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. BACKGROUND e =

‘Betaxolol is 3 Bi-selective adrenergic receptor blocking agent with calcium channg) blocking -
- - activity. There are two approved ophthalmic drug products containing racemic betaxolo] (re..
Betoptic S Ophthalmic Suspension 0.25% and Betoptic Ophthalmic Solution 0.5%) which are
~ indicated for lowering intraocular pressure in patients with chronic open angle glaucoma or :
- ocular hypertension. The mechanism of ocular hypotensive action is thought to be a reduction of
2queous humor production. The Sponsor claims that levobetaxa o] (S-isomer) is the more
' biologically active enantiomer of betaxolo and is primarily responsible for reducing intraocular
. pressure. The proposed produect (Betaxon) comtaining the S-isomer js intended for the same

indication as the racemate. The dosage is one drop in the affecied eye(s) twice daily.
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To support this NDA, the sponsor conducted a pharmacokinetic study in healthy subjects 10
determine the systemic absorption for thiee products (Betaxon Ophthalmic Suspension 0.5%,
- Betoptic Ophthalmic Solution 0.5% and Timolol Ophthalmic Sojution 0.5%). Virious literature
" articles that provide information on pharmacokinetic characteristics of betaxolol were also
submitted. - SRR e

© LABELING COMMENTS

to read as follows: '_ : R : S Ll

- BETAXON Ophthalmic Suspension 0.5%'(levobetaxolol), BETOPTIC® Ophthalmic Solution
0.5% (racemic betaxolol) and TIMOPTIG® Ophthalmic Solution 0.5% (timolol) were dosed at.

©one drep each eye twice daily for 7 days 1o steady-state in a double-masked crossover study in

.20 norai volunteers. Mean peak levobetaxolo] Plasma concentration (Cmax) was reached
about three hours afier dosing, The mean half-life of levobetaxolo] from Betaxon was 19.7 + 4.7

- hours. At steady-state, levobelaxolql Cmax (0.547 + 0.143 ng/mL) and AUC,.),,, (540 +1.40




ng*hr/mL) fol]o“ing‘adfhinistfzition of BETAXON Ophthalh'iié Suspension 0.5% were
- significantly (p<0.05) less than those. observed for racemic betaxolol (Cmax 0.870 + 0,425
- ng/ml, and AUCqy 1, 8.68 +4.46 ng*hr/mL) fo'llowing'administratipn. of BETOPTIC®

Qphthalmi'c Solution:.

2 First vsent»encbc'undcl_' “WARNING:” e L e i R
Topically appli,cibc_tg-adrenergic b;(w\c}\u% agents may be absorbed systemically, We - »
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 The Coﬁjbdhcnts and composition of the proposed product is given in the table
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. |
i Levobetaxolol Hvdrochloride |
i Benzalkonium Chloride "
: Pnly(sryrene;divinylbcnzcnc)
i Sulfonic Acid- ' \ :
. Carbomer_974Pv el —_
i \annita) T ' = e
| Boric Acid ‘ . ;
-._Zditate Disodium . 7
i N-Laurovisarcosine :
- Tromethamine and’or HC) .
1 Purified Water ] B o - ) g S '
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1L SUMMARY OF BIO/PK/PD CHARACTERISTICS

SYSTEMIC ABSORPTION OF L'E'VOBETAXOLOL’; V“ZVRKEEE;ZEZ\/BETAXOI;OL AND TIMOLOL
Protocol C-97.81: A Doﬁble-Masked, V{"I'}uée-Pedod.Cr‘ossovér, Multi-Dose Pharmacokinetic
Study of Levobetaxolo] 0.5% Ophthalmic Suspension Versus Betaxolol 0.5% Ophthalmic v
~ Solution and Timolo] 0.5% Ophthalmic Solutjon Following Topical Ocular Administration on
Normal Volunteers R T : ' E :

rr—

Objectives:  Thjs study was conducted af T /characterize the
plasma pharmacokinetics of levobetaxolol, racemic betaxolo] (7 __hnd timolol
following topical ocular administration to normal volunteers.

Study Design: The study was a randomized three-way crossover design involving 24 normal

adult subjects, of which 20 subjects completed all treatments. The dosing regimen involved BID

administration to both eyes for 1 week during each treatment arm with one of the following test

articles: Levobetaxolol Ophthalmic Suspension, O.S%szs-betaxo}ol Ophthalmic Solution, 0.5%
.- or Timolol Ophthalmic Solution, 0.5%. There was a 7-day washout period between treatments.

a San")'pll.é collection: Plasma samples were collected immediately prior 1o dosing and 0.25,0.5,
12,34, 6, 8:and 12 hours after the morning dose on Days 1 and 7. o ,

Assay: Plasma ‘concentrau‘ons of Ievobgﬁxg_%@&bgtaxolol and timolo) were determined at
o §“‘“~“\“““ T T Yusing! methods with; =T _ 12
f‘” e 0T levobetaxolo] betaxolol and timolo]. The assay method for betaxolol was not

(. iselective. -
Data analysis: Pharmacokinetic parameters (Cray, Tynay, AUCo.)3 4 and t)n) were calculated
_ using noncompartmental methods. The elimination half-life was calculated from the slope of the

log concentration versus time profile using unweighted linear regression.

" Results . ’ '




Systemic exposure to parent drug from all three study mcdicéfioris was dcmonstra;ed fol'lo.wing
hoth single and multiple dosing, Mean plasma dmgponccntrations for Days 1 and 7 are shown
inFigure 1. Ml B L

. Figure 1. Mean Plasma Concentrations ‘ofL;vobeﬁio‘lbq; RS-Betaxolol and Timolo}
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NOTE:, For presentation purposes only, the timepoints of twé 6f the curves were shified slightly to make the
- Standard deviation bars morevisible. -~ oo T T :

Fo“o\ving topital'qéhlar do's’ing‘ofLevobe.taxolol Suspehaion, mean (£SD) Cmax and AUC,
were 0.209+0.086 ng/mL, and 1.9310.81 ng.hr/mL, respectively, on Day | and increased to
- 0.347+0.143 ng/mL and 5.40+1.40 ng.hr/mL,~£¢§E¢¢pive_l)(, on Day 7. Plasma pharmacokinetic

parﬁme:‘:rs for all three formulations are Ssummarized in Table 1. -

© .Table 1: Mean (€3 %CV)-P)asma PhanyagokmglcPaLa:r_:elersfrom Sm&y C-97-81

el i e L Sl L i L

v O pay - |
TestAnicle . [ C,.- (ne/mL) | T, (hours) AUCq.; (ng*ht/ml) | T, (hours)
Levobeataxalol 0209 (41.1%) | 33 (76%) 1.93 (420%) | 155 (51.8%)
- Betaxolol | 0299 (59-9%) | 287(61%) 288 (63.9%) | 234 (47.0%)
Timolol 170,606 (57.7%) [N (73%) ~3.65 (64.4%) 4.96 (31.8%)
= : EREEA Day 7 3 R

- Test Arnticle | Cou {ng/mL) Tonax (hours) AUCo.13 (ng*hi/mL) ' T, (hours)

| Levobetaxolol | 0.547 @6.1%) | 2.7 (66.7%) 5.40 (25.9%) wa (23.8%)
_Betaxolol |~ 0.870 (48.3%) 3.0 (36.7%) 8.68 (51.4% 20.4 (37.2%)
Timolol 0.859 (78.7%" 0.84 (65.5%) 4.89 (79.3%) 4.42 (23.5%%

: *Day 7 mean significantly different from corresponding parameter far levobetaxolo] {p <0.05).

Levobetaxoxliol Suspension v, RS-betaxolol Solution: o -
- Mean plasma betaxolol conce tration follawing administration of Levobetaxolol Suspension was
“approximatelyf .. Ahan that afer administration of RS-be xolol Solution. Statistical
evaluation of IMarmacokinetic results showed significant differences (p <0.05)
bclvveen levobetaxoio] and RS-betaxolol for Conax and AUCq. 34, No significant differences in
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- Tinax (=3 hrs) or Ty, (~20 hrs) were evident, The significantly lower bioavailability for
levobetaxolo] (lower C,,,, and’AUCy.y,) relative to{RS-betaxo]ol may be due t6 formulation
- differences between the two test articles (resin suspension for levobetaxolol versys solution for
¢ R“S;‘bc'tax’olol), (Note: The sponsor also compared levobetaxolo] and timolol Day 7 data which
* showed sj gnificant differences in al] parameters except AUC,,; hr-) S -

Half-life: . ~ RE [REEIER
Mean half-life of betaxolol observed in this topical ocular study (see Table 1) ranged from -
L T herefore, the Day 7 data represents steady state conditions. (These half-life values
are within the range reported in the literature.. For oral timolol, an elimination half-life of about
4 hours has been reported; similar to the mean half-life of about’ " observed in this
study.) . : ' R v T

’A.ccumulatiqn:‘ S ST - R .
For levobetaxolo] and RS-betaxolo, plasma drug concentrations following the initial dosé were
“below 1 ng/mL in al] cases. All three drugs Showéd.accumulaﬁibn over the 1-week dosing
regimen, with increases jn Comax 0£2.6-,2.9- and 1.4-fold for ]evobetaxolol.@:s:bétaxo!ol and
timolol, respectively.  The corresponding increases in mean AUC,), , were 2.8- 3.0~ and
1.3»fold,’rc‘spcctivcly. The degree of acctjmu]ation' reflected in both Crax and AUCy 15}, is
consistent with that ‘expected at steady-state, based upon the observed mean half-lives. (Based
-on half-lives of 20 hours fdrvlgvobetaxolol and{RS-betaxolol and § hours for timolol, the
. predicted degree of accumulation 1o steady-state with BID administration js 2.9-fo]q for
RS:betaxolol and 1.2-fold for timolol.) o
Comments: _ o
1. Therejs/ =" o e
 rats (oral and iv dosing) and FabBiis v
_inversion Of:_‘l‘Eﬁ:Lsoﬂ‘_eiT« [

e

o . “hetavolol. Animal studies in
) indicated no evidence of in vivo
TR edence of in -4
T , L R SFurther, the systemic exposure 1o

betaxolol was lower from Betaxon than from betaxolol 0.5% Ophthalmic Solution, .

les 2 ‘ er than Day 1 pre-dose samples, a
numerical value equal to th T . jwas assigned for purposes of

' pharmacokinetic calculations. This wjl] inflate AUC values slightly.
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REVIEW OF LITERATURE ARTICLES

Drue Co’nce‘ﬁtrétions in Plasma and Agueous Humor ‘ -

N

- A clinical study’ determined drug concentrations (radioreceptor assay) in plasma and agueous
humor following single topical administration of 40 uL of either 0.5% betaxolol (n=15)or
025 % timolol (0=15) to each eye in patients immdiately_ prior to cataract surgery. Mean C,,,,
- was 1.1+ 0.8 ng/mL for betaxolol (with mean Tmax of 89+79 min) ang 1.36 £ 0.55 ng/mL for

. timolol. Approximately one hour after drug vapplica_tioh,‘me;a.n aqueous humor concentratjon was
4.1x1.4 ng/mL for betaxolo] and 1.65+0.78 :g/ml. for timolol. Cmax values for RS-betaxolo]
and timolo! reported in this study were higher than those found in theAlcon study-(1.] vs,
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K 030 ng/mL for betai'olbl).' Howeﬁ'er, the Alcon study was éonducted inintact eyes, not eyes
undergoing Surgery. Note that the proposed foxjm‘_ulation was not included in this study.

Ol andiv, Studies of Racemate.
- The pharmacokinetics of RS-beta){éjélz fbllowing oral or i.v. administration to humans have been -

reported in the literature.

. evaluated the pharmacokinetics of RS-betaxolo] in 12 normal subjects following a

single 10'mg i.v. dose and 10, 20 and 40 mg oral doses. Dose Proportional increases in C,,,, and
AUC,. were observed over the oral dose range. (Mean Cmax:21.6+3.7 ng/mL fora 10 mg
dosc; 90.0 + 16.0 ng/mi. for the 40 mg dose. Mean AUCow: 5402 12810 . '
2096 + 492'ng*hr/mL.) The elirnination half-life ranged from 13 10 20 hrs.

‘Bianchettj et al..” evaluated the pharmacokinetics of RS-betaxolo} following QD oral doses from
1010 60 mg for up 10 | week. Dose-proportional Pharmacokinztics was demonstrated over the
dose range. Mean whole blood clearance ranged from 0.28 1o 0.33 L/hour/kg and the elimination
half-life ranged from about 16 to 22 hours. Steady-state was achieved in less than ope week.

o ‘Balnave, et al..* studied the pharmacokinzstics and reduction in exercise-induced tachycardia of
_ rs i rmal volunteers. Thjs study involved single oral doses
overa 5- 10'40-mg range, Dosc"-'proponiona]‘mcx‘eases’in’maximum blood concentrations were
observed over thie dose range, with maximiumn levels achieved between 3 and 8 hours post-dose.
The mean elimination haif-life was 2454 6.8 hours;- a ‘ :
- Maximum systemic eXposure to racemic betaxolol in these published i.v. and oraj studies was
- substantially higher (up to nearly 100-fold) than that found for levobetaxolo] or racemate -
- administered topically in the eye. . : :

 TUM. Ludden, D A, Boyle, D. Giescker, G. T. Kennedy, M. H. Crawford, L. K. Ludden and WA
.+ Clementj. “Absolute Bioavailability and Dose_.P}roportionality of Betaxolol in Normal Heakhy Subjecrs", ).
_Fharm. Sci., 1935, 77°(9), 779-783. . e ,

°G. Biancheti, C. Blatrix, R. Gomen, - R. Kilbom, J. Lamribaud, P. W. Lucker. ). J, Thebault, S. Trocherie ang
P. L. Morsellj, “Pharmacokinetics of the New G-Adrenorcccptor‘ Blocking Agen: Betaxolol.(SL 752 12) in Man
Afier Repeated Ora) Administration”, Armeim. Forsch, 1980, 30, 1912:19)6. : : ,

K. Balnave, 1D Neill, €. 1. Ruseel. D, w, G. Harron; W. J. Leahey, R Wilson and R. G, Shanks,
"Observations on the Efficacy and Pharmacokinetics of Betaxolol (SL 75212);,a Cardioselective
P-Adrenoreceptor Blocking Ageny”, Br. J. Clin. Pharmacol,, 198 1,11, 171-180.

u Phamm‘cbkinétics of Individual Enantiomers Fonowine‘Adminis‘tratiOn of Racemate ,




The human pharmacokinetics of the R and S enantiomers of betaxolol following oral dosing of
- the racemate, have been investigated by analysis of blood samples using chiral liquid ‘

- chromatographic methods. > I one study,’ twelve volunteers eachreceived a single 10 mg
r'accmic.b‘ctaxolol dose in a 30 minute [V infusion and blood samples were collected over a
48-hour p'eriod._ On a separate visit, the same subjects received a'single 40 mg oral dose of
racemic betaxolol, again with blood sampling over 0-48 hours post-dose. Pharmacokinetic
profiles of the R and S enantiomers were virtually identical and no significant stereoselective o

: differences were found in clearance, volume of distribution and elimination rate for either route
of administration. In another study,® three subjects received a single oral dose of 20 mg

RS-betaxolol along ‘with the diuretic chlorthalidone. Peak whole blood concentrations for each

B cohc:n‘tra'tion"ver'sus time profiles for the two enantiomers in a given subject over 0-72 hours
- were virtually superimposable, indicating no stereoselectivity in human systemic
pharmacokinetics for RS-betaxolo. R ‘ FRE
*G. Stagni, P. J. Davis and T. M. Ludden, “Hwnan Pharmacokinetics of Betaxolol Enantiomers”, J. Pharm, Sci..
11991, 80; 321-324, e R : Lo

“A. Darmon and 1. P. Thenot, “Determination of BctéxbloiEnan:iom'crs by High-Performance Liquid
Chromatographyi Application to Pharmacokinetic Studies™; J: Chromatogr. Biormed. Appl., 1986, 374, 321-

32 . : T

Protein Binding. Metabolism and Elimination - : :
Levobetaxolo} exhibits relatively low binding to human plasma proteins. An in virro protein
binding study in human plasma using ultrafiltration method showed 3I—I-Icvobetaxolol to be
approximately 5,‘0%,.bound,.to.pl.as_ma_pmz_eins over the concentration range 1-] 000 ng/mL.” In
the same experiment, the plasma binding of ’H racemic betaxolol was shown to be 47% bound at

a 10 ng/mL Conccmratinn.._.l'hesaresulL&ISuggest a similar degree of protein binding between the
racemate and the S-isomer. SR T TR

The metabolism and elimination of racemic betaxolol in humans has been investigated following
~asingle 20 mg oral dose of "C-betaxolol * The majority of the urinary recovery of the _
- radioactive dose (76-83%) occurred within 7 days after dosing: Only trace amounts (1-3% of the
~dose) were recovered in feces. The predominant metabolic route of betaxolol in man involves
~ formation of the isopropyl-amino moiety with oxidation of the carbon alpha to the hydroxyl

other princx'pal_metabolite is formed by loss of the cyclopropyl-methy] group, accompanied by
oxidation of the resulting aleoho) to a carboxylic acid. This route reflects about 24% of the dose
in urine. Most of the remaining drug related material in urine is parent drug (about 16% of the
~dose). Betaxolol'and its metabolites are not found in conjugated forms in human urine. Since
these metabolic routes do not involve the chiral center of the molecule, a similar metabolic

profile for levobetaxolol and the racemate in humans is expected..

7M»; E. Sanders, “Jn Vitrp Protein Binding of‘-H,-Levobetaxoiol and ’H-Bemxolol in Human, Rat, Rabbit and
- Menkey Plasma”, Alcon Technical Report 026:38570:0499. E : . ‘




IB F c‘rrandcs; Al Durénd, J. AnreQFrai_ssQ, J. Thenot and P, Hé.nnhnﬁn,, “Phaﬁnacokihctiés and Metabolism of.
Betaxolol in Various Animal Species and Man™, L.E.R.S. Monograph Series, volume 1, P. L. Morsellj et al,,
- (eds), Raven Press, NY, 1983,51-64. - N

Coxcwsnons

1. Following topical ocular administration of Levobetaxolo] Suspenaion, mean (+SD) steady
. state Cmax and AUCy, 5 were 0.547+0.143 ng/mL and 5.4041.40 ng hr/mL, respectively, ,
" which were approximately """ "Whan those from 0-5% RS-betaxolol Ophthalmic .

~ Solution (BETOPTIC). The lower systémic exposure from Betaxon relative to Betoptic - S =

- Opthalmic Solution may be primarily due to formulation differences. i

Both levobetaxolol and racemate betaxolol exhibited comparable elimination half-life of

o approXimately 20 hours resulting in-an accumulation ratio o _lat steady-state following

- BID topical administration. Literature data involving chiral bioanalysis following oral ori.v.
administration of racemic betaxolol to humans demonstrated comparable pharmacokinetics

- of the two enantiomers.. SRR PP A : '

Lé\_’obetax_olol exhibits moderate plasma prote‘iAn binding (50%) in humans. Clinical trials

D .'

- pathways of betaxolol in man do not involve modification of the chiral center of the
molecule. . T : o -
4. Following topical ocular administration, plasma concentrations of levobetaxolol and racemic
- betaxolol are muchy - Jthan whole blood concentrations from clinical

" therapeutic oral doses of the“’racema_te.:‘ '




.. APPENDIX1

- Individual Data (Protocol C-97-81)




Table 1:

. Plasma Phar;nacokinetié_?éiam'éters for 0.5%

Ophthalmic Levobetaxolol, Day ‘

Subject Na. - Period Cmax

Tmax ] AUCh)3 powr Tm :

i . _ (ng/mL)
2001 - 3 .

.2002 1
2004 2
2005 2
2006 1
2007 2
2008 3
2009 . 2
2010 . 1
2011 T

2012 .3

1
2
1
2
K]
2
1
2
3
1

2014
2015
2016
2017
2018 .
2019
2020
2022
2023
2024

~(hr) ng x hr /ml) | —

4
:’/

4 ]

Mean . |- 1 0.205

33 93 19.5

S.D. : o . 0.086

2.5 0.81 10.1

Cv.Cw T .4

75.8 42.0 51.8

NC =Not calcolated - terminal phase of plasma concentration versys time profile did not exhibit negative slope

- making estimation of terminal half-life unfeasible.

pm




Plasma Pﬁanﬁa¢bkihetic I__’aramcitrs for 0.5%

Table2:

Ophthalmic RS-Betaxolol, Day |

Subject No.

1 - Peﬁod

Cmax Tmax

AUCe 7 po

Tia

(ng x hr /mL)

(hr)

001

- 2002

2004

2005

2006

2007

- 2008

2009

2010

201

2012

22013 .

2014

2015

2016 -

2017

2018

2019

2020

2022

2023

2024

|
3
}
3
2
]
1
3
3
2
1
3
1
2
3
2
3
3
]
}
2

(emL) | ()

=

—

. Mean

T 0.299

2 2.8

2,88

23.4

S.D.

- 0.179

1.7

1.84

110

C.V. (%) ‘

59.9

0.7

63.9

47.0 |

iy :
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Plasma Pharmacokinetic Parameters for 0.5%

Tabled: .

Ophthaimic Timolol, Day |

Period -

Cmax.

Tmax

AUCLIIhw

. Tld

" Subject No,

24

2001

2002

2003

3008

2005 -

2006

2007

2008

2009

.~ 2010

2011

2012

2014

2015

2016

2017

2018

2019

2020

2022

2023

2024

2
2
1
3
]
3
3
2
1
L2
3
1
2
3
3
]
!
]
2
3
2
3

N RN

I xmg_ﬂgi

Mean

1.1

3.65

S.D..

0.8

233

CV. (%)

72.7

64.4

. -
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- Pla_srha Phérfnhcokinetic Parémet‘crs for 0.5% Of)hthalxﬁid Levobetaxolol BID for 1 W_é’ek, Day 7 .‘

Table 4 -  :

Subject No.

 Period

Cmax | Tmax IAU‘CO-HMW ] Ty, |

3001

2002

2004

2005

2006

2007

2008

2009

2010

2011

2014

2015

2016

2017

2018

2019

2020

2022

2023

2024

-—'wN-—MwN-—N—o-——-NLﬂN,-—.NN—‘U

Mean

540"

19.7

S.D.

1.40

4.7

V. (%)

259

238

o

!

BEST POSSIBLE CopY
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"Table 5

Plasma Pha:macokmetxc Parameters for O 5% Ophthalnuc RS-Betaxolol BID for 1 Week, Day 7

Subject No, Period Crac Tmax | AUCp17mon Tin -
mgml) | () Jexh/mD) [ () |
5001 1 v . A\
2002 3 \ :
2004 1 ‘
72003 3 -
2006 2
2007 1 i
O B i ..2008 1 e O S S UIO LR - -{
U T 2009 3 - ,
o T 3 / N
’ ' 2011 : 25 1 O,
2012 2 ’ =
2013 T R - i : 3
2014 3 D
2015 i L
2016 2 wrrd
2017 3 0o
2018 2 . ) S —
2019 3 L)
2020 3 &
2022 1 <y
2023 1 / [
7024 ) , ;
“Mean 10.870 3.0 8.68 204 , é““
- SD. oy 20425 | L) 4.46 7.6 Lo iﬁ?
C.V. (%) , 1488 -36.7 514 372 . e
e : 3 -




Table 6:

 Plasma Pharmacokinetic Parameters for 0.5% Ophthalmic Timolol BID for 1 Week, Day 7

¥

Subject No, Period | Cmax | Tmax | AUCsmre Tim

_og/ml) [ () [ (ngxhr/mL)[  (hn)

2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2014
2015
2016
2017
2018
2019
2020
2022
2023
2024 :
Mean ~ 17035 03 4.89 442
S.D. |- 0676 0.6 388 T 1.04

CV. (%) 78.7 750 | 193 23.5

T—

h . i
{
e
: {
i P
i
h




