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BHERBOELEANMHFHICRETIAMNLYF &
ZFErELFUUZBAEERAEOHAD R

<# B>
HEEDIANE)TF—varyHH TR, BEHHBKIZK 3
BEEZ2oBRIVPERLTWVS, BB, HEBR.
LDRER. MRER., KHR. WERHFIPR. HILER. H
HoMERBIUOERE (BE) ~ 0B BEILTY
5D, bz, Fho2K AL LAEABREBEETIEA2FED
HEETL. MOBBEICEEBITILELVWIERBRObRAR I
hTWwas, 22»TH, RESH - FEATCELCIERAES
## (disuse muscle atrophy) 3. ERAB I UVOEE % [}
LDbTFEAEL, BERBTREODEANWBEFEABTIZEREIT T
EB2BHLRKE WL, BEEYE (physical therapy) OB
BECHBT 5T L85, TG OSSR KL
LT, RYWME SHERIRLTVWSE 34, LirlL, 258K

BRLEZEORENOCEAINE#HELREALSEZELIALND,



Efe. DR - DEHRAATEOERIRAN A+ 4
ThY)., BRRCESVWETE - BREORIBEZETNT
W35,

Brown b ¥R F v M X2 BHWERNIL., BRIENE
Fo—B 1 HREANEN., EAEGEHROETHNH TR L
LTHFATHORZ LERELTWVWS, EXELLEANED
ZEMOTHIRERZRY, BRIGAIPTERBARMOFTE
(intermittent weight-bearing; IWB) X X 2% £ M - %
FHERMTHFEEZHRALTCEEL, BBz, =HE
ZFOHATCHVWONS % BEBEE (hindlimb unweighting;
HU) €547 vy PE2EVWERAEBHERELEE L. IWB K
X2 REANT., TORKR. WEHEE., WERRB. &
EfBBLIUCHAERININER LR LERBELE 49,
Lil, —B I RHBEOMAOGAETE. BM0ET
MHBIXATRETHIB, TE2RTFHIIEETH - =,

Roy 5 X . TEHKYRLZHUTS v bt T 2 f(soleus
muscle; SOL) IZRIE TR EHRNLE > (growth hormone;
GH) # X O insulin-like growth factor (IGF-I) & ¥ F

AVEHOEEBLZHITWS, GH/IGF-I1 &5 ¥ /- 1x&EH



DHTIE., THEHEICEEB L2, ULALFRAET
MEFABZbRELBELTWS, Allen b Db
GH/IGF-I # 5 L BN EDHOHFHIC I ZEHENHDREE
BELTWVWD, 2Fh, RANBERETTO GH 22 L
DHENEEEY, BERHICLI2ZBANFDREED 5
EEMERXTRTBR I TWS, £ . Herrera b I 7 v b &
BWrEERT, RAEEREETPIC. BBRBEERTH O
BRI BE I TWBE F Uy N7 RAKERDEA
(Clenbuterol; Cb) ## &5 L. #WMAHPREZRD . B
o Ch BERRBRECARREMEEZ VLT Z L %
R L7, Hayes b 93 Cb B 5 L= mdx = 7 X ® I
¥ (contractile properties) B L T, EKREEHA
B (K¥k) Lo RADREZREREL WS, Cb X8
z-adrenergic agonist TH YV . M/ EHNBEIZK T 5B K
BMEMIRLLTEBESRATWS 10D, F 7= KEZEH
iZH HU o Cb ﬁ?ﬁéﬁﬁ&%%ﬁ’*“en’cwé 1213), % Z
TEELIREAMEBERETPICEB TS . ChE L IWB
OHAPREEZARL Y, TOMRE. COBRESIHR. R

WrEE, B A7 BB REREAGNDIRZALLE



N, WEBEHEICERDR I Lok, HIZIWBIIEX, BHEE
TOHRIIPRVYE, REFEL VW KEE OK T MW
HIZcBELTORNMTHo, £/, Cb #E L IWB D H
A, A7 I REBMNOE T ABTTHRENTD » 2,
BEREOBRKBE CR., FROAF2Z2EBCERH
THMETERLVWREABMBEEINDS, TOHESG., BFEEK
i + (physical therapist) R ZEHBMA DR EZHFLH X
LV vy FEREWRT S, Gomes b DT EH A I A B L
(immobilization) LA 7 v b F AHICXT 58 1
A0 HDOR MLV Y FRGREZROBRICADTH D L
WE L TW5B,Coutinho 6 1Ob EMMICABILLE T v
.Ftﬁxﬁnﬁ?6\3ﬁﬁ®bey?(%40%)@
DREBAR, HEBIBT Ry, HREEROR
BIZPRBDoLLERE LTS, EFLIX. RAKSE
WMETHPORAKRBH R MLV vyF (intermittent stretching;
IST) AT 2HACT,. HEBIUCREPERTHD Z ¢
r@RELTERLY, ¥ ALC1A 1IKRMAOKZHERE
THBLAEAFEER T, IWBIZHRISTIZ L 2 WH %
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1. ERH B

78 E O Wistar R # 7 v b % 35[L ({&£E BW; 215%
6g) BH L. B OE I AHBErERMBLLE, 7 v b
EEMN S —TIiCT, 12 REOBHABEY A 7LV TTHEHEF L,
- kOofBERIZEBLLE, 2B, AWMEHEIZ. &R
KEBHHPERZFBSCTEARBEINE (AEES 050301,

060362),

2. ERFE

Sy b2 (CON) L EBRBEICHT ., EREIX
LT 48 : #BEBEELEH (HU), #BREBEPICHX
k2 EmE (IST), #RBEEPIC Cb 2 ET D
B (Ch), BIUVERKREBEDLICHXRXOMGMEL Cbix5 %
A+ 58 (IST+Chb) ¢ L&, B, ChbxzHEELZW 3
# (CON, HU, ISTH#) Kix. A& cCAEABEHAER %
#E5 L7 (1.0 ml/kg), EBRHIMIT 2 BML L, BF
BOENTHAOTERLABMEERZ2EERE T DIHERT

ERBELEHEL. BERAEGHEHEZEELE, ZO®K



MELEBIZCLY, 2y POBRBEBIRICHMARZVWRKE LR
ZH, AIMRETTr—YAZBH TE, B - KOFERITA
BETHd, BMIRHMERT, ETHFRIDTCEABLEFEIC
T1H 1HAEELEZ, BEEABNICIFERMEHET — 72T
FRESHEZEBMICESE L. e 7 A HmERERMEMLE L
77 Cb#5 (1.0 mg/kg. clenbuterol hydrochloride,
Sigma Chemical) X, 2-day on/2-day off i 122 #£
EHMOEZBRHMFOMB, 1. 4, 5, 8, 9, 12 B XLV 13

HRBIZIT»- &,

3. 43 HT
14EEK£%%@TKT¢E%ME%\E?i%é%
HLBEEE (MW) 28 ELE, HIUEHEERNEER. &

ABMRIEAEFRRB LALERBIVCHBLLENINE T —

SOCTHHFL =,

1) WHEFEHEOEE
FHEZICE S AHoRBRHE (ML) BXUOH AR

(MC) 2% U R—-—lzTHlELE, #FDO#%. in vitro T



SREGFMEEIDERHELE, BT XHE2) 8T
gL, MmERAOCLEERE (LTS-500GA, £ MEX)
CRHBERREDO 110%ETEF L, EXPHEE (SC6.
Medelec) IZ TH XK EEEE (0.2 ms duration) TH %
WL, RERIGZE&GLE 1O, SFEB X, BRI
Bid2FKESH (Pt), WHEER (CT) B XOi&EH

(RT) & L 7%,

2) MEZILENTH

E I AGBETRBOBBMBEFED RN ZER L. ATPase R
BIZTHR#EIA T2 B LE (471 - 0), EATH
RUIZEBRLAEFEBEZEY, BREMFEEZAEL HE
MOEEMWBEEL L, S, HRMHEY M THRKEE

FHEL. FEROEMENERE L L 19,

3) AL ZFEM TGN
Wineski » 130 ¢ Caiozzo H 2VD FEZ— R %ELEH
E W T, BEAUVUREBERRHELE, ERVDICRAGREE

EbEVvomRAMESF - "7E (MP) L LTHRBEL KL,



4) HEFER AT

TR FEHEIFEERE (SD) TRHELE, MO
gz, —chkEEBES &2 (ANOVA) 2fT- %, AEE
B DHE (p<0.05) L. Scheffe’s post hoc test & X

EL~,



<fg B>
1. HEBBEE (MW)

EJ A DOMWIiX CONRBIZH L. .HU # < 45.8% .IST
BT 526%.ChbHT69.0%.IST+CbBH T 714.9%CEE
CHAD L, CbBEEBLCIST+Cb # D MW iz, HU B &
DEBIRKEP-H, ISTHE HU #HEiIcEl2do
72, Cb BB X W IST+Cb ot 5 A HHAERE KL
(MW/BW) X CONBLEBNRL . CbEFEOHREMN TR

X7~ (Table 1),

2. & (ML) BXUOH AR (MC)

EBRBEOEIAH MLIZ,. CONBICELARIKA»-
o, ERBM T, ISTHB L O IST+Cb # ® ML 28 HU
HIVABRCERS . MXNE2BHRODRBIFTR I,
HU # & Cb MO ML iZZEEER»ro7k, Cb B XUV
IST+Chb D E F A ff MCiX. CONB L EMNERL, Chb &
EopENRTIREINL, HU B L IST BERICZEN 2L,
L2bZOMBIXICONBIVARICAVWI 2L, HH

BIIHBERBICEIDRE TRV EB R I N (Table

_10_



1. Fig.1)..

3. X #& 1k

MmERR (RT) IHBIZERNRZ Db 2o, Cb
BB LO®IST+Ch #O XM R MHE (CT) IX CON B LV A
BlZEHEL, HUBEB I WRIST#H O CTix CON# L =R
RWZ e, Ch BEIZIZEDBILBEBRIATBRIN -,
ERBEOBIINMHEES (Pt) X, CONBIZHLEBRILRD
L.EZERBRARCERIX R o BAUHBEED Y © PtiX.
ISTHMN CONBLEIRLS, L2 COHBIVAEEICK
EVHRELDL HHRBEOHRMNRE I i (Table 2, Fig.2,

Fig.3),

4. HREI A THERBIOHEHE (CSA)
FRRMESY A THRLEIX, CONBIZLL CObBOART
FEWCELRL (A7 1 REOED., #4710 BRH#HOH
m). Cb BEICL2FEHLBAmEI R, FA4 71
MHEDEY CSAIX . CONFIZHK L .HU B T 42.1%.IST

BEC 58.3%.CbB T 81.0%. IST+Ch T 74.2% I H &

._11_



A L (Cb>IST+Cb>IST>HU), 2 THOHBTHEE
ZERDE. AT IREDO TS CSAIZ.CONBIZH L.
HUB T 34.1% . ISTB# T 61.2% .Cb B T 47.1% .IST+Cb
BT 60 9% ICARBICH A L (IST=IST+Cb>Cb> HU),
ISTHEE L IST+CbHEERICZRI R D b 225 o 7= (Table 1.

Fig.4),

5. RSy N7 & (MP)

RBRBHOBERKESY 278 (MP) iX. CON #Hitk
LARCEAP L, ERBEM CTIX. Cb ¥k X B IST+Chb
HOMPAR, HUBBLIQISTHIVAFIZKEL, Cb
BREOHRERP TR ENE, HU BB & IST HBIZEZRXRD

bl o7~ (Table 1),

_12_



<E B>

AMARTIERBEBEHETTOS vy b EF AHBITHT
5, BIX#IRA Ly F (IST) ¢ COBBEIZLDHADE
PR, AFREICBITSISTHRIZ, £2F 608 IWB &
CoBREDHADRERBIILETHRE Y0 IWBBRICK
Rplghof, BEFTHRLOEVIZ, AALEN IWB »
b ISTREDLo LI LTHD, FALBRBIZT—A 15
MTRICTHD, LML, IWBIRHUZ I T LNEMNE
LR, ISTIE HURBOETEIREETCERBLEZ, 2
FEV. 5y POEFRABIELY, fEIMBB LT Cb &
hBE DAHRCEEBLEAVTEEIHERAINILS, Xk,
REHORKBEZERE T L HUHBRKCRERBEH IR ICER
BMALZ LD, ET7AHBIIH 10mm EHT 3 22, ZoRE
D7y PeWMELERS, EEHSIMBHICEBL, &
FABHIEIA Iy FEhd, LrbkEEZEXZXDZ LT
BHEENHEMULEHKOETHH ZHENICER T S 29
EEZDODND, XY AFREDOR PV y FiX, BT A
BB A MLy FLERSBEREDZER T D .

MEROLIIRAKEXRICII2HUEFEOHEMB 2 VI,

_13_



ZRMOHBERDRVEEZLOND, TORICEL TiX.,
EXZLORITHRIIOTERL TV S,

AMETEH, LI HREE, HAEEL, HARSE
TOF ORI BEZBWTCObEBREOHREEDL, A MV
yFRRIZ, ETAHR. BREFATHEBRELELS LW
HINEEATRDbNEZ, ThboOoERE»L, COERE X
BEEBEIC. AP LYy FREEALVWOIBERBCHEN
LR TE D, T, ChRECBUIZIBREBL LT, &
BIELOBENH D 2420, AFRFERITBVWTS Chb BE
X272 A TN REBRELEOHME L RIMERE(CT)
DEMBIB DO, EFLBIFRBRINE, BEKBEWVWZ &
. ChbBEHFLAPLYFEHAT DI LT, HifMES A
THRLEEOEFLEBS I LBAETH L, T b,
FAT7T I RMENERHET ISTH I IST+COb #ERIFEITK
EolB FATOHRMENEMIX IST B &£ IST+Ch B
MICABRZERRL . CbEESZLIIRISCHREIATH
R DRIk, £, BANEEDLLYD OBIRE
ik, pFA# (IST+Cb B¥) L M8 (CON #) RMTH

BEERRL ., PHRITETH -, “hix. CbEEHEDO XA

_14_



TREEEOHMEBDIN, HUIZ LIV HEXEMEL ..
MUK EEOEY OBARBRCAFAMICARDIZLRER
tEZOND, b7 AFHREOPNKRA (pinnate muscle)
i, EXIC XY WA (pinnation angle) A #M L.
MU EER L EBRZNHOABEICEVNVRAELS, IEX
KEZ2PRAOCHMIZEIY, HOBRAPIBICEDDIED
BEARKELRY, BARBOACTKAICR S LB X
6:}160.9\1:3:”)\ Cb BETHmBMMERL RNDL,
BAPLYFRIVBEANREZE XD EBHENEHR
KRERLEEBE2ZLND, BARB LW EBERBOH RN
BEBHEICEIAERLEEZLON, TORICELTHADR
BDRODONEZERAFRIIBITIEERMRATH 5,

CoOHERAD=AbE LT, EEERLBEERBF
BEhTWwW3 8, Hinkle b 291, Cb iR LK 3 HBARLH
MR IX B 2-radrenergic receptor IZ L o THAM I B
TEEBELTVWS (E#EER)., Awede b 30ix, Cb 2%
# IGF-I ® local expression M iCME L TH Y . Cb
B H o IGF-I %38 % mRNA 8 X O peptide L R O

HFCHEEET A LEFRBLTWD (MEER), ARLHFR
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MAERMAA I =X2s2Fmboh TR E, Cb&EEFIF
NRI7ZERCBEL, HRETV A X 2HMT S EEZXDH
hTws, L2L, BEE»PLE25L. RHRAEKRR
HMERELZHURREBOCODEE TR . E T AMITEML
CbopREAPDICEHETERNWLEZODNRD, LD
%%%é%uﬁﬁ#bk\Cb&%%%ﬁ?é%é\(ﬁ
BETERVWRHETCTI) IST 2B T3 L PBEBIC
ERPSDBEETHLII LB RBRINS,

HEeREL L TEARERERRATH B, BFERIE
FERLELTOISTRIWBORZ2HED S HFik& LTHE
DD, BEIL Lo TEHER2LE, REVWITIIAFOD
T%%%t:f&%&%&ga@ﬁﬁﬁ%m&%%%&
EABIZHGICESILDB LARY 31,32, 2O, Cb #
OB THEBLOEEBR B L e EEL, B
ZRMEFREICLIBMNMA (IST R IWB) 2B T2 Z & 28
VEHFHETHD, 1B 1 REBEOHMRBORZAATIIR
é&%ﬁ%%ﬁm%mbbn&wﬁ\%ﬁ%547%i
MEERBLEAMAAFTELZ, FECHBOBRRA»LOILRY

LT, OREBOONIFAERENDLD, T, BE
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WP TERSTH, R - DR LRBERBOETH

flickv, BIEAYROERMAEIRTE 5,

<fE m>

ABRCBITDISTHRIZI, EELNIWB L Chb&E
ODHAPREBARIEETHROIWBHRICH "D 2 o
., COBEERHBERBEIZ. A P Ly FREEALE VI B
EECTHRNWTHo, £, APV Yy FREMERCD
BEIZLXD2EHLLEBES I EIZHED THo L, U ELDY,
ERANBERBETHTFOI Yy PET ABIIRTBETFHHN
AFBEBLLT,. CbEBEERZLII2MEEBD>OMB &, F X
MYy FREXZ2BREBMEOHADROFEAERITRR I
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— o
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Title:

Effects of Combined Intermittent Stretching and

Clenbuterol on Disuse Atrophy in Rat Soleus Muscle

Introduction

Close attention has recently been being given, in the field
of rehabilitation, to the adverse effects of prolonged confinement
to bed. To put it concretely, reports have been published
concerning adverse effects on the musculoskeletal, cardiovascular,
respiratory, metabolic, urogenital and neuropsychiatric systems
and on the skin (in the form of bedsores)". In addition, it has also
been suggested that there exists a vicious cycle, consisting of the
compromised function of these systems due to being bed-ridden
and the resultant reduction of systemic activity and adverse
effects on other organs. Among other conditions, disuse muscle
atrophy, caused by prolonged inactivity or disuse of the muscles
irrespective of the type of underlying disease or disorder, has a

substantial effect on the person’s activities of daily living (ADL)
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such as standing and walking"

. Clinically, disuse muscle
atrophy is often seen among patients who present to receive
physical therapy. Early start of weight-bearing has been
recommended to prevent disuse atrophy of the leg muscles™ *.
However, early exercises of this kind are often difficult for the
patient to undertake, depending on the severify of the systemic
condition or disorder. Furthermore, no truly adequ.ate basic
studies have been performed as yet td establish effective and
efficient means of intervention pertaining to disuse muscle
atrophy. It is desirable to establish an evidence-based method of
preventing and treating disuse muscle atrophy. |

On the basis of the results from a study in rats, Brown et
al.” reported that one-hour weight-loading per day, during a
hindlimb unweighting period, is useful as a means of
suppressing the progression of disuse muscle atrophy. We have -
also been exploring effective and efficient means of preventing
atrophy by a using clinically applicable program “intermittent
weight-bearing (IWB)”, focusing on the prevention of disuse

muscle atrophy. To put it concretely, we induced disuse muscle

atrophy in a rat model of hindlimb unweighting (HU), a model
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often used for space medicine, and evaluated the effects of
IWB. We have reported to date fhat four factors (frequency,
duration, interval and timing of start of weight-bearing)
determine the efficacy of IWB * . We also found that IWB for
about one hour a day can suppress the progression of atrophy
but does not allow complete prevention of atrophy.

Roy et al.® evaluated the effects of growth hormone (GH),
insulin-like growth factor (IGF-I) and the exercise of climbing
upstairs on the soleus muscle (SOL) of hypophysectomized HU
rats. In their study, treatment with GH/I'GF-I or exercise alone
did not affect the cross-sectional area (CSA) of SOL. However,
GH/IGF-I treatment combined with the exercise did affect the
CSA of the SOL. Allen et al.” also reported effects of
combined GH/IGF-I therapy and resistive exercise in
suppressing muscular atrophy. These previous results suggest
that treatment with hormone (GH, etc.) during progression of
disuse muscle atrophy can stimulate the atrophy-suppressive
effect of exercise. In an experiment using rats, Herrera et al.”
treated rats during pfogression of disuse muscle atrophy with

clenbuterol (Cb), a compound with anabolic effects on protein
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reported to be useful in preventing skeletal muscle atrophy.
Muscle atrophy was suppressed by Cb, suggesting that early
treatment with Cb can significantly delay muscle atrophy.
Regarding the contractile properties of mdx mice treated with
Cb, Hay‘es et al.” reported that Cb used in combination with
low intensity exercise (swimming) was effective on the
properties. Cb is a P,-adrenergic agonist and has been
attracting close attention as a means of coping with skeletal
muscle atrophy under microgravitational environments'® .
The distribution of Cb in skeletal muscle during HU has been
analyzed pharmacologically'®'®. With these previous findings
in mind, ,the authors evaluated the effects of Cb combined with
IWB on progression of disuse muscle atrophy”). Cb treatment
alone suppressed muscle atrophy in terms of morphological
parameters (muscle mass, CSA of muscle fiber and muscle
protein content) but did not affect contractile properties.
Uncombined IWB had little effects on morphological
parameters but suppressed reduction in function (contractile
properties). Combined IWB and Cb was useful in suppressing

the atrophy of type I fiber-predominant SOL.
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When physical therapy is applied clinically, it is
plausible to imagine that even short-time weight-bearing is
difficult depending on the condition of the patient. In such
cases, physical therapists tend to apply muscular stretching
with an expectation of its effect in suppressing muscle atrophy.
Gomes et al.' reported that in rats whose SOL was
immobilized in shortened position, once weekly 40-minute
stretching was useful in alleviating atrophy of 'muscle fiber.
Coutinho et al.'® also evaluated the effects of stretching once
in every 3 days (for 40 minutes each time) on rat SOL
- immobilized in sﬁortened position and reported that it did not
allow pre\;ention of muscle shortening but was useful in
alleviating atrophy of muscle fiber. Our previous studies on
intermittent stretching (IST) during progression of disuse

muscle atrophy identified frequency and duration of IST as

17, 18) 19)

factors determining its efficacy . In our another study
comparing IWB with IST when both therapies were applied for
one hour per day, the effect in suppressing muscle atrophy was

lower with IST than with IWB. To our knowledge, however, no

study has been reported concerning suppression of atrophy by
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a combination of IST and Cb. The present study was
undertaken to evaluate the effects of Cb treatment combined
with IST on rat SOL during progression of disuse muscle
atrophy from both morphological and functional aspects. A
hypothesis underlying this study was that IST has functional
effects (although its effects are less strong than IWB) and Cb
has morphological effects, thus justifying the clinical use of

IST in combination with Cb.

Methods

Materials. Thirty-five male Wistar rats were prepared (age; 7
weeks, body weight; 215+6g). As experimental materials, the
soleus ;nuscle (SOL) was selected as a representative slow muscle
in the hindlimb. The rats were housed in individual cages under a
12-hour light-dark cycle, and maintained on standard rat feed and
water ad libitum.

Protocol. This experimental protocol was approved by the
committee on animal experimentation of Kanazawa University
(No. 050301, 060362). The rats were divided into a control group

(CON) and an experimental group. The experimental group was
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further subdivided into four groups: HU treatment only group
(HU), HU treatment + IST group (IST), HU treatment + Cb |
medication group (Cb) and HU treatment + IST + Cb medication
group (IST+CDb). The three groups without Cb medication (CON,
HU and IST group) were injected with physiological saline under
the same conditions. The experimental period was 2 weeks.
Disuse atrophy was induced by the HU treatment device as
described in our previous studies®”. The hindlimb was suspended
so that it did not touch the floor. During suspension, the rats could
move using their forelimbs in order to consume food and water.
IST was performed for one hour daily. The right SOL in the IST
and IST+Cb group was maximally stretched by dorsiflexing the
ankle joint with non-elastic tape'”. The rats were subcutaneously
injected with Cb (l.Omg/kg, clenbuterol hydrochloride, Sigma
Chemical Co., St. Louis, MO, USA) or saline (1.0ml/kg)
following a 2-day on/2-day off dosing regimenl_z) for 2 weeks
(days 0,1, 4,5, 8,9, 12 and 13).

Muscle preparation. On Day 14, body weight (BW) was
measured, and SOL was extracted under anesthesia (pentobarbital

sodium, 50mg/kg, ip). After the measurement of contractile
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properties, muscles were rapidly frozen and stored at —80°C until
biochemical and histochemical analysis. Measurement of
contractile properties. After measurement of muscle length (ML)
and circumference (MC) at rest, isometric contractile properties
were measured in vitro. The muscle was mounted onto a
force-recording device (LTS-500GA, Kyowa, Japan) and bathed
in Ringer’s solution (25°C), which had been aerated with oxygen
gas. The muscle was stretched to 110% of its resting length,
stimulated with a supramaximal square wave (0.2 ms duration)
delivered via two parallel platinum electrodes using an electric
stimulator (SC6, Medelec, UK) '¥. Contractile responses were
recorded and 'analyzed on an analog-to-digital converter coupled
to a computer. The analysis parameters were peak twitch tension
(Pt), contraction time (CT) and one-half relaxation time (RT) at
twitching. The muscle wet weight (MW) was measured after
blotting the extra solution three times using absorbent paper.

Histochemical analysis. Transverse sections were cut using a
cryostat microtome at —25°C and classified into muscle fiber type
(I and II) with actomyosin ATPase staining. The type proportion

of SOL fibers was calculated as a qualitative index of atrophy

_32_



according to the method described in a previous study'®. As a
quantitative index of atrophy, the CSA of more than 200 muscle
fibers in éach muscle was measured.

Biochemical analysis. The muscle protein concentration was
obtained using a modification'” of the technique described by

Wineski et al.!¥

and Caiozzo et al.2". All tissue preparations were
performed on ice with buffer at 4°C.\Using a honiogenizer, the
muscle was homogenized in 10 vol of a solutioﬁ containing 250
mM sucrose, adjusted t.o pH 6.8. This homogenate was
centrifuged at 1,000 g for 10 min. using a centrifugal separator.
The pellet was resuspended in 10 vol of a solution containing 175
mM KCI (Solution A). This homogenate was centrifuged again as
described above. The final pellet was suspended in 300pul
Solution A and used to determine the myofibrillar protein (MP)
concentration. The protein concentration was determined using a
bicinchoninic acid (BCA) protein assay. The MP concentration
was expressed as milligrams per gram muscle wet weight.

Statistical analysis. The data are expressed as mean+SD. The

differences among the groups were statistically evaluated using

one-way analysis of variance (ANOVA). When a significant
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difference was recognized (P<0.05), paired comparisons were

performed using Scheffé’s post hoc test.

Results

Muscle wet weight (MW). Compared with the CON group, MW
of SOL was significantly decreased to 45.8% in the HU, 52.6% in
IST, 69.0% in Cb and 74.9% in IST+Cb group. MW in the Cb and
IST+Cb groups was significantly greater than that in the HU
group, but there was no significant difference between the IST
and HU groups. The muscle-to-body weight ratio (MW/BW) of
SOL in the Cb and IST+Cb groups was not significantly different
from those in the CON group, indicating the effect of Cb
medication (Table 1).

Muscle length (ML) and circumference (MC). ML in all |
experimental groups significantly decreased compared with that
in the CON group. Among the experimental groups, ML in the
IST and IST+Cb groups was significantly longer than that in the
HU group, indicating the effect of stretching. However, there was
no significant difference between the HU and Cb groups. MC in

the Cb and IST+Cb groups was not significantly different from
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that in the CON group, indicating the effect of Cb medication.
There was no significant difference between the HU and IST
groups, and MC in these groups was significantly smaller than
that in the CON group, showing that stretching did not affect MC
(Table 1, Fig.1).

Contractile properties. RT did not differ among groups. CT in the
Cb and IST+Cb groups was significantly shorter than that in the
CON group, but CT in the HU and IST groups was not
significantly different from that in the CON group, showing a
tendency for fast muscle to be influenced by Cb medication. Pt in
all experimental groups significantly decreased compared with
that in the CON group. There was no significant difference in Pt
among the experimental groups. Pt/cm?® in the IST group was
significantly larger than that in the Cb group, while there was no
significant difference between those in the CON and IST groups,
indicating the effect of stretching (Table 2, Fig.2, Fig.3).

Type proportion and cross-sectional area (CSA) of SOL. The
proportion of type I fibers in the Cb group was significantly
decreased compared with those in other groups. Conversely, the

proportion of type II fibers in the Cb group was significantly
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increased compared with those in other groups, showing a
tendency toward fast muscle. Compared with that in the CON
group, the mean CSA of type I fibers was significantly decreased
in all experimental groups (Cb > IST+Cb > IST > HU). Similarly,
the mean CSA of type II fibers was significantly decreased in all
experimental groups (IST =~ IST+Cb > Cb > HU). There was no
significant difference between the IST and IST+Cb groups (Table
1, Fig.4).

Protein concentration. MP concentration in all experimental
groups was significantly decreased compared with that in the
CON group. Among the experimental groups, MP concentration
in the Cb and IST+Cb groups was significantly greater than those
in the HU and IST groups, indicating the effect of Cb medication.
There was no significant difference between the HU and IST

groups (Table 1).

Discussion
The present study was undertaken to evaluate the effects
of combined IST (intermittent stretching) and Cb treatment on

SOL during progression of disuse muscle atrophy in rats. The
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efficacy of uncombined IST in the present study was lower than
the efficacy of uncombined IWB evaluated in our previous
study'® of the effects of combined IWB and Cb treatment. The
present study differed from the previous study in that IST was
used as the method of intervention in the present study
although IWB was employed in the previous study. The
duration of intervention was one hour per day in both the
present study and the previous study. Unlike the previous IWB
study in which the weight was applied to four extremities, |
without incorporating HU, the present study used IST in
conscious HU rats. This means that the systemic condition of
rats differed between the present and previous studies, and that
the distribution'? of body fluid and Cb during the intervention
probably affected the efficacy. During HU, the ankle joint
gradually assumes a position of plantar flexion, causing SOL to
contract by about 10 mm?>?. If the rat in this state bears the load,
the ankle joint will undergo passive dorsi-flexion, causing SOL
to be stretched. Furthermore, bearing the body weight will
increase the n.luscular work and thus suppress the progression

of muscle atrophy?”. We may therefore say that the way of
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stretching, used in the present study, induces passive stretching
and isometric resistant exercise of SOL but is less effective in
suppressing muscle atrophy because it does not induce an
increase of muscular work needed to bear the weight applied.‘
This feature of this approach has been confirmed in our
previous study'”.

In the present study, treatment with Cb exerted effects on
the wet weight, relative weight, circumference and protein
content of SOL. Stretching exerted effects on the llength, twitch
tension and fiber type proportion of SOL. These results may be
interpreted as indicating that Cb affects muscle morphology
while stretching affects the function (contractility). Many
studies have reported Cb-induced shift from slow-twitch (type I)
toward fast-twitch (type II) fiber types in SOL?*?”. Also in the
present study, Cb treatment increased the proportion of type 1I
fibers and reduced the contraction time, suggesting conversion
of the muscle into fast muscle. It is noteworthy that the
conversion of the muscle into fast muscle through a change in

the composition of muscle fibers was prevented by the

combination of stretching and Cb treatment. The CSA of type I
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fiber was significantly greater in the IST+Cb group than in the
IST group, while the CSA of type II fiber did not differ
significantly between these two groups. This suggests that the
response to Cb varies depending on type-specificity'? of muscle
fiber. The twitch tension per unit CSA did not differ
significantly between the combined group (IST+Cb) and the
control gvroup, indicating that reduction in twitch tension can
be prevented by this method. This result seems to be
attributable to the total of the following two. changes: (1) an

increase in the CSA by Cb treatment, and (2) shortening of the |
muscle by HU, thus reducing the tension per unit CSA. In case
of pinnate muscles such as SOL, hypertrophy elevates the
pinnation angle, resulting in a differencé between the
anatomical CSA and the physiological CSA. It seems likely that
the increase in the pinnation angle due to hypertrophy can cause
greater loss during the transmiésion of muscular tension
through the tendons, serving as a factor unfavorable for

28)  On the basis of these results, we may

production of tension
say that stimulating the extension of SOL by stretching, while -

stimulating the increase of CSA by Cb treatment, is useful in
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promoting the production of SOL tension. Since efficacy on
function (production of tension) seems to be useful in clinical
cases, it is noteworthy that this effect was exerted by this
combined method in the present study.

Regarding the mechanism for action of Cb, the studies
reported to date suggest both direct action and indirect action.
Hinkle et al.>® reported that the effects of Cb in inducing
muscular hypertrophy or preventing muscle atrophy are
mediated by B,-adrenergic receptor (direct action). Awede et
al.’” reported that Cb is involved in an increase of local
expression of IGF-I in muscles and probably activates the
expression of IGF-I in skeletal muscles both at the leveIs of
mRNA and peptide (indirect action). Although the specific
inter-cellular mechanism involved in the action of Cb has not
- yet been fully clarified, it seems likely that Cb treatment
affects protein synthesis and thus increases the size of muscle
fibers®. However, when viewed from functional aspects, Cb
treatment during HU (équivalent to long-term bed-ridden

patients or load-free condition) will cause shortening of SOL

and will not lead to adequate manifestation of the effects of Cb.
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Taken these together, we may say that if Cb is to be used for
patients who cannot bear weights, its use in combination with
IST will be clinically useful and important.

Although medication is usually not considered when
performing physical therapy, it has the potential of elevating
the efficacy of physical therapy using IST or IWB. If expected
to be beneficial to the patient and if the patient consents to it in
advance, the use of Cb in combination with physical therapy
may provide a valid means of minimizing disuse muscle
atrophy®" *?. However, considering that Cb treatment alone
can have an adverse effect (promotion of conversion into fast

2427 it is essential that Cb is not used separately but is

muscle)
combined with intervention by physical therapy (IST or IWB).
Complete prevention of atrophy may be difficult by
intermittent intervention for about one hour a day, but the
efficacy of this kind of intervention may be elevated by using a
method of intervention tailored to the type-specificity of muscle
fiber and by adopting an optimal frequency and interval of

intervention. Even if complete prevention is not possible, this

approach is expected to shorten the time required for recovery
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by effectively and efficiently suppressing the progression of

muscle atrophy.

Conclusion

In summary, the efficacy of IST in the present study was lower
than the efficacy of IWB evaluated in our previous study'® of
the effects of combined IWB and Cb treatment. However, the
results may be interpreted as indicating that Cb affects muscle
morphology while stretching affects the function
(contractility). Furthermore, the conversion of the muscle into
fast muscle through a change in the composition of muscle
fibers was prevented by the combination of stretching and Cb
treatment. These data suggest that the intervention of combined
IST and Cb treatment during progression of disuse muscle

atrophy in rats will be useful and important.
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Table 1: Morphometrical properties and myofibrillar protein concentration in SOL (Mean+SD)

Groups(n) CON(8) HU(7) IST(6) Cb(7) IST+Cb(7)
MW (mg) 126.9+10.5¢ 58.1+4.1* 66.8+5.9* 87.6+9.5%¢ 95.0+13.2*%¢
MW/BW (mg/g body weight) 0.47+0.04% 0.32+0.02* 0.36+0.04* 0.44+0.04F 0.46+0.04+
ML (mm) 24.1+0.5% 19.3+0.5* 21.5+0.6*%+ 19.8+0.7* 21.4+1.0%t
MC (mm) 10.3+0.8% 7.2+0.9* 7.9+£0.4* 9.4£1.0F 9.0+0.9¢
CSA (um)
Type I fiber 245817731 1035+322* 1432+498*+ 1990+937*+ 1822+953*¢
Type I fiber 2222+4491+% 758+198* 1361+£370%*+ 1047+520%% 1354+638*t
Proportion (%)
Type I fiber 80.1+7.2 75.2+7.7 77.5+£2.6 65.9+9.1* 73.8+£5.4
Type II fiber 19.9+7.2 24.8+7.7 22.5+2.6 34.149.1* 26.2+5.4
MP (mm:scle weight) 109+10% 56+11* 62+10* 85£12%¢ 88:1:9*1‘
* P<0.05 when compared CON. 1 P<0.05 when compared HU.
Table 2: Contractile properties of twitch tension in SOL (Mean+SD)
‘Groups(n) CON@) . HU(7) IST(6) Ch(7) IST+Cb(7)
CT (ms) 94.2+8.6 77.5+137 74.2+14.6 69.2+7 4% 73.3£5.2%
RT (ms) 221.7£19.1 207.5+£36.6 171.7+£27.0 179.2+49.9 178.3+30.1
Pt (N) 0.18+0.01% 0.06+0.01* 0.09+0.03* 0.06+0.02* 0.08+0.02*
Pt/cm2 (N/cm2) 3.47+0.43% 2.10+0.44* 2.95+0.86 1.43+0.52* 1.88+0.46*

* P<0.05 when compared CON. 1 P<0.05 when compared HU.
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Fig. 1 Muscle length (ML) and circumference

(MC) in SOL
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* P<0.05 when compared CON. 1 P<0.05 when compared HU.




Fig. 2 Contraction time (CT) at twitching in SOL
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Fig. 3 Peak twitch tension in SOL
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* P<0.05 when compared CON. 1 P<0.05 when compared HU.
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Fig. 4 Cross sectional area (CSA) of muscle fiber in SOL
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2HPHR - preBW v

=1:3]: 4 EHH ENFESLS F pfll SLY BEH
GROUP 4 48.881 | 12.220 | .322 | .8611 | 1.287 | .111
HE 30 | 1139.119 | 37.971

EX&EHE : preBW

R : GROUP
i 4 5 MERE PERE
cb 7| 216714| 66511 2514 Fisher®PLSD : preBW
CON 8| 215000 | 6.256 | 2.212 #HM : GROUP
H14 7| 215.000| 2646! 1.000 HRAE: 5 %
sT 6| 212.833| 5.307| 2.167 FHEOE Wil pl
sTcb| 7| 215143 s.335| 3.150 Cb, CON 1.714 | 6.513 | .5949
Cb, H14 1.714 | 6.727 | .6066
Cb, ST 3.881 | 7.001 | .2666
SR FEIE : preBW Cb, STCb 1.571 | 6.727 | .6368
e —— ‘i ofl CON, H14 0.000 | 6.513 -
e 214.938 | 1.046 | 205.505 | <.0001 CON, ST 2.167 | 6.796 | .5200
GROUP:Cb| 1.776 | 2.085 852 | .4011 CON, STCb -.143 | 6.513 | .9646
CON 062 | 1.985 031! .9753 H14, ST 2.167 | 7.001 | .5322
His 062 | 2085 030 | 9765 H14, STCb -.143 | 6.727 | .9657
ST 2105 | 2212 -952| 3488 | ST, STChb -2.310 | 7.001 | .5057
STCb .205
Scheffe : preBW
SEERMI ST : preBW eliiiaiatl
A FHA0E Xad ol
250 , : . s ~ Cb, CON 1.714 | 10.460 | .9900
225 Cb,H14 1.714 | 10.804 | .9912
200 Cb, ST $.881 | 11.245 | .8621
175, Cb, STCb 1.571 | 10.804 | .9937
g 150 CON, H14 0.000 | 10.460
S 125 CON, ST 2.167 | 10.915 | .9795
& 100 CON, STCb -.143 | 10.460 | >.9999
R 75 H14, ST 2.167 | 11.245 | .9817
50 H14, STCb -.143 | 10.804 | >.9999
25 ST, STCb -2.310 | 11.245 | 9768
° Cb CON  H14 sT STCb
o 1i3
Tukey-Kramer : preBW
M : GROUP
HEXE: 5 %
SEEBFELABT ST : preBW FHEOE XA
MM : GROUP
I5_J—: + 1 MEEE Cb, CON 1.714 | 9.246
224 T—= ; . — T Cb, H14 1.714 | 9.549
222 _ - Cb, ST 3.881 | 9.939
220 L Cb, STCb 1.571 | 9.549
%213 ] s CON, H14 0.000 | 9.246
& 016 i CON, ST 2.167 | 9.648
8 1 8 CON, STCb -.143 | 9.246
%214 1
= ] 1 H14,8T 2.167 | 9.939
®212 7 ! H14, STCb 143 | 9.540
210 7 - ST, STCb -2.310 | 9.939
208 C
206

cb CON H14 sT STChb
2WE



BHE T5% ESES Fill pill SLY BdH
GROUP 4| 41933.171 | 10483.293 | 102.811 | <.0001 | 411.244 | 1.000
i §- 30 | 3059.000 101.967
EXskEHE : BW
#HM : GROUP
Lzl FHE WERE SERE Fisher®PLSD : BW
Cb 7{198.571 | 8.018 [ 3.030 R . GROUP
CON 8 | 273.250 | 10.977 | 3.881 HEAE: 5 %
H14 7| 1797141 7.228| 2732 FoloE  ENE pll
sT 6| 189.500] 12.211 4.985 Cb, CON -74.679 | 10.673 | <.0001
STCb 7 1205.143 | 11.335| 4.284 Cb, Hi4 18.857 | 11.023 | .0015
Cb, sT 9.071|11.473| .1188 |
Cb, STCb -6.571 | 11.023 | .2329
SWHHHRWN : BW CON, H14 93.536 | 10.673 | <.0001
Rl WERE til pfill CON, ST 83.750 | 11.137 | <.0001
7)oy 209.236 | 1.714 | 122,078 | <.0001 CON, STCb 68.107 | 10.673 | <.0001
GROUP:Cb | -10.664 | 3.417 | -3.121 | .0040 Hi4, ST -9.786 | 11.473 | .0918
CON 64.014| 3.253| 19.676 | <.0001 H14,STCb| -25.429 | 11.023 | <.0001
H14 -290.521 | 3.417 | -8.639 | <.0001 ST, STCb -15.643 | 11.473 | .0092
ST -19.736 | 3.624 | -5.446 | <.0001
STCb -4.093 :
Scheffe : BW
M : GROUP
SEFAMIST : BW HEAR: 5 %
%% : GROUP FHMoE 4@ pl
IS—it—: + 1 BEE% Cb, CON -74.679 | 17.142 | <.0001
300 Cb, H14 18.857 | 17.704 | .0319
250 Cb, ST 9.071 | 18.427 | .6301
Cb, STCh -6.571 ] 17.704 | .8277
% 200 CON, H14 93.536 | 17.142 | <.0001
g ] CON, ST 83.750 | 17.887 | <.0001
g 150 CON,STCb| 68.107 | 17.142 | <.0001
2100 H14,8T | . -9.786 | 18.427 | .5605
: H14, STCb | . -25.429 | 17.704 | .0018
50 ST, STCb -15.643 | 18.427 | .1298
0
: Cb CON H14 ST STCb
i Tukey-Kramer : BW
M| : GROUP
HEXKR: 5 %
SERBFAMIST : BW FHE0E 44
%M : GROUP Cb, CON -74.679 | 16.151 | S
I5—I1t—: £+ 1 BREEE Cb, H14 18.857 | 15.648 | S
300 q‘ * : * Cb, ST 9.071 ! 16.287
280 L Cb, STCb -6.571 | 15.648
1 r CON, H14 93.536 | 15.151 | S
g 260 7] i CON, ST 83.750 | 15.810 | S
B 240 7 - CON,STCb | 68.107 | 15.151 | S
s 220 L H14, ST -9.786 | 16.287
2 T - H14,STCb| -25.420 | 15.648 | S
200 7 T ST,STCb | -15.643 | 16.287
180 r
160 ; y ; — T
Cb CON H14 ST STCb
Pox i3
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AMBHER : MW

BHE F5H FHES Fi#i pfé SLY ®WEH
GROUP 4 | 21350.120 | 5337.530 | 60.878 | <.0001 | 243.512 | 1.000
e 30 | 2630.280 87.676
EXGHE : MW
#HM : GROUP
ek d FiSis  BERE WERX Fisher®PLSD : MW
cb 7| 87571 | 9.519| 3.598 HM : GROUP
CON 8| 126.875| 10.535 | 38.725 HEAR: 5 %
- : - FEiSEnE Rl pié
H14 7| s58.143| 4.059| 1.534
Cb, CON -39.304 | 9.897 | <.0001
ST 6| 66.833]| 5879 2.400 ,
oteb | 71 95000 | 13183 | 4974 Cb, H14 29.429 | 10.222 | <.0001
. - - Cb, ST 20.738 | 10.639 | .0004
Cb, STCb -7.429 | 10.222 | .1482
DD EBE : MW CON, H14 68.732 | 9.897 | <.0001
- CON, ST 60.042 | 10.328 | <.0001
Sl MRRE L il CON,STCb| 31.875| 9.897 | <.0001
g 86.885 | 1.589 | 54.668 | <.0001 H14'ST 8'69 10'8 " < p-
- , -8.690 639 | .10
GROUP: Cb 687 | 3.169 217 | .8299 H1a sTch | 26 857 | 10222 1
CON 30.900 | 3.017 | 13.256 | <.0001 o7 :STCb - .137 ) : 29 <.0001
H14 -28.742 | 3.169{ -9.070 | <.0001 ' -28. 0.639 | <.0001
ST -20.051 | 3.361 | -5.967 | <.0001
STCb 8.115
. Scheffe : MW
| : GROUP
ARAER: 5 %
SEEABIS7 - MW ESEOE RE ol
%% : GROUP Cb, CON -39.304 | 15.895 | <.0001
xS5—I1t—-: 1 BENE .
160 ) . - Cb, H14 29.429 | 16.417 | <.0001
140 1 T_ Cb, ST 20.738 | 17.087 | .0107
b Cb, STCb -7.429 | 16.417 | .6999
m 120 ] ) CON, Ht4 68.732 | 15.895 | <.0001
gwo_ CON, ST 60.042 | 16.587 | <.0001
S sgo CON,STCb| 31.875| 15.895 | <.0001
% 60 ] H14, ST -8.690 | 17.087 | .6008
® %0 H14, STCb | -36.857 | 16.417 | <.0001
: ST,STCb | .-28.167 | 17.087 | .0003
20 ]
o
Cb CON H14 ST STCb Tukey-Kramer : MW
Pog ;-3 »M : GROUP
HEKE: 5 %
ENEOE XA
U — Cb, CON -39.304 | 14.049 | S
7 M
#%: GROUP Cb, H14 29.429 | 14.510 | S
IS5—/X—: + 1 BERE Cb, ST 20.738 | 15.103 | S
140 7] = : r Cb, STCb -7.429 | 14.510
130 7 F— CON, Ht4 68.732 | 14049 | S
120 - CON, ST 60.042 | 14.661 | S
%110-_ - CON,STCb | 31.875 | 14.049 | S
B 100 - L H14, ST :8.690 | 15.103
g 00 - {/ L H14,STCb| -86.857 | 14.510 | S
% 80 \ % ST, STCb -28.167 | 15.103 | S
70 i -
& s
50 y T : " -
: cb CON H14 sT STCb
SWEr
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AWM KX : MW/BM
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Sth FH ¥H¥ESH Fil pill SLY BYH
GROWP 4l 119 .030 | 23.282 | <.0001 | 93.129 | 1.000
Lt 30| .038 .001
EXSEHE : MW/BM
MM : GROUP 2;"_"2::3: : MW/BM
i FSE ERARE WERE *‘*‘: 5 %
Cb 7| .440 .041 .015  poEoE 0@ ol
CON 8 | .465 03¢ 0183 Cb, CON -025| .088| .1874
H14 7] 324 018 007 Cb, H14 .116 | .039 | <.0001
ST 6 388 038 015 Cb, ST .085 | .041 | .0002
STCo| 7| -463]| .041] .018 Cb, STCb 023 | 039 .2417
CON, H14 141 | 038 | <.0001
CON, ST 1110 | .039 | <.0001
WD HERBR : MW/BM CON, STCb 002 | .038| .9087
Ll L ol Ht4, ST -.031| .041| .1338
oK .409 .006 | 87.366 | <.0001 H14, STCb 139 | 089 | <.0001
GROUP: Cb | .031 012} 2.523| .0172 ST, STCh “o8 | o0a1 | <0001
CON .056 .012 | 4.817 | <.0001
H14 -.085 .012 | -7.026 | <.0001
ST -.054 .018 | -4.285 | .0002 Sohetfe : MW/BM
STCb | _.083 #h® : GROUP
HEKE: 5 %
. EHEoE XA pill
XHEBWPTS7 : MW/BM Cb, CON -.025| .061| .7680
A% : GROUP Cb, H14 116 | 063 | <.0001
. T5-8-: 1 BENE Cb, ST 085 | .065| .0054
Cb, STCb -.023 | .063 | .8374
CON, H14 .141 | .061 | <.0001
- CON, ST 110 | 063 | .0002
7 CON, STCb 002 | .081 ) >.9999
2\'. H14, ST -.081] .065| .6695
% H14, STCb -.139 | .063 | <.0001
R- ST, STCh -.108 | .065| .0003
o CON ;;é; ST STCb Tukey-Kramer : MW/BM
#HR : GROUP
BEXE: 5 %
FHl0E XA
XEFAKABRTIS? : MW/BM Cb, CON --025 | .054
#H®| : GROUP Cb,H14 116 | .055| S
IS5——-: 1 AREE Cb, ST 085! .058 ]S
83 Cb, STCb ..023 [ .05
S5 " CON, H14 141 .054]s
48 7 r CON, ST .110| .056| S
% 45 7 i CON, STCb 002 | .054
%‘ 43 7 - H14, ST -.031 | .o58
& 4 - H14, STCb -13941 055 S
2.39 - - ST, STCb -108 | .058] s
35 -
33 -
.'3. j j j i . i
. Cb CON H14 ST STCb
o2 -




2UIHE : ML

=13 4 EEH EHES Fil pfll SLY Kdh
GROUP. 4| 105.611 | 26.403 | §3.709 | <.0001 | 214.834 | 1.000
. £ 30| 14.748 .492
EXSRHE : ML
MM : GROUP Fisher®PLSD : ML
BB B HEERE BERs $hM : GROUP
cb 7| 19.771 728 .278 WEAE: 5 %
CON 8 | 24.087 546 | 198 mo) (20 MR 20 pil
Hi4 7| 19.343 .486 .184 Cb, CON -4.816 | 741 | <.0001
ST 6| 21.467 628 258 Cb, H14 429 | .765| .2619
STCb| 7] 21420 1.011 .382 Cb, ST 1,605 | 797 | .0001
Cb, STCb -1.657 | .765 | .oo01
CON, H14 4.745 | 741 | <.0001
AWM FHRBME - ML CON, ST 2.621 778 | <.0001
M WERE till pll CON, STCb 2.659 | .741 | <.0001
oK 21.2189 .119 | 178.304 | <.0001 H14, ST -2.124 | .797 | <.0001
GROUP: Cb | -1.448 .237 | -6.103 | <.0001 H14, STCb -2.088 | .765 | <.0001%
CON 2.868 .2268 | 12.696 | <.0001 ST, STCb 088 | .797 | 9220
H14 -1.877 .287 | -7.909 | <.0001
ST .247 .282 .983 | .3337
STCb .209 Scheffe : ML
HM] : GROUP
HARAR: 5 %
_ FSMOS WM pi
:if‘g:&:’ : ML Cb, CON -4.316 | 1.190 | <.0001
I5—1—: + 1 BEEE Cb, H14 .429 | 1.229 | .8577
s0 - Cb, ST -1.695 | 1.279 | .0045
Cb, STCb -1.657 | 1.229 | .0087
25 CON, H14 4.745 | 1.190 | <.0001
g 20 ~ CON, ST 2.621 | 1.242 | <.0001
B CON, STCb 2.659 | 1.190 | <.0001
g 15 H14, ST -2.124 | 1.279 | .0003
2 10 H14,STCb | -2.086 | 1.220 | .0002
ST, STCb .038 | 1.279 | >.9999
5
o .
Cb CON H14 ST STCb
iy Tukey-Kramer : ML
#H® : GROUP
AEAE: 5 %
XEERAFHLARTSD : ML ESMOE FEOE
#M : GROUP Cb, CON -4.316 | 1.052 | 8
IF5—i8—-: + 1 I{l! Cb, H14 .429 | 1.087
28 Cb, ST -1.695 | 1.131| S
24 - Cb, STCb -1.657 | 1.087 | S
] i CON, H14 4745 1.052] S
mas
-2 - CON, ST 2.621|1.098|S
3'22 ] 5 CON, STCb 2.659 [ 1.052 | S
o1 - H14, ST -2.124 [ 1.181 | S
2,20 i i H14,STCb | -2.086 | 1.087 | S
A ST, STCb .088 | 1.181
19 7 -
18 . .
cb CON H14 ST STCb
SR
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2UDHE : MC
EEE ¥r5H IHEH Fill pill SALY BEH
GROUP 4| 43.336 | 10.834 | 15.800 | <.0001 | 63.201 | 1.000
nx 30 | 20.571 .8686
n onoie ot v
HE Il EEE EERZE ‘,"i": 5 %
cb 7| 9.357 969 .366 FSMOE W ol
CON 8 | 10.288 762 .270 Cb, CON 030 | 875 | o380
H14 7 7371 871 -329 Cb, H14 2.186 | .904 | <.0001
ST 6, 7933 441 180 Cb, ST 1.424 | .941| .0043
STCb| 7| 9.043 943 329 Cb, STCb 314 | .904 | .4832
CON, H14 3.116 | .875 | <.0001
CON, ST 2.354 | .913 | <.0001
WA HRRR : MC , CON, STCb 1.245| .875] .ooes
fl BERE ta pil H14, ST -762 | .841| .1086
ar 8.758 141 1 €2.315.} <.0001 H14, STCb:| -1.871| .904| .0002
GROUP:Cb | .599 .280 | 2.136 | .0409 ST, STCb 110 ee1 | o224
CON 1.529 267 | 5.731 | <.0001
H14 -1.587 .280 | -5.663 | <.0001
ST -.825 207 | -2.776 | .0094 Scheffe : MC
STCb -284 %M : GROUP
WEAKR: 5 %
ESEOE XA pfill
XEHFABI 57 : MC Cb, CON -.930 | 1.406 | .3403
%M : GROUP Cb, H14 2.186 | 1.452 | .0010
12 TS-f-: T 1 BREE Cb, ST 1.424 | 1511 .0731
] Cb, STCb 314 | 1.452 | .9719
10 CON, H14 3.116 | 1.406 | <.0001
. ) CON, ST 2.354 | 1.467 | .0004
g 8 CON, STCb 1.245 | 1.406 | .1044
%’ s H14, ST .762 | 1.511 | .6087
g H14,8TCb| -1.871|1.452 | .c080
® 4 ST, STCh -1.110 | 1.511 | .2420
2
0
Cb CON Hi4 ST STCb Tukey-Kramer : MC
g it 5% : GROUP
ARKE: 5 %
ESlnE X
SERBFIMIST : MC Cb, CON =930 | 1.242
MM : GROUP Cb, H14 2.186.| 1.283 | S
IS-it—: + 1 BEGE Cb, ST 1.424 {1336 | S
11.57 ' ' — Cb, STCb .314 | 1.283
10"; i _ i CON, H14 3.116 | 1.242| S
- 10 - / I CON, ST 2.354 | 1.297 | S
ZF 9.5 e - CON, STCb 12451242 S
%’ o \ - H14, ST -.762 | 1.336 |
£ 85 - H14,8TCb| -1.871)1.283(s
g 8 - ST, STCb -1.110 | 1.336
7.5 -
7 - L
6.5 -
e . : : : .
cb CON  H14 sT STCb
WK
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SUIHR’ : N-%-1

BHE EHH EHES Fill pill SLY BEH
GROUP 4| 804.284 | 201.071 | 4.235| .0080 | 16.941 | .883
] 29 |.1376.785 | 47.47%
ERSEHE : N-%-1
%% : GROUP Fisher®PLSD : N-% -1
HR  ESE BERE FERE #% : QROUP
Cb 7| 65886 | 9.126| 3.449 BEAR: 5 %
CON 7| 80.148 7.195 2.719 Tl Xl plll
H14 71 75.229 7.691 2.907 Cb, CON -14.257 | 7.533 | .0008 | S
ST 677517 2.590 1.057 Cb, H14 -9.343 [ 7.533 | .01688 | S
STCb 71]73.757 | ' 5.447 2.059 Cb, ST -11.631 | 7.840 | .0050 | S
Cb, STCb -7.871 [ 7.533 | .0411] S
CON, H14 4.914 | 7.533 | .1925
AR HREE N -% -1 CON, ST 2.626 | 7.840 | .4987
Ry ARE tl pil CON, STCb 6.386 | 7.533 | .0936
T 74.506 | 1.184 | 62.932 | <.0001 H14, ST 2.288 | 7.840 | 5552
GROUP:Cb | -8.620 | 2.339 | -3.686 | .0009 H14, STCb 1.471 ] 7.533 | 6924
CON | 5.637| 2.839 | 2410 .0225 ST, STCb 3.760 | 7.840 | .3348
H14 722 | 2.339 .309 | .7597
ST 3010 2.480| 1.214]| .2345
STCb -.749 Schetfe : N-%-1
MM : GROUP
HEKE: 5 %
EEFEABT 57 : N-%-1 wos) (0F SR : ) NN
%% : GROUP Cb, CON -14.257 | 12.107 | .0141
S XTF-—: 1 ll!ll ) Cb, H14 -9.343 [ 12.107 | .1987
90 ‘ Cb, ST -11.631 | 12.601-| .0825
Cb, STCb -7.871 | 12.107 | .3565
CON, H14 4.914 | 12.107 | .7750
CON, ST 2.626 | 12.601 | .9753
CON, STCb 6.386 | 12.107 | .5651
H14, ST -2.288 | 12.801 | .9852
H14, STCD 1.471 | 12.107 | .9068
ST, STCH 3.760 | 12.601 | .9131
Cb CON H14 ST STCb Tukey-Kramer : N % -1
2E #M: GROUP
AEKR: 5 %
ESEOE  EDHE
SERAFRRTST © N-% -1 Cb, CON -14.257 | 10.707 | $
#MM| : GROUP Cb, H14 -9.343 | 10.707
x5~ t 1 HEEE Cb, ST -11.631 [ 11145 | S
9 T ] ' Cb, STCb -7.871 | 10.707
85 - - CON, H14 4.914 ) 10.707
) i _ CON, ST 2.626 | 11.145
% 80 CON, STCb 6.386 | 10.707
g 75 r H14, ST -2.288 | 11.148
183, 70° L H14, STCb 1.471 | 10.707
% b ST, STCH 8.760 | 11.145
65 T
1 r
60 ] C
55 -

Cb CON

H14 ST
oW

STCb
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VMO HE’ : N-%-2

GROUP
"

=1:]: 4 FHi__ FHES Fill pil  SLY #ihH
4| 813.093 | 203.273 | 4.211 | .0086 | 16.844 | .878
28 | 1351.637 | 48.273

XERHE : N-%-2

MR : GROUP :shorQ_PLSD : N-%-2
% : GROUP
P FHE BERE MERE HEAE: 5 %
Cb 734114 | 9.126| 3.449 TSROE W@ ol
CON 7119.857 | 7.195,| 2.719 Cb, CON 14.257 | 7.607 | .0006
H14 7 {24771 7.691 | 2.907 Cb, H14 0345 | 7.607 | 0179
ST 6122483 | 2590, 1.057 Cb, ST 11.631 | 7.918 | .0055
STCb| 6 |27.017| 5.530| 2.257 Cb, STCh 7098 | 7.918 | 0770
CON, H14 -4.914 | 7.807 | .1965
CON, ST -2.626 | 7.918 | .5025
AUDHERA : N-% -2 ) CON,STCb| -7.160 | 7.918 | .0746
Rl WERE i pil H14, ST 2.288 | 7.918 | .5588
i 25649 | 1.213 | 21.146 | <.0001 H14, STCb 2.045 | 7.918 | 5660
GROUP:Cb| 8.466| 2.368| 3.575| .0013 ST, STCb a593 | 8.217 | 2680
CON -5791| 2368 | -2.445] .0210
H14 -877| 2.368| -370| .7139
ST -3.165| 2.510 | -1.261 | .2176 Scheffe : N-%-2
STCb 1.368 #% : GROUP
AEKB: 5%
EHEOE  XDE pli
XEFRBIS57 : N-%-2 Cb, CON 14.257 | 12.287 | .0156
BR} : GROUP Cb, H14 9.343 | 12.237 | .2065
o5 TS 1 REEE o Cb, ST 11.631 | 12.736 | .0875
Cb, STCb 7.098 | 12.736 | .5099
CON,H14 -4.914 | 12,237 | .7802
CON, ST -2.626 | 12.736 | .9760
CON, STCb -7.160 | 12.736 | .5013
H14, ST 2.288 | 12.736 | .9856
H14, STCb -2.245 | 12.736 | .9866
ST, STCb -4.533 | 13.217 | .8626
Cb CON H14 ST STCb .
y ] Tukey-Kramer : N-% -2
M : GROUP
HEBAE: 5 %
EHADE X0l
XEARILETS7 : N-%-2 Cb, CON 14.257 | 10.827 | S
BR}: GROUP Cb,H14 9.343 | 10.827
as TF--: 21 BANE Cb,ST | 11.631]11.260 S
1 Cb, STCb 7.098 | 11.269
40 | F CON, H14 -4.914 | 10.827
m 35 ] - CON, ST -2.626 | 11.269
7 r CON, STCb -7.160 | 11.269
B30 1 -
s - H14, ST 2.288 | 11.269
% 25 7] i H14, STCb -2.245 | 11.268
R 20 - L ST, STCb -4.533 | 11.695
15 -
10 T - v T —
Cb CON H14 ST STCb
288
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2UIER’ : N(CSA-1)D

=)::) 4 51 FEHEH " Fili pfll ZLY RBREH
HFIY— N(CSA-1)D 4| 830018959.529 | 207504739.882 | 455.347 | <.0001 | 1821.388 | 1.000
b3 3422 | 1559428698.535 455706.808
EXGHE : N(CSA-1)D
MR : HhFIY~— N(CSA-1)D
Lk Fd  HEEE BERE
CON | 469 | 2457.733 | 772.601 | 35.675
. Fisher®PLSD : N(CSA-1)D
H14 | 1124 | 1034.502 | 322.141 | 9.609 HM: HFTY— N(CSA-1)D
cb 496 | 1989.629 | 936.634 | 42.056 AEBAE: 5 %
ST 735 | 1432.374 | 498.422 | 18.385 THOE XM pil
STCb| 603 | 1822.411 | 953.169 | 38.816 CON,H14 | 1423.232 | 72.758 | <.0001 | S
’ CON, Cb 468.104 | 85.247 | <.0001 | S
CON, ST 1025.359 | 78.222 | <.0001 | S
IBIHMRWE : N(CSA-1)D CON,STCb | 635.322 | 81.489 | <.0001 | S
Rk  WMERE til pil H14,Cb -955.127 | 71.347 | <.0001 | S
Ll 1747.830 | 12.119 | 144.184 | <.0001 H14, ST -397.872 | 62.785 | <.0001 | S
HFITY— N(CSA-1)D:CON| 710.404 | 27.016 26.296 | <.0001 H14,STCb | -787.909 | 66.811 | <.0001 | S
H14 -712.828 | 19.752 »—36.090 <.0001 Cb, ST 557.255 | 76.911 { <.0001! S
Cb 242.299 | 26.422 9.170 | <.0001 Cb, STCb 167.218 | 80.231 | <.0001 | S
§T -314.956 | 22,779 | -13.827 | <.0001 ST, STCb | -390.037 | 72.723 | <.0001 | S
STCb 75.081
Scheffe : N(CSA-1)D
XEEASTS7 : N(CSA-1)D HR: HhFIY— N(CSA-1)D
MM : HhFITY— N(CSA-1)D AEAS: 5 %
IS5-—: 1 REAMAE FEOLE E 230 pil
8500 7] CON,H14 | 1423.232 | 114.367 | <.0001 | S
3000 | - CON, Cb 468.104 | 133.998 | <.0001 | S
CON, ST 1025.359 | 122.955 | <.0001 | S
%2‘500"- CON, STCb | 635.322 | 128.090 | <.0001 | S
Eé—zooo_ H14,Cb | -955.127 | 112.149 | <.000%1 | S
# 1500 H14, ST -397.872 | 98.690 | <.0001 | S
gmoo‘ H14, STCb | -787.909 | 105.019 | <.0001 | S
4 Cb, ST 557.255 | 120.894 | <.0001 | S
500 - Cb, STCb 167.218 | 126.113| .0022|S
o 1. ST, STCb | -390.037 | 114.311 | <.0001 | S
CON H14 Cb ST STCb
S8
Tukey-Kramer : N(CSA-1)D
SEERAKANT ST : N(CSA-1)D BR: HFIV - N(CSA-1)D
BR: HhFTY~ N(CSA-1)D AEAR: 5 %
IS5—-1t-: + 1 ENEAE FiSADE R
3500 — - CON,H14 | 1423.232 | 101.287 | S
i i CON,Cb | 468.104 | 118.673 | S
8000 7 T A CON,ST | 1025359 108.893 | S
%2500 . L CON,STCb| 685.322 | 113.440] S
- 4 i r H14,Cb -955.127 | 99.323 | S
8 2°0° ] ’ S } H14,ST | -397.872 | 87.4038|S
¥ 1500 - L H14,STCb | -787.909 | 93.008 | S
1 ) r Cb, ST 557.255 | 107.068 | S
1000 \% ’ 8 Cb, STCb | 167.218 | 111.690 | S
500" , i . — ' ST, STCb | -390.087 | 101.237 | S
CON H14 Cb sT STCb
2WE
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UMD HE : N(CSA-2)D

hFI1— N(CSA-2)D

RsLi]

e 2] Fili

pil

ShLY RiiH

)]

4| 210561349.005

52640337.251 | 276.696

<.0001 | 1106.784

1.000

BE 1147 | 218212378.074 190246.188
EXH%HE : N(CSA-2)D
MM : HFIY— N(CSA-2)D : Fisher®PLSD : N(CSA-2)D
H% il BERE WERE WM : H5FIY~ N(CSA-2)D
CON | 116 | 2222017 | 491.436 | 45.629 BEAE: 5 %
H14 | 377 | 757.578 | 198.200 | 10.208 FHEOE WA pfl
Cb | 245| 1047.061 | 520.428 | 33.249 CON,H14 | 1464.444 | 90.863 | <.0001
ST | 216 1360.551 | 369.612 | 25.149 CON,Cb | 1174.956 | 96.451 | <.0001
STCb | 198 | 1353.626 | 638.090 | 45.347 CON, ST 861.466 | 98.509 | <.0001
CON,STCb| 868.391 | 100.062 | <.0001
H14,Cb | -289.488 | 70.227 | <.0001
2RI MBE : N(CSA-2)D H14,8T | -602.978 | 73.029 | <.0001
FW WEEE il pill H14, STCb | -596.053 | 75.110 | <.0001
WK 1348.166 | 13.803 | 97.675 | <.0001 Cb, ST -313.490 | 79.874 ; <.0001
#53Y— N(CSA-2)D: CON| 873.852| 34.272 | 25.498 | <.0001 Cb, STCb | -306.565 | 81.781 | <.0001
H14 -590.593 | 22.210 | -26.591 | <.0001 ST, STCH 6.925 | 84.199 .8718
Cb -301.104 | 25.621 | -11.752 | <.0001
ST 12.385 | 26.814 462 | 6442
STCb - 5.461 Scheffe : N(CSA-2)D
#M: h5TY— N(CSA-2)D
HERAR: 5 %
_ THEOE WM i
:i*”;:;;")’_ N ('::(: s -Az;g)o CON,H14 | 1464.444 | 142.880 | <.0001
I5—/—: + 1 WEES CON,Cb . | 1174.956 | 151.666 | <.0001
3000 * * * CON, ST 861.466 | 154.903 | <.0001
] CON,STCb| 868.391 | 157.344 | <.0001
2500 i H14,Cb | -289.488 | 110.431 | <.0001
B 000 H14,ST -602.978 | 114.836 | <.0001
§ H14, STCb | -596.053 | 118.108 | <.0001
;% 1500 Cb, ST -313.490 | 125.600 | <.0001
z 1000 ] Cb, STCb | -306.565 | 128.598 | <.0001
i ST, STCb . 6.925 | 132.400 | >.9999
500
0 -
CON H14 cb ST STCb
i Tukey-Kramer : N(CSA-2)D
#WR: AFIY—- N(CSA-2)D
ABKE: 5 %
REXMHIMTST : N(CSA-2)D i) (0f S
#UM: HFTY— N(CSA-2)D CON,H14 | 1464.444 | 126.402 | S
IS5-1X—-: 1 1 BEAE CON, Cb 1174.956 | 134.175 | S
3000 7 CON, ST 861.466 | 137.038 | S
:;z: ] i CON,STCh | 868.391 | 139.198 | §
2250 L H14,Cb -289.488 | 97.695 | S
& 2000 L H14,ST | -602.978 | 101.592 | S
Ee" 1750 - - H14, STCb | -596.053 | 104.487 | S
% 1500 - Cb, ST -313.490 | 111.115| S
g 1250 7 r Cb, STCb | -306.565 | 113.767 | S
1000 7 B ST, STCb 6.925 | 117.131
750 -
500 -
250 ‘
CON H14 cb ST sTCb

2We
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2UPHE - CT

FER_ ESES Fill pili

[/

=1:3: 4 SLY @b
GROUP 4| 2253.333 | 563.333 | 5.060 | .0040 | 20.240 | .931
nE 25 | 2783.333 | 111.333
AEX#MHE : CT
#®} : GROUP
N FHE BERE WERE Fisher@PLSD : CT
cb 6!69.167 | 7.360| 3.005 ::;:fws‘”;
CON 6|94.167| 8.612] 3.518 Foaoe oA o
H14 6|77.500 | 13.693 | 5.590
Cb, CON -25.000 | 12.546 | .0004
ST 6|74.167 | 14.634 | 5.974
tch | o 75955 | 5108 | 2108 Cb, H14 -8.333 | 12.546 | .1835
Cb, ST -5.000 | 12.546 | .4195
Cb, STCb -4.167 | 12.546 | .5003
o e
R WERE 1 pll OON' STCH 20.333 12‘540 ‘oozz
Ll 77.667 1.926 | 40.316 | <.0001 ' - - -
GROUP:Cb | -8.500 | 3.853 | -2.206 | .0368 H14, ST 3.333 | 12.546 | .5891
CON 6500 | 3853 | 4283 0002 H14, STCb 4.167 | 12.546 | 5008
His 167 | sesa| -o0e3| eese ST, STCb .833 | 12.546 | .8923
ST .3.500 | 3.853| -908 | .8723
STCb | -4.333
Scheffe : CT
M| : GROUP
WEBKE: 5%
SHERAWMTS57 : CT THEOE D pfll
#4% : GROUP - Cb, CON -25.000 | 20.236 | .0097
IS5—1t—: t 1 ENEE
120 : : x Cb,H14 -8.333 | 20.236 | .7588
Cb, ST -5.000 | 20.236 | .9525
100 Cb, STCb -4.167 | 20.236 | .9753
- CON, H14 16.667 | 20.236 | .1469
g_ CON, ST 20.000 | 20.236 | .0540
S a0 CON, STCb 20.833 | 20.238 | .0411
% H14, ST 3.333 | 20.236 | .9892
& 40 H14,STCb | 4.167 | 20.236 | .9753
20 ST, STCH .833 | 20.236 | >.9999
0
Cb CON H14 ST STCb
S Tukey-Kramer : CT
%% . GROUP
ABAR: 5%
) EHAEDE Tl
XEfBRLRTS5T : CT Cb, CON .25.000 | 17.912 | S
::i,t‘izo:upi | mem Cb, H14 -8.333 | 17.912
108 ; : . Cb, ST -5.000 | 17.912
100 - L Cb, STCb -4.167 | 17.912
o5 1 - CON, H14 16.667 | 17.912
M 90 - CON, ST 20.000 | 17.912 |8
§, 85 - CON,STCb| 20.833|17.912|S
§ 80 - H14, ST 3.333 | 17.912
W 757 " H14, STCb 4.167 { 17.912
® 70 - ST, STCb .833 | 17.912
65 ] L
60 -
55 - ~ — :
cb CON  H14 ST STCb

pog i3

_65_



VA FEX . RT

=1L FEHH EHES Fil pil SLY REAH
GROUP 4| 11308.333 | 2827.083 | 2.424 | .0747 | 9.696 | .604
ns 25 | 29158.333 | 11686.333
ZXxeHE : RT
M : GROUP
[k Sl XS MERE Flsher®PLSD : RT
cb 6| 179.167 | 49.942 | 20.389 ”; :"GROUP :
CON 6| 221.667 | 19.148 | 7.817 HEAB: 5 %
H14 6 | 207.500 | 36.572 | 14.930 TISROE W@ p@
ST 6| 171.667 | 26.957 | 11.005 Cb, CON -42.500 | 40.609 | .0409
STCb 6| 178.333 ] 30.111 12.293 Cb, H14 .28.333 40.60-9 1631
Cb, ST 7.500 | 40.809 | .7069
, Cb, STCb 833 | 40.609 | .9666
AU HRME: RT CON, H14 14.167 | 40.609 | .4791
Rl MERE ti8 pil CON, ST 50.000 | 40.609 | .0178
nE 191.667 | 6.235 | 30.739 | <.0001 CON,STCb|  43.333 | 40.609 | 0375
GROUP: Cb | -12.500 | 12.470 | -1.002 | .3258 H14, ST 35.635 | 40.609 | 0812
CoN 30.000 | 12.470 ) 2.406 .0239 H14,STCb| 29.167 | 40.609 | .1518
H14 15.838 | 12.470 | 1.270 | .2159 ST, STCb 6.667 | 40.809 | .7381
ST -20.000 | 12.470 | -1.604 | .1213
STCh | -13.333 '
Scheffe : RT
#H®| : GROUP
SHfERAWI/S7 : RT AEAE: 5 %
#HM : GROUP o) (oF S 510 pill
TS5-/t-: 1 BEAE ) Cb, CON -42.500 | 65.499 | .3514
250 Cb, H14 -28.333 | 65.499 | .7245
200 Cb, ST 7.500 | 65.499 | .9973
- Cb, STCb .833 | 85.499 | >.9999
gwo CON, H14 14.167 | 65.499 | .9704
e CON, ST 50.000 | 65.499 | .2035
%100 CON,STCb| 43.333 | 65.499 | .3324
® H14, ST 35.833 | 65.499 | .5213
50 H14,STCb| 29.167 | 65.499 | .7028
ST, STCb -6.667 | 65.499 | .9983
°
cb CON H14 ST STCb
b Tukey-Kramer: RT
#% : GROUP
HEAXE: 5%
REFAKAMT ST : RT FHEOR Rl
MR : GROUP Cb, CON -42.500 | 57.975
TI—it—-: 1 SREE Cb, H14 -28.333 | 57.975
260 Cb, ST 7.500 | 57.975
240 -} ) - Cb, STCb .833 | 57.975
- 220 i CON, H14 14.167 | 57.975
7 1 . CON, ST 50.000 | 57.975
Ee‘“ 200 ] - CON,STCb| 43.333 | 57.975
& 180 <>/ - H14, ST 35.833 | 57.975
2 160 ] i H14,STCb | _29.167 | 57.975
1 | ST, STCb -6.667 | 57.975
140 7 -
120 y v T -
Cb CON H14 ST STCb

AEE




AMBHE . Pt-N
BHE FHH  FHEH

Fill pill

LY ®BiH

GROUP

4 .060

015

43.938 | <.0001

175.752 | 1.000

Bz

25 .009

3.434E-4

EXXK&HE : Pt-N
HM| : GROUP

AR FHE PERE WERE Fisher®PLSD : Pt-N
Cb 6] .062 .015 .008 :!: GROUP
CON 6| .183 010 .004 BA®: S :;sﬂdyg . -
H14 6| .064 .013 .005 P
Cb, CON -.122 | .022 | <.0001
ST 6| .092 .030 012
Cb, H14 -002 | .022| .8653
sSTCb| 6| .084 .018 .007
Cb, ST -.030 | .022| .0086
Cb, STCh -.022| .022| .0520
CON, H14 120 | 022 | <.0001
M HRAE : Pt-N N 51 P <0 o
Bl _WERE 1 pill con' STCb -1oo P
4] .097 .00S | 28.631 | <.0001 y 's : -022 | <.0001
GROUP:Cb | -.035 .007 | -5.202 | <.0001 14. : 029} .022 .0129
CON .087 .007 | 12.803 | <.0001 :11_4';0? -:020 | .022| .0733
H14 -.083 007 | -4.931 | <.0001 ' 009 | .022) .4255
‘8T -.005 007 | -695 | .4937
sTCh | -.013
Scheffe : Pt-N
MM : GROUP
: WEAE: 5 %
XEMEBASI 57 : Pt-N TSMOE XiE pill
3} : GROUP
To e + 1 MEmE Cb, CON 122 | .036 | <.0001
2 . . Cb, H14 -.002| .036| .9999
Cb, ST -.080 | .036] .1206
Cb, STCb -.022| .036| .4058
- CON, H14 .120 | .036 | <.0001
g- CON, ST 091 | .036 | <.0001
% . CON, STCb 100 | .036 | <.0001
® . H14, ST -029 | .036| .1614
® H14, STCb 020 | .036| .4936
’ ST, STCb 009 | .036 | .9546
Cb CON Hi4 ST STCb
oW Tukey-Kramer : Pt-N
M : GROUP
BERAE: 5%
FHMDE WiE
XEFEBFART ST : PL-N Cb, CON 122] o031]s
%% : GROUP
IS—K—: + 1 BEAEE Cb, H14 -.002} .031
2 — . . + Cb, ST -.030 | .031
18 B Cb, STCb -.022 | .081
] CON, H14 120] .081|S
16 -
= 1 CON, ST 091 ] .031/S
£ .14 -
g 1 CON, STCb .100| .0311]S
€ 12 - H14, ST -.029 | .031
& : |
2‘ A - H14, STCb -.020 | .031
08 ST, STCb .009 | .031
- //
06 ] -
04 - - . — .
cb CON H14 ST STCb
og vi-
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AMBHE : Pt-N/em2

BHE Fh5f FHES Fili pill LAY BN
GROWP 4|16.461 | 4.115| 12.904 | <.0001 | 51.617 | 1.000
33 25| 7.973 .319
XxkHE : Pt-N/cm2
%M : GROUP
W Tl WMERE WERE Fisher®PLSD : Pt-N/cm2
cb 6| 1.425 522 213 2:;:“0;-";
CON 6 | 3.467 .425 173 .
EHMNE DA i
H14 6] 2.103 .436 178
Cb, CON -2.042 | .671 | <.0001
sT 6| 2.952 .860 .351
Cb, H14 .678 | .871| .0479
STCb 6| 1.882 .461 .188
Cb, ST -1.527 | .671 | <.0001
Cb, STCb -457 | .671 | .1738
CON, H14 1.363 | .671 | .0003
DUDEMME : Pt-N/ecm2 CON. ST 515 671 1268
v Al BPAL 1 pill cou, STCh 1.535 .671 'ooo1
3718 2.368 103 | 22.945 | <.0001 ’ - - =
GROUP: Cb | -.941 .206| -4.562 | .0001 :“' s:c =848 '°7: ‘:154
CON 1.101 206 | 5.339 | <.0001 s“,s bl 222 | .67 '\028
H14 -.262 208 | -1.272 | .2150 T. STCb 1.070 | 671 ] .0030
ST .586 206 | 2.842! .o088
STCb | -.484
Scheffe : Pt-N/em2
#HM : GROUP
AEKE: 5 %
EHfEAEIS57 : Pt-N/jem2 FEHEnE Wl pill
WM : GROUP
c -2. .08 ’
T —Iim: + 1 WS b, CON 2.042 | 1.083 | <.0001
4 . Cb, H14 -.678 | 1.083 | .3865
ss Cb, ST -1.527 { 1.083 | .0026
’ Cb, STCb -.457 | 1.083 | .7427
- ® CON, H14 1.363 | 1.083 | .0081
g2-5 CON, ST 515 | 1.083 | .6499
g 2 CON, STCb 1.585 | 1.083 | .0017
®15 H14, ST -.848 | 1.083| .1832
® 1 ] H14, STCb .222 | 1.083 | .9758
ST, STCb 1.070 | 1.083 | .0541
5
0
Cb CON H14 ST STCb Tukey-Kramer : Pt-Njcm 2
Eed M : GROUP
HEAE: 5 %
ESE0E Dl
- Cb, CON -2.04 959 | §
RERBHLET ST : Pt-N/em2 2
WM : GROUP Cb, H14 -.678 | .959
IS5S—-I1t—~: + 1 REAE Cb, ST -1.527 | .959|S
4] : ' — Cb, STCb -.457 | .959
3.5 - CON, H14 1.363 859 | S
s ] \ CON, ST 515 | .959
% ] \ L CON, STCb 1.585| .959 S
Eef' 2.5 7 - H14, ST -.848 | .959
B2 L H14, STCb 222 | .959
g ] ST, STCb 1.070| 9598
1.5 ] -
1] B
5 - - . . .
Cb CON H1s ST STCh
2¥E
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FVUDIER : MP

E]::): 4 Fh58  FHEH Fili pfll SLY BHEH
GROWP 4 | 13304.024 | 3326.006 | 31.910 | <.0001 | 127.638 | 1.000
BE 30 | 3126.963 | 104.232
AAxSHR : MP
%X : GROUP Fisher®PLSD : MP
gl ESE WERE SRS #} . GROUP
Cb 7| 85.086| 11.653 | 4.404 BEKE: 5 %
CON 8]109.175| 9.636 | 3.407 C _ESoR XA pill
H14 7 56.414 | 10.720 4.052 Cb, CON -24.089 | 10.791 | <.0001
sT 6| 61733 9.686 | 3.954 Cb, H14 28.671 | 11.145 | <.0001
STCh| 7 88.443 9.163 3.463 Cb, ST 23.352 | 11.600 .0003
Cb, STCb -3.357 | 11.145 | 5431
CON, H14 52.761 | 10.791 | <.0001
IUDFRNAE : MP CON, ST 47.442 | 11.261 | <.0001
R RERE till pill CON, STCb 20.732 | 10.791 | .0005
N 80.170 1.733 | 46.264 | <.0001 H14, ST -5.319 | 11.600 | .3565
GROUP:Cb| 4.915| 3.455| 1.423| .1651 H14,STCb | -32.029 | 11.145 | <.0001
CON 29.005 | 3.289 | 8.818 | <.0001 ST, STCb -26.710 | 11.600 | <.0001
H14 -23.756 | 3.455 | -6.876 | <.0001
ST -18.437 | 3.664 | -5.032 | <.0001
STCb 8.273 Schetfe : MP
#H® : GROUP
AMAE: 5 %
SERBNIST : MP Folok xod 2 plt
#% : GROUP Cb, CON -24.089 | 17.331 { .0027
TS5—-1{—: + 1 HREE Cb,H14 28.671 | 17.800 | .0005
140 7 Cb, ST 23.352 | 18.630 | .007¢9
120 Cb, STCb -3.357 | 17.900 | .9834
] CON,H14 52.761 | 17.331 | <.0001
% 100 7] CON, ST 47.442 | 18.085 | <.0001
B 80 CON, STCb 20.732 | 17.331 | .0122
% 60 ] H14, ST .5.319 | 18.630 | .9256
2 1 H14, STCh | -32.029 | 17.900 | <.0001
40 7 ST,STCb | -26.710 | 18.630 | .0019
20
0
Cb CON H14 sT STCh
28T Tukey-Kramer : MP
#HM : GROUP
ARAE: 5 %
_ ESM0E  Fl
§ifz§;“':777 : MP Cb, CON .24.089 [ 15.319 | S
IS5—iK—: + 1 HEEE Cb, H14 28.671 | 15.821 | 8
130 . + < - - Cb, ST 28.352 | 16.467 | S
120 L Cb, STCb .3.357 | 15.821
110 1 /% : . CON,H14 | 5276115319 S
% 100 \ f CON, ST 47.442 | 15.985 | S
B g0 / % L CON,STCb| 20.732]|15.319|S
g a‘o-' /’ [ H14, ST -5.319 | 16.467
g 70 // T H14,STCb | -32.029 | 15.821 | S
1 I ST, STCb .26.710 | 18.467 | S
60 ] -
50 7] -
40 . . . - — 1
cb CON H14 ST STCb
52 1
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