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Evaluation of the Dose Gradient Index in Various Intensity-Modulated Radiation
Therapy Techniques in Patients with Optic Nerve Sheath Meningioma
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Abstract

Background: Intensity-Modulated Radiation Therapy (IMRT) is one of the best methods in the treatment of
optic nerve sheath meningioma (ONSM) with tumor growth control and visual stabilization. In this study,
various IMRT techniques were evaluated from the point of view of dose fall-off beyond the target boundaries to
achieve the optimal technique.

Methods: The optimization of 3 IMRT techniques was performed using 3, 5, and 7 fields with 6 MV photons in
15 patients with ONSM using Prowess Panther treatment planning system. To evaluate treatment plans, in addition
to data extracted from dose-volume histogram (DVH) and evaluation of target coverage indices, differential and
cumulative dose gradient indices (DGIs) were calculated and compared between the three techniques.

Findings: The maximum and the mean dose received by the tumor increased with increasing number of IMRT
fields. The uniformity (Ul) and homogeneity (HI) indices were significantly different between the 3-field and
7-field techniques; and the conformity index (CI) was close to ideal value (0.99) in 7-field technique. Difference
of differential dose gradient index (dDGI) was negligible between the three techniques, and only at the 45%
isodose level, there was a significant difference between the 5- and 7-field techniques. Cumulative dose gradient
index (cDGI) showed smaller values in 7-field technique than the other two techniques.

Conclusion: The three IMRT techniques have no considerable statistical difference in dose fall-off rate beyond
tumor boundaries; and their choice in the treatment of ONSM depends on the physician's discretion based on the
whole patient's conditions.
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Abstract

Background: Since the effect of immobilization of the upper limb, despite its importance, is usually neglected
in the analysis of gait, the purpose of the present study was to assess the effect of removal upper limb arm swing
on 3-dimentional (3D) body center of mass displacement during gait.

Methods: 20 healthy women were asked to walk at normal speed in two conditions of normal upper extremity
arm swing. The location of body mass center was determined by force plate, and then the data were analyzed
using statistical descriptive, Kolmogorov-Smirnov, and paired t tests (P < 0.0.5).

Findings: Except for displacement in the vertical plate (P = 0.04), the center of mass in the anterior-posterior
(P =0.30) and lateral planes (P = 0.08) showed no significant displacement.

Conclusion: Reducing arm swing during walking can increase the vertical displacement of the center of mass,
and the magnitude of the force exerted from the ground. Sport and rehabilitation clinicians should consider
this statement.

Keywords: Arm, Women, Gait

Citation: Yousefian-Molla R, Sadeghi H, Farahmand F, Azarbayjani MA. The Effect of Removal Arm Swing on
3-Dimentional Body Center of Mass Displacement during Gait. J Isfahan Med Sch 2019; 37(543): 1088-91.

1- PhD Candidate, Department of Sports Physiology and Biomechanics, School of Physical Education and Sport Sciences, Central
Tehran Branch, Islamic Azad University, Tehran, Iran

2- Professor, Department of Sports Biomechanics, School of Physical Education, Kharazmi University, Tehran, Iran

3- Professor, Department of Mechanical Engineering, School of Mechanical Engineering, Sharif University of Technology,
Tehran, Iran

4- Professor, Department of Sports Physiology, School of Physical Education and Sport Sciences, Central Tehran Branch, Islamic
Azad University, Tehran, Iran

Corresponding Author: Heydar Sadeghi, Email: sadeghih@yahoo.com

144 WAA OLT p g sz /OFY (go ot / YV Jlu— Olgionl (S 53 0Kl dles

http://jims.mui.ac.ir


http://dx.doi.org/10.22122/jims.v37i543.12400
https://orcid.org/0000-0002-1527-7737

Vesnu Publications

Olwol SSub 39 031D Alxo

WRAENY 18l > g U

DOI: 10.22122/jims.v37i543.12499

WWAA QLT pgus saian/DEY (o Lot/ @it 9 uw Jlw

WANANG ol 7 ,b WAMVIYY 20 oy 2,6

9 3 y0 yigo 38 Air Pouch 8l (lgd! Juwo 30 (oo g (SSlaid! o O 31 (i g 99

? S sSeul  yich o yalls S Siudig y Mt dah alius  canad (g 5s U aag s ola!

g 3 Ao

oS

25 pll jsileglgil Sl (5iggilistune St 5 el SloaslE 55y p preSiiest S ) Bun b cadllae oyl HdosRe

(dislee Yo g V+) oyl (slom 0dd (ot olps (ks (54l 5o b dloul WiSAr ol 5 ol yoeo (sla ige 5l 09,5 (s 0 Air pouch Jue il yig
Jly o3l L Glojen 0 32)5 PoUCh J51 4y (103 1) 53 il oo ¥ it 9 5 «oledl Gl g b 3235 pow 9 Jgl Mgy 0 i &
glo g b aiS b Sge sl £ 5l am a3 55 Blae S5 & p)SokS o pySg)Sa YA e g Vor AF Ve D (olajs b (eSitiogs 5 20lS lgte & ol
x50 ol SeigIlistans Slogad (5 s 3l o 9 b @) Loggil)S il b (gyglaan (HpwsS) Giolad 9 199351 w> s gl POUCh S5

85 )3
PP < loon) jgilegdgils cdl (g 5 (P < ooe)) 38T oo P < o/000) (sgS) qord (lien (aSsiost pS9kS 2 p) 5,500 Ve o laaidly
3ty el slapasls olie Lal33l el o)l p SokS 5 pSasSs Yoo 35 Jlo e 0 3l LA (g b ine gl by (oS Sal 09,8 b duglie

1815 09,5 | duglio 5 gyt o] 1> ] ypeSatangts 5YL (slags oS 3 i jgilagleil,S il (Sy5elsilstunn ldlle gl (P < +/+07) 43,8
...\J.Lfd Jl?ul

luasls o) p e 2l 18 ST St by clajd ggerme 53 AN POUCH el Juo 1> raStungts Cgliie il 352 b 206 o5 doeald
2 OmeSiwgs (gedald Ol | glasgerme 0)Slos (gdlawly 4 SISl pl 09y 0 Jloin] edloiiin goiio ((lapuaslSe 4 dngi b sl ol aoee Gl
2935 g0 bl e s

e Ghge sl el Syt 15 5 3l

S (el Jao p3 (oSitwghd (AN S S GT (o2 00l (SoSil SBlyisl M Sy, ol (55 cngn (ou8 ol gl 1El)
YoAY=1 49 A (OFY) YV YA leduol (S 00Kl dlome o3 2y (wige 43 Alir Pouch

) 2)ls 55y p 55l Slaael 4 bsi e (slaedi 15 a3l SL
a3 Sl Ly slaedi 1S @ Jlail b eyl 5SS
Sl e laed 15 S oo 1 o Lot pe 5 a3l SLe
SLS 855  siledled celb GTP-binding protein 4 Jlasl b
Sl st U5 bl IS 3T ol S b5 0 A
I, (TNF-a) Tumor necrosis factor-alpha ale= 31 el i
Voo oSl s ol s el md 5 5 Jtals

doio
s o Sl b 53 bl 4 el ol 51 S Sladlas =W
)bﬂwdé))—]’@b)bJﬂﬁgﬁ‘MJM
sl sl i La0S sl s el s el £ e
Clasl glaa ) oy 2 3 ol proe GlagnSmle  Lline
55555 53 535 Vg p 55l Dl IS o b e
5B T sladsn b 3 nl 2 esdle il o 0diS1 o sed

Olnl 525 18 Sy poe oKiils 5315 (503K2al5 s gwlidipms 5 (5391556 09,5 Sluusls -1
Q|)1| B U.(ﬁ:): rﬂ,l.c JBisls g3l ls (goakisls leAA)L&AA)P‘AJ 9 L;jy',flA)lé 55; -Y
Ol 525 328 (i ple oKiils 53yl (502Kekals s gwlidipms 3 535155 09,5 ol -1

Olpl 325 50 5 (Kbj pole o&isls (ol sladghe Oladss 35 0 ol -F

FS S S ra,l.c Jisls wgilwsls goakisls uwl»ulv.m 9 S35 a6 09,8, Luiils -0

Email: eteraf_t@yahoo.com

WA OLT p g (st /OFY (golo / YV Jlu— Dlgion! (S 53 0Kl dlms

‘5‘:51.‘:‘ Jl)..c‘ c)mUc Jsg.m.o (SO y

AERA

http://jims.mui.ac.ir

-uado ue sI siyl @

"pano Apiadoud si iom eulbiio ayy papiaoad ‘winipsw Aue

u1 uonanpoJdal pue ‘uonNgLISIP ‘asn PajoLIsaIun sywIad YoIym ‘3SUadi| patiodun 0y [e1oJelitio)UON-UONNGUITY SUOIWO0D) AITEaI)) aU) JO SWIa) ay] Japun panguisIp ajoIUe ssaooe



http://dx.doi.org/10.22122/jims.v37i543.12499
mailto:ramin.arshid@gmail.com
mailto:ramin.arshid@gmail.com
https://orcid.org/0000-0002-5657-5407
https://orcid.org/0000-0003-1159-0686
https://creativecommons.org/licenses/by-nc/4.0

Olylsan g uu.ncla Ol

b OWH pl s e Slasl 4 by e Sl (as
JMJJM}ZJW.M;‘?Jf"QﬁJw‘W
Sl odd 55058 oL SL Sl o s s QW 2
‘MlWJw&WLSQJkﬁéJ"w“‘.“’.};Lil“‘l‘o\)
Glasarls o peSavss S Lol Gas b sl ganlas
A& 5 5LIS 5l ealanad L AT pouch - Cledl Jie s el

W rbu\j @‘NQLF)’M%‘W‘)\

L)

ssWiStar 55 5 ol glos oy s o a8 i lej] Ol
Aas olssl sl j5b 4 p_f VAYV=YOr S35 (Sodsdms
bl g 3 s a s e 5 O a3l s (DU
330,85 Bl (a3 YO gles 53 55 (gilwsls oSl
3 lds el VY (o8 s b Aoy O E N augby
GaiaS e S e e 5 L IS SL el VY
Nl A S L) 5y 5 (S e ol ils GO
Az 8 )3 eslizul 5,50 (IR TBZMED.REC.1395.1189

esleul L Al pouch el Jue Air pouch _ledl Juto slow/
Slase (M) as sl is Suol L a5 Duarte 55 3
W gr et s (e sk a1 516 b oS Ol 20y el
Slaa 2 e Yo s eu il 5 (Moser, Germany) s, 55 s b
A3 S GoF Ol iy a b o sy 3 oo & i
St Ol 5o b Ol & el gl 2l s Vo cdmy 55, T
MY i 3S o3 | Uil A3 S 5
05,5 ol g s g Iladle s (Sigma, Germany)
las 53 4233 V\0 s 4 ool s 4o O gl g (5SS
(ot 335 A (Ol s b 01D S 51 3 8 Sl gam Y
GLl g DUl 5 3 s ool e 40 O amdlins g 31 I oo ¥
A Gy (POUCh) Ul 22y saeS J51s 4 Sl

Jelios S a5 i 515 aalllan 350 05 8 5 s e
ol L GBS dald e, S Gl e o plme G P
il Bliw = jsb ol ol Jl g ou;V.MPouch J=1s
J—ls sb a1y S S s slsey S s S
SY e A Ve XD gl A L) 1, & w5 5 Pouch
J1s S Gy L Olesen (o SAS 50 85 Sea T
3158 03,5 il & Gl b5 oY s S Sl Sl
Sl bwg s s Gy Pouch =1 55b 4 &5 6ol Lo
s K s 4 45 (Sigma, Germany) o5 e +/YY 5 ke
/ 38 e 351 00

sloae Gise 53 S olal ws ol 3l

Ele S o s s e Sl (IL-10 _ Interleukin-10
s ol e S el Ll s ik i
TNF'U.)L.@.AJ .,\_,Svrﬁ L_.b”\ "\"}“:'v’a ./\:J“};LAJ) C,\:_J;)I)J J-\AJ.A

() 38 fli.i.lb:ﬂ IR DS W e ;A.LJJ)I 3 sl

et = b 3 Slanl )b e s oS Wlosls Olis Silallas
Cholinergic anti-inflammatory pathway) _5 - olell 4o
4 paia s Slas 5 (F) Ll o Jolss 53 ia) ot L (CAP L
Slallas 5l gk 53 gl s WSy e g3 55 Sy as 33
(0) col o 3L S

el 35 DAl Sl ) oSG S sl <ol
OF oo el Conle L5 @ a5 el (Ao y5 +/Y0- /000 g 5e)
wode Vb s s e Jate o 25 5 SIS s sl
25b ol ol S e sl Dl sl 31 55 1) (ool 5 IS
05 53 5 353 e LT S e bopoler sans o edas
gl sl silag,y Joolde 53 (F) das o ) il Oloye 4 e
el gl ds 5 el i slacplS sl cld oy Jslas
Gl i 53 5255 e pae Sl 5 el 355 W)
V) Al o 3 gms 4y ke

Sedkmy S S is Jo @ come 50l Cledl g e gladas
Air pouch Lgdl Jue .ol 3 208 Jb= 5 Sl sbagsslaw
GroF b S Wb i slos,y o T 5 b s Sl ) i
(s ol asb e lml OB iy el s e sl
D5t b oy s S35 2 S 350 2 sk IS el
L Jl s s s Sl s P 5l ey 53,5 0 U3 b 4ib
R e
Sllas sl as colgdl 53 Lts sladsbe 5 el glos )
Al S st e s sl il
S50 5 A s 6 ol OF 51 il e Ol lads
Ol 31O e el (1500 S S5 e Tl s e Jame o
W) S35 6 Je

IL-18 5 1L-6 JL-1 TNF s 5 jlgs Esly oS Jitud
Sl slasls Sbe sad sl godeS Jlab oS A lSLe L 5 51 3
Alis gLl s 1 omeSia 55 () 55 E e w
s US55 cd SLLIS Sl gl 8l (Solaslsl
(S 55 3 Shae Jool ilSa 350 1) (55 = g e S
cble 580 5 (Ach-E) Acetylcholine esterase o5l Sl
255 g S gart (V1) Al e el e 53 I 5S Jtd

Gl La0l 035 olat] Esly (g500 — S92 il LbL,S

)4y WA OLT p g (52 /OFY (go ot / YV Jlo— Dlginnl (SC 53 0Kl alms

http://jims.mui.ac.ir



Olylsan g uu.ncla Ol

ol U yiznd 3l e 53,5 ool e S sles K56 s
S-S s 3 S (508l 331 b gl oSl g2
A5 plnil ST Jae Gllae (UGB 55 5 455 90 5 A
o s B esls 13l LS b g s akds VoY e
Sl 6, VYm0 Ja¥y Sen 5 OOl iy Sl eslizad L 0T
e B esls 13 o8 lesl glos J3 el K5 i oile s
o3 P San SaS ol ags slapY 355 S O
OF) Bas oLl

oSl Sy o mls e ool golol Ldoer 5 0 s2er
55 Laesls .ol sl osls L3 05,5 o (gl 3 Ikl (glast
version 16, SPSS Inc., Chicago, ) \# 4.5 SPSS BStIS™
One-way o 531 51 Lol (bl s 5 o 6l 5 A3 505 (IL
(LSD) Least significant difference i &,s31 s ANOVA
Tl Ol 4 P <o/ 00 dlmanls i lie 3 dd eslin
S a5l s (gl s

Ll

4 ol DLt ol ol (sla Sl i 55 ) g
e OV E Y als oy, S 5 Clgdl Gl ) e csla £
05,5 53 e ol 45 5,5 iy w2 5 Pouch s 4 155551
AL Ao VO/F (o S LS e S S Ve S b et 8
S laes S s e me slag ST e (P </en)) s
32 a8 @l OLES dald 6,5 4 s (slaine RS LS
05,5 dm Camed 15 155581 o gls 0 S5 LS 0 S5 Sa Yo
Lo YF 50 i an o S8 e, S S Ve 5s s dals
Ly ) sls Jaalsal (P < v/evy)

5 oSt llae s Wl
o Cod ) L ST 6l sl el 5 p S5hS 0 55 S Ve
534S Jls o cdas als (P </000) Ao ys YA/O sl 0 S
o5 s aldies, S e Co S0 Se S e S S Y
AY 5 P <e/000) o s TV i wap SLS 2 p 85 Sa Ve
LomY UKD sl olas aolsl (P <o/ee) asys

Sl 0 b e edalite =) S5 5 4S5 bOles
SN o s VYNV oSS 0 S5 S Ve 5o b 55l sl S
33 alie 3L 2alS (o S YYF E /08) dalios S 4 o P
33 = sl S el 055 (8 gl el
oS sl dios S e G0 S LS e S S Y
S P <0 o YA i S o S LS e S S Ve
Ol asllas ol mlis 3l OLES l53l (P < /o)) o3 AG/D

sloae Gise 53 S olal ws ol 3l

S sl at e )
33 L e (iU Gy Sl da csle il g8 e — i
ke s Bt S s e sesle SV
J—=1s 4 V/¥ Jsles pH | (PBS) Phosphate buffered saline
o i o ol g5 Sl Oad bss Cgr 5 a5 Pouch
3 e Bl /0 350 A e3ls Slwle ] an 4B ¥ s
135551 05 e 83 w3l oslizal b 5 3 6y, PouCh
A (6 Se3Il OF e 5 3 S oot el

o sl 81 Ol e Sl S e g e s e -
O —— w@j JUZ S [y B P ol sl o s
135551 51 ¢ lis (EDTA) Ethylenediaminetetraacetic acid
oSt e ST oled s 8 G5 Slas BLL 5 S a,
5 (Olympus, Japan) s, 5 o S S 5l ealid L ol 33,
258 el 5l oY b s

SHL PSS SOl S gy Ll LS L O -2
GteS 5 S 0y o 5 el (gl g 81 058 ol Sl e
sl s 3L ulg s 5 s S 1 0T Gl bl - 55 51 Pouch
AL A Sl 0k ek Sl el b LS e @
OV s S 55

ot o 4y 1l o185 Sl (S s D =0
» Sl slaas s Gl d sl S el Sl ses Sk
sl by ¢ 8L (gaisad o 51 ddosls 13 ds s Ve L
M)&ﬁ)}u@ﬁnwj%bﬁwcfﬂé&YxY
Juazl (Scilab, UK) 03 SaSG 51 ol&ws a5 A eals 1 3 g5
Slad g0 O gamlilydens 5 (FiXation) (3lecul 51 ey . LAS o2l
Db Sl bl 3 Laki g A5 4y IS Il (L
(Bl glasi ged 5,8 B ) y L (S I olel 5 o3l
A3 (Liets, Germany) o 555 e olKaws 31 oslil b 4 00
S s e iS glaind oY g5y s el B 05, Ke 0-F
LOven ;s cela YY s 4y o st dow 53 O senlidlyls
(Sl ol b Sl e A el 3 1S Sl (gam 53 PO (sl
- oS slen (65185 s s esll (g5l K 6l L%Y
D3 aids 0 e 4 Jik S sl b an o LA(N REARRNE
b g e s e S ol By b 5s 53 e S el
Lar‘Y‘QT)lJ@jJJm\awo.-): W0 A S sl s
o b B s ool 15 oS slen Jlos 3 5 atecd T L
SO S e Il 5 0T b 1 e T i K
S PR PR Y S V- B PYL SR L - PP R PR S W

o303 1,5 gLl o) Sly S ol 3 ‘Ju_u(,v Soobss e

VAR OLT p g (azin /OFY (go5lads/ YV Jlu— gl (K55 0aKls ales ).4F

http://jims.mui.ac.ir



Olylsan g uu.n;cla Ol

5Ly Sbe s Com sad & Sl el slad b 3 g ol s 50
eS8 4S8 gl o gla g LIS 5L s
B s g 03,8 wdls 0 S S S S e Ol
3,5 ds Hssls Ol G- 5l o oo S 4 sy sdaline
3 P il sl Sl exg ese Ol gdld> 0 0
Coarg L ogedd s LS b w2l Ole 55
sl sla e 55l 1S Sl g S S sl
¢SS 2 eSS TV Ol b eS8 g 2L
olus r}l}e&wsw}ﬁ-ggw‘iiﬁj‘isw‘w
s edalie LB das 3L s W3ls Sb i e L Ld e
S el ainlS sy sb 4 oLl sle Jske sl 1 L

A e edaline solin cal s 50 B ,e alsr (ool sluws

o
5 b s Sl € G e 5l ey sl SuS1s ol
S 52 Sl i g e S el &S il 5ok Jolse
e Jole 035 e 5l G b des 3L 5 0 Il 5 B0
5 oLl sladauls 15 b S il o o> ol Sl a3
ol on o B bt glail 4 05 5l b S0 5 mle 25 >
= OF) AS o 55 e 55 Ol Sl s a4 5 ool
Ol 5 Oy iulidl el TNF-a aile Ll sla, sbas

sloae Gise 53 S olal ws ol 3l

IS et eSS S S Y )Y sl oS sl
A gl pme S oledl sla el

Cl AP st S kS e Kien 3 ) e
03,5 o3 gb e o ks ¥ S 534S s oles 1 aile a5
Sladsba Lol Len <ol o s Ol s cdals
o il ol g, LB Ol slasls SLe s Ll
Giant cell 5L 5 slass b ol o dan Sl slad sl fols
o 5l G glad s 5 G s (Sed s J)
e il sdalie LB ol cl s e s J5lS
S at Eelip SoLS 1 0,85 S 1O 5o b a5
3k analS dald 05,8 & s ol Gbad e sl S
5 S i) 3Lo5 Sl 5Ly 5las Lol jas 5L o3l OSLS L
Sl s e 3 S (ool a5 o s edalie LG Ly 55
A e el

eSSV St 55 058 (555 5l sten s anlllas
Aol sdd xS b eal Sl 51 aS sls LS p S S
55 0liman Lal liicd 28 W3l Sbe 5 el gladsle ox
ol 53 (B 5smb SUT s g edaline BB il duas 3L
s 035530 OSUS B 0S15 Ol 2 5 30 odalin LB oy S
b oSt 55 S al o b Sge S5l SOk 5o

DU g 03,8 sl s ¢SS p S5 Se VFr Olie @

Sk il Eiel sy any 40 4S 5,5 e Lselectin sdalie 535 old Bl BL Ol o3 L ddS 5 5 55>
s a0l @ les (515515 Go e ol & e S 53 S s £ 5 Sl edas 5k oLl Glad sl
.(00) ”;d’ ol b f;\ Sl K gedalie B Slsl 3 4 a3l Sk 0SS
#ittt o
. #itt z g B
5 7 - | [
e} * o Yv.. * %?
2 Y A - — T — 0 fakaiad =
3 X vo- Y, B
3 == € y.. - * af
""; " i > B 3 M 3
- S . T 3
} v 4 QO Vo —%3‘\‘
,'35 g o- 3:\
“2': - > 5 Q ) Q Q . > o} Q ) \) Q N A5 Q Q O
S OO I I S OO N
& PPN S S S s S 0&0 & 00’\ c\b\ OO
S e ST e 5
(2594 5 0,59,50) 5 (0594 2 0.,59,5%) 3 (2594 2 p5955%) 3

de 52 5 gl e g 52 Sl QWIS gy sl 23 () 55l d 1 5 8l 055 5 (Q) o s oo () 29T oy e g 51N S
Air pouch gl

Ll e sl Gl ol £ S Sls &) 5o 4 Laesls

PSS e S SaVr 05 S L s pms sl 3 s P <oy P 538 sl 05,5 U Sl sme sl 35 s P <o/ TP <upuon
Neostigmine :Neo

WA OLT p g (52 /OFY (go ot / YV Jlo— Dlginnl (SC 53 0Kl alms

http://jims.mui.ac.ir



A o, 7 e B NS
St ks g ety 1Y S

BB 550 B ol (p 55K YO peRiton 55 () (532555 5 3l b ol yom ot Al (ol l 5 Fr L, Air pouch
S 55 () Ll 0dd 7aS OIS SN (515 5 0k ataslS pal ook 51 (p 55 Ko V2 e 55 1l oikalis
o3 (o S5 S Voo raSiin 555 1l 0l B o i 5 5 S 5 g0 Ll il i3l ol B 2018 o3l (p 55 Ko VY
() B3 8 skl s 5 b pal rudly (2ol (p 55 Ko YV ¢ e 5 8 L 3l gradly S2alS 5 55l gl 5 iy

ndlas opl 53 (V) Ll o mazsd Pouch =15 ;3155581 5 4l e
st )l 38 L8l Al oS 55 5 L 135581 o Ol
ol Jleal el b Sl Claas! (S80S o0 oS
Cledl prals eelb INF w5 fals 5 S55 S el
Sl BLaST S 25 05 658 oS W TNF-00.(0) 53 5
ST lacamsid 5 La ks 55 pord Comsn a5 AL o
ol b s (M) spdie ok (S sbd S5 0L
(NO) LS Gz 51 2V wlale s el T ol s
ATV) s A By 0 g pdidsh 03 oS 25000

el 5 OIS s dajlis Sl 5 s oSy b o
Ol laallan s (T7) il oo Lo 518 il g sla S
Ja s 53 Lajles Sl 5 Lacudls b ) si 45 Sl ol o2l
b Sl se o Lasl SIS il S comse el
Jlss ag e [ Sis Lol § il sl gaslllas 55 (YY)
S5l St gt s 15 5,55 L AIF pouch Jus sl
Sl OLES O3y ialS asy LIS w55 uld a3 VO-Y

Ll Sl 5led i glacpSonle dn Vitro Lyl s s
53 Xl e TNF-g 5 IL-1 s a8 La o plS 54 Ol g S
ot Sl ol Cenl 1 Lyl S 3L S
Sl IS slanS sl b Lapa b ol o glei S
TNF-0 a5 SS5S e o S0l S1(Y0) Al
Sl 5 S s (F-0) A S oyl 0T & 5 iy oS
aallas sl 2L Ll il S el 055 el s ez

35y Joobr s e 5 Gl e (g ol 5 LS
o laoplsle (F s el B8 s g gy 8 3 SI1 R
G35 el adlllas pl 53 .(09) AL o e 53 1
Slss sy p AIr Pouch Ll Jos 53 oLl sla e ls
RS eSS Ve 5 Ll as81 mle 530 s slacn S
G o gl b a5 0L (glalamSle LB 2alS (a5
asb s S B s s G5 oS sl 0l Ol es 5 YOON
055185 5 Lo S0 L S  Esl 3 4 il
e el s 4l aS s (MPO) s she o 5
Ll M2 S e laeds S el g abanls b et 55
FSLS Gy gLl 3lwdlnd 4 i 55,8 o ol
V) 355 JU 3T sLagpal S5O gt o 53 5 Sloa
S0, 7l Gas 2 M2 Glaeds 1S dal 15l 55 35,5 0 e
b0, Ly GABAEIGIC slays, s ki) eaS jl ¢
o e S el 5 edd 185 gl s 5 e (Ggllycinergic
(SPNs) Spinal sympathetic preganglionic neurons o.s Jlxs
22,5 o Sl et 5 gl A4S Sl 53 oS 25
(oS st ol s 55 4 el el el OLES L(A)
3Ll G b 3l s gl sl STy J 28 Eely IS5 e
s ST 55 b ) o 258 JUal ol sl IS
08) 358 o 3500 M2 (05,8

B bl Gl shas i 5 3 s G35 G s &

Ol 3,8 a3t (g e 5 IS s s palia

VAR OLT p g (azin /OFY (go5lads/ YV Jlu— gl (K55 0aKls ales V.45

http://jims.mui.ac.ir



Olylsan g uu.ncla Ol

el il Lad e Ol e 53 sl s slad sl Sl
2 bl e 53 eSii 55 48 ol LS piman (R 0
(U2 lad 55 Bell shaped .ol - 55 s 51 Al pouch
Sl 33 Gl s i S sk w il 3 S oS
L o pldlas S oml 5 50 slags o 5550 0 salis
o 2 ShS e S5 S Ve s s oS 3,50 My R
J=do ol e Ll Gl g 53l als LS (1 el el
3y dleat ag i glags 53 eS8 il ol oS AL
3 905 S 5o il Glaes pdos o 5 LI g0l a2
s (8 it s Ll S| Sy o 2050 Sl 5
Glassls ) 3wl (i Gl K55 il =55 oo
adoa 31l S Jaal GlaediS jlge o g 4 5 SO5AIS
V) Sl o GIS 56 5 o5

2% eS8 558 S e sl Il L
e 5303 g a6 i Ll 4 LS (oLl
slaazl oSaas ool ol gaallas lacys sl
i ol el Slalllae 53 558 e sleity g S5 s
S il a e S L rames 25 I o s i S S0
Sl S s Sl s a5 mla b Ll s e se Sl
53 S 55 3y Shee gl Slalllas 53l o3 35 Ol sle
335 i 3 e S Ll

S i (sl b eeSian 58 S ool ol S et
53 Alir pouch Jus s aoes Cledl Gla e ls 55, 5 5l
e OF ol sLass 48 (5osb 13500 sl 5 ol e e
Lol cisls SEalS 1) 55l 5l 8 2l 055 5 (e sST oo (135 58)
el d e s LSS Gl S DI GNL glass
AL slass a8 sl 0Ll 5l 15 il G5 5 s
i s LS e Jlasl 55658 el s Sl St 8
o=l 2550 il aeSan 55 sl (oalgniy §ste Gls aslSs
b ol e DI glas gamme 5 Slas (gakanly 4y (Ol

‘5)":;5“ L;ﬁ%.;WB)WQ)wa‘M

S10508 g S
G55 Gors3 amiils a0l s 5l e S i ol
pote ol (3l (6 0aSils ams (s3lsls o ee
Cslee 5l cadlie OB My 55 AL oo TAAY (gojlad as 30 S
Il e sl 5 (S ke o8I Eass, o s
Ales o 9,5l Slasens O (5l |

U__s.l‘)m ui'.v".n‘).l "_. /: ﬁww‘ma‘;‘

ik slags a8 sls 0L 5 55l IS Sl S5 I 5L s
ol ol el s gl s Ol 3 sl U e 55
il e dals oy S L aslio p3 1y 5kl S

5055 55 e sladll 6))/‘.(;”')% LJ.»L;CAPM

a7 Nicotinic acetylcholine receptor s L~ sl ajls Sk
Ll e a8 Sl glab b e CAP L s (@7-NACHR)
Sl aS 15 6,55 el Jsbo o L a5l Sbe Sl feol il
—as bl SIACh uas als sl o7-NACHR e S
S (@7-NAChR) 05,8 (5355 5 555 o SI5T 0 4 oS 5 Sl
s pemelS Sl 2555 Sl (55 0 JUB 055 5L L aS uS s
N R QTC; 4 5 a3 Nuclear factor k-B
(F) 350 el slacnlS ol
M&»&ﬁdua‘ﬂowkiﬂlp.m@‘ﬁm}o@
ols sy ol J xS 5 TNF (ilealil Jles ¢l Sl )b
=) S skl 5l 26 IL-18 5 IL-6 JL-1 TNF ~ 2 5
JUasl S Ol s Ach i o dle 5d e (W80 L
3 S5S o Plasl gl 53 eas Go S LA 5 eas Sodd
Lol Sl 655 0 omas odrs Jliml S ACh (Sl s
Q;Jéumf)agﬁ&{fdysj&w s TNF)‘JJN
Wy gladshe e 5 (Bl a3y Sl sd o e ol
R e 31 SIS 5l IS s 3 a8 gl (goiS
(Q) .,\Mb& g.f\j s ;5‘“‘1‘ Lgu..S JJ“J\&? u\)_?\ J},L.c ol

L;aJ;S”EZQJB&_:‘)U;P&QWMM
33 A 8 gl s 8 gl sl ol szt ¢l S8 5
ACh o sl 53 Slams e Sl ST 51 5 BT (V5o
ool i 5 e S gl 5 i sl 5 gt e Sl
sladslu g, 48 So5 500 Ly ek 5 3 b 5l sdes b
AY9) Lgh o ligls 53 ]

ialllae il 53 St s DA 8y Jlai] Sty S
Sl 058 ol 5T eS8 5les 3 & OIS e L
WJU Ll Ve 51 Lagpsl J5SSLS Th 5 o Sstere lean sl S S

3ol ralS o 5 ol Glasslas s g 2als

(RE\Y WA OLT p g (52 /OFY (go ot / YV Jlo— Dlginnl (SC 53 0Kl alms

http://jims.mui.ac.ir



Glylsad g Guagls Gla

References

1.

10.

11

12.

13.

14.

15.

Morimoto K, Nakajima K. Role of the immune
system in the development of the central nervous
system. Front Neurosci 2019; 13: 916.

Noh H, Yu MR, Kim HJ, Lee JH, Park BW, Wu IH,
et al. Beta 2-adrenergic receptor agonists are novel
regulators of macrophage activation in diabetic renal
and cardiovascular complications. Kidney Int 2017;
92(1): 101-13.

Taniguchi N, Kawahara K, Yone K, Hashiguchi T,
Yamakuchi M, Goto M, et al. High mobility group
box chromosomal protein 1 plays a role in the
pathogenesis of rheumatoid arthritis as a novel
cytokine. Arthritis Rheum 2003; 48(4): 971-81.
Baez-Pagan CA, Delgado-Velez M, Lasalde-
Dominicci JA. Activation of the macrophage alpha7
nicotinic acetylcholine receptor and control of
inflammation. J Neuroimmune Pharmacol 2015;
10(3): 468-76.

Zila 1, Mokra D, Kopincova J, Kolomaznik M,
Javorka M, Calkovska A. Vagal-immune interactions
involved in cholinergic anti-inflammatory pathway.
Physiol Res 2017; 66(Suppl 2): S139-S145.

Mattei RA, Dalmarco EM, Frode TS. Etanercept
administration prevents the inflammatory response
induced by carrageenan in the murine air pouch
model. Naunyn Schmiedebergs Arch Pharmacol
2015; 388(12): 1247-57.

Mclnnes 1B, Schett G. Cytokines in the pathogenesis
of rheumatoid arthritis. Nat Rev Immunol 2007; 7(6):
429-42.

Duarte DB, Vasko MR, Fehrenbacher JC. Models of
inflammation: Carrageenan air pouch. Curr Protoc
Pharmacol 2016; 72: 5.

Pavlov VA, Tracey KJ. The cholinergic anti-
inflammatory pathway. Brain Behav Immun 2005;
19(6): 493-9.

Katzung BG. Basic and clinical pharmacology. 14™
ed. New York, NY: McGraw-Hill Education; 2018.

. Pohanka M. Inhibitors of acetylcholinesterase and
butyrylcholinesterase meet immunity. Int J Mol Sci
2014; 15(6): 9809-25.

Eteraf-Oskouei T, Allahyari S, Akbarzadeh-
Atashkhosrow A, Delazar A, Pashaii M, Gan SH, et
al. Methanolic extract of Ficus carica Linn. leaves
exerts antiangiogenesis effects based on the rat air
pouch model of inflammation. Evid Based
Complement Alternat Med 2015; 2015: 760405.
Ziaee M, Rasouly M, Khorrami A, Andalib S,
Garjani A. The effect of pentoxifylline on leukocyte
accumulation and angiogenesis in an air pouch model
in rat. J Chem Pharm Res 2012; 4(1): 402-8.

Abbas AK, Lichtman AH. Cellular and Molecular
Immunology. 7" ed. Philadelphia, PA: Saunders; 2005.
Kumar V. Acute and chronic inflammation. In:
Kumar V, Abbas A, Fausto N, Aster J, editors.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

WAA OUT p g (szin IOFY (G0 3le / YV Jlo— il (S5, 0SCiils A

sloae Gise 53 S olal ws ol 3l

Robbins and Cotran pathologic basis of disease.
Philadelphia, PA: Saunders; 2005. p. 47-86.

Blalock JE. The immune system as the sixth sense. J
Intern Med 2005; 257(2): 126-38.

Yoon SY, Kwon YB, Kim HW, Roh DH, Kang SY,
Kim CY, et al. Intrathecal neostigmine reduces the
zymosan-induced inflammatory response in a mouse
air pouch model via adrenomedullary activity:
Involvement of spinal muscarinic type 2 receptors.
Neuropharmacology 2005; 49(3): 275-82.

Li DP, Chen SR, Pan YZ, Levey Al, Pan HL. Role of
presynaptic muscarinic and GABA(B) receptors in
spinal glutamate release and cholinergic analgesia in
rats. J Physiol 2002; 543(Pt 3): 807-18.

Yoon SY, Kim HW, Roh DH, Kwon YB, Jeong TO,
Han HJ, et al. The anti-inflammatory effect of
peripheral bee venom stimulation is mediated by
central muscarinic type 2 receptors and activation of
sympathetic preganglionic neurons. Brain Res 2005;
1049(2): 210-6.

Cuzzocrea S, Costantino G, Zingarelli B, Mazzon E,
Micali A, Caputi AP. The protective role of
endogenous glutathione in carrageenan-induced
pleurisy in the rat. Eur J Pharmacol 1999; 372(2):
187-97.

Adams V, Nehrhoff B, Spate U, Linke A, Schulze
PC, Baur A, et al. Induction of iNOS expression in
skeletal muscle by IL-lbeta and NFkappaB
activation: An in vitro and in vivo study. Cardiovasc
Res 2002; 54(1): 95-104.

Duran WN, Breslin JW, Sanchez FA. The NO
cascade, eNOS location, and microvascular
permeability. Cardiovasc Res 2010; 87(2): 254-61.
Sato K, Komatsu N, Higashi N, Imai Y, Irimura T.
Granulation  tissue formation by nonspecific
inflammatory agent occurs independently of
macrophage galactose-type C-type lectin-1. Clin
Immunol 2005; 115(1): 47-50.

Hooper KA, Nickolas TL, Yurkow EJ, Kohn J,
Laskin DL. Characterization of the inflammatory
response to biomaterials using a rodent air pouch
model. J Biomed Mater Res 2000; 50(3): 365-74.
Sato 1Y, Kobayashi K, Yamagata N, Shikama Y,
Kasama T, Kasahara K, et al. Modulation of
granuloma formation in vitro by endogenous
mediators. Immunopharmacology 1991; 21(2): 73-82.
Araujo LP, Maricato JT, Guereschi MG, Takenaka
MC, Nascimento VM, de Melo FM, et al. The
sympathetic  nervous system mitigates CNS
autoimmunity via beta2-adrenergic receptor signaling
in immune cells. Cell Rep 2019; 28(12): 3120-30.
Bentley P, Driver J, Dolan RJ. Cholinergic
modulation of cognition: insights from human
pharmacological functional neuroimaging. Prog
Neurobiol 2011; 94(4): 360-88.

http://jims.mui.ac.ir



DOI: 10.22122/jims.v37i543.12499 Vesnu Publications

Journal of Isfahan Medical School Vol. 37, No. 543, 3" Week, November 2019
Received: 04.09.2019 Accepted: 19.10.2019 Published: 06.11.2019

Acute Anti-Inflammatory Effects of Neostigmine in the
Rat Air Pouch Model of Inflammation

Iman Haj-Hasan'™, Parvin Ghadimi®, Moslem Najafi’®, Leila Roshangar*, Tahereh Eteraf-Oskouei®

Original Article
Abstract

Background: The aim of this study was to evaluate the effects of neostigmine on inflammatory parameters and
histopathological changes of granulation tissue.

Methods: The Air Pouch model was developed in six groups of male Wistar rats. Briefly, the rats were
anesthetized, and then 20 ml and 10 ml of sterile air were injected subcutaneously (SC) on the back of the
animals on days 0 and 3, respectively. On day 6, inflammation was induced by injection of 2 ml of carrageenan
1% into pouches. Normal saline as control and neostigmine (35, 70, 140, 200, and 310 pg/kg) was administered
intraperitoneally (IP) concurrently with carrageenan. After 6 hours, the rats were sacrificed; pouch fluid was
collected to determine exudate volume and the number of accumulated cells. The pouches were dissected out and
weighed, and histopathological characteristics were evaluated.

Findings: Neostigmine (70 pg/kg) reduced leukocyte accumulation (P < 0.050), exudate volume (P < 0.001),
and granulation tissue weight (P < 0.001) compared to the carrageenan control group. Inflammatory parameters
were increased by neostigmine 200 pg/kg (P < 0.050). The results of histopathological studies of granulation
tissue showed that higher doses of neostigmine provided more anti-inflammatory effects.

Conclusion: From this study, it may be concluded that in the air pouch inflammatory model, neostigmine at
different doses has different effects on peripheral inflammation. These effects are likely mediated by regulatory
effects of the agent on the immune system.
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