 62.28±1.98 68.53±1.15 213
Aqueous fraction (WF) 33.52±2.21 39.57±1.06 47.57±0.98 53.56±1.13 60.23±1.56 347
Ethyl acetate fraction (EAF) 44.41±1.82 51.77±2.07 58.62±2.15 65.78±1.54 70.89±2.18 177
Standard (BHT) 47.68±1.75 54.12±2.21 60.31±1.73 67.13±1.58 74.12±2.10 138

Table 1: Effect of fractions/extract of J. communis leaves using DPPH scavenging assay

Percent scavenging at 517 nm; the results were obtained from the average of three independent experiments and are expressed as the mean percentage (%) ± SD.

Table 2: Effect of fractions/extract of J. communis leaves using ferrous ion‑chelating assay

Extract/fraction Concentration (µg/mL) IC50

100 200 300 400 500
Ethanolic extract (JLE) 15.64±2.65 23.90±1.15 30.65±2.52 38.65±3.08 43.48±1.38 654
Aqueous extract (WF) 11.72±1.75 17.27±1.72 21.75±2.54 24.62±1.58 17.90±2.75 ---
Ethyl acetate fraction (EAF) 22.37±2.58 40.16±2.36 57.28±2.76 65.73±0.95 67.37±1.24 261
Standard (EDTA) 92.44±2.05 90.16±1.00 93.56±2.08 97.35±1.45 98.83±1.72 7.7

Chelating activity at 562 nm; the results were obtained from the average of three independent experiments and are expressed as the mean percentage 
(%) ± SD.

Groups ALT
(IU/L)

AST
(IU/L)

ALP
(IU/L)

Bilirubin (mg/dL)

Total Direct
I (normal control) 23.17±1.30 11.67±1.33 181.5±2.78 0.55±0.11 0.12±0.04
II (toxic control) 73.66±1.33 48.33±1.30 324.3±2.33 1.51±0.18 0.33±0.06
III (standard control) 24.33±1.33** 13.17±1.87** 184.7±2.70** 0.58±0.19** 0.11±0.04**
IV (treatment) 38.33±1.21** 23.16±1.30** 247.17±2.49** 0.65±0.29** 0.13±0.05**
V (treatment) 32.16±1.30** 18.67±1.21** 223.17±2.40** 0.61±0.14** 0.11±0.03**
VI (treatment) 27.83±1.47** 15.67±1.33** 208.67±2.80** 0.60±0.17** 0.11±0.07**
VII (treatment) 25.17±1.60** 13.33±1.21** 186.17±2.01** 0.58±0.12** 0.10±0.03**

Table 3: Effect of EAF of J. communis leaves on levels of ALT, AST, ALP, TB, and DB in acetaminophen induced hepatotoxicity in rats

Values are mean ± SEM of six animals in each group; *P <0.05, **P <0.01 as compared with toxic control.
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CONCLUSION
The present study has demonstrated that the phenol-rich ethyl acetate 
fraction of the ethanolic extract of the leaves of J. communis has shown 
the potent hepatoprotective activity against PCM-induced hepatotoxicity 
in rats without any cytotoxicity. The hepatoprotective potential may 
be due to their anti-oxidant potential against reactive oxygen and 
nitrogen species, which prevent lipid peroxidation that ultimately results 
in prevention of necrosis or apoptosis of the liver cells. The results 
suggested a high potential of application for EAF of J. communis leaves 
as an antioxidant and hepatoprotective agent. It can also be included in 
nutraceuticals with notable benefits for mankind or animal health.
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