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INTRODUCTION

Bioavailability means the rate and extent to which active ingredient or active moiety is absorfredh a drug

product and becomes available at the site of ackondrug products that are not intended to berhesl into the

bloodstream, bioavailability may be assessed bysarements intended to reflect the rate and extemthich the

active ingredient or active moiety becomes ava@ailthe site of action and bioequivalence stasedbaence of a
significant difference in the rate and extent toickhthe active ingredient or active moiety in phaomutical

equivalents or pharmaceutical alternatives becoawadlable at the site of drug action when adminésteat the

same molar dose under similar conditions in an@mtely designed study (1).

Studies to measure Bioavailability (BA) and/or bfith Bioequivalence (BE) of a product are impotrtiements in
support of Investigational new drug (INDs), new glrapplication (NDAs), abbreviated new drug appiaat
(ANDASs) and their supplements. As part of INDs akidDAs for orally administered drug products, BA dies

focus on determining the process by which a druglisased from the oral dosage form and movesedite of

action. BA data provide an estimate of the fractidrthe drug absorbed, as well as its subsequenihiition and

elimination. BA can be generally documented by stesyic exposure profile obtained by measuring dmgd/or

metabolite concentration in the systemic circulataver time. For two orally administered drug prouto be

bioequivalent, the active drug ingredient or activaiety in the test product must exhibit the saate and extent of
absorption as the reference drug product (2).

A generic drug product is one that is therapellfiegquivalent to an innovator or first versiontbe drug product
approved by the Food and Drug administration (F@A) designated as the reference listed drug (RANPA is
submitted to the Office of Generic Drugs and inelsigupporting data for the review and approval géreric drug
product. For approval, a sponsor of an ANDA mustehimformation to show that the proposed generadpct is
pharmaceutically equivalent and bioequivalent, #uedefore, therapeutically equivalent to the RLD4B

Disease Hyperlipidemia is presence of raised opabal levels of lipids and/or lipoproteins in thiedd of human
body. Lipid and lipoprotein abnormalities are ertety common in the general population, and arerdeghas a
highly modifiable risk factor for cardiovasculaisdase due to the influence of cholesterol, onbeofriost clinically
relevant lipid substances, on atherosclerosis (5).

Finofibrate is an oral antihyperlipemic agent. Fibiate is a prodrug that is hydrolyzed to Fenafélacid. It is most
effective in treating lipid disorders associatedhwiery high elevations of serum triglycerides aedy low density
lipoprotein (VLDL) (6).
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In this investigation, we report randomized, sindbse, open-label, three-treatment, three-petiwde-sequence,
crossover Clinical study evaluating the bioequimateof two new investigational formulation of Fifwhte 145 mg
Tablets (manufactured by manufactured by Wockhairdited, India) and reference formulation ‘Finofitte® ‘145
mg Tablet (® indicates reference formulation).Histinvestigation, we report randomized, singlsejmpen-label,
three-treatment, three-period, three-sequencesaves Clinical study evaluating the bioequivaleimégwo new
investigational formulation of Finofibrate 145 mgfilets (manufactured by manufactured by Wockhanaitted,
India) and reference formulation ‘Finofibr&t&45 mg Tablet (® indicates reference formulation).

MATERIALS AND METHODS
2.1 Study design

A randomized, single dose, open-label, three-treatmthree-period, three-sequence, crossover bivelgace
study on two new formulation of Finofibrate 145 mgblets in 18 normal, adult, human subjects undstirfg
condition.

Randomization in study because, it is a chanceation of subject to different treatments, to avaity bias in the
study. The drug was administered to subjects ongein each period. Three treatments means, tegf @'& ‘B’
and reference drug ‘C’ was studied in investigati®unbjects were checked in to the facility threees separated by
washout period. All the subjects will be randombsigned any of the three treatment sequencesARC™ or
“BCA” or “CAB In Cross over study, after sufficiemtashout period those who had treatment ‘A’ intfireriod got
‘B’ in the next period and vice versa (7).

The studies were conducted in accordance with teeldbation of Helsinki, the International Conferenon
Harmonisation Good Clinical Practice, and USFDAuagons. The protocol and informed consent fornrewve
reviewed and approved by the institutional reviears (Independent Investigational Review Board Riantation,
FL), and all subjects provided written informed sent before participating.

2.2 Subject

Healthy]males between 18.0 and 45.0 years of aghu§ive) , body weight not less than 50 Kg, bodysmindex
between 18.0 and 25.0 (inclusive), calculated asdft in kg) / (height in d)and no history of disease or clinically
significant findings on physical or laboratory exaation were eligible to participate. Exclusionteria of subject
were as follows-

e Personal / family history of allergy or hyperseindy to test drug or its congeners or history ifiya
hypersensitivity or intolerance.

» Evidence of impairment of renal, hepatic, cardiangs or gastrointestinal function

 Volunteers with clinically significant abnormal vals of laboratory parameters.

« History of any psychiatric disorders.

» Consumption of alcohol within 48 hours prior to thgsor difficulty in abstaining alcohol for the dation of the
study. Any indication of the regular use of morarttone unit of alcohol per day (one unit = 150 fmivine or 360
ml of Beer or 45 ml of alcohol 40%).

» Smokers, who smoke more than 10 cigarettes / daability to abstain from smoking during the study

« Participation in any clinical trial within past #& months.

 Donation of blood (1 unit or 350 ml) within 90 dgysor to receiving the first dose of study medizat

» Receipt of any prescription drug therapy or overtbunter (OTC) drugs two weeks prior to receiving first
dose of study medication or repeated use of drutjsnithe last two weeks.

« Difficulty in swallowing solids like capsules ortiets.

* Inaccessibility of veins in left or right arm.

» Use of any recreational drugs or history of druglietibn or which in the opinion of the Investigatavould
compromise the safety of the subject or the study

» Consumption of products like coffee, tea, cola kisjnchocolate (containing Xanthine), tobacco arghrettes
(containing nicotine), food or beverages prepanexnfgrapefruit or grapefruit juice within 48 houpsior to
receiving study medication.

» Having significant disease by referring medicatdmg or physical examination during screening.

2.3 Treatment

Total 18 normal, adult, human subjects were cheakéle study. The subjects were given standardimeder after
that they underwent fasting overnight for 10 ho@gbjects were housed in the facility from at Ieistours prior
to dosing till 24.0 hours after dosing time in egmdriod. Drug administration in first period wadldaved by a
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washout period 09 days before subjects are switdved to the other treatment in the second andl thariod
depending on the randomization schedule.

Based on the randomization schedule, single dosEiraffibrate 145 mg tablet (either test or refemnware
administered along with 240 ml of water at room penature in sitting posture in each period. Tlanad
personnel were administered the dose as per tleglgled time, predetermined for each subject. Thgests were
instructed not to chew or crush the tablet butoiestime with specified quantity of water.

Table No. 1 Individual Drug-Dose Information

Periods
Period | Period Il Period Ill

Subject No.  Sequence

01 ABC A B C
02 BCA B C A
03 BCA B C A
04 ABC A B C
05 CAB C A B
06 CAB C A B
07 BCA B C A
08 CAB C A B
09 BCA B C A
10 ABC A B C
11 ABC A B C
12 CAB C A B
13 BCA B C A
14 CAB C A B
15 BCA B C A
16 ABC A B C
17 ABC A B C
18 CAB C A B

Table No.2 Schematic representation of the study Isedule for safety assessment And blood collection period I/11/11]

Time Relative to Dose  Vital Signs Blod8ampling
Administration (H)

-11.00 v
Before —10.00
-1.00 to 0.00 v
DOSING(00.00)
0.5
1.0
15
2.0
25
3.0
3.33
3.66
4.0 v
4.5
5.0
6.0 v
8.0
10.0
11.0 v
12.0
16.0
24.0 v
48.0 * v
72.0%* v
VIndicates study activities.
*Indicates samples will be collected on ambulatoagis.
**Medical examination will be done at the time &ieck in and at the end of the study (72.0 hr posedample of period Il1).

AN ESEN NSNS LN LN LN L L <<

Ll || |<

The subjects were dosed next morning with the imy&sonal product (IP) in the study after they éawuaintained
10hr fasting as per protocol. Dosing was done aliagrto the randomization schedule. The randonaratbde for
the dosing was generated by the statistician irchvkiie sequence of IP administration was mentiqty®BC” or
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“BCA” or “CAB".) in Table No.1. The subjects werdbsed as per schedule (Table No.2). The subjeats gieen
the IP accordingly with required amount of watedenthe observation of senior Clinical researclocases (CRA)
and principal investigator. After dosing, dosingdhwas pasted in respective case report form (CRf§r dosing,
the dosing CRF was verified and signed by Dosinmgstisor.

This study was an open label study; the subjedistl@ Investigator were not blinded towards thenfitle of the
study medications. However, analysts were blindeditds identity of study medication administered.

2.4 Safety

Blood pressure, oral temperature, radial pulserasdiratory rate were measured at the time of checgrior to
drug administration and approximately at around .0, 11, 24, 48 and 72 hours post dose in eaghdpeSubjects
were asked for their well being at the time of vidégns measurements and the responses were rdc(rdble
No.2).

To ensure the well being of the subject after ttimiaistration of IP, vital signs of the subjectsrevehecked at
regular intervals of time defined in the protod®). (

All Adverse events, including both observed or widder's problems, complaints, signs or symptomsrecerded
on the "Adverse Event Form" irrespective of itsoagstion with the administered drug product. Sutgeeere
monitored throughout the study period for advergents. Subjects will be instructed to bring to tiwgice of the
nurse or the physician any discomfort that may oawring their stay at the clinical facility [NPANdtional
Pharmacovigilance Protocol), 2003, Ministry of Heand Family Welfare govt. of India].

Medical examination including recording vital sigosthe subjects was conducted at the end of timtystt also

included laboratory analysis of blood samples femhtology, liver function and renal function teg®ast study
laboratory parameters that are out of specifiegearare individually assessed and repeated if dt@ssessary by
the medically qualified reviewer. There were fadverse events were reported these were abnorimaiatl

laboratory values (8).

After the completion of the study the subjects weliecked- out. In the check out process the subjautiergo a
medical check up to ensure that they are healtey aifter participating in the study. The study eywhs repeated
after the washout period when the subjects wergsexover to other treatment (9).

2.5 Assessments

2.5.1 Pharmacokinetics

During each treatment period, a total of 20 venbla®d samples will be collected from each subjecpar the
following schedule:

Predose (0.0 h) and at 0.5, 1.0, 1.5, 2.0, 2.5,333, 3.66, 4.0, 4.5, 5.0, 6.0, 8.0, 10.0, 12600, 24.0, 48.0 and
72.0 hours (Table no.2). Samples at 48.0 and 7duéshwill be collected on ambulatory basis.

After collection of blood samples from all the sedijs at each time point, the samples were cengrifiag 3000 + 50
rotation per minute (RPM) for a period of 10 mirsite a temperature of 4+3 °C to separate the plasthauch

separated plasma samples were transferred to peteth(Project no., Subject no., Period, Samplimg fpoint and
aliquot number) storage vials arranged in duplicsdts corresponding for each subject. The vialsevetored
upright at a temperature of -80 or colder till the completion of analysis.

Shimadzu HPLC equipped with pump, auto sampler,snspectrometer MDS SCIEX API 4000 LC/MS/MS and
data equisition system (analyst software versi@gnl).were used for the quantitative determinatibramalyte in
human plasma. Plasma samples of subjects complafiimical phase was assayed for drug Finofibrate
concentrations using a validated chromatographithatg which is in accordance with the internatiogmaidelines.

The analysis of subject's samples was done usiogliiration curve with quality control samples, tdisuted
throughout each batch.

2.5.2 Statistical Analysis

Calculation of pharmacokinetic parameters was perd using the non-compartmental model of the
pharmacokinetic software WinNonfirb.1. The statistical analysis for establishingeljoivalence was performed
using the statistical package statistical analysfavare (SAS) 9.1 was used for the estimation of least squararm
differences (Test-Reference) of the test and retereformulation on the log-transformed pharmacdicne
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parameters G, AUCy and AUG., Here G, means maximum concentration and AUC means area endee
(10).

RESULTS

Demographic Result:

All the 18 subjects admitted in to the study flgfi the inclusion and exclusion criteria. All thebgects were of
normal health based on general physical examinadiuh laboratory test reports. None of the subject any
relevant or significant previous medical historgttbould affect the study results.

Pharmacokinetic Results:

Pharmacokinetic parameters such ag,CTmax (Time at maximum concentration), Area under curd®Co.),
AUC_Extrapoleted (%), K (First order rate constant associated with thmiteal (log-linear) portion of the curve)
and t, (Elimination half life) were calculated. 90% caddince intervals with least square geometric test to
reference mean ratio formed the basis for pharnmaet& and statistical conclusion of the test folation. Intra
subject variability, p-value from analysis of vari@ (ANOVA) and power values was also calculated.

All the pharmacokinetic parameters statistical galwere calculated using LinMax procedures of Wii¥o
Version 5.1 (Pharsight Corporation USA) softwar@limation and the SASsystem Versio®.1, respectively, at
Clinical Pharmacokinetic & Biopharmaceutics Depamtnof Wockhardt Ltd, India.

The tables (Table No. 3 and 4) and figures (Fig- Nand 2) illustrate pharmacokinetic and statidtand mean

graph obtained for Drug Finofibrate.

Table No. 3 Pharmacokinetic results calculated fobrug Finofibrate

Drug Finofibrate

Parameter Test Product Test Product Reference
(A) (B) Product(C)

Crmax (Ng/ML)

Geometric 11.033+£1.855 16.310+2.740 18408720

Mean 6.34 8.31 11.18

CV% 28.02 31.71 15.22

N 18 18 18

T max (hr)

Median 4.50+1.156 4.50+0.822 5.0D1#55

Geometric 2.91 2.75 2.50

Mean 2.56 2.74 2.48

CV% 4411 28.81 42.65

N 18 18 18

AUC.(ng.hr/mL)

Geometric 272.6655+43. 766 289.1733+55.899 256.8569+83. 2762

Mean 120.10 134.05 153.56

CV% 34.91 38.82 27.77

N 18 18 18

AUC.,(ng.hr/mL)

Geometric 323.9973154.6 344.9106+64.850 305.2371+56.11

Mean 131.30 145.48 165.75

CV% 39.45 41.30 32.23

N 18 18 18
AUC_Extrap ... (%)
Geometric 15.92 + 4.658 13.55+3.535 15.85+4.750
Mean 7.09 6.97 5.82
CV% 55.32 35. 65.60
N 18 18 18
K‘e\(hril)
Geometric 0.0674+0.011 0.0969+0.017 0.0688+0.011
Mean 0.04 0.04 0.04
CV% 28.32 42.02 27.39
N 18 18 18
T 4 (hr)
Median 27.8189F31 26.3192+5.269 28.0859+4.896
Geometric 19.41 18.31 17.58
Mean 18.70 9. 17.96
CV% 24.44 @8. 26.23
N 18 18 18
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Table No.4 Summarized statistical values for Drug iRofibrate in 18 subjects

Parameter (o AUC . AUC-
(ng/mL)  (ng.hr/mL) (ng..hr/mL)
LSM Ratio:
AIC (%) 56.96% 78.78% 79.69 %
B/C(%) 75.56% 88.82% 89.19%

90% Confidence

interval A vs.C

Lower Limit 51.93% 2.99 % 73.56%
Upper Limit 62.84 % 85.03 % 86.34 %
90% Confidence

interval B vs.C

Lower Limit 68.88% 229 % 82.32 %
Upper Limit 82.89% 95.87 % 96.63 %
p-Values (ANOVA):

A 1 0.6329 0.5321
B 0.8486 0.0136 0.0143

Intra-subject
Variability:CV%

(A/C) 15.35 12.64 13.27
(BIC) 15.35 12.64 13.27
Power (%):
(A/C) 0.9884 0.9986 0.9974
(BIC) 0.9884 0.9986 0.9974
10
9 =
< A
5@ 8
5. 71 R c
E6
g5
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Figure No.1 Linear Mean Plasma Concentration Time @rve of Drug Finofibrate
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Log-transformed Mean Plastaa Concentration Tiree Carve
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Figure No. 2: Semi log-transformed Mean Plasma Comatration Time Curve for Drug Finofibrate

Pharmacokinetic Analysis

A. Area Under the plasma Concentration time curve AUC, t=72hr) and AUCy.

Parent Drug AUC:

The AUG for test products A ranged from Mean + standandad®ns (S.D.) of 272.6656+43.761 ng.h/ml and the
AUC, for test products B ranged from Mean +SD of 289355.899ng.h/ml The AUCO-t for reference product C
ranged from 388.75 to 3244.16ng.h/ml with a MeaB 85 256.8569+83.2772ng.h/ml.

The geometric values for the test products A, f@stducts B and reference product C were found to be
131.30ng.h/ml &145.48ng.h/ml & 165.75 ng.h/ml. restively.

Parent drug AUC »:

The AUG.. for test product A & test product B ranged fromthwa Mean +SD of 323.9973 + 54.629 ng.h/ml &
344.9106+64.850 respectively. The AplCfor reference product C ranged from a Mean +SDL805.2371+
56.110ng.h/ml.

The geometrivalues for the test products A & test products B eeference products C were found to be 131.30
ng.h/ml & 145.48 ng.h/ml & 165.75 ng.h/ml.

B. Elimination Rate Constant (Kg)

Parent Drug

The Mean + SD values of the elimination rate camst,) were found to be 0.0674 + 0.014% 0.0969+0.0171
for Test Product A & test products B respectivelyd 0.0688+0.01Thfor Reference Product C.

The geometric mean values for both the test predi& test products B Reference Products C were found to be
0.04 h' and 0.04 1 & 0.04h* respectively.

C. Elimination Half-life (t 1)

Parent Drug

The Mean * SD values of elimination half-life,{t were found to be 27.8189+ 4.731 h & 26.3192+ 8.6 Test
Product A & test products B and 28.0859+ 4.896r Reference Product C.

Parent Drug
The Median half-life (f,) values for the Test A & test products B and Refeeeiroducts C were found to be 19.4 h
&18.31 h and 17.58 h respectively.
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D. Residual Area (AUC_%Extrap_obs):

Parent Drug

The Meant SD values of the Residual Area (%) were found td5®2+4.658 & 13.55+ 3.535 for Test Product A
& test products B and 15.85+ 4.7 Reference Product C.

Statistical Results

A. Geometric LSM Ratio and 90% Confidence Interval

The test by reference geometric least square naemand 90 % confidence interval obtained fgg,CAUC,and
AUC, ., were as follows:

Parent drug (A)

Least square mean (LSM) ratig,£56.96%& CIl 51.96 % to 62.84 %, AU LSM ratio 78.78%% Confidence
interval (Cl) 72.99 % to 85.09 % and AYC LSM ratio 79.69 %& 73.56 % to 86.34 %, which shows all the
values are not within the bioequivalence acceptaacge 80.00 %'to 125.00 % .

Parent drug (B)

LSM ratio Gax 75.56 %& Cl 68.88 % t082.89%, AUE LSM ratio 88.82 % 82.29 % to 95.87 % and AUYC
LSM ratio 89.19 %& CIl 82.32 % to 96.63 %, which shows all the values rave within the bioequivalence
acceptance range 80.00 %'to 125.00 %, only therudjpi¢ of Cl , AUC,.. AUCy.., of Cox eXCeeding.

B. p-values (ANOVA)
The p-value should be greater than 0.05 for CmadC®t & AUC,., for period and formulation effects. For
sequence effect it should be greater than 0.01.

The p-values obtained from ANOVA for sequence dffet Drug ‘0015485’ greater than 0.05 for,£ (1.0&
0.8486), AUG, (0.6329&0.0136) and AU, (0.5321&0.0143) which indicates no statisticallygrsficant
differences were observed for sequence effect ampdicokinetic parameters.& , AUC, and AUG .

C. Intra-subject Variability

Parent Drug (A)

The coefficients of variation (CV%) correspondirgibtra-subject variability for G, AUCy: and AUG., for
Drug ‘0015485’ are 15.35%,12.64%,13.27% respegtivglich were found to be less than 30%.

Parent Drug (B)
The coefficients of variation (CV%) correspondirgyintra-subject variability for G, AUCy; and AUG., for
‘0015485 are 15.35%,12.64%,13.27% respectivelychvivere found to be less than 30%.

D. Power

Parent Drug (A)

The power values obtained for,& AUCy and AUG., are 98.84%, 99.86%, 99.74% respectively, whichewer
greater than 80.00 % the desired power to supherbioequivalence test, and hence test, and hemsidered to
be adequate for supporting bioequivalence conahgsio

Parent Drug (B)

The power values obtained for,& AUCy and AUG., are 98.84%, 99.86%, 99.74% respectively, whichewer
greater than 80.00 % the desired power to supperbioequivalence test, and hence test, and hemstdered to
be adequate for supporting bioequivalence conahgsio

E. Safety Results

There was one adverse events reported which walsfeniér Subject no. 11 adverse events was resobibdrs two
(Subject no.08 and Subject no.14) were withdrawtheir own accord. The adverse event was milduatiéely to
study medication administered to the subjects. Ftioenadverse event profile and tolerability of sbjects, it
appeared that the test product was equally safeaasf reference product.

DISCUSSION
Bioequivalence of different formulations of the sanrug substance involves equivalence with resjuetite rate

and extent of absorption. Two formulations whoge end extent of absorption differ by -20% to 2%Pf4ess are
generally considered bioequivalent. The use of 2086 to 25% rule is based on a medical decisionftramost of
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the drugs, a -20% to 25% difference in the conedioins of the active ingredient in blood will nag blinically

significant. In order to verify the above criteiao sided statistical tests are generally carried wsing log

transformed data from bioequivalence study. Ontiseased, to verify that the average responsetfergeneric
product is not more than 20% below that for innov&iproduct and the other test is used to veriy the average
response for generic product is not more than 26%novators product. This test is carried out g9inO5 level of
significance.

For approval of ANDA, the generic company must shbat a 90% confidence interval for that ratio lné tmean
response of its product to that of innovator ishiitthe limits of 0.8 and 1.25 using log transfodraéata. If the true
average response of the generic product is beld &3d above 25% the innovator product's average oototh
the confidence limits are likely to fall out sideetacceptable range and the product will fail ieedpivalence test.
Any reason may cause failure of any Bioequivalestoely from the stage of formulation developmenstastical
bioanalytical process results. There are high cbsuof failure of bioequivalence study becausectfa difference
found in test product and reference product fortmma In the clinical phase of Bioequivalence stublg reasons
may be inadequate inclusion and exclusion critekan-compliance with study protocol. Inappropridt®od
sample collection time points. It is very essentiiakelect uniform population for the study. If thés more inter
subject variability then chances for failure of Biuivalenceestis more. Inappropriate method development. Errors
during sample processing and analysis. Wrong sasipdecalculation, wrongly applied statistical aiséd methods
etc.

The available literature on Bioequivalence studieDrug Finofibrate shows the drug Finofibrate mliviolerated
and shows greater antihyperlipidemic effectiversass better compliance than other formulation ofydfinofibrate
and other antihyperlipidemic along with simplifiddsing regimen.

In the present bioequivalence study conducted orddthy adult human subjects for the Drug Findgfiby is
following acceptable limits for the criterion AUG AUC.., and Gax

The results generated with reference formulationofitiraté® indicates the reference drug values are in the
acceptable limits for the criteria AUG AUCq., and G In comparison the results of the study with Drug
Finofibrate and Drug ‘Finofibrat&” (® indicates reference formulation), thus lead siaggest that these two
formulations are said to be bioinequivalent.

CONCLUSION

Based on clinical, pharmacokinetic and statistdath obtained from 18 healthy adult male humanestbjunder
fasting conditions, it may be concluded that a Isirdpse of test formulation of drug ‘Finofibrate3 mg tablet
manufactured by Wockhardt Limited, India does na&etmbioequivalence criteria of 80.00 % to 125% @ty
AUC,; and AUG.., when compared with reference formulation 145 m'gOﬁbrate® ‘Tablet.
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