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Local Anesthetics Adsorbed onto Infusion Balloon

Maki Mizogami, Mo, hDr, Hironori Tsuchiya, P, and Ko Takakura, mo, paoe
Degartients of *Anssthesiology and tDental Basie Education, Asali Umvem':t}-‘ School of Dendtstey, bizuho, Cifw, japan

'Wefunmfed the ddsuspiion uf different local amesthet-
ity ot infusion balleoms and stedied one of the possi-

Ble -mevhanism e fiye ad merfption: After injection of idu-

raine, bapivacaine, ropivacaine, - and raepivacaing
sohitions {1 mbd eacky pH P4 inte ballovny of 108-mL

vislwne; their conrentiations in eiflients *I-’Fr'-w.ng ot Ak

4 mb/h were deétermined over time by high-
1‘101‘fﬂﬂmnff liquid clwematography. All were wd-
sm'bed in A siTue I:|.1.n_H:1’ ndt_mmamw#
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Idotaing, ropivacaine, snd mepivacdine, ON-314, a
guaterma . avam ot dedvative of lideming, was

and [he "g?@

Jﬂupnzacajrmm maost strongly arimr\bed Toflawad EJ'I.*

only weakly adsurbed compared with the parsnt com-
pound lidvcaine Theextent of adsorption oflocal dnes-
Hiegion wis melabedd b Hheir. by drophobicity feviluated
by reverac- f:rlhat.o chivmageaphy) aod was ronch
more af pH 7. dthai 4t pH &40 A hydiophobic Infevac-
tion wizl Halloon inaterals appears i be responsible
for the adsorption ef jocal anesthetics. When infusion
batlizina sire usecd for fhe conrtirnmcius adoinisration of
local anesthedics, atteniion should be. paid to Hie'possi-

bility ehat thidr sohuil concentritions i offuests e
smaller than thase prasent. when they ame initialiy
prepined. ; : e,
' {Anest Analg 200493754 -8)

any devices,.such as IV Rotd containers, deliv-
ery sets, and syringes, are widely used in rmed--

ical and surgical practiee. Elowever, various
drugy, inchidings bycal anestheties, are Enown to intex-
act with, device matertals {1,2). This may resuli in
patients receiving much smaller concentrations than
predicied (3. fusion balloona- have been used to
eontinucusly ELLPPP}E local anesthetics E}’biﬂlﬂiﬂﬂu} or
locally for pain control. Lidocaine, freguently admin
istered wilk this devies, can interact with u:,mlitem
resins and plastics (4). We reporied that lidooaine i
-gdsorbed onto the mfusion balloon, thus decreasing
the cotweniration during administration (5. fHowever,
we corld not find data in. the literature onthe adsorp-

fiony af othier 1oda] anesthetics. The mecharism of ad- .

sorpticn s unclear, although several sorption and
hinding mechunisms have been suggested [1,26).

In this study, we compared the adsorplive charac
beristics of lidocmne, bupivacaine, ropivacaine, and
mepivacsing oate infusion balloons by determining
their eoncéntrations in effluents with time. We also
performed theadsorption experiments under different
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conditions and by using a. skuctursl analog of Hido-
caine to inwvestigate the possible: mechanis 1 underly-
ing local anesthetiz adsorption.

Methods

1dnc.m1c~ h}‘t{lmﬁh}mdﬁ bupn’aaamc hydrachioride;
ropiveasine hydrochloride, and mepieacaine, hydro-
chloride (Fig. 1) were supplied by AstraZeneca {Sixder-
tilje, Bweden). QUE314 I'u-ethvl lidocaime [N-2.6-
dnne!hvlphmy,rlmrhamyhnﬂthﬂ}mv thyrlammenium
bromide; see Hig. 1 for the strocture]; and prilocaine
n}rd.ruchhrlde were purchased from: 51?;131& {5t Louts,
M. These chomicals. T disrobvred i watar of 3
liquid chromatographic gride (Kishida, Osaka, Japan),
and the pH was adfusted o 74 oré. 6 with (- 1]' 1
NaOH. To compare the adsorption of structurally dif-
ferent Tocal anesthetion, their solutiony were prepared
t b i equissblar concentration: 10 mM cach. The
solutions of hdoraing, bupiv acaing, Tup“au:'ainc B -
uac:ﬂne_. ;u’!.d !’,,J_}(—*l?i wé!m inyeeted . =

a!lmvce to How oul i 3 mI ;f h .ai oD terpp:emtme
{25%). Effluents were collected at 5, 15, 30, and 60 win
after ‘injection. because. the adsorption of lecal anes-
thetics reached a platcaw within 80 min in 2 prelimi-
nary experinent, as feporled previously {55 For de-
teymining the COTERTAbITS i -.::ng,ma: atd efffuent.
solutions; 20 pl ofeach. S&mph: whas fixed with 80 pl.
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¥ o,
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of 0.2 mM prijfocaing in IS M HC, and an aliquot
of the mixhurs was subjected e quantitative analvsis
by .high perfommce Liguid chromatography’ [HPI{')
Al procedures were performed with glassware to pre-
vent-concenttation changes of demdcals during anal-
vais except for ﬁdsnrpt.lrm omto balloons,
Chromatography was performed by using a Shi-
riadz HPLC system (Kyoto, [apan) that c_‘rns‘tsl'ed of
anBLC- IUADVP liquid chromatograpl conmected & an
SH-1BADVT autosampler (sample volume oE 20 1], a
“Ghiny-pack CLCA M) eolumn (4.6 nun inner diame-
ter 3 25 emi; pasticle size of 5 pm) placed in-a Hher-
moeontroller, and an STD-A10AVE diode array detec-
tor. Fither 40% fvol/vol) methano! in 0016 HCL for
comeenbration anabysis or #0% (wol/vel) methanal in
0.67 M phosphate buffer {pH .7 4) for capacity factur
m\;d_\-:us was da livercd to the column at a ﬂuw mate of
1.0 1l fmiin and at B, Column cluates were de-
tected at ﬂbﬁﬂrj"'ill;ﬂ'l qup]'enbﬂ'] af FFY no, The CoH-
rentrations i origmal and effluent solutions were. de-
termined on the basls of calthration graphs, which
were. prepared by plottg the peak asea rafios lo
piilocaine sgainat the knowh concentratons of ana
lytes. A capacity Tactor, defined aa the ratio of the
concentration of an analyte inthe stalionary phase to
that in the miobile phase, was caloxlated Ery the - foe
mula (fy = i)/t in which iy, is the relention ime of 2
lucal aresthetic retained on the column and 1, is the
molile phase holdup time (7} _
Fesulis are :'xpl'&‘ﬁheﬁ. A mheark * sk{p — 4-FL
Statistical analysis was performed - with StatView 3.0
(S48 Inskitule, Cary, MC). To evaluate dilferences over
tiee within sach group, & ropeated -medsures analysis
of variance was vsed, When significant differences

e n., et .-,..-.:_,-5

+ -": b r"a-\'."

were detected by analysis of vanance a pist hoc
Scheffé T test ivas used. The data on pH difference
were analyzad with Student’s f-test. A P value <005
was considered significast,

Results

After the solofions (pil 7.4} were mjected into-the
balloons of 100-ml; volume, the concendralions of 13-
docaine, -buplvacaine, ropivacaine, and mepivacaine
in effluents decreased o <85%—24% of the initial con-
centrations within 5 min {Fw T "Bupwm&me was
mast: st‘rmglf adsorbed after 50 min, followed by
lidocaine, ropivacaine, and mepwacame The z-.-ﬂah.ue
adscrption to Lidocaine {1 ) wras ‘as follows: hupivq-
Caiine, 11803 ra‘pnﬂ'rramn LA £ ﬂ'{']k'.‘n. and mepi-
vachine, 638 & 004 Coneerning the pEF of local ane
esthetic mTuhnns the ortginal value of 7.4 decreased
o 721 = (101 for Bdocaine, 709 = 000 for bupiva-
calire, 7.17 = 0.01 foi ropivaeaing and 734 = 001 fe
mepivicane in effluenis affer ﬁqmng out for 60 min
Reversed-phase HPTA analysis showed » capacity
factor 0f 231 = 805 for mﬂpwdﬂ&um,l F1. 0 23 for
lidocaine; 3.37 *+ {08 for ropivacaine; and 5.22 + (.15
for bupivacaine. When these were plotted agalnst the
copcentraticn  3ecreascs n'nﬂ]r:n by ﬁdﬂ?h.u:n {_L ig.: e
7 Vinear negrr,—:&n:mn analysis ph:m'sded = DA% —
E]J.'$B {F" = DS09). Although a correlation wos lounid
hetiveen r]immtngmlﬂ'm rEten‘I:mﬂ ‘and Balloon. ads
sorption of bupivamaine, ropivacaine, and mepivs-
daine (r = G533 P 01001}, hdtcaine tended: tor
deviate from the relatiow;, shﬂmng more intengve ad-
sorption than assumed. fram ifs capacity factor.
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Pementagae of original concentration (%)

Figure 2, Concwteatoon chaogs of lusd whesthitice Dutding wul of
frvmasion Baflonos bjeeked” with sohutens: of pH 74 The serphe
acintlcna  (14) md each) were infected e fhe Ballooes of TH-ml,
velune, dnd the elflieats wese ualyzed ovir une by high-
performance liguid. dirorabogeragly: Tidocsine (@G, bupiiasine
), mopivacaine [k), iepivecaine (@, and IR511 {T) Dals ame
sy SE o= 4 P S 005 e P < 00 signibicaalty didlzpent

Fromm imitiad sodsenatretion (0 miok

Compared with local anestholics, (X-314 showed
excepfionally weak adsorption at pH 74 (g 2} ks
relative adstrption to Bdocalne {1.00) was 113 £ 802
after Aowing out for &0 min.

Wher the solutions of pH 60 were injected, hdo-
caing, bupivacaine, ropivacaine, and meplvacaine
weve adsorbed onto the balloons of 100-mE volume
{Fiz. 8. Decreases of their concentrations in offluents
were, however, much less than those at pH 74.

The influencn of ballon size on adsorphion. was
studied by imectng lidocaine solulions of pH 7.4 mio
halloons of a smaller voliime. &fter flowing ot fie
60 muin, the concendrationddécrsasing degree in’ efflu-
ents was (.57 for a 50-mL volume, compared with T.00
for a 100-ml. volome, indicating that lidocaingé was

adsorbed more by an increase of balloon size. Nefther-

flowing vut with shakirg the balloon nor the increas-
ing flow rate (from 4 to 8 mLshy showed an hfluence
un the adsorpron of Hdocaine.

Discussien

Lidocaine was previous|y reported to adsofd onto in-
Fasion halloons {8). To investigate whather other focal
anesthetics are similarly adsorbed and, if so, whother
they show adsorplion profiles assocated with struc-
tural differences, we used a chromatographic tech-

nique to selectively analyze anesthetics flowing out of
“the balloons. Decause all-analytes are slable under the

n,

AN ANALL
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Bupivagaine

@ Fopivacaine

&8 |idosaine

Capacity factor

Concentration decrease (%)

Fijore 3. Relaflon Between Capitisy focboiaod. adeomption. Thi
capactti fctors of [ore? anestietics cetermidet by révbiied-phae
Kigtrpertiemace Dquad chrriatography were plelied rgains! |heir
conwersgrebivn ditamses it adtorpiion at gH .74,

present experimental conditions (pH. femperatuire,
and dusing flowing out), a docrease of their concen-
trationy in efftasne i conclusively referved to as’ad-
sorption of local anesthetics. Bupivacaine, ropiva-
caine, and mepivacaine Are adsodbed, as is lidocaire,
zesulting in a loss of nearly 6%—15% of the original
contents within 5—60 min after: injection of their sofo-
Hons ﬁ,t'pH 74 When infusion halloons are used fo
adminisier local anesthetics, eg,, for continaous opi
durals, atention should be pald to the possibility that
thoir actually infased corwentrations may be smaller
than the initially prepared ancs. Alkelization of lido-
caine (8, bupivacaine (%), ropivacaine (10}, and miopi-
vacalne solutions {11) inereases the andsthetic activily
by promeoting the pepelration and pptake o nerve cell
meribranes (12 However, such a pH sirategy is dis-
vouraged for application of loval anesthetics by infu-
shoin. ballbons: because: thelr adsorption fs enhanced
with inerrasing _‘p‘H :

T O O O T P T L B E R
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Porcarntage ﬂfﬂﬁﬁéﬂﬂ concentralion (%)

%-—
Figiare: 4 Cosoeviration deuies of locd auesthotios: Sowing ot of
mfuston Sallpans injected with their sofutions of pH &2, The'sample
golutiains S18 wibd o) were u_]-:t_iui pito Fe ballocis of 100l
vohene, and Bie effoens wine: dnalyecd pver tie by baghe
wevervnance. Hauid  crnmatngraphy: Bdocsine (@ hiipracaiie
f_"’-‘; mrﬁv&(‘a_‘np*i’l} and mspivacsie [“ I¥eza aremssn X g fn =
B DO and T < 900 significandly diftereiti fram. ittisiai
crncenizalion (0 Y.

Bupsivacaine, ropivacaine, lidoesine, and mepive-
caine have pKa values of 8.1, 8.1, 7.9, and 7.8, respec-
tivaly (13} As répresented by the Henderson-
Hassélbalch equation [pH = pEa - log Inonioaized
-anesfhetic)/ fmmacd' ancsthelicly, these 10("1[ ancsthet-
ics willy p¥a ranging 7.6 to #.1 are present in hydro-
phobiic nondonized forms ander alkaline condibons,
whiereas ther hydrophilic onized forms become pre-
dominaat at acidic pH {12). All the fested anesthetics
were adsorbed at pH 7.4 mere strongly than at pH &4,
snggesting that a hydrophuobic interaction with bal-
loon materials is the possible underlying mechanisny
for adserption. Local anesthetics are at equilibriim
between nonionized and ionized: forms. Tf hydropho-
Ple noniomized: anasthetics are lost by the adnurptiun,
the comcentrations. of hydrogea ions should be -
eregsed. Infact, the pH of efffuents of tocal aniesthibics
was decteased in association with the extent of their
adeerpdon. The adam]:lhm winy gredtest in the order
‘of ‘bupivacaine, topivacsine, and mepivacame. The
HPI ¢ determined capacity. factors of bupivacaine,
ropivacaine, and mepivacaine whiwed. the sarie in-
creasing orcher as in their adsorplion degree. Becanse a
reversgd-phase column was used in this chromate-
graphic study; a capacity factor (defined as the cone
canirslion rabo of sobres i the stationary phase o
the mohile phase} indicates the hydraphobic degree of
loeal anesthefics. Hydrophobicity of loeal anesthetics
is proportiona! to theh retentioit in reversed-phase

EEnEpearen

Lt SRR R

Taniaie tiasdtenta

ANDSTHIENG PUARMACINAGY MEZGAMLAT AL, V67
ANLSTEETY ADSDREFTION QNI BALLOON

chromatography (14,13). (GX-314 is 3 quatcrnary am-
marnitin that 1s always present as 4 positively chiarged
form (Fig. 7). This N-cthyl lidochine derivalive was.
much less adserbed than the parent moleonic Hdo-
caine. These fesults also’ &up[pcut the suggestion that
hydrophebicity 18 responsible for the adsorption of
local anesthetics enty infusion halloohs.

Camermng the - structare/ ‘adsorption relation, bu-
pivacaine, repivacaine, and mepivacsing were ad-
sorbed in increasing order of indensity, One ExPlpna—
tion for this structure dependence of adsorption is that
a hydenphobic inleraction is enhanced wilhincreasing
the chain fength of alkyl substitvents: a methyt group
in mepivacaine, a pij—'l grodp i ropivacane, and a
butyl growp in hupw;lrama Limilar offects hove been
reported for the action of local anesthetics un lipid
brilayers {I'SJ Bupivacaine, vopivacaine, and mepiva-
caiine belonging to 1-atkyl-2 6-pipecoloxylidide com-
pounds showed a gool correlation between the extent’
of sdsorpbion and the livdrophobicity evaluated by
capacity fachors. However, Edocaine was adsorhed
more than e:-qpeuted from its hydrophobic property
despite having a Z6-dimethylphenyloarbarnoy] steuc-
hyre covmmonr iy the {ested local anesthelies. In addi-
tion 1o the hydrophobic interaction, the ddmrpt.m
onio iidasion balloons appears T be-detrmuned by
the struchyrespecific mechanisar in which an N N-
diethylaminemethyl. meisty is more suitable: for ad-
soeption than an N—al'k}lplpendme moiely.

Trifferent faotors hove been assumad inflyence the
adsorption of local anesthetivs, s reposted previcusly
o {::EEP drogs: (1,61 Although neither shaling the.
batlonsns o waryimg the fow rate was-cotical, an
itverease. of balloon volume resulted: In dncreased ad-
sorption:of lidocaine. The balloon sutface area is Tikelyr
tiv determine the umber of active sites (e adsovptive
capacity) for local anesthetics,

In condusion, laca! ansathetics. are. often adsorbed
gt infusion ballerns, amd E:Lhasisu.}rpuun is.consud-
ered to-oocur by a possible hydrophebic and struchure
dependent interaction when lucal: anesthetics are con--
tinuousdy administered veith the balloons.. Therefore,
the conceritrations actaslly supplied to patiénts: may
be smaller than predicted.

The anlhors: thm‘k ﬁ,qlm_(mm 1';1- Eh-: m:ﬁp!} of 1uc£r| anesthetcs:
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