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Abstract

Introduction: Intravenous general anesthetic agents are among the most important and widely used anesthetic drugs
in the clinical practice. Many pharmacological studies have shown that potentiation of GABA and glycine on their
receptors is the most plausible mechanism. Nevertheless, there is limited information on the effects of co-administration
of two or more of these agents. However, experimental models for investigation of optimized drug combinations to
have maximum effects on the receptors, have certain limitations and are both time consuming and expensive. One
method to optimize drug combinations is the use of artificial neural network, in which the response optimization is
performed by using experimental results.

Methods: In this research, artificial neural network has been used to model a function with seven input and one
output variants. Each input variant represents one of the intravenous general anesthetics including thiopentone,
methohexitone, pentobarbitone, propofol, etomidate, saffan and ketamine and the output variant is the effectiveness of
these drugs on glycine receptors.

Results: Results of the present study show that maximum potentiation of the tested drugs on glycine receptor are
around 1500%, which can be achieved under certain drug concentrations, while maximum potentiation that has been
obtained in experimental models by combination of propofol or saffan and by combination of thiopentone and
pentobarbitone has been around 600% and 640%, respectively.

Conclusion: In order to evaluate and validate the calculated results, experiments are recommended to be performed

with the proposed combinations and concentrations.
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Anaesthetic agent Con. used.uM Max potentiation
Thiopentone 5-40 220% at 40uM
Methohexitone 10-300 No Potentiation
Pentobarbitone 25-400 320% at 400uM
Propofol 1-100 570% at 100uM
Etomidate 0.5-400 200% at 100pM
Saffan 5-200 600% at 200uM
Ketamine 30-500 130% at 100uM

el (39 5 CreelS 05 3 (S5 (s 9l K2 (s Sl e Slo =Y g

Anaesthetic agents

Con. used.uM

Max potentiation

Thiopentone + Pentobarbitone 40 +400 640%
Thiopentone + Propofol 40+100 635%
Saffan +Propofol 100+10 500%
Etomidate + Saffan 10+100 500%
Saffan+Pentobarbitone 100+100 525%

5l Slewbre sl BP (6,550 v, S SoS” 4y MLP
O 9 290 (o0 Pl 4SS (293 g 4 4SS (93959
b o Ll S sl 4 oad dsle slas ol
9355 (oo bl Y 4 AY Sjpo 4 (295 Al du)
Dy dmlgs (cax Y (639)0 Y b (295
e s 28 sl Y ) olasl ey <l
Mo (29 aaY sl b9y 1 Sy sl 1j 9
plia (sloossld o Lol Sy o 5 3,15 3929 glles
ol SeoS ay gel oo 905 s ) i sl
539 e polaisl —(Gdl) ¥+ ] 5 45 5ke i sS)
5 399 o= Sl —(o) eVLail jl Sopp a4 Solas
aY 2 )3 09y (e Al =() ol b ceslite (295
(&) 29t Y e L) (298 Al a3
Y A &b sllas jLasl by 4 b (g sile pke
295 o WSl 86 ead o glad oS S gl
3y 8bes L)l ~(&) sl 0ad dlome (29,5 5 (Bl
ol iy sla sl By KeS 4 odyd hjgel a8
4 CulS p ploxiliw 5 (MSE) bt @layyo (5:50ke ydo a5le

(FEgmas gmas &b il Jro e (B opl 5
WJUss ()5 bk s9)b ctn O, Sl LS |
OeelS g i ool (Jodgngn (JW gt ¢ Jlin)bgtty
Ol 03555 1 (259> CLaS 5 Cjpo 5 2o 4
gyt B S s 58 Ci ST jp i o Sl
SoS (69) y= Ol 03355 07 G L (555l52 5089 5l
390 [V] ) )Ken g yo00le lawgs Xenopus laevis 4l s
o SLe ) oyl Jgin b odlitul o393 48,8 51,5 aslllns
Sllale o3ga5e )3 Dl 4 1) Dok (590> Cdn ol
o4 ol (aRilojl (hgy & &5 S 0555 1 (L
Al gl it ¥ olod Jpaz g ansee (LS
lagyls B> S 5 cilideo slo cdile Jlac dlawlyy o5 1,
[PV ams o L sl oal s
L 5999 Y S Jold Y a5 gty S
3939 Y (&Bly > sl (293 Y Sy Gl 4Y S
=0 Bl ke (295 Y g (Sae slag)b clale Sl
w95 5l Ygane S cpl bjgel (sl gl oS
S hjgel (b 3 395 e o3lizal (BP) Ll ey

Shepimgin ol ) oalaiwl 3yg0 (mas aSs (5,50 (sly

375

1. Back propagation

Vo



oS 5 oMo

OomalS 08535 3 00iST hgra slag s S il I

Aol g 039 (oS g i Cudsegil ( Jgdgrg p (Sl yboty o Kavgie ¢ Jlingsd ()5 (gt slog)ld Jobds cui s 4 a8 X7 b X 5l (0399 sl pusite =V Jguar

Ketamine Saffan Etomidate  Propofol Pentobarbitone

X7 X6 X5 X4 X3

Methohexitone ~ Thiopentone oL wighs (59,00

X2 X1 .
Jeesv)

b piie p3lio dlold
Vel Y. £ Lo clale saga
(1¥909,5%) Sl

G cpl 30 L[] pleds Y 50 gy dlawd o eS8 Gl
cnd b ol Jgl o) 3l ecsisel i 3l 6 S5l e
4 (Holai yb 4 b o3y Lol S hjgal (sl &S )90
Yo el Caa b odld hoyd Fo s pandl Coonnd duw
Sl i e oald asd Ve g bl jskaies b ool duopd
WS yhjgmal pmyd i )S 18 ookl 3yg0 4SS Cand
@dmo Sigy )l 5 higel sl oals oy slls &S o
S (538 el 29 o alad (a0l AT 0500 295
Some e obignl ot )sSU SaS 4 caslio (s55)a5 b (omae
0905 dineS B aS 39 oo dlaiwl (1 Sbe Glaypo (slas

g g0 Ly i Gillas jeShe sllad .l
M N
MES =3 > (S, -T,)’
P =l

oy 3 5Sise @laye (sl MSE sl ol 5

P 5o g pll gy 3 b (298 S ol s

M N plp (595 5 pli 5,5 0 Buan (95 T Ll
sl s glo oS 2l Mg (29,5 4 slo (g5

W adl

9ol cin &yl Aol s I (@i ol
Jo-bsr9 cJbabigty (JlojSagto (JUies ()5 (Dorn
29> Sl 5 Spgar g 2l @ (el g i Cupegs]
atlygd SoS (59 0 W Slusl oS 0255
D9y 4S5 015 S ComdsS| el > Xenopus laevis
V]33 o3kl il ool oty (659092 b9 S
b 550 j9daie 4 o3l 3,90 (5590l (slmodls

376

3 S 4 (LM) "lsS )le =S g aaal (o w55
Pl sl il oo Soel (sl oSl (25 (9,
o=l b odliiwl (egiiae (mas aSd sl g il
5 035l plorsl dy YUy jloany e pos b 1y 45 0] o551
)9S & Blg 3 25l (o Jlas 1y 35290 (slad
Ol Cg i il Slus p OISl S 5y
sl oad (b aSd 6550k sy

WW0)5 lais yidy &S jelailen o o3 il Jde cax
9 899 wiie V Sl (giuan (uas 4l (iagh cnl
cbale Sl Lacsdgyg jl plas’ y sl (29)3 e )
Ol Sl adls 5o @l (293 e 9 9)b (o9 (Spas
aeld 9 (639)9 Lo ¥ ojlod Jgd a8l (0 9yl U
oles oo ) 1, Loyt 1 S,y s
8,5 54 b odly pl (gilw Jdo slp &S 4l nas S
Vo b (MLP) @Y s oy aSud S sl 0ad
ol ) Al e culed bl @b sl She Y )3 gy95

1
i_1+exp( X))

Oioel pLS )3 39 (o yLlanl as SMSte 5| (SO

9o (ntt ol 450 T (gjgal L a0 )y e 45
d9dme Jod ol Judo 4 s aSis b0l plSin o oS
slas 5l oo 4 4l (glos (b)) P Lol 2357 o
O 3l xSl (sl [A] 298 ooyt (Sjgal sl 03l
— higel gy By — il )l 292y S 93 ¢ 5590l

1. Levenberg- Marquardt Algorithm
2. Over fitting

A4



&59sS o) g (539092 5

JluSagie (Jlinsd (B)F (e sLag)l Jold ooy an a5 Xy L Xy (9099 slayialil Jald o 6253k sl 03l asgosna jl ol igei € Jou>
sl (6399 31y 4 @b gl &S(Y) BT allge g ualiS g i wodagil (Jgd9295 «Jlim)bgit

X X5 X3 X4 Xs Xe X5 Y
0 10 0 0 0 0 0 100
0 10 0 0 0 0 0 100
5 10 0 0 0 0 0 100
10 10 0 0 0 0 0 120
25 10 0 0 0 0 0 160
0 10 0 0 0 0 0 100

Aol 5 (0945 s & (6349 (sl yialyl 51 S polie
2939 130 lasl I S il 4 @b podlie 5 03,5 s
Syt 45 6o Ve ) gl 4l 3 g 05 el
2L oacel ot bLE (i lgie 4 asly 1y b i
by, sl eolass Jolis O ojloi Jodo D)5 (8 yme
kel Cawd 4 hgy ol 54 sl (o) aio
b slyy a1y 2B glojl Gl aindin ¥ oyled g2
odel Cwdy gyl Slgd cuS 5 caliseo olo clale Jlasl
22,5 oo odnliin &5 johilan [FV] dad o Ll cCusl
Glagyhy Jloel dawly so)d £F+ 5oy Fusl wos Sl
S ) ol Uy s s Jools Jli sty 5 Jbizgs
Lagls 5l SLuS 5 callio oyl )3 ouds &l cotne mas

639y )2 4o &6 gy 355 BT adlge 9 0399 (sl el
YUY 809y sloodly diged 5l plas o 13 .0l o e
5 ol Jite g0 4 lag)ls Sl plaS s 136 () ;S
A (o laled |y (6399
‘L)*’)P] dl_lbo.)].) )‘ odla_wl l_: d.ia_w uu)9_.o1 )' =
sl am el (BLS @5 (o) dinge blE i e sl
aely jolaie ol (gl god gl |, C)—‘ o plde o

gt slmg sy Jold i i 4 a8 X7 U X sl ool ety (985 &l 51 mou Sl o dlaslys a8 Jio i i (slo 030 dsgoma I (5] diges —0 Jgua
il oo 1L sy Sl &Y g el g s Caagil Jsdgagn Jlanlsiy (JijSegie Jiings )

X X5 X3 X4 Xs X X5 Y

21 25 300 100 390.5 62 50 1538
9 25 300 100 78.5 176 48 1503
5 54 271 91 2345 195 50 1501
5 83 271 100 351.5 195 48 1500
5 54 300 100 78.5 176 48 1505
5 25 300 82 234.5 195 48 1512
5 54 300 100 195.5 195 44 1523
17 54 271 100 390.5 62 50 1516
9 25 300 100 39.5 195 40 1518
5 25 300 100 117.5 195 48 1544
5 54 300 100 117.5 195 34 1512
5 83 300 91 195.5 195 46 1511

377

Yy



oS 5 oMo

OomalS 08535 3 00iST hgra slag s S il I

ORRgi cnl ) Ml (o dr g BB duga 9 CBg Bpo
ke @b Gilo Jio g (Sghan (as (ladsed S5 4
Al & (dorn )ls cin die SlS 5 lai 390
PAD (B B (S 0035 69y 2 1y g

odce] s B iules] zuls diulio 5l a5 jglailen
S 5l eolatwl ¢ oUgd GluS' 5 Sy )0 dgd (o sdalie
Sl 03903 sl |y 6y slogily )l o sleals
Wl 5 (B 29 5 oS (Jln)lgity Jlygs wo)
0392 yoS jlean qroySle Gy dbml (l 55 2)90 (slajgd
Jio Sl ol @ls (0l b g (e (JoBga9 wile) Can
cS Pl pledale 55 (epan amas aSd il
3 et jodar 45 Cousl 03905 (Hyme (Sighn slag)ld
5 0353 odlatl (Gl o35 e 13 5)> o Fge slelale
03503 dou] AL blS Ll ply dw dgis j (Sl xSl
Sl

@l (BP) Uas Lisil g o s8] aSl 5929 b e
FBn do 2wl ooy asll Bl J> )3 (055 Sl
9= Yok > 4 Slgs oo o WS o oo iins Pl
2 bl QLsail 636500 loj (398 pasuie b
3lge By 5> il adgl sl (Bolad @i b g SOk
e 61530 duld (g aieS D92y S 4 58
ood la Cuoud 3 Olox 38,5 )18 Lo & a8 24 0
LY 1995 oo adby )lod aibuwl wlg

Sltlojl plosl @l dnl g )y St ol
Sldgy b claS 5 3 1) fl peSlo o5 olelale b dbog o
D)5 o dpogi il 03505 ol Sluslre

References

[1] Belleli D., Pistis M., Peters J.A., Lambert J.J., The
interaction of general anaesthetics and neurosteroids
with GABA, and glycine receptors. Neurochem Intern
1999:34; 447-452.

378

5 ot o Bl Ll ] ookl dawlg 48 Xl osd (b yme
ol o 2Btlofl @l uly 93 5l S (ia edioyd V04
3 b duge Slles ool Conts gl > <Ll e
ledsape GluS 5 0 4 S35, 5 o odalive B ojless Joi
aS Cowl 0a s o3lanwl X3, X4, X6 (slag,ly j93 mpou Sl

Cawl 0393 gyl pl alasMe LB Lise 51 ,Slo

L g cwlio (gt slog)ls OlS 5 (38l <o
A gyh Sl olaid] eolaiuwl 4 Cud (g0 slealale
gy y ol 648 slajed b lsie a8 Cunl cpl ¢ oleis
0Py o=l 0 5 ©)lus 4l cund (gl sliFwly
S = 850 50 58 1y (S i) Il oo Sl plg (o0
Jeemt s b oy (303 5950 copmidmad 2D y9) Cawds 01555
»>U & 1) (Adaptation) ¢ pds o5l b g (Tolerance)
Cmilon 593 4o diunly (S (5)lse 3l gyl 51 5 aisll
0,5, 0,0 ] 540 Jom

9l iz b 93 (S il o)lse (S 3 K3 Sb
S5y Bpan b duslio o Jl ials @ e 08,5 S
ol @l 5 48 (o Joos (nd CandsST i lojen
IVl o o By Sl &) 90my

davly 4S5 a9l S 5 4 lsed polate 4
S (o iy e 2ol sl ol
Syl g 4S8 ygeil 3y90 S sladiy Canl (595
pilise yol cul 43,5 )3 adlllas 390 b 0k ysS p S 2

[2] Daniels S., Roberts R.J., Postsynaptic inhibitory
mechanisms of anaesthsia; Glycine receptors. Toxicol
Let. 1998:100-101; 71-76.

[3] Dayhoft, J. E. 1990. Neural Network Principles.
Prentice-Hall International, U.S.A.

[4] Erenturk, S. and Erenturk, K. 2007. Comparison of

genetic algorithm and neural network approaches for the

YYA



&59sS o) g (539092 5

(6]

(7]

379

drying process of carrot. Journal of Food Engineering
78: 905-912.

Flood P., Krawsowski M., Intravenous anaesthetics
differently modulate channels.

Anaesthesiol. 2000:92; 1418-1425.

ligand-gated ion

Hadipour-Jahromy M., Daniels S., Binary Combinations
of propofol and barbiturates on human alpha-1 glycine
receptors expressed in Xemopus oocytes. Europ J
Pharmacol. 2003:477; 81-86.

Hadipour-Jahromy M., Daniels S., The effects of
barbiturates and intravenous anaesthetics on homomeric
human ol glycine receptors heterologously expressed
on Xenopus laevis oocytes: Binary interactions. A
Dissertation Presented for the Degree of Doctor of
Philosophy, department of pharmacology, faculty of
medicine, Tehran University of medical sciences,
Tehran, Iran. Jan. 2003.

Hernandez-Perez, J. A., Garcia-Alvarado, M. A.,
Trystram, G.and Heyd, B. Neural networks for the heat
and mass transfer prediction during drying of cassava
and mango. Innovative Food Science and Emerging
Technologies, 2004:5; 57-64.

Kaminoh Y., Kamaya H., Tashiro Ch., Ueda I., Multi-
Unit and multi-path system of the neural network can
explain the steep dose-response of MAC. J Anesth.
2004:18; 94-99.

[10] Khanna, T. 1990. Foundation of neural networks.
Addison-Wesley Publishing Company, U.S.A.

[11] Ortolani O., Conti A., Di Filippo A., Adembri C., et al.,
EEG signal processing in anaesthesia. Use of a neural
network technique for monitoring depth of anaesthesia.
Br J Anesth. 2002:88(5); 644-648.

[12] Patten D., FOxon G.R., Martin K.F., Halliwell R.F., An
electrophysiological study of the effects of propofol on
native neuronal ligand-gated ion channels. Clin Exp
Pharmacol Physiol. 2001:28; 451-458.

[13] Snyder Sh., The glycine synaptic receptor in the
mammalian central nervous system. Br J Pharmacol.
2000; 131; 103-114.

[14] Tinng C.H., Andel A., Linkens D.A., Neural network
modeling of the effects of anaesthetic agents on
somatosensory pathways. Biol. Cybern. 2003:88; 99-
107.

[15] Vinik H.R., Bradly E.L., Kissin I., Isobolographic
analysis of propofol-thiopental hypnotic interaction in
surgical patients. Anesth -Analg. 1999:88; 667-670.

[16] Weir C J., The molecular mechanisms of general
anaesthesia:  dissecting the = GABA, receptor.

Continuing Education in Anaesthesia, Critical Care

and Pain. 2006:6(2); 49-53.

Yva



	ab_jahromi.pdf
	jahrom1i_uncorrected_Proof (Repaired).pdf

