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Background: The current study was conducted to find out whether two oral preparations of 

300 mg gabapentin (the test and reference capsules) were bioequivalent.

Subjects and methods: This was a randomized, single-blind, crossover study under fast-

ing condition, with a 7-day washout period, which included 37 healthy adult male and female 

subjects. After an overnight fast, subjects were given, orally, one capsule of the test drug or 

of the reference drug. Blood samples were drawn immediately before taking the drug, then 

at 20 and 40 minutes, and 1, 1.5, 2, 2.5, 3, 4, 5, 6, 8, 10, 12, 15, and 24 hours after dosing, to 

evaluate pharmacokinetic parameters of the single dose administration, ie, the area under the 

plasma concentration–time curve (AUC) from time zero to 24 hours (AUC
t
), AUC from time 

zero to infinity (AUC
inf

), the peak plasma concentration of the drug (C
max

), time needed to 

achieve C
max

 (t
max

), and the elimination half-life (t
1/2

). The plasma concentrations of gabapentin 

were determined using validated high-performance liquid chromatography with ultraviolet  

detection. 

Results: The geometric mean ratios (90% confidence interval) of the test drug/reference drug 

for gabapentin were 103.15% (90.38%–117.72%) for AUC
t
, 103.53% (90.78%–118.07%) 

for AUC
inf

, and 108.06% (96.32%–121.24%) for C
max

. The differences in t
max

 and t
1/2 

values 

between the test and reference drug products for gabapentin were not statistically significant. 

Light-headedness, nausea, and headache were encountered during the study, but they were all 

mild and well tolerated. The 90% confidence intervals of the test/reference AUC ratio and C
max

 

ratio of gabapentin were within the acceptance range for bioequivalence.

Conclusion: The two preparations of gabapentin 300 mg capsule were bioequivalent, thus 

both can be used interchangeably in the clinical setting.

Keywords: bioavailability, bioequivalence, antiepilepsy, bioavailability, bioequivalence

Introduction
Gabapentin is an antiepileptic drug effective in the treatment of partial seizures, with 

or without secondary generalization, and is used as either a monotherapy or an adjunc-

tive therapy to other antiepileptic drugs, with the usual therapeutic dose ranges from 

300 mg up to 1.2 g, three times daily (TID). It is not generally considered effective for 

absence seizures. Although gabapentin is an analogue of gamma-aminobutyric acid 

(GABA), it is neither a GABA agonist nor antagonist, and its mechanism of action 

is unknown.1–4 Gabapentin is also used in the treatment of neuropathic pain, with the 

usual dose being 300 to 600 mg TID.1,5–10

Gabapentin (C
9
H

17
NO

2
)

 
is chemically described as 1-(aminomethyl) cyclohexane 

acetic acid, with a molecular weight of 171.24. Gabapentin is a white to off-white crystal-

line solid, freely soluble in water and, in both alkaline and acidic aqueous solutions.1 

Following oral administration, gabapentin is absorbed from the gastrointes-

tinal tract through a saturable transport mechanism. Consequently, gabapentin 
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bioavailability decreases as the dose increases. Within the 

recommended dose range of 300 to 600 mg TID, however, 

the differences in bioavailability are relatively small, with 

the bioavailability of about 60%.2,11 Food has only a slight 

effect on the rate and extent of absorption of gabapentin, but 

dietary proteins may favorably influence those parameters 

significantly.12 After a single dose of 400 mg gabapentin, 

the peak plasma concentration (C
max

) is expected to be about 

5.5 μg/mL, with the time needed to achieve C
max

 (t
max

) being 

about 2–3 hours after administration. Less than 3% of circu-

lating gabapentin is bound to plasma protein. Gabapentin is 

not appreciably metabolized in humans and is eliminated by 

renal excretion as unchanged drug. Its elimination half-life 

(t
½
) is 5 to 9 hours and is unaltered by dose size or following 

multiple dosing. The gabapentin elimination rate constant, 

and plasma and renal clearance, are directly proportional to 

the creatinine clearance, thus the dose is adjusted based on 

renal function.2,11

The most common adverse effects observed with gabap-

entin in adults are somnolence, dizziness, ataxia, and fatigue. 

These effects are usually mild to moderate in severity and 

resolve within 2 weeks of the onset during continued treat-

ment. Overall, gabapentin is well tolerated.5

The present study compared the pharmacokinetics of two 

different oral gabapentin preparations given in capsule dos-

age form, following single dosing in healthy adult subjects, 

in order to prove that both preparations are bioequivalent. 

A  drug is considered bioequivalent to the reference drug 

when the under the plasma concentration–time curve (AUC) 

and the C
max

 of the drug are within 80%–125% of the AUC 

and C
max

 of the reference drug, respectively.13–16 

Materials and methods
Study design
This was a randomized, single-blind, crossover study under 

fasting condition, with a 7-day washout period, involving 

37 healthy adults. Subject screening, to assess the eligibil-

ity, was carried out within 2 weeks prior to their first dosing 

day and included vital signs (blood pressure, heart rate, 

respiratory rate, and body temperature), physical examina-

tion, electrocardiography (ECG), and laboratory exams 

for liver function (alanine transaminase (ALT), aspartate 

transaminase (AST), alkaline phosphatase, and total bili-

rubin), renal function (serum creatinine and urea), hema-

tology (hemoglobin, leucocyte, and platelet count), blood 

glucose, routine urinalysis (pH, glucose, protein, and urine 

sediment), and seroimmunology (hepatitis B surface anti-

gen [HBsAg], hepatitis C antibody [anti-HCV], and human 

immunodeficiency virus antibody [anti-HIV]). A pregnancy 

test (for women) was performed just before taking the drug 

in each period. 

The inclusion criteria were healthy male or female sub-

jects aged between 18–55 years at screening, body mass 

index (BMI) between 18 and 25 kg/m2, and had signed the 

informed consent. The exclusion criteria were: pregnancy or 

lactating mothers; known contraindication or hypersensitivity 

to gabapentin; liver dysfunction (defined as ALT, alkaline 

phosphatase; or total bilirubin level of 1.5× upper limit of 

normal); renal insufficiency (defined as serum creatinine 

level above 1.4 mg/dL); abnormal hematology with clinical 

significance; positive test results for HBsAg, anti-HCV, and/

or anti-HIV; any medical condition that might significantly 

alter the absorption, distribution, metabolism or excretion of 

the study drug, such as gastrointestinal diseases or history of 

gastric surgery; history of anaphylaxis or angioedema, seizure, 

epilepsy or any kind of neurological disorders; any bleeding 

or coagulation disorders; drug or alcohol abuse; or intake of 

any prescription or nonprescription drugs, food supplements, 

or herbal medicines within 14 days of the first dosing day.

The eligibility criteria in this study were set to ensure 

that only a healthy subject population, without accompa-

nying diseases that would interfere with the conduct and 

scientific evaluation of the study, were enrolled in the study. 

Additionally, involving only healthy subjects would mini-

mize risk to the subject’s well-being.

The test preparation (gabapentin 300 mg capsules, batch 

number 4208195) was manufactured in plant site Palembang 

(PT Dexa Medica, Palembang, Indonesia). The reference 

preparation, Neurontin® capsules (batch number 0615080; 

Pfizer Deutschland GmbH, Berlin, Germany), each contain-

ing gabapentin 300 mg, was the innovator’s product and was 

purchased from the local pharmacy.

Clinical conduct
The study was carried out in compliance with the Declaration 

of Helsinki,17 Good Clinical Practice,18 and Good Laboratory 

Practice.19 The protocol, the patient information, and consent 

form were reviewed and approved by the independent Ethics 

Committee of the Medical Faculty, University of Indonesia, 

prior to the study conduct.

Subjects attended the study site the night before drug 

administration, and they were requested to be fasting, 

avoiding any food and drink except mineral water. Foods, 

especially those containing high levels of proteins, have a 

sizeable effect on the rate and extent of absorption of gabap-

entin, with a contribution of about 26% increase to the AUC 
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and 32% to the C
max

.12 Gabapentin 300 mg capsules, in this 

study, were administered to subjects right after an overnight 

fast in order to eliminate that pharmacokinetic interactions 

between food and drug, including the influence of food on 

drug absorption. In the morning (after a 10-hour fast), a 

predose blood sample was taken. Immediately afterwards, 

the study drug (one capsule of the test drug or the reference 

drug) was given with 200 mL of water. The date and the 

time of taking each sample were recorded. The single-blind 

procedure was performed by giving the drug in a closed 

opaque bottle prepared by an independent person so that 

the investigator could not recognize the allocation of study 

subjects (investigator-blind). The analyst in the laboratory 

was also blinded to the randomization code until the code 

was disclosed just before statistical analysis. 

Next meals were provided 4 hours and 10 hours after 

the dosing. The amounts of food and water intake as well as 

physical activity for each individual subject were standard-

ized during the sampling days. Subjects were not allowed to 

take xanthine-containing food or beverages or fruit juices for 

24 hours before and during the entire sampling days. From 

each subject, venous blood samples were drawn: 10  mL 

immediately before taking the drug (control) and 5  mL 

each at 20 and 40 minutes and at 1, 1.5, 2, 2.5, 3, 4, 5, 6, 8, 

10, 12, 15, and 24 hours. Seven days after the first dosing 

(ie, washout period), the same procedure was repeated with 

the alternate drug. Blood samples were drawn using a 22G 

needle and citrate vacuum tubes, or by disposable syringe 

if the vacuum tube was blocked. The blood samples col-

lected from all subjects at each time point were centrifuged 

at 4,000 rpm for 15 minutes to separate the plasma, which 

was then transferred to a clean tube. All plasma samples 

were stored in a freezer at -20°C±5°C, until assayed. The 

date and time of taking each sample were recorded in the 

case report forms.

Analytical conduct
Analytical method and validation
The plasma concentrations of gabapentin were assayed using 

thoroughly validated high-performance liquid chromatog-

raphy with ultraviolet detector (HPLC-UV) (Alliance™, 

Waters Corp, Milford, MA, USA), with adequate sensitivity, 

specificity, linearity, recovery, accuracy, and precision, both 

within and between days. The following validation data were 

taken from our validation report. 

The standard calibration curve of gabapentin ranged 

from 50.10 to 6,011.98 ng/mL. The linear relationship 

between concentration and signal intensity was obtained, 

with a correlation coefficient that ranged from r=1.0000 to 

r=1.0000 in three different runs on at least 2 different days. 

The lower limit of quantitation (LLOQ) of this study was 

50.03 ng/mL. The intra-assay precision data, expressed as 

coefficient of variation (CV) were 2.42%, 7.38%, 5.68%, 

and 1.97%, at LLOQ (50.03 ng/mL), low (150.10 ng/mL), 

medium (750.52 ng/mL), and high (4,503.14 ng/mL) con-

centrations, respectively, and interassay CVs were 6.13%, 

6.25%, 3.65%, and 1.69% at LLOQ, low, medium, and 

high concentrations, respectively. The intra-assay accuracy  

data, expressed as % difference from the actual value, 

were: -2.06%, 1.78%, -0.87%, and 1.78% at LLOQ, low, 

medium, and high concentrations, respectively, and interassay 

data were -0.82%, -0.41%, -1.41%, and 2.11% at LLOQ, 

low, medium, and high concentrations, respectively.

In terms of selectivity, the chromatograms showed there 

were no interfering substances in six blank plasma samples. 

The recovery, expressed as % of the standard recovered 

in blank plasma compared with the actual values, were 

107.65%, 103.27%, and 89.19%, for the low, medium, and 

high concentrations, respectively.

Stability of the samples, at room temperature, under fro-

zen storage conditions (-20°C), and postpreparation (dur-

ing in the autosampler condition of the chromatographic 

system), were also determined. Gabapentin was stable 

in the plasma samples at room temperature for 4 hours,  

with % difference from the actual value that ranged from 

-13.71% to -10.16% for the low concentration and -10.47% 

to -5.34% for the high concentration. At -20°C, the drug 

was stable in plasma samples for 144 days, with % dif-

ference from the actual value that ranged from -6.04% 

to +1.55% and from -8.68% to +8.29% for the low and high 

concentrations, respectively. Postpreparation, the samples 

were stable in the autosampler condition for 187 hours, 

with % difference from the actual value that ranged from 

0.01% to 4.17%, from 0.12% to 2.80%, and from -1.17% 

to +2.93%, for the low, medium, and high concentrations, 

respectively.

Assay procedure 
The procedures described were applied for the extraction of 

subject samples, calibration, and quality control standards. 

Calibration standards, controls, and samples were processed 

in batches. Each plasma sample was dispensed in an appropri-

ate tube, and then the baclofen internal standard solution and 

methanol, as the organic solvent, were added. The content 

of the tube was vortexed and centrifuged. The organic phase 

was transferred to a vial, evaporated to dryness at 50°C 
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under a nitrogen stream. The residue was reconstituted with 

acetonitrile:water (2:7), vortexed, and then injected into the 

HPLC-UV system, with a suitable condition, as detailed 

below. 

The analytical column used was the Sunfire™ Column 

C18 5  μm, 4.6×150 mm; while the guard-column was a 

Symmetry™ C18 5 μm, 3.9×20 mm. Column temperature 

was set at 45°C. The mobile phase was an acetonitrile:acetate 

buffer:methanol (28:50:22) solution, set at a flow rate of 

1.2 mL/min. The UV detector was used at a wavelength of 

240 nm. The instrument automatically injected 50 µL samples 

into the chromatographic system.

All chromatograms in the same batch were processed 

automatically with software using the same processing 

parameters, such as integration, peak-to-peak amplitude, 

and peak detection. Manual integration was performed only 

when necessary.

Pharmacokinetic evaluation 
The pharmacokinetic parameters of gabapentin were deter-

mined by employing noncompartmental pharmacokinetic 

analysis. C
max

 (ng/mL) and t
max

 (hours) were generated 

directly from the current study. The AUC from time zero to 

the last measurable concentration time (AUC
t
) was calcu-

lated by the trapezoidal method. The AUC from time zero 

extrapolated to infinite time (AUC
inf

) was calculated accord-

ing to the formula: 

	 AUC
inf

 = AUC
t
 + C

t
/k

e
,� (1)

where C
t
 is the last quantifiable concentration and k

e
 is the 

terminal elimination rate constant, determined by least-

squares regression analysis during the terminal log-linear 

phase of the concentration–time curve. The t
1/2

 (hours) was 

calculated according to the formula:

	 t
1/2

 =0.693/k
e
.� (2)

Statistical analysis 
Analysis of variance (ANOVA) (SPSS for Windows 

Version 14; SPSS Inc., Chicago, IL, USA) was used to per-

form the statistical analyses of AUC
t
, AUC

inf
, and C

max
, after 

transformation of the data to their logarithmic (ln) values. 

The 90% confidence intervals (CIs) were calculated from 

the following equation:

	 90 1 12% ) ,CI ( t
T R 0.1(v)

= X X− ± × +








s

n n
RT TR

� (3)

where X
T
 and X

R
 are the means of the ln-transformed values 

for the test product (T) and the reference product (R), S2 is the 

error variance obtained from the ANOVA, n is the number 

of subjects; t
0.1

 is the t-value for 90% CI, v is the degree of 

freedom of the error variance from the ANOVA, n
RT

 is the 

number of subjects (sequence RT), and n
TR

 is the number of 

subjects (sequence TR). 

The anti-ln of the above CIs were the 90% Cls of the 

ratios of the test/reference geometric means. The power of 

study was 80% with 0.05 alpha (α). 

The acceptance criteria for bioequivalence were that the 

90% Cls of the geometric mean ratios were 0.80–1.25 for the 

AUC and C
max

. The t
max

 difference was analyzed nonpara-

metrically on the original data, using the Wilcoxon signed-

rank test. The t
1/2

 difference was analyzed using Student’s 

paired t-test or Wilcoxon signed-rank test, depending on the 

distribution of the paired-data.

Results
A total of 37 subjects (24 male and 13 female) aged 19–54 years 

old, with BMIs between 18.03 and 24.99 kg/m2, were enrolled 

in this study. All of them were healthy Indonesian subjects, had 

normal clinical as well as laboratory values measured, and met 

the inclusion/exclusion criteria of the study. Blood samples 

pertaining to each study subject in each study period were 

analyzed for pharmacokinetic evaluation of gabapentin. 

The profiles of mean plasma concentrations versus time 

in subjects (n=37), after a single oral administration of 

gabapentin (300 mg) capsules of the test drug and reference 

drug under fasting condition, are presented in Figure 1. The 

values for the pharmacokinetic parameters (AUC
t
, AUC

inf
, 

C
max

, t
1/2

, and t
max

) and the geometric mean ratios (90% CI) 
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Figure 1 Mean plasma concentrations versus time profiles of gabapentin in human 
subjects (n=37) after a single-dose oral administration of 300 mg gabapentin capsules 
of the test drug and the reference drug.
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of AUC
t
, AUC

inf
, and C

max
 of gabapentin for the test drug as 

well as the reference drug are presented in Table 1.

Discussion
The aim of the present study was to evaluate whether the 

test preparation of gabapentin 300 mg capsules had phar-

macokinetic equivalence (or was bioequivalent) to the 

reference preparation. When the test product (the so-called 

generic product) with the same active substance, strength, 

and route of administration (pharmaceutical equivalence) 

as the reference product (usually, the Innovator’s product) 

is proven bioequivalent to the reference by scientifically 

sound evidence, that generic product is considered thera-

peutic equivalent to the reference, thus both can be used 

interchangeably.16 Providing bioequivalent generic products 

is unavoidably necessary, both in developing and developed 

countries, because the products are certainly more afford-

able than the reference. Particularly for products that will 

be used for a long period, the availability of bioequivalent 

generics will definitely help the patients. With respect to 

antiepileptic drugs, the highest levels of evidence indicated 

that generic substitution would not be problematic, although 

some patients were more prone to problems with the generic 

products.20

The test preparation of gabapentin evaluated in this study 

was of a different formulation and manufacturer than those 

evaluated in previous similar publications of gabapentin 

bioequivalence.21–24 Moreover, our study evaluated the 

bioavailability of a lower dose of gabapentin preparation 

(300 mg capsule) than those in former similar studies (400 mg 

to 800 mg capsules).22–24

The selection of HPLC/UV-detector as the method to 

determine gabapentin concentrations in human plasma was 

based on previous studies.25,26 The HPLC-UV is a sensitive 

method with excellent sensitivity and reproducibility for 

application in bioequivalence studies of gabapentin,25,26 as 

was also demonstrated in our own validation data. Other 

former bioequivalence studies with different gabapen-

tin formulations conducted by Wittayalertpanya et  al,21 

Cho et al22 and Almeida et al23 also used the HPLC method, 

but with fluorescence21,22 or mass spectrometry (MS) 

detector,23 instead of UV detector as used in our study.  

In this study, UV detector was preferred to fluorescence or 

to MS detector because the level of gabapentin in human 

plasma is sufficient for detection by UV detector. Moreover, 

this detector is more commonly available in a laboratory 

and much less expensive than the fluorescence and MS 

detectors.27,28

The number of subjects needed for a bioequivalence 

study with bioequivalence limits of 0.80 and 1.25 for AUC 

and C
max

 was determined by means of Cis, as formerly 

presented by Diletti et al.29 The intrasubject % CV obtained 

in the study for gabapentin AUC
t
 was 33.64% (Table 1). 

To fulfil the requirement for 80% statistical power for this 

study, a minimum number of 36 subjects were needed. 

Therefore the study result could reliably be concluded based 

on data of the enrolled 37 subjects. The intrasubject CV 

expresses the variability of gabapentin absorption between 

different formulations in the same given individual. Other 

similar study by Wittayalertpanya et al21 in which gaba-

pentin 300  mg capsules were also used but which used 

HPLC-fluorescence instead of HPLC-UV, involved a lesser 

number of subjects (24 subjects). However, the paper did not 

report the intrasubject CV of the AUC
t
; therefore, we can 

not discuss further whether the different detector they used 

resulted in smaller intrasubject CV, thus requiring a lesser 

number of subjects. 

Table 1 Pharmacokinetic parameters and statistical comparison of gabapentin after a single oral administration of gabapentin 300 mg 
capsule of the test drug and the reference

Parameter Test product  
mean (SD)

Reference  
mean (SD)

Geometric mean ratio  
of T/R (90% CI)

% CV

AUCt (ng⋅h⋅mL-1) 21,734.09 (10,174.13) 22,099.11 (10,547.72) 103.15% (90.38%–117.72%) 33.64%

AUCinf (ng⋅h⋅mL-1) 23,260.86 (10,671.42) 23,574.03 (11,501.55) 103.53% (90.78%–l18.07%) 33.46%

Cmax (ng⋅mL-1) 3,289.63 (1,404.56) 3,223.69 (1,606.03) 108.06% (96.32%–121.24%) 29.28%

t1/2 (h) 4.92 (1.95) 4.69 (1.79) NSb

tmax (h)a 2.50 (1.00–6.00) 2.50 (1.50–8.00) NSc

Notes: aValues are expressed as median (range). bAnalysis was performed by Wilcoxon matched-pair test; canalysis was performed by Student’s paired t-test. Statistical 
calculations for AUC and Cmax were based on ln-transformed data. Bioequivalence criteria are defined as 90% CI of the geometric mean ratios of T/R of 80.0%–125.0% for 
AUCt, AUCinf, and Cmax.
Abbreviations: AUC, area under the plasma concentration–time curve; AUCinf, AUC from time zero to infinity; AUCt, AUC from time zero to 24 hours; Cmax, peak plasma 
concentration of the drug; CI, confidence interval; CV, within-subject variability; NS, not statistically significant; R, reference drug; SD, standard deviation; T, test drug; t1/2, 
elimination half-life; tmax, time needed to achieve Cmax.
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In this study, the AUC
t
, AUC

inf
, and C

max
 of gabapentin 

were defined as the main parameters in order to assess pos-

sible bioequivalence between both preparations. Based on 

standard bioequivalence guidelines, the criteria for bioequiv-

alence are the 90% CI of the test/reference geometric means 

ratio that falls in the range of 80.00 to 125.00% for both AUC 

and C
max

.13–16 This criteria for assessing the bioequivalence of 

generic products assures that the substitute product does not 

deviate substantially in in vivo performance from the refer-

ence product.29 The results of the present study showed that 

the geometric mean ratios (90% CI) of AUC
t
, AUC

inf
, and C

max
 

of gabapentin were 103.15% (90.38%–117.72%), 103.53% 

(90.78%–118.07%), and 108.06% (96.32%–121.24%), 

respectively. The 90% CIs of the test/reference ratios for 

AUC
t
, AUC

inf
, and C

max
 of gabapentin were within the accep-

tance range for bioequivalence.

In each subject, the AUC
t
/AUC

inf
 ratio of gabapentin 

was above 80% (81.00% to 99.17% for the test drug and 

83.43% to 98.91% for the reference drug), indicating that the 

sampling time was sufficiently long to ensure an adequate 

description of the absorption phase.

The mean (standard deviation) t
½
 of gabapentin for the 

test drug was 4.92 (1.95) hours and for the reference drug 

was 4.69 (1.79) hours, which were not different from that in 

the literature (about 5 to 9 hours).2,11 Utilizing the Student’s 

paired t-test, the t
½
 values of the test and the reference drug 

were not significantly different, demonstrating a comparable 

rate of drug elimination from the body.

The median (range) t
max

 of the test drug was 2.50 

(1.00–6.00) hours and 2.50 (1.50–8.00) hours for the refer-

ence drug, which were also in alignment with that in the 

literature (2–3 hours).1,2 Using Wilcoxon matched-pairs test 

on the original data, the difference between the t
max

 values 

of the two drugs (test and reference drug) was not statisti-

cally significant.

There were three adverse events, reporting lightheaded-

ness, nausea, and headache, encountered during the study. 

Lightheadedness occurred in eight subjects during first period 

and in four subjects during second period, while nausea and 

headache occurred in one subject during first period. How-

ever, those adverse events were all mild and well tolerated 

by study subjects, thus caused no subjects to drop out from 

the study.

Conclusion
Based on the pharmacokinetics results of this study, it was 

concluded that the two preparations of gabapentin 300 mg 

capsule were bioequivalent; thus both can be used inter-

changeably in the clinical setting.
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