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Table 1. The incidence of seizure and
respiratory arrest during intravenous infusion
of lidocaine at the rate of 15 (group 1) and 25
(group 11) mg/kg/min after intramuscular
administration of either saline or midazolam
0.25, 0.5 and 1 mg/kg (n=6).

Group Seizure Respiratory
arrest
Saline 6 1
Midazolam i 6
| 0.25
Midazolam 0.5 - 6
Midazolam 1 - 6
Saline 6 3
Midazolam
| 0.25 1 6
Midazolam 0.5 - 6
Midazolam 1 - 6

Table 2. The toxic dose of lidocaine (mg/kg) following intravenous infusion at the rate of 15 (group I) and
25 (group I1) mg/kg/min after intramuscular administration of either saline or midazolam 0.25, 0.5 and 1

mg/kg (n=6)
Group Saline Midazolam 0.25 Midazolam 0.5 Midazolam 1 Mean
| 38.00 = 13.00 T 36.1+124 39.9+153 37.1£9.1 37.7+12.5F
I 23.4+48 31.1+38* 31.3+38* 28.2+5.3 285+44

1 Significantly different from group II, * Significantly different from saline in group II (p < 0.05)
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Figure 1. Heart rate changes following intravenous infusion of lidocaine at the rate of 15 mg/kg (group 1)
after intramuscular administration of either saline or midazolam 1 mg/kg (n=6)

* Significantly different from before lidocaine administration and full recovery, ** Significantly different
from before lidocaine administration and full recovery in Midazolam 1, 1 Significantly different from other
time points in Midazolam 1, I Significantly different from midazolam 1 (p<0.05). (Mid/Saline: before
administration of saline or midazolam, 5, 10 min: 5 and 10 minutes after administration of saline or
midazolam, Lid: immediately after lidocaine administration, Pre: before toxicity, Toxicity: during the
toxicity period, Recovery: after disruption of toxicity signs, Full recovery: Complete recovery)
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Figure 2. Heart rate changes following intravenous infusion of lidocaine at the rate of 25 mg/kg (group 11)
after intramuscular administration of either saline or midazolam 1 mg/kg (n=6)

* Significantly different from before lidocaine administration and full recovery, ** Significantly different
from before lidocaine administration and full recovery in Midazolam 1, } Significantly different from other
time points in Midazolam 1, } Significantly different from midazolam 1 (p<0.05). (Mid/Saline: before
administration of saline or midazolam, 5, 10 min: 5 and 10 minutes after administration of saline or
midazolam, Lid: immediately after lidocaine administration, Pre: before toxicity, Toxicity: during the

toxicity period, Recovery: after disruption of toxicity signs, Full recovery: Complete recovery)

s s 4 S el s S5 350 b e
(CNS) (555 o laae] w3 Solge Sl s
CNS S5 Slasl J 28 5l mobt b a3 5
x4k~ 0 53 (Becker and Reed, 2006) das o (55
Sk K5 5 olgs Slasl adS syls 550 AlBIL
553 Ao Sy WS 5 il ) Gl el
Ko 3 5l s g JUs 4 IS5 gl
I r;dL,A /AN 63 5dmn 55 Lidw S 5 sl a0 S
Chadwick, 1985; Lemo et ) ol s 2,155 ¢ S 5AS
.@al. 2007; Meyer et al. 2001; Morishima et al. 1981
el 51y Sbme 5 Sl Ygems (bl ran
ol o (ol Sl s adge o GO
03 i ohas (gl 5 A D) s S S
she s (Jsdal slas s 5 olasl Gl bl

(Garcia, 2015) ol ol s 5 =Y+ MQ/KY 550~

Sl 5a Sl e o oax ST OBL ;s

—=

Slp o 5n oo 2 Sl (S g8l s
o3 bl b Cusens (20050 5 DU a3 el
«(Chadwick, 1985) « S «(Lemo et al. 2007) .
Morishima et a. ) L., (Meyer et al. 2001) ...l
Brandao et al. 2015, DiGronimo et al. ) g0 (1981
Do o) G 4 cde Ll sl eslinad (2017
(25 s s SIS Glias pas 593 el Gl 2
Voo (bicavaibility) jeals s W 4 LIS o
3R oy sl s 4 Gs Gy ey
Ot Ol a3 5 Gae 5 5 a5 aher
b OF 510l 5 edle il s soms 353 J3ls
s S b s Sy Cle St &S
I el guls gany J&H Gdes 8 oS (ad s
Sl b Raoos e Dlessens S (gadllas
Sols Coanl

Cilae SU L STy sl Olge w c\.w

) V¥ Glicasli oF o jlach (anauda oy 99 (O gl ($Sd Jols da pdis




Ak 1 b e |, mls (circadian rhythms)
WS ol el O ) s g 3 0k bl Slalllns
Ll o 5y als Cele YY b s g)ls 5 Ol
st ez Sl (88 5 SaS SLol sla el
33 b o ) e 5 ez 4t 3 5 (O
e sl VUL s e (Bruguerolle et al. 1983) s
—2 Sl G B e A e g e o
(volume of distribution) ~ ;5 aox> 5 xd 50 o
Slr 3 2550 555 Sl ol Vs Olsie w0 0T (VL
Imani etal. ) Lleas S3 Eor 03 Lo gomn SRS 5 3l
(2013
53 Pl ke Olpe @ Lonsbosz nss
5 i abor Sl il Vs b s il oy e
Sl e pbse e Sl L e e
Ao Caolr ume Ollllks  (Sawaki et al. 2000)
Cilze 1y plsbs 4 s Vsl S A el
deJong ) Llesls QLS as g0 sla cnrm o b o onn
JJ> «  .(and Bonin, 1981; Horikawa et al. 1990
Fo s A5 ol 5 Ol s 035 sl ool
als onl 5l ol sandlae o plhs 4 el PV 55l
Con gas S ESTs 5550 2 OF S ooy o shate
A1 eslial (5850 VU lasss s Cilase
Olye 4) 2led 4 plibs 5 pVsslte 51 OBL s 4
Sl oelS ohen 4 b (Clkslis 5 s el
L Shas Sose 4 YA MOKG s b (e
Gl 55 &S pla ez g bl ol ealital (s )5
Sy gl Vil 3 L5l s sl
ssbe @ e 5 s Sl e (S 5U L i ses
Sl 55 a3 ol ez g S 51 Szl
uu.:,ﬂlrﬁjxasﬁrﬁdxf\ 300 NO oY 5l
mg/kg 08X 5, 53 5 IS Gl p eVl s S
(Bowles et al. 2007) <l ods i85 /Y0
Gk L s SSASLE S e sl
asls pl S e Jlasl (GABA) LS as (saaul

Jos ol 5 gl Glel s3la

Ll «(Divers, 2014) Lles S Ol e ¥ Mg/kg |, 58 50
350 L iblsn s 5 Y MOKG 55 L 58 50 s
brachial ) Ss3L Olasl > o 35, 4 0 mg/kg
2 s e 65w f e 5> (plexus block
Figueiredo et ) sl o3 SO slow | Satains Css gomns
3y50 e Ssls &S ol S5 0LLE (al. 2008
LS oop gl ol 5sSde sanllan s eslinal
225 318 Siates 1 s 2 Sl B 5 (SN sl
— it S A i pes plendly CB ol as
o 50 S5 55 DSl s adlas K 3 el
P e 4 AS S S ShS 3 S A YHOVEDNO
Sl Dl b S sled Ol 53 edd SIS 43
(O Dlalllae ol L Gollas (IMani et al. 2013) .o
Jsp o bae e buse G o gadlae
2 eSSk TVIV EANYD) 055 53 8 53 Cosgans
eSS 2 e S e WO Y/T 51055 gl p S5k
Sl odd apo s Sl slie 51 VL A1 s 8 )
el (¢ SIS 50 S A ¥) OB s 5 5
5> o528 50 (elimination half-life) _xs5 jee 4o
55 L (4> YOI0) Ol slbs sl b sl 5 s slaf
5SS AR Y s K s 0L S
S ol S5 ¥l el SR S
Jo o Gl e boos (B8 sl
a5 «(Hepatic blood flow) us 05 0L > ials
0 53 S s 885 5 e il Yz iy Al s
{(Da Cunha et al 2011) 555 0 el 5 o Ll 5o
Y a5le 525 (JUbl (655 e pladl (andllas S 5o
o) SmS Sl 58U s S Ol &
»> «(Giaufre et al. 1990) ol axdln 561505 L
o5 5 Va5l Olesar 5 sdns e S -
L o) e e 5 plewdly chle (25 > 5o
> .(Orszulak-Michalak et al. 2002) .l o3l ,2alS
e VY el o Slles sl ol (garllas
Sooald slele (b s Sen sy Slle s b b 3 ol

VFer el Y GJM:MMOde:O|J:\| (S yela dy il




Ll e 5l (U o ses g p Y5l BT e

ol Olge (IMmanietal. 2013) i o3y Cond Ul
Ol (o3l & QW 3 (5500 — S35 s oS ol
P 03 S b ner S Lo Bl LIS
Sl o 2 3 5V Gl lale 4 o e (5,513
{(Stewart and Wiley, 1981) 53 § x50 |5 550

RS S il Co 53 51 S Gaalllas o
o Sl 5B esliad 5550 g
OGl e s w38 U3 s 050 35 S
uplsl Glagls Sl eslinud Oss oy oIS (5 3luikide
sl 5 (B0 e 1503 OGS At )3 5 hsen b
s Olllas Sley (Gessdoms 53 s sans LS|
eSS e S e ey Y0 5 (1653) V0 s e
o3 s gamns v@"—‘ Sap B s eslanal agds o
HSosb 4 sl caalie 4i350 5 1S Jlej (ge3 gde
s Sl Satas Sl S 5 Ol
el Do some glondly Bl sbul b ab s
550 s e o s Sole 4l sy endtes
oSy CBlE 0pd agae O 35 3505 SUS
Sso o Gl AU L wesn 56 s
A4S L g 0T 0 o3d ke 5 5505 (pulmonary uptake)
A=l plendly s 5 clb sl s
(Garcia, 2015) sy a5 |5 ganns

ks g G 2 ol s Sl
Syd= ulssl Cel V0 mg/kg/min 4 YO mg/kg/min
Coo g bl (Sl 5015 50 3550 95 (sho s PY/F
1A s el pldl ganlllas 5o 35l 0 Seatens
s e Ll L (14V0) Scott b s sl
301 5ol slasss 53 Cassanns oDl 55 (36 5]
O 5 Hassio\aAA Jle 53 ol sds 5518
e 555 Olsge 5 D ey DLl 3 6 Lles gl Ol g
clodly e b (85 b e s 51 50 s
IR S e o2 S s el LS e 50l
by @ 5 ol Lo o 5ls om0 53 ke o 35

G 2 0 el e gl ClBE S

Jotd 5 655 0 s oS 53 s llas e L
e 1y s Al e O sboki .S Jous 31 LS Jlis
25 ok pla] sadllas s .(Sawaki et al. 2000) .S
o ok 0 LB o Vailte 5 55 ol e
w bl ol sdd SIS s 51 AU T s 3l du
Ly 5850 513U kS s LAES galanl
sl (6 i 5 50 51 30 S e Ol e 3 @V 55l
a5 I a5 (Torbiner et al. 1989) ol o3
53 S e Jslan oS Gyl oS ol S ganlllas o
SEL sl Gl gasdllas 3l ol a S L
(oS Cg) i35 03,5 o ) eV 5l (550l &S
313 OLES Cgn yame SEST5 sl Ol a4y e 4
5 e 3 e S5 laasl b olls s opl &S
de Jong and Bonin, 1981; Horikawa et al. ) &l Ko
.(1990
il e Jb i as S8, ol gasllls s
Fr sl b LA mi s (Ses Aoy S
Lomd San 3 o Aol Gl gedis il o
ot gt 33 L 0alis 5 ook ] OT L Olo o
e s Ml Ysame rd g sl L
CVS) s, — ol oo e 5 (CNS) (555 0
e Sl S Sl edd S8 g e S0
S s s S3 1 S5 2 IS b s
Sla s S5k Jlis &l S Do pl 4 b
Mo b g 5 0kl 355 a0 (S0 S S sl
LS 5 il Cotl ONS 55 (s Sb s ol
Ysane ol Ly (Odedraand Lyons, 2010) 4as s #
03 pdie mS Sap e S S8 Sl 65
Sl Foly (oS Sl oS bl 593 b alie
S lasdlas 5 (Jl>= -l L .(Morishima et al. 1981)
ok bl OLS e )3 (3 5 b s s oy 2 O30l
Sl SN L L Olejad ¢ pudiS Canl 5 i3 WIs
SLls & ppdse ol s sl &5 a5 S
Al a e g e Sl b Sl

Yy V¥ Glicasli oF o jlach (anuda oy 99 (Ol gl (St Jols da pdis




oals als 1) 05 SLAS Ao s ¥ asds 5 IS 0L
— o s 5 B D i Al a5l S
b g o o sdaline Ol Sl aS Clils a0 L addl s
Sals 33 Dl g samme 5 L LS 4 S8
Brandao etal. ) >4 oo Juls 15 Ol 5ke 550 5 58 50
(2015

S falS Eeb w5 s S G nses
ECG 3 4 ¢l 0y ool ok 53 45 il y 5 0L 5
de Jong etal. 1982, Pypendop and ) Julas sl (g uss
S Calite lajss 5 K s (IKiw, 2005
e Cele VY ol gl s (Yo=Y pg/kg/min)
> .(MacDougall etal. 2009) ol 03 S5 slow| oz
© Mg/KY) o585 555 SO ks s 30 2S A
Gl ot 5 0L 5l 5oy N Sy s
Ob,s SialS uslSe 4 51 (Beltrame et al. 1984)
@ Sl (S bl s 5 85 S Bl
AL Gl 51 s sl plliagl JS e J
deJong etal ) Wil 5,0 Slaan Slasl 05 5
.(1982; Pypendop and Ilkiw, 2005

0 ) G5 5l L ms Ko aie S s
Sl 5 CB 0L sl Ll el (sl s
IS PRCAIPRPEEC I S N STy
(Kotelko et al. 1984; Feldman et al. 1989; ..l
53 58850 s s b 31 Rutten et al. 1989)
5 Ol a8 e s L ok b s S
Loy oo Sl w cpl ol (Liu et al. 1982) conl sui
GF b sk Dose 4 G e Jod Ol alse
5 Aol Glasls Oloses 5 (pimen 5 el
e ORI PR PR LV P pose
PSS S I S PR WS

05,5 53 OB, B Obs ol gadlas s
¢85 0 o b S0 oM O molkg Y5l
plsks als OLE b 05 S 0 Cod s sas S

Jos ol 5 gl Glel s3la

315 GV slie 5 me 53 SLSU sk w4 she 550
G osre 5 S Sl S amd s 5 3,8 e 3
S o S5 S i JS1s 5 edel 3y

— 353 Obe Gl e 8 ol anlllas o
sdalise kS Casl (GoliS sl 555 5 8 5 (5
3353 Ble p¥s5ls s ar SIS0 ol 4
53 ol e Ll s 850 51 26 s
LS |y S Sl 35 ezl ¢kl s 2 95l
sles S5l g sl es 8 25 0 lea S
Oleson sob & ok Gl il o5 8 51 0¥ 5o
sl gley alol oy S0l Ll o a8 5ls (g3,
Sl L L e s S el s 2S5
Gloos S 5 55 oS Sl S dl ey S 55 Jl-
Slaiss 53 Solspme Dope 4t /0 5 /YO Y 55l
SBE s 03 S S 4 S (o3 YT 5 50) 5L
B JEJ ol 'C) Lsg 05 S bl ‘_}:JL.*J S
Slasss 53 @iS Sap el S o 4 e ¥l
JS\ USYL. e s Ll &S Hles |y &:leJJ\.NJ ;’g—dli
e .w\emwﬁw\gﬁmb\;ﬁm
Loodd Gisee 2o Ao 0o 085U VL 5o
e g 2l 05 bty Blie s G5
S (Daos et al. 1962) ol old i Consl 4
Sl 530 Ol ST 050 52525 o ey
Sl slal Oley o Lol sl il a5 40 |, 18
ol ol adlas j3 il 035K sl (6 S kS
35 Ao WY i oVl b Sls i (e 3
de Jong and ) ol esls iul5el 15 818 50 Slgs
.(Bonin, 1981

35 o 5 8L, LB OL,s ol sasdlas s
oSS g 5l e ) Vsl 5 e 65 8 05
D Consome Mo G 5l ey 5 Bl LA L
Sl 0L ol pae Jals (eis sl b ] 3l
aids Y b s mglkg 5as b 8850 s Gy

.Lp)) °& ))J}- ‘d\)jbjﬂ‘ L7 IS J:’}"é‘.‘." 6\.&&;#’ ))

VFer el Y GJM:MMOde:O|J:\| (S yela dy il



Ll e 5l (U o ses g p Y5l BT e

(FAMGIKG 550>) & 0 53 Shiss O Sl
(FRCIV NIV ARPRGI ] LN VTR IE S WSO g
odle (Vb 5k Ol b aslie 3 ¢ 518 5]
o yome Sl (25155 5l (S oS ol 2
Olejod ol (S i 48 el Q5 5, 55 (88500 L
e 533 G G s a8 (7 s (g5, i3 L
015 0Tk 3 Caesams 330 3l wle LI5S 50
536 eV s 5le (gl LS i o a SI(F a5l Gy
5> oS s Sl U 3 s e sk s el
23 pesar 4 S0 Bob Sl bl Ll s | 08,
S IS S Sl 55 ezl Ll e Y 50
bl el 5L aa) 53 65 e Dlalllas 4 4 S
=00 sesgdoms 53 eVl sl 0 e e S
S Sose 2 (0 sl 13 vﬁ}gsﬁ (‘del‘?‘ /Y0
L il o3 8 Cdlps apibaszy lasls S e
Sl (b 2 G b s SOl
o o) S el S5 0L Ly el e
35 w0k o S Ol e i35S e by b o
o3 OB s le) ol s slads S sl s ol S
Ol O3 & 5 &8 (e 08K, b =5 s

de Jong and ) ol o35 S aws S 53 1, 5850
(Y444) ol,Kea 5 Wiktorowska .(Heavner, 1973
S oL ES A 0 L B Ols b sl
03,5 2l s Olejan oy a1y S s 5 Y g5l
S b 0 Slas el w1y 0f 5 dles S 5,158 s
ardllas 5o ey o i 4 Lilesls ol @V 5310 53 923
Vi 55 58 B 0L, St e Sl
— ol e e Vsie s 5T sams ) Mlkg
RECPRRICI RUCERSRNPCICIN PR I pye
NG PR W

Slos S 05 SWECG )y 3 yil saallhs o
sdalin 5 ezl o) mglkg Va5l 5 b Jbe
JUs L ECG ol oid o) g &S Slllas 53 1S
el 5 e S S 3 S b e e Sl
ﬁji@ﬁwmw\@up&wﬁqwuurw
Feldman et al. 1989; Kotelko et ) ol sl 158
OLLs .(al. 1984; Meyer et al. 2001; Rosen et al. 1985
i laze B gla el sl falS oS ol SB
e S 3 50 b Coansans 55 plsks L Ol
.(de Jong and Heavner, 1973) <l o 5,158

535 588 S 5 L0 adles ) w8 el

d‘é)v&. 3 ,S.wa“

s e Slasb y SES e pl sl e uel sl s oKl L sn Coglas ) aley

8“‘&)"5
.J;)lxdatwu,z)wa;@duﬁagwj;

S gl

Wl ok a3l oKl s 55 92-GR-VT-29 o jled iia sy b I s rasy ol o wbee

Yo V¥ Glicasli oF o jlach (anuda oy 99 (Ol gl (Sl Jols da pdis




Ausiksch, B., Malagodi, M.H., & Munson, E.S.
(1976). Diazepam in the prophylaxis of
lignocaine  seizures. British  Journal of
Anaesthesia, 48 (4): 309-314.

Becker, D.E., & Reed, K.L. (2006). Essentials of
local anesthetic pharmacology. Anesthesia
Progress, 53 (3): 98-108.

Beltrame, J., Aylward, P.E., McRitchie, RJ., &
Chalmers, J.P. (1984). Comparative
haemodynamic effects of lidocaine, mexiletine,
and disopyramide. Journal of Cardiovascular
Pharmacology; 6 (3):483-490.

Bowles, H., Lichtenberger, M., & Lennox, A.M.
(2007). Emergency and critical care of pet birds.
Veterinary Clinics North America Exotic Pet
Practice, 10 (2): 345-394.

Brandao, J.; da Cunha, A.F.; Pypendop, B.; Stout,
R.; Nevarez, J. and Tully Jr, T.N. (2015).
Cardiovascular tolerance of intravenous lidocaine
in broiler chickens (Gallus gallus domesticus)
anesthetized  with  isoflurane.  Veterinary
Anaesthesia and Analgesia, 42 (4): 442-448.

Bruguerolle, B., Valli, M., Bouyard, L., Jadot, G., &
Bouyard, P. (1983). Effect of the hour of
administration on the pharmacokinetics of
lidocaine in the rat. European Journal of Drug
Metabolism and Pharmacokinetics, 8 (3): 233-
238.

Chadwick, H.S. (1985). Toxicity and resuscitation in
lidocaine- or  bupivacaine-infused  cats.
Anesthesiology, 63 (4): 385-390.

Da Cunha, A., Messenger, K.M., Stout, RW.,
Barker, S.A., Nevarez, J.G., Queiroz-Williams,
P., & Tully Jr, T.N. (2011). Pharmacokinetics of
lidocaine  and its  active metabolite
monoethylglycinexylidide  after a  single
intravenous administration in chickens (Gallus
domesticus) anesthetized with isoflurane. Journal
of Veterinary Pharmacology & Therapeutics, 35
(6): 604-607.

Daos, F.G., Lopez, L., & Virtue R.W. (1962). Local
anesthetic toxicity modified by oxygen and by
combination of agents. Anesthesiology, 23
(6):755-61.

de Jong, R.H., & Bonin, JD. (1981).
Benzodiazepines protect mice from local
anesthetic convulsions and deaths. Anesthesia
and Analgesia, 60 (6): 385-389.

de Jong, R.H., & Heavner, J.E. (1973). Diazepam
and lidocaine-induced cardiovascular changes.
Anesthesiology, 39 (6): 633-638.

Jos ol 5 gl Glel s3la

@L:.a
DiGeronimo, P.M., da Cunha, A.F., Pypendop, B.,
Brandao, J., Stout, R., Rinaldi, M., & Tully Jr,
T.N. (2017). Cardiovascular tolerance of
intravenous bupivacaine in broiler chickens
(Gallus gallus domesticus) anesthetized with
isoflurane.  Veterinary  Anaesthesia  and
Analgesia, 44 (2): 287-294.

Divers, S J. (2014) Anaesthesia of zoological species
(exotic pets, zoo, aquatic, and wild animals). In:
Clarke KW., Trim C.M. and Hall LW.:
Veterinary Anaesthesia. 11th Ed., Elsevier Ltd.,
Edinburgh, UK, Pp: 535-569.

Feldman, H.S., Arthur, G.R.,, & Covino, B.G.
(1989). Comparative systemic toxicity of
convulsant and supraconvulsant doses of
intravenous  ropivacaine, bupivacaine, and
lidocaine in the conscious dog. Anesthesia and
Analgesia, 69 (6): 794-801.

Figueiredo, J.P., Cruz, M.L., Mendes, G.M.,
Marucio, R.L., Ricco, C.H. & Campagnol, D.
(2008). Assessment of brachial plexus blockade
in chickens by an axillary approach. Veterinary
Anaesthesia and Analgesia, 35 (6):511-518.

Garcia, E.R. (2015). Local Anesthetics. In: Grimm,
K.A.; Lamont, L.A.; Tranquilli, W.J.; Greene,
S.A. and Robertson, S.A. Veterinary Anesthesia
and Analgesia, The Fifth Edition of Lumb and
Jones. Pondicherry, India, John Wiley and Sons,
Pp: 332-354.

Giaufre, E., Bruguerolle, B., Morisson-Lacombe, G.
& Rousset-Rouviere B. (1990): The influence of
midazolam on the plasma concentrations of
bupivacaine and lidocaine after caudal injection
of a mixture of the local anesthetics in children.
Acta Anaesthesiologica Scandinavica, 34 (1): 44-
46.

Haasio, J., Hekali, R., & Rosenberg, P. (1988).
Influence of premedication on lignocaine-induced
acute toxicity and plasma concentrations of
lignocaine. British Journal of Anaesthesia, 61 (2):
131-134.

Hawkins, M.G., & Pascoe, P.J. Cagebirds. In: West,
G.; Heard, D.J. and Caulkett, N. (2007). Zoo
Animal and Wildlife Immobilization and
Anesthesia. Victoria, Australia, Wiley-Blackwell,
Pp: 269-297.

Horikawa, H., Tada, T., Sakai, M., Karube, T., 7
Ichiyanagi, K. (1990). Effects of midazolam on
the threshold of lidocaine-induced seizures in the
dog. Journal of Anesthesia, 4 (3): 265-269.

VErr Ll Y o jlack 2808 5 5 93 <yl 3l oSk jaals do pulis




c YL glaies e 5 (BU g Y5l Sl s

Imani, H., Vesal, N., & Mohammadi-Samani, S.
(2013). Evaluation of Intravenous Lidocaine
Overdose in Chickens (Gallus domesticus).
Iranian Journal of Veterinary Surgery, 8 (1): 9-
16.

Kotelko, D.M., Shnider, S.M., 7 Dailey, P.A. (1984).
Bupivacaine-induced cardiac arrhythmias in
sheep. Anesthesiology, 60 (1): 10-18.

Lee, A., & Lennox, A. (2016). Sedation and local
anesthesia as an alternative to general anesthesia
in 3 birds. Journal of Exotic Pet Medicine, 25 (2):
100-105.

Lemo, N., Vnuk, D., Radisic, B., Skender, L.,
Karacic, V., & Brcic, |. (2007). Determination of
the toxic dose of lidocaine in dogs and its
corresponding serum concentration. Veterinary
Record, 160 (11): 374-375.

Liu, P., Feldman, H.S., Covino, B.M., Giasi, R., &
Covino, B.G. (1982). Acute -cardiovascular
toxicity of intravenous amide local anesthetics in
anesthetized ventilated dogs. Anesthesia and
Analgesia, 61 (4): 317-322.

MacDougall, L.M., Hethey, J.A., Livingston, A,
Clark, C.; Shmon, C.L., & Duke-Novakovski, T.
(2009). Antinociceptive, cardiopulmonary, and
sedative effects of five intravenous infusion rates
of lidocaine in conscious dogs. Veterinary
Anaesthesia and Analgesia, 36 (5): 512-522.

Machin, K.L. (2005a). Avian analgesia. Seminars in
Avain and Exotic Pet Medicine, 14 (4): 236-242.

Machin, K.L. (2005b). Controlling avian pain.
Compendium on Continuing Education for the
Practicing Veterinarian 27(4), 299-309.

Meyer, G.A., Lin, H.C., Hanson, R.R., & Hayes,
T.L. (2001). Effects of intravenous lidocaine
overdose on cardiac electrical activity and blood
pressure in the horse. Equine Veterinary Journal,
33 (5): 434-437.

Morishima, H.O., Pedersen, H., & Finster, M.
(1981). Toxicity of lidocaine in adult, newborn,
and fetal sheep. Anesthesiology, 55 (1): 57-61.

Odedra, D., Lyons, G. (2010). Local anaesthetic
toxicity. Current Anaesthesia and Critical Care,
21 (1): 52-54.

Orszulak-Michalak, D., Owczarek, J., &
Wiktorowska-Owczarek, A. (2002). The
influence of midazolam on plasma concentrations
and pharmacokinetic parameters of lidocaine in
rabbits. Pharmacological Research, 45 (1): 11-
14.

Paul-Murphy, J., & Fialkowski, J. (2001). Injectable
anesthesia and analgesia of birds. In: Gleed,
R.D., & Ludders, J.W. (Eds.). Recent Advances

in  Veterinary Anesthesia and Analgesia:
Companion Animals. International Veterinary
Information Service (www.ivis.org), Ithaca,
New York, USA.

Pypendop, B.H., & llkiw, J.E. (2005) Assessment of
the  hemodynamic effects of lidocaine
administered 1V in isoflurane-anesthetized cats.
American Journal of Veterinary Research, 66 (4):
661-668.

Rankin, C.D. (2015). Sedative and tranqulizers. In:
Grimm, K.A.; Lamont, L.A.; Tranquilli, W.J.;
Greene, S.A. and Robertson, S.A. Veterinary
Anesthesia and Analgesia, The Fifth Edition of
Lumb and Jones. Pondicherry, India, John Wiley
and Sons, Pp: 196-206.

Rosen, M.A., Thigpen, JW., & Shnider, S.M.
(1985). Bupivacaine-induced cardiotoxicity in
hypoxic and acidotic sheep. Anesthesia and
Analgesia, 64 (11): 1089-1096.

Rutten, A.J., Nancarrow, C., Mather, L.E., lIsley,
A.H., Runciman, W.B., & Upton, R.N. (1989).
Hemodynamic and central nervous system effects
of intravenous bolus doses of lidocaine,
bupivacaine, and ropivacaine in sheep. Anesthesia
and Analgesia, 69 (3): 291-299.

Sawaki, K., Ohno, K., Miyamoto, K., Hirai, S.;
Yazaki, K., & Kawaguchi, M. (2000). Effects of
Anticonvulsants on Local Anaesthetic-Induced
Neurotoxicity in Rats. Pharmacology and
Toxicology, 86 (2): 59-62.

Scott, B.D. (1975): Evaluation of the toxicity of local
anaesthetic agents in man. British Journal
Anaesthesia, 47 (1): 56-61.

Stewart, P., & Wiley, M. (1981). Structural and
histochemical features of the avian blood-brain
barrier. Journal of Comparative Neurology, 202
(2): 157-167.

Torbiner, M.L., Yagiela, J.A., & Mito, R.S. (1989).
Effect of midazolam pretreatment on the
intravenous toxicity of lidocaine with and without
epinephrine in rats. Anesthesia and Analgesia, 68
(6): 744-749.

Wiktorowska, A., Owczarek, J., & Orszulak-
Michalak, D. (1999). The influence of lidocaine
and verapamil on haemodynamic parameters after
intravenous administration of midazolam in
rabbits. Pharmacological Research, 39 (6): 421-
429.

Received:19.08.2019
Accepted:10.12.2019

v VP Gl ¥ o jlach anada o 5 99 «(f yal (oSl Jaola da pdis




Vol. 17, No. 2, Summer, 2021 Original Article

DOI: 10.22055/1V/J.2019.198655.2179
DOR: 20.1001.1.17356873.1400.17.2.3.6

Evaluation of the effect of midazolam on toxicity induced by
administration of high doses of lidocaine in chickens
(Gallus gallus domesticus)

Hadi Imani Rastabi! and Nasser Vesal?*

1DVSc Student in Veterinary Surgery, Faculty of Veterinary Medicine, Shiraz University, Shiraz, Iran
2 Professor, Department of Clinical Sciences, Faculty of Veterinary Medicine, Shiraz University, Shiraz, Iran

Received:19.08.2019 Accepted:10.12.2019

Abstract

The aim of the present study was to evaluate the effect of midazolam on lidocaine-induced toxicity in chickens.
Forty-eight healthy, Lohmann broiler chickens (Gallus gallus domesticus) divided into two groups (n=24) and
four subgroups each (n=6). The birds in group | and Il received lidocaine with infusion rates of 15 and 25
mg/kg/min, respectively. Ten minutes before lidocaine administration, in each subgroup, one of the treatments of
normal saline or midazolam at the dose rate of 0.25, 0.5 and 1.0 mg/kg were injected into the pectoral muscle.
With occurrence of the signs related to the toxicity (convulsion and/or respiratory arrest), lidocaine infusion was
disrupted and the administered dose of lidocaine was calculated. In group I, convulsion was observed at the dose
of 38.0 £ 13.0 mg/kg in the birds received normal saline while in midazolam-treated birds, respiratory arrest
without convulsion occurred at the dose of 36.1 + 12.4, 39.9 £ 15.3, and 37.1 + 9.1 mg/Kkg, respectively. In group
11, convulsion occurred saline-treated animals at the dose of 23.4 + 4.8 mg/kg. The birds that received midazolam
showed respiratory arrest without convulsion at the dose of 31.1 + 3.8, 31.3 = 3.8 and 28.2 + 5.3 mg/kg,
respectively. The birds which received lidocaine at the lower infusion rate showed toxicity signs at the significantly
higher doses. Based on the results of the current study, at lower infusion rate, premedication with midazolam
protected chickens against convulsion but it had no effect on the threshold of toxicity (respiratory arrest) following
administration of high doses of lidocaine.
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