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- ANSTRACT: We studied the effeet of Murbiprofen,a fewer fibers of 1the extensor (Ii;,,iiurum longus (2.2 1.4
noi-steroidal ant-inlammalory drin;_,, an muscles that  per cent) expressed embryonic myosin in the tres ited
had Dbeen subjecied Lo exercisesinduced injury. The animals than in the untreated controls (ll B X LY per
muscles of the anferior compartment in the fimbs of - cenl) {(p < 0000, However, al seven days, the ex-

tancously moved throngh passive plantar flexion every  the treafed animals {19.5 £ 11.9 per cent) actually ex-
two scconds for thirly minutes, This freatment ||n|mscd ccdeded that of Hu: muscles I'rmn the untreated coentrols
acute passive lengthening (eceentric umlruhuns} of (162 £ 4.1 per cent). This finding suggests cither a
the maximally contracted museles of the anterioricom- . delayed or an ineffectual regenerative response by the
partment. Aflter the eceentric confraction- induced mus-  muscles in the ireated animals.
cle injury, one.group ol rabbits was (reated with oral CLINICAL RELEVANCE: Non-steraidal unli-inflam-
administration of Murbiprofen, two times a day for six  matory drugs arce used lo provide analgesia and some-
days, while the other ;,fuup ol rabbits served as un-  times to improve performance after sports-Felaled,
treated umirhls. The umir.unlc histologics al, u"iul ul-  soft-tissue injuries, This study demonstrates that the
trastraciural propertics of the muscles were m '5|slxrtyt-tintts of furbiprofen are time-dependent. The con-
hefore the inifial exercise and -al lhrcc seven, apd/ (ractile properties and histological data suggest that
twenty-eight days afterward. non-steroidal anfi-inflammatery drugs canse a short-
The group that was treated with ﬂ:lrhlprnicn dem-. term gain but a subsequent fanctional loss, ICis not
ondirated a more complete functional recovery than  possible to determine if this loss persists or to what
the nntreated controls at (hree and seven days but had  extent recovery oceurs in the long ferm. Nonetheless,
a deficit in torque and force generation at twenty-cight o these results may prompt rethinking of the liberal pre-
(i.l}‘\. The administration of Aurbiprofen also resulfed  seription of non-steroidal anti-inflammatory drugs as
in a dreamatic preservalion of the intermediate fila- © trextment lor muscle injury.
ment protein desmin. Afier three days, the proportion ' . -
of fibers of the extensor digiterum longus that lost Excreise-induced muscle injury is a common prob-
desmin-staininig was significantly greater in the un- " lem'in sports and in the workplace and accounts for
treated controls than in the treated animals (34 % 4.1 “substantial disability. The condition improves with time
compared with 2.9 £1.7 per cent) (p < 0.001),a Ginding. in most individuals, bul chronic symptoms sometimes

effect. Howover, the muscles in the treated animals = cise is also common. Numerous studics have demon-

still mounted a dramatic rc;,cm,r.:hu response, as in-  stratcd that muscle damage .and soreness arc more

dicated by the expression of-embryonic myosin, Early  [requent following exercisé involving ceeentric con-

in the recovery period (at three days), significantly tractions (lengthening of activated muscles) than fol-
E ' L y ‘ lowing exercise involving either isometric or coneentric
-"'f‘\llhnugh none of the authors ave reecived ar will receive contractions™" m‘r\“ )

benefits for personal or professional. use rom a commercial party | Previous hludlt..‘s revealed the nature of damage

related directly or indirectly to the subjeet of this article, benelits  of human ([uadricups muscles afler exercise involving

have heen or will be received but are divecied solely to a v scarch . . ons”. Snecific L wural al
(fund. foundation, educational nstitution. or vther non-prolit organi- ceeentric contractions®. Speciflic ultrastructural abnor-

" zation with which en or more of the authors are associated. Funds — malitics included disruption of the contractile appa-
were received in total or partial suppor of the rese: ireh ar «Imu.:l rvtus and fﬂC'll LF'E*'-(!I‘L,'lniﬂllinl‘l of the 7 hand (the

study presented in this arlicie. The Tunding sourees were Umuhn i ey ] . The i . |
Kalamazoo, Michigan: the Department of, Veterans Affnirs; .|lml Ng.  Doumdary between sarcomer es). The results ol sub-

tional [nstitutes of Health Grant AR 40050, I sequent studics, involving a varicty ol anmml muodels,

tDepartment af Orthoparedics, Velerans /\unnmalr.mm{ Madi- (& Xy -
“demonstrated liber-type-specilic damage and provided
cal Center and University of Californin, San iego School nl Medi- p ! amage 4 P

cine, 3356 La Jolln Village Drive. San Dicgo, California w6l . ““"}nh'l into the damage mechanism 'b’"‘l_r"‘.'
+Hland 'iury,ry Umt Gothenburg University: (m!hunhulg.‘awa.dn.n Disruption of muscle fibers alter eccentric exdér-
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Cise wuu[d be expueeted Lo provide o substantial inllam-

-matory stimules, Flowever, since infTammation (which
tncludes proteolysis by infiltrating ncutrophils and mie-

rophages) can ilsell cause damage in excess of that

originally sustained by the tssue, prevention of inffam-

mation might improve the status of the muscle after
injury. On the basis of this assumplion, non-steroidal

anti-inllammalory drugs are commonly PIL‘NL]II)CL] [V

provide analgesia and (o improve performaace. The ef-

feets of these drugs on musele Tunction are, however,
punrlv understood and are ditTicult o siudy i humans

sinc l[n,u analgesic effect may permit improved perlor- ‘
manee™, Thus, the purpose of this study was 1o quantily

the cflcc.l of non- -steroidal wti- mllumnmmw drugs on -
Sskeletal muscles in-rabbits .mu cu,unlm. uml:.lumn-' ’

induced injury.

r\,’lsltcri:yls and Methaods .

Experimnental Design

Skeletal-muscle injury was induced non-invasively:
in forty-five male New Zealand White rabbits. Pre-
muscle mass, -
and blood chemistry were obtained to serve as a base-,

excreise dati on conlractie prapertics,

line for comparison :fler exercise. Alter the muscle

injury. twenty-live rabbits were treated with. approsi-,
mately nine milligrams of lurbiprofen a'day. The re-
permitied normal cage

maining twenty animals were
aclivity and seeved as unircated controls, The duration

of treatment was three davs for the animals studied at
dhree days and seven days Tor those studicd ut seven:

- and twenty-cight days. The contractile prapertics ol

Al

‘the isolated uhmhs anterior and extensor digitorum
fongus muscles alter exercise were measired it three
days (nine of the treated animals and six of the un-

treated controls), seven days (six of the treated animals

.and eight of the untreated controls). amd twenty- cfuhl

days (ten ol the treated animals and six ol the untreated

-controls). Blood was drawn unmcdmtdv belore all con-

tractile [ut1n5 All ol the experimental procedures were
performed in accordance with the guidelines. sct forth

“by the National Institutes of Health®. C
The time-periods for the administration -of flurbi-

" profen were chosen on the basis of the common clinjcal -
praclice of providing the drug in the carly post-injury .

period. The protocol for the twenty-cight-day. testing
was designed to determine 1[1(. longer-term effeets ol a
shorl period (sww days) ol Ln,.ltme.nl with the drug. .

Non- Iuvmwe Musde-!nﬂu v Mudc!

eccentric contraction injury has been developed (Fig, 1).
The rabbits were anesthetized with a subcutancous in-
jection of kétamine (lifty milligrams per kilogram of
body mass). xylazine {{ive milligrams_per kilogram of

: body mass), and acepromazine (one mtl]lgram per kilo-

gram of body mass). Immediately after sedation™blood

jwas drdwn for a comph.lc blood-cell counl dnd serum
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' chcmiwtry studics:
~with th

- sure adeguale

rabhit undcr halothane anesthesia) Heart and
:upnalmv rites were conlinuously monitored 1o en-
anesthesio. After induction ol the anes-
thesia the right Toot was placed ina specially designed

sundal and secured (o dual-maode servomotor (niodel -
O400:-Cambricdpe Iulmnlupu (.unlmd;,:, Massachu- .
selts) with Velero straps. The mulnr .l'\l‘-u of rotation wis
‘ ankle. The
Aibular head-way focated, and sterile percutancous r.'ch-
trodes were. plieed in this region (o aclivate the com-
- bncreasing voltage was used 10
Ldetermine the, lhn:*.hulcl Vl)fl‘lLL“:ll which lwiteh tension

aligned with the center of rotation of the

N PCI'UHL‘EII nerve

was [irst abserved, The vnli.lg,u was then increased until
no additonad tcrease in fension was measured (the
niximum vnllan_,u)' 'sllhwqmnl tests were perlormed at

twice. this maximum’ voltage, cliciting supr.mhmnmm"7'
stimulation nl the acrve .uul dLllv.llmn nl .|H muscle

libers, ‘
To mimic. intense dsereise. - the eommon peroneal

‘nerve was activatdd at g rite of forty hertz for 400

millisccands followed by a rest period of 1600 millisce-
onds. During the 400-millisccond activation period. thie
ankle was passively moved lhmu;h 100 degrecs of plan-
Lar lluuun wh:ch rc-\ulh:c[ m cecentric wnlraclmn ol

-4 r;nom R FoM MOTOR
- © CONTROLLER
N\ STIMULATOR . - ' ThROL

‘TIBIALIS ANT. M,
& EXT, DIGITORUM
LONGUS M.

/ \
AABBIT . FIBULA =

HINDLIMB.

4

AXYIS OF
ROTATION

. Fre. 't L , '
= Dingram of the non-invasive lesting and exercising apparastus. The

,rabbit hindlimb is strapped onto o sandal. The muscle is rctivated

thraugh percutancous electrodes that are placed in the region of the
peroneal nerve, causing dorsillexion, The motor output p[aniar Mexes

' llu. fool. L:lLl'sInL eccenlric L()nlr.lcllons

<the anterior compartment or. in other words. acute pas- -
© A hon-invasive means of ;)roduun a physiological .

sive lengthening of the ‘contracted muscle: During the

1600-millisccond rest period. the angle of the ankle was

resel to the starting position in the absence of activa-
tion of the peroneal nervy, This cycle was repeated ev-

.cry two seconds Tor thirty minutes. Aflter the exercise,

the rabbit wds monitored during recovery on a heating

- pad and was returned 1o {is cage. A similar experimental
model has been used for human subjects. who per--
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cise of the Quadriceps muscles, on a Bicycle ceuipped - Tecorded, :
Wil ap SFpCIE s, ks, Hitg HEsa mode) g congid- - ) o

cred mnalogouy (o prcvif:ux Studies of intenge Cxercige ”“""""””"”-‘w”"”’””
DY humang, : ‘ - ;

- formed voluntary Cxereise, resulting in cecentric exar- stimulation of the Peroneal nerve in g animals was:

el 13!(')rJr!-Cizc-:}};ivfr.v Stttelies

: . [ ] S dufing the course o reatment; j i afie
flffc'a.vru'gmem of I.s'mnet{rc Dor.wﬁ’c‘.\'ir:lr.r Tor‘qm’ o o & : .I‘ 1\ .d mcnl: 1£T1Fm(_:dmlcE? Y. nf‘u.r, the
: . D T subcntancoyg sedation' for the initial nonzinvasive ex.
Animals wepe Killed 4 three, scvey, and- twenty. Creise: session
Cight days-afior the inirf‘ialccccnl‘rid exereise, and muscle - thane, immédial{:l}' (usually within i

. . . or Ve minutes). afiep
: _,contracnfc.propcr[xcs‘ ,wcrc-measumd_ I 4 terminal ex- compiction of the exe

‘periment, - In all of the freated animafe and untreated - minal teseting —

" controls. maximum ie mctric‘joint‘—_mrqué‘was‘firstmca‘.« ous sedation,

again, r'mniédiatcly alter the'subeutang.”
sured ndn-ih,vasivc!y f\vlii!p the-anteriar comparfmen . Whale blood for a complete hlo'nd'-ccli-cn'u'ntﬁand

Was activated t_hrdugh" the peronea) nerve, with the-joing determinatio of the hemagtobin jevel was collecled in-.

beld at the hcuiml-—:{ji}klc-nng]c {about 10 degrees of EDTA Microtainer Tuhes (Bc'ctnn-Dipkinsdn, Ruther-

-plantar flcxfon_).SinCt,ﬁ the joint was held at o fixed angle, ford. New fersey) and wag analyzed on g Scrono-Baker

this torque i-cﬂcuts_[i;c maximum isométrie torque £en-  Sysiem 000 deviee (Scrono-Baker: Alleniown; Penn-

erated by the doi‘siﬂ;’:xm' mnuscles of rabhigs, . . Usylvani; ). The whito Bload-cei] differential wag man-
- LT s ‘, ' ’ . ’ 'A . .. . -, ‘ N . . ' ) ,

Measureineny of Mu.?icf'frs Contractile loree

After the lorque wag Measured: the tendgng of the', protogo). : : Lo
- tibialis anterior and - extensor digit Oy -longus mys. Blood ror Serum-chemistry analysis wag collected in-

cles werg opcriltivél}.} isolated ang g fached to force . an inert gl Serum Separator MicrotaiﬁcrIubc'(Béctdﬁ‘ '
transducers, ag dcsc,'ribed, previously» Briefly, the distal ‘Dickin'son),_immcd'iaml_»" centrifuged, and analyzed with . -
. ends of the tendons were scoureg to dual-mode servo. - a Kodak ‘Ektacher DT6 system (Eastman Kodak, - -
6400 and 640 Cambridge ’fb‘ch'rmiogics) Rochester, New York). Serum creatinine, creatine ki...
and were aligned jﬁyiih the mcasuring and. translation - nase, and laciate d'chydmgq:’nascjcr)nccqtral‘ions wcré__

motors (models

2Xis of the motarsi The. common peronga] NCrve was - measurod,
then isolated, dstiniuiating cicctrode was placed around .. S e :

it. and the. maximuny: stimulation voltage was deter. ) H"Cm”f Microscopic Stusely. o -
mined, The femperiure of the museies was then main. Portions of the (ibialig anterior and extensor dig;-
‘tained at 37 degreif:s Celsius with use .of_radizint"hcm, slorum lonpus muscles wcrc'ﬁxcd“ overnight in, 2.5 per
_mineral oil, and i Servolemperature controller (m_oc_!ci‘ ~cent ghutaraldehyde in isotanic piuisphatchuffe’z;. Onc-t
73A: Yellow Spring§ Instrument: Yellow Springs, Ohio). 3 miﬂimclcr:lhiclxz_ lissuc biccks were postfixed for two
Under compiter control™, the lengths of the muscles ™ hours i, I per ‘cent osmium tetroxicde; dehydrated in

- were adjuste to thc% lengths at which twitch tension was' oraded alcohols, zne infiltrated witl, Spurr. cfnbédding

maximun. - {

“.ton of the muscles!over the frequency range of five -Sectioned cither l(mgi[udinelliy or lransversely. Surve
10 200 hert, Forcb7\'rcrsus'-frcqucncy Curves were pen- sections of one:micrometer wore Stained ‘with toluiding .
crated after Sllimuia‘no_n frequencies of five, ten, {if- blue, and 4 region was sclcctcd.tﬁmméd.and sectioned
teen, twenty, forty, si; Ly, eighty. 100, and 200 hertz, From for clectron microscopic study. Section thickness wag
these data, (e mzlxihqum isometric torque, the maxi. - kept as close 10 SIXlY nanome(ers as possible. Myofi-
mum tetanic tension, and the half-fusion frequency were . brillar diameyer Was measured from tissue samples oh.
determined, The maximum isomctric torque way do- taincd from the untreated controls and the treated
fincd as the maximtim. idrquq'dc‘vclopcd during the animals at [wcnly-cight:dnys. Tiwg micrographs were

" {orcc-rrcqu-cncy testing in 1he. Ron-invasive model. « Made of cach muscle, and (en myolibrils that u)’f:rc_

¢ Maximum fetanic tension wy delined as the maxij-" ‘clearly sectioned at the A band and the T band (Fig. 2)
mMum tension developed rju'ring isolaled muscle force- were digitized by one ohserver who was blinded with
[requency testing Gusual!y_-o;:curring_ at 200 hertz), regard to the identity of the sample, o ‘
Half-fusion {rcqucm':y was defined ag the ﬁ‘cquéncy at . . R :
which the: lension ‘l,ivas 50 per ceny of the maximun H.hs'.fr)chw.'H.m'y el hnnmnrJ/.rr".'rm.‘h(wn.m:v

tctanie tensjon, ag determined by lincar interpolation The mid-part or each muscle belly was Ii'ﬁr1$\'erscly

of the l‘orcu-frﬁquc’ncy curve with yse of ‘only the data - cut into 4 hiock'nppmximnlc?y three millimeters thick, -

pointy immcdi;:tc}’y above and below 50 per cent of " frozen iy Isopentane cooled by liquid nitrogen (-159 ¢
mARImim tCtanictension. ay previously deseribed™, The - degrees Culsius), ang stored ot ~‘~lﬂ .‘;‘{’;ET’CC;-‘E (‘L"\m for
- Perkjoint forgle or muscle foree .":’f";'.iﬂ'élgfll f“’”’?fg :::ﬁiff;&'nuﬂ;c;ﬂ' i;f't}cbssfllg. Eight-microtictorthick oross
- ' o TOURNAL O Wongs AN JOUINT SURGERY -

+

i _ ) C. L Blood way collccted for analysis gt three -'points-

and lwf'(im::ldministr:alion' ol ‘the halp. .

rCISC session, and just before. fop.
ually counted by a technician who WaS expeticnce

“o with-this method and whe was blinded (o the reatment

| . . resin (Polyscicnees. Warrfng[on,.Pcnn.éylvania)r.'The
Contractile Properties were rﬁeasuréd by stimulg. block:f, WEre oricnted o thay the musele fibers could be o




.. Phosphatase,

strate inﬂzlmmulnry cells™

."\.’\"I'i-l.'\'i"l_.l\.‘\l;\.’;‘\'

Cleciran micrograph of 5 section of the ¢
the A band (*:note the aetin
myofibriar diamerer,

stensor digior
and mvosin filarmunig)

s2ctions of the musele
and cosin. To assess
with macroph

were stained with
the qualitative
ages, other sections wer

hematoxylin
Lssue infiltration
¢ stained for aejy

Cryosections were s
Liminin 1o visualize
fibronectin to dege
fesions:in the mem

ained with antihodies againg
the basal laming ol the liber

agninsd
et intracellular deposits, indicating
brane: ag;

dinst vimentin (o deman-
sandd against desmin for eval-

uzlla'on;"of the structury) ntegrity of the evtaskele(q)

nebwarl™,

To- quantify 1he sjze e distribution of

the fi-
horg, rf!urplmmc!}'y was performed on laminin-stiined
secions. afler liber-typing

with use of an interactive
image-analysiy syslem connected o 4 Zeig Axiophot
light microseope (Carl Zeiss, Oberkochen, Ciermany),
which way Cquipped with an MY e camery (Dage-
M, Michigan Cily. Indiana). Measurements were
VEELTTTOAL N,

S OTTONI puag

oy MEDICATION

[, 2

um longus from o
and tenin e

F'vand (e: note the actin it

AFTER My ISCLID 1INy RY

reated rabbig twenty-cight days afer eXercise, Te
aments enly) were digjtie

n myofibrils in
d for caleulation of the

Sperformed with g calibrated o
iem with o compufers
(IBAS: Kontron, Eching,
server digitized aff
with reg; [

controlled morphometry.program

Germany). Again. oné ob-.
muscle sectiony and, was blinded
1 o the jdentity of fhe sample, ‘
A monoclong) ‘antibod
was used as the marker for muscle regeneration. In il
animatls, :mtfhmly-hinding Was Visualized with usc of in-
direct pci’n.\'idzls&an!ipc‘rnxidusu leehnique (Dakopatts,
Copdnhagen, Benmark). ' T
Stereology v

For cach animal, ane seclion was taken from the
central musele poriian, Withr’n,-yf]‘}is seetion, nine fascicles
were sampled at eneh deptly superficial, midile, and
deep, A prroximately sixty fibérs por faseicle were mea-
sured (with use or stereologienl puint-counli'ng). This
corresponded 1o approximately 10 per ceny of the entire

gilizing pad in corijunc-

Y against embryonie myosin




" generally chserved thirty minutes to five h

csitmated 1o be six 1 sevefhours™

- Timre-Conrryp of Change i Torgye /
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muscle and [y exceeded that.rccom mended in stangs rd..
Stereological toxee: . ' DR

Arl'mfa;r.".s'.f}'gm'(.l.'f r)_/'f'Y:rr/Jiprqﬁm. e

_ Fhlf.hip"l;c)f'c:} (2-[2-1"!]_1})11_)7_4—hiphu}_vl h)t'bﬁinﬂiﬂ :!.cicl)l

s q MEMber of, (1 phun-,'lpmpit.;nic ackd class of COm-

Pounds g s 'cnmmnnly-.prcscribcd anti-infTammp lory
FJru‘g !'m'rhl‘un:zjlx use (Ansaig: Upjohn, K’i]lJ:HHIEZ(J(). Mich-
18an), It wig stpplicd by (he manufaciurer g 4 white
powder cryé;!et”iﬁ_c solid. Because of its relative insalu-
Bility in wager {Iéss than orw"'m_iilr'gr"am per milliliter),
the drug wg suspended iy common clm'm"hohcy. which

Cproved (o be.a palatable Preparalion for grq) adminig--
fration to the rabbits, Dosage g cstablished glgp. .

- where® g 3 milligrims her kilogram of hady mass 4

day. given in Two dosc'is_:. For a 3.{]-l‘ti‘logra m rabbit, the

tatal dose wag 9. milligrams o day. Tlmrcfpré.‘lmlf(:t'lhis ;

-~ . - [ -
tose (4.5 m:i‘hgrams) Wag suspended n approximately

" 20 milliliters of honey and was adminidieree Orally with. |

4 5VUinge (wice o day for the treatment Period,
th'_nmcokinclic studiés have shuwr}\ that, in miost
specics, arally administeré flurbiprofen is abhsorbed
rapidly, Péglk_p!ns'nm or scrum drug concc)\lrzllions are
' durs after g

sjnglc[dnscf?'. The disnppczfr_anéc hall-life fo) rabhis is

To ensurg that thye drug-had been absorbedd by each
rabbit. serum drug assays were performe '!'r('mt samiples . -
drawn at the fime of the ‘erminal testing, Anglysis. was
periormed with higlbprcssur{:’ liquid chrom; tGgraphy

(Phoonix International 1ife Sciences; Maéntréal. Oue.

'bec,Cannda).‘__ BT

RY latistical A nolvsis

- Data Were stored it Tormat that was brocessed .

- with the SuperANOvA and StatView 4.0 statistical *. Muscle Contractile Propertics.
" packages (Abacus Coricepis, Bcrkclcy.‘Cafiﬁrniil).'To
_.determine relative differences between the rdbbis that

. had been tronteg with flurbiprofen ang thcjuhtrcalccl

controls, g dnc-wa_v Analysis of varianee was nerfornied,
To detérmine possible tire ang lrémmcnlflék':pcndent".

interactions, g two-way analysis of va'rian'cnﬁ was per-.

formed, Data are- preserted as means, :mﬁ’f Standard
errors: The fevel of signi:ﬁc:‘m_cc WAS [J = f),f.OS.'quc_r
analysis revealed that stalistica) power for tl'ﬁcsc exper..
iments excecded 00 per cent for most paranﬂctcrs.
‘ ' esulty - ji

The natura] history e:iiﬂcxcrcisu-inducccj muscle jn-
Ty was studied i the untrealed animals, fTorque was
measured héfore the exereise and a one! two, threg,
seven, fourieen, :and'lxx'cn_ty-cigl1l days afterward, To rgue
decreased precipilously in the Untreated tontrols orig
and lwo days afier the exrercise (Fig. 3). Tlie magnitude
of the decline wig nphrhximzllcly 25 pu‘-]' cent, will
near recovery a1 pwo weeks, In conlruxlf. lhe treated

tetanic tension was 2017 237, 2409 % 463, and 1649 +

. SCHMITZ, AND 1

Dorsiflexion Torgue (Nm)

e

e Unfjeated .
. le Flurbiprafen B

' . S -
07 s el Ca

Days after Exercisg:

‘ a0 S
* Time-course o the change in LOrque for'mustles from e Trealed
sanimaly and the untrey|ed canlrols, [sumc('ric;'!orq’uc Wits measured

nun‘—invusivci‘_v With 1he servamanor holding the ankle fixed in ap-
- Proximaiely |1 degrees of plantar Mexion ang activating the peroneal -

i ferbe The maseles in the untreatpg €ontrols had o erangien decrense

i forque thy retureed 1o normt g, approximately fifteen tays, In .
Lontrast, the museles in the treated animals Lenerated o signiﬁcdnt!y :
higher toseue early in !hc.Iru;ltmcn[_pcriml {atthreeand seven days) -

(p <001y and a significantly kower tarque latey in the experimentai”.
. Period (p < 000 3. The valyes are given as the mean and the' standarg

Error The box in the upper left carner represents the time-period of

administration of the flurhiprafen.

animals demonstrated a remarkable recovery at three -
and scven days but showed 3 decline in torque genera-
tion. at- twenty-cight days. In suppori of this.tréatment-
dependent effect, two-way analysis of variance revealed,

a highty significant r"cl'a[icmsh.’p between treatieng and "
iime (pr=< 0.01). Thysg, the muscles in the treated 'ani—,'.
‘mals demonstrated increased torque at the early time.
periods hyt detreasid lorque af lwn;—nty-eightdays.

-

To undgfsland[_hc underlying basis for lh'c"t:imngcs T

‘in ‘torque, the “eontractile properties of the isolated" -
" tibialis anterior ang extensor digitorum longus were da.
termined,. a5 deseribed carlier, The maximum. {etanic
Ay -

tension in the tibiaiis anterior misecle was greater in'the ..
treated animais than iy the untreated controls at thice
and seven clays‘(Fig. 4). while no difference was scen for
the _cx[cnsor'digitoruhq longus at three days. However, -
lhe maximum tetanie tension in the tibialis anterior and
extensor digitorun longus in the treated animals wps
c_lhnjnish'c_c_L compared with that in the unireated ani-
mals, at twenty-eipht days (Fig: 4). The mein mavimum'
128 prams ay three. sevin, 4nd twenty-einhy days, respec- ;
tively, in the Iihiaﬁs_:'zmtcriﬂr muscles from the treated |

animals and- [44] 38,1929 % 112, and 2115 + 90 grams -

inthose from the untreated cantrols (Tahle ). The mean

WUXIMUM tétanie tension was 2705 + 244, 2548 + 389,
and 3626 + 305 Erams at three, seven, ang lwenty-cight _
dnys._rcr-:puctively. i the extensor digitorum longus mus- -

cles from (he trenteq nnimals and 2736 1: 478, 3234 =431,

" THi: .I‘(jl:li'-‘.N.-\l, o HUN!E' AND JoINT SURGERY
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. ANTLINFLAMMATORY MEDICATION AFTER MUSCL: Iiney 1513
TABLE | A
Cr)N_'l'l{n\f.'I'll..l’.‘PROI‘F.I{'I'IF-'.S“, s g
N _ fer bxereise . 7 Dﬂs after Kxercise 28 Mavenlier LExercive - .
_ | .n.:mcll“.r ) - q__r‘ru;uud Untreated - - Treated ‘ "“UTIIEEF ' T T Untreated
'i‘i!\;il]l'{ ['II‘H_- ’ ! ’ N “_“‘-_“-“—A—-ﬁ_—‘m_ _-k“—‘“‘——k__‘_.__“f—'-n o “—‘h“—.”:—."H : '

Maximung rtinie

T - 2017 £ 257 [14] + 5..\:‘
t:.-nsmn fu) . B

Museie miss (o) 33+01s 29 |

Hali-fusion 423 £ 869 262 % 1.65
trequency (172 ' e E

Time o peak owitel, 244 £ 164 324335

ension fnge) .
Extdig longus
Max‘mum letanie
fension {g)
Muscle mags {51
Half-fusjon
frequency (47
e to peak jwitel
ension gy : ‘
e e

*The values'are given ag the mean ane

27364 478

SN
03424

S A9 +y

i the standard erior.

i

and 4218 + 167 in those [rom the untreated controls
(Table 1), Data wore normalized to the "phys‘i'd']ogi;m"
cress- xetional area of the muys
sate Jor absolie sizefdiffgrcnccs' ameng (he animals™,
While the specifie lension in the tibialis aaterior from
the untreated controls v HER
PET square centimeler three
specific tension in the muscics [rom'the treated animals
wa'é;. zreater (3.6 xilograms per square -
Threo daws after the excreise, 'l}_ac specific tension in the
(Lxtersor digiterum longus muscle was approximately
1.5 kilngrams Per square centimeter in both. the un-
treateu controls and the treated animals, Ry twenty-
cight days after tihe ,exércisc.'h'o';vcvdr.'i the tibialis
antcrior and cxtensor.digitorum'_fongu§ musc]

. :
. . i 5 P

-

=600 . . N
—_ T B Unirealad -
2 O Furblprofen
= 2500 '
5 ?JUU 5 ‘ '
v
T
= 2000
B2
&
2 15094
_
=
£ 1000+
T

s

Day 7
-Days after Exercise
ez, 4 ‘

Graph of the mean TWMKIMUM telanic lension of thi tibialis ante-
Or moszies fram the freated animals’ compared with that ar the
intremted controls, Tetanie tension mirrars the restfes ohtained with
neasurement of darsiflexion targue (Table :
nimals peneraed greater musele foreey carly i the treatment and
malicr musele forees later irg the tre
ke standard errar, . ;

O, TTA, b, 1o, G Tapge jagg

2469 & 4n3

e e %_+_____ Tb—;::::

cles in order to com pen-.

pproximatcly 2,7 kilograms
days after the cxercise. the

centimeter). -

es from

© Hematologica] ,mu!_ScrunhC"fwnu.m'y

.. the control animals at corresponding
. dilferences WCIC not sipni

Yin that the treateed -

#tment The error bars representy .

S, F2015 00

1649 .08

AL N WO PP R0y 12200
25522 A2,

20,5 % 11,85 62138 Marase”

QPN 240 - A4 4130 -
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M8 1Al

S ET MALI0S gy

352007 3htnny

254050 2040, .
2213 % 026 31 k38 CART 20 J2kay.
2944246 Whd 1 WOx09

the, 'unt:'cat_bd'contr'ols"shc)wcd significantly greater spe-
cific tensign than those from the treated animals. Again, .
this resull was significant in that two-way analysis of -
variance fevealed a significant inte raction between time
and treatment (p < 0.05).for the tibialis anterior and
the extensor digitorum’longus. Measuremeunts of muscle o
hydratipn revealed that cross-sectional changes due to-
edema Could not account for the differcnees in physio-', -
logical eross-scctional area among animals R
- The h'alf—fusion:frcqtiency, which  represents the
speed "With which tension develops in a musclé, was
similar for the two groups (Table I). This result indicateg: -
that the éffects of the injury itself and subscquent heal-
‘ing were’ probably, independent of the type of muscle
fiber, 7 T . o
e

Stirdies

ad decreased num- -
with the values in .
time-points. these.
ficant. A significant reduction "
in circulating'giculroph‘i!s‘ was’'scen in the treated anj-
“mals at twenty“eight days (p < 0.01) but not at the other
‘lirn_c—poimsi._ A significaﬁt.rcdhf:[ion in circul:_lting lvm-
. 'phocytes was scen'in the treated -animals at seven days
(P < 0.05) butinot at the othériime-points, No significant
differences were seen in circulating monaocyles.. .
The levefs of serum creatine kinase and lactate de-
,hydmgchzié:c_f in the treated animals were reduced com-
pared with the levels in the entreated contrals at three
and'seven gf:lys. There were no substantin] differences at
lwcnly-cight'da_v_s (Table 1),

Lo Aithmrgh .é'hc' treated animals h
“bers of white blood cells compared

. s L ) .
f'l/!('nph_ufogfm_l Appearance ,
. i - . .o T
. The 111'0({%*110]_0&\/ of the sometrically exereised tih-
falis anteribr muscles wis normal and showed tightly
packed polygonal fibers with-normal amounts of en-

] "

'\' [
t
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Cran:

3 f}:a 5 aftcr Zxer

———

T Emovme “Treated eated
e Jreawd Htreated

Creatine kinse 81t g R T
I

te dehvdrope s

N e mein s e standard vrpoy,

domysial ang perimysia) eonnective lissye, Muscle -
clei were peripheralty placed; angd inl'inrnrnnlmy cells
Were nol present. [y contrasy, the tihinlis anlterior mygs.
cles from both of | ' xercised gro
Were composed of

lizhtly stairine

s

fhe ceeentrically exereise _gi'nups
0t {ibers that werg highly r(iun’dch
»and su rrounded by an ncreased extra-
cellular space, In('l;tmr-nﬁl_ory cells were seen in many
r'.:pi()ns._c‘spcci:lHy near capillarios, The general appey-
ance of the musele resembled edematons lissue, anob,
Servation supported Dy:the faet thar exercised whole
musele mass was gnificantly greaterthan wholy muscle
mass from non-cxereised animals (p < hon. o
. Uizrastructuraf!y, regions with dishr‘geiﬁiz;gtion ofthe
myolibrilfar all
A band and Z band, as described pPreviously™, However,
-8 new finding-was in Qammatory cells within the fiberg
of the untreqrig controls. While nup erous cells werep

observed in the capillary endothiclinm, feveral had ex-

Cvasated fato the jyuseie fibers themscives: The large
muscle fihers tiag 2ad been observog previously in Cross
section” showiel maorphelogical changes in which a por- .

tion of the muscle fiber wag being digestid by infiltrai- .
ing mncmphagos.,n:suiliug in Supercantraction of the
remaining sarcomeres, It s known (hat muscle contrag- -

tian is isovolumic. Thus, as Uw-Snrcomcrcrs‘s?mrtcn (to -

less than 2.0 micrometers), the'myoi'ihlmcnIs._move far-
tier apart. increasing the_djamcter_ of the fiber. In this

Wy, Sarcomere, supercontraction resulted in extreme: e

increases i the diameters of the muscle fibets in focal
regions along thedength of the muscle fibers. "~ - .,

mimenohistocheniicar Findings N 0
‘Muscle injury resulted in'a dramatic loss of cyto- -
skeletal desmin from cerlain fiberg across the entire
" muscle; although the result wag more .ch'amniic».for'th_c'

extensor digitorum, Jongus than for r:hc'tihialis_"antcrior: :

(Fig. 5. A). This cyloskéletal loss occurred even though

myolibrillar. contractile proteins were cleasly present -

in serial sections stained :'mmu'nohis[ochumicu]]y. The

muscles from the untreated controls had 4 significantly

Erealer area fraction of cells without (!csmin-siainfngu_
(desmin-negative cells) (13 per cent), compared with

thase from the Ireated

lne-point and during the entife cxﬁcrhncnmf'p'criod ‘
{p = 0001), This linding indicated o proteclive effeet _
of treatment with fturbiprofen on structural ' proteing

of muscic, For example, at three days, signii’icnntiy more.
extensor digitorum longus fibers lost desmin-staining, -
in the untreated c'onlrt.)ls'(.'%d £ A1 per cent) than in

Apparatus were observed. especially in the .

animals (2 per cent) at cach

" Iwenty-gight days

¢ OSCHMITZ, AND R LIERGR - ‘,

PR

. TABLE 1. » o e
IN SERUM Fyzyn :

'Rfal:;\'r:v"re

.
R et et

7 Days after Bxorcie
B O Trm——-
Treated 77 Untreated
LR E 133 294370
=494 8

. Lhe lz'bzz[cd‘ animals (2.9'+ 17 per cent)
This differtnee persisted
] muscle. [ ibérs
-twuniyic_ighl.h.' day. ’I‘\-.rn-‘*.vnj.f,lmi\lysik of variance: re.
vealed d significin relitionsl; ip belicen time ang o,
ment (p < 0,007). hightighting (he-
iinic«ir;mrsés farthe wo groups, -, . U
" Despite Theclear prol"crc!ivu cffect of MTurbiprofen ay

Ahree and seven days, the muselos from the treated anj.
o s oa Lo the

A signilicant regenerative response ar - -

.thcsc'Ifmc-pcﬁods,‘u."cvfdcnc_cd by expression of em-’

f Tt o T a -~ o . f T - Lo

mals still showed

Lo
=

hers (%) .

i

Desmin- Negat{i.fe_F

.‘.» :
- Day 7

Per cent Regenerating Fibers

Day 28

L -, ..
#2. Time after Exercige o
_ S Fa 57 :

- ) Graph af 1h mean

ahsence of 1he eytoskeleta] nrolein desmin (du.‘:min—[wg::livc fitwers)

an immunnhismchumicnlft:cciic1r15. The untrente controls had g sig-

n:’l'ic.-mtly greiiter nreq fy action af desmininegative fibers at three ang

sever days (p < D001, wherens hoth aroups had hecome narmal by

after the exereise, The error, bars represent the

standard errori () Graph of the mean ared fraction of fikers, demon-
strating the SXpression of entbryonic, myosin

el seetions, The error btars represent she g andard error,
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andtréat.
different regponse -

area friaction of fibers, dcmnnstr.’tlung the

on immunnhislncl:cmi- :

e

7 (p <0001y, -
i s’élf_,cn days (Fig. 5: 4), hut"
Ahad hormig) 'L,chmil‘n-smi'pi-ng by. the -

:
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| lreated

. BUreent of normal) wase

T AN'I']-!N['I'

hl'.u)mt. m\osm {Fig. 5: f1). W]nlu the muscley me
the unireate conitrols Cxpressed &lumn:,dn[ly areater

“anroun s (1 LR3E 10 per cent) of cmbryonje Wyosin three

davs afterain oy Creise than those, from 1he treated ani-
SMARAZ2 1 g ey cent) (poe o, UOT). at seven days (hig
relitive Magnitude Was reversed: m
danimals ey Xpressed ‘m{nu
(95 % 11y pu cenl) than those fron, the
controls (16.2 = 44 per cent), althouuh. this
L WESTOL Sionifican (n> {J {h)

enthy vumc
unireated
thfczuzcu

A nf',r)r’;mm'f ric Res u’rs
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but. notin thed band
wde of the deerease
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not unounn
Crease in musele !
[or\g. decrement i m the muscles [rom the
ab-twenty-eight dtiva did not resuly ‘-]I’?]PW from the de--
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Crrup‘ls of the mean mnrphnlerz(, prapertices’ measureg lmm

Fapsy specimens of the extensor dipilorum lernpus museles fr on the
treaicd animals ang (he unlreated controls twenty-cight davs iifjuy
the cecentric exercisg, The error harg Fepresent the stadard erear,
{A} Meun mw:ﬂhnll.ar di:lnlc[rr. {M \h.m nursele hhur ired,
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) \‘.]uch m[nn!,‘lmcd an
,tus) that. wi
the: typie-

e muscles from the
myosin |

- on fiber arca uy

~oand dt,pmdmu on-treatment (p
“numbers ivailahie for. stugdy, we
ar dmmclu was

_ indcpuu ent mcrmw in Lthe diz amctvr of the

Tlpf'.r.rmcwm!Cr»mplau.'f.'mn Sl SRS
Lo exphain the dc-é
force- gencrating m;mcuy Thm the -
treated animals
..ddys) Dat,

“sleroidal d[]ll mllammcttorv drugs may have adverse ef-

< md hone mamwlh

E phok)uv of eclis,
lory cells
sHort- term i IMprovement (at three and;seven days) but
a subsequent deficit (at twenty- L‘lL,h[ days). These dala
- Suggest that the mﬂdmnm[u;v process 1[‘1L|f which may- .
ke sccnmrmy Lo the initial nuscle § injury, also resulfs: -
i an additfonal el
Cithe o

theinitia)l 1:111.1111111.1[01} reaction; the

“tohe nwc.hamcal m[mv(o llu:

Ar T R '\HIH(IF JNJURY

-_s(.{.nons !rom ttcau.d dnlm(l[\ twenty-cight o s alter o
SeCeentric C(mlr
E .lh n rlmxc from the unlreated ontreds (Fips,

action WL[‘C'\ELJ'H(IL‘II][]V farger (p<iy 0r1) L,
Go78). This -
Lvlts most pronounced for the Lype-2p fibers;
area {5238+ 137 Square micromje-
iapproxim; wely 22 per cent greater than -
283 fihers rom the untre; ucd controly (12‘{1 +
132 Squire nur'mmclus) "Fwa- -Way 1ysis of varialice ‘
@ funclion of type of hbcr revealed a .
significant dl[lczulcc dcpuuhm, ‘on [pr (p.<0, ey
<-{.05) but, Wwith the
could detect no Sig-
atficant i m[umL[mn {p >0.2). Thig SUEECSIS o fiber- !\pc-_ _
@ fiher,” S

effect

P .

A

Thice of the lrl.,dl(.,d dnnmis de '1 nwmcndinom S

-'aqmm[mn o the cvtu]mr dmlnrum ions,ua durmq

con[mcuh,. lesting {one at thrt.e days lmd twao at seven
2 f'rom Lhese .mmm Is were cxcludcd from cal-

Cculations 3 the cuntmctrlc properties of the extensor - P
- drmlc]rum Jun;,u‘- e S e e . . ‘
l M . “" ." .

D:ﬁ‘umum s

thl'mr prc.scnhcd for amn
Lt‘nu.m‘v”_ n<lcn‘11lhr0ﬂ.;s Soft-tisstie- m[ury or’ '1culc
pain: non- Hlumd'&i anti- m lenm[rnv agents arc com-
non m thi’ pl‘d{,h(.‘{, of orlhopcu.d'{: surL,n_ry Although”
th_c yare rvt_nu(tllv ru::zrduhk benign, thucma n:éwmn,
h’odv of cv:dmw 10 suggest that’ chrumc usage of non-

:"'rl()hi“(‘ll] of pairn lrul dt,-

muwuloch.ual system, Fractyre- healing

al the m[u.rfacn,t. ol implants insgr lLd
swithout cumnt may bc Jmpcdc,d by anti- lnﬂ.immatory
drugx"' A .

- This study dcmomlmlcs Hut svslcmrc admmrslrﬂ- ’ .

o of- ﬁmhlprofc after muscle injury affects, i ma.. .
“time- -dependent manner. conlractile Iunetion, the mor- " ,
and c:rcuT.mnw levels of mﬂamnmn T
Irczllmcnl provided a- *

" Teets o - [Fu‘

and muscle Lnzymes,

[xycd injury to- the muscle and thai - )
eventual functioml recovery of the muscle is de-. .
p(,ndc.nt on’the mfldmnmmv process, Ry \Ilppru.sma
non- slcrmddl apfi- - -

mlhmnnalorv drug pcrmns improved pulorm.mu in -
carly.time. -periods b appears to suppress, the stimulug’
that may he nc:.du! [ u.![ulm rL‘H‘tHdL]IHL i Inngcr K
lmw -periods.”

!'hL iden that, m!‘lamm.m(m lullnw'-. acute rnfrsc[c
m;uw has puu.dcnl‘” Inarecent review, Smith proposed
a scheme by which H’IJIH"Ld muscle | m:tr'm.s acascade af .
cellular and chemical i c.\um" The first LVCHI 15 thought
mvuhhnil.u .ipp.natumnd

B v
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