Oﬁginal Articles

The Distribution of “C-Labelled Lidocaine Injected
Intravenously in the Rat

Jordan Katz, M.D.*

The physiologic distribution of *C-labelled lido-’

caine after intravenous injection was studied in
the rat. Plasma levels decreased rapidly, with
only 6.8 per cent of the injected dose remaining
by one minute. The vessel-rich (highly perfused)
organs and plasma showed smn'lnr decay curves.
An i of radioactivity in the liver
indicated that an active process, probably metabo-
lism, was occurring there. Muscle, although it
contained as much as 23.6 per cent of the injected
drug at one time, had a low affinity for the drug
and was important in redistribution only because
of its large mass.

TreRe has been a revival of the use of lido-
caine (Xylocaine) intravenously for anesthetic
and medical purposes. These include isolated
extremity anesthesia,’»* supplementation of
general anesthesia,® treatment of cardiac ar-
rhythmias,* and treatment of epilepsy.®
Knowledge of the distribution of the local
anesthetic when given intravenously is limited,
however. The purpose of this report is to de-
fine further the early distribution of intrave-
nously-administered lidocaine in the rat.

Methods

Sprague-Dawley rats weighing 230 to 560
Gm. were anesthetized with pentobarbml (50
mg./kg.) intraperitoneally. The fe I vein
was exposed and 2 mg./kg. lidocaine HCI con-
taining 8.0 X 10¢ to 9.6 X 108 counts/minute
of the 1C-labelled drug were injected intrave-
nously within a 10-second period. The lido-
caine molecule was Iabelled on the carbonyl
carbon (fig. 1). At one, three, five and 15
minutes, the animals were sacrificed rapidly by
thoracotomy and clamping of the major ves-
sels at the base of the heart.

CH3
CoHs

NH—C'40—CHo—N
CaHs
CH3
Fic. 1. Lidocaine with the carbonyl carbon
, labelled.

A blood sample was taken from the left ven-
tricle and tissue specimens for biopsy were ob-
tained from hedrt, lung, musdle, liver, spleen,
kidney, small intestine, fat, and brain. Muscle
was obtained from the quadriceps group of the
leg opposite the site of injectivn, fat from the
mesentery, brain from the cortex; small intes-
tine was assumed to be representative of the
entire bowel.

The samples were weighed in tared glass
scintillation vials. Two ml of NCS$ were
added and the tissue was homogenized and
dissolved at a temperature of 70-80° C. After
cooling, the pH was adjusted to 6.0-7.0 with
20 per cent H,SO; in methanol (\v /v.) to
minimize the t of chemi-l
caused by the reaction of tissue protein with
the NCS: Gentle shaking at this time usually
produced a clear solution. If not, NCS in small
amounts was added until clarity occurred. Ten
ml. of a toluene solution § were then added to
each sample. Samples were counted in a
Beckman Liquid Scintillation Counter, Model
#1650.§ Controls of non-radioactive tissue
and NCS-toluene mixtures also were counted,
to establish background activity. Since back-
ground activity varies with tissue, an indi-
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§ NCS—Nuclear Chicago Liquid Scintillation
Solubilizer, Nuclear-Chicago, Des Plaines, I
tToluene 1 liter { Bal\'er mgent) +5 Cm. 2,5-
diphenylaxazole (PPO); the PPO is available fro
Beckman Instruments, Inc., Fullerton,
§ Beckman Instruments, Inc., Fullerton, Calif,
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vidual background count was determined for
each. Ordinary blank tissues should not emit
more than 70-80 counts/minute. Radioactive
samples were counted several times until con-

(1) Counts/min./mg. tissue =

counts/min./mg.
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sistent values were acquired. After correction
for quenching factors (which impede efficiency
of counting), the following calculations were
done:

gross counts/min. — control counts/min.
% Efficiency X tissue weight in mg.

tissue X weight of organ¥ (in mg.)

{2) Per cent dose =

The blood sample was treated slightly dif-
ferently. Plasma was separated from red cells
by centrifugation. One tenth mL of plasma“
was mixed with 10 ml. Dioxane solution.®®
Because there is no quenching phenomenon in

Total counts injected

counting of  plasma it is preferable to whole
blood for countmg samples which remain
highly chemi t. If one that
plasma is 5 per cent of body weight, the fol-
lowing calculations may be made:

(1) Counts/min./0.1 mL plasma = gross counts/min. —control counts/min.

counts/min./0.1 ml.

1 X 10 X 5% body weight (mg.)

(2) Per cent dose =

Means, standard deviations and F ratios
were determined using computer program
BMDO4.1

Results

The results are tabulated in tables 1 and 2,
and presented in figures 2, 3, and 4. Each fig-
ure represents the mean of four to six observa-
tions. In table 2 the results have been calcu-
lated to show counts/min./mg. of tissue in a
500 Gm. rat which received 8.0 X 108 counts.

Plasma—The plasma decay curve is repre-
sented graphically in figure 2. At the end of
one minute, only 6.8 per cent of the injected
dose remained in plasma. Lidocaine is dis-
tributed equally to cells and plasma and, there-
fore, whole blood concentrations are the
equivalent of plasma concentrations. There is

Total counts injected

no increased absorption of the drug in or onto
red cells.{}

Muscle—Muscle and liver appeared to be
the major sites of concentration. Within five
minutes, muscle accounted for 23.6 per cent
of the injected dose; however, in the rat, mus-
cle comprises 45 per cent of body weight. It
is apparent from the counts/min./mg. of tissue
that muscle plays a rather small role in the
drug distribution, compared with the other or-
gans sampled, and is significant only because
of its larger mass.

Liver—Distribution to the liver is shown in
figure 3. Liver comprises 4.8 per cent of body
mass. By three minutes, it accounted for 23.4
per cent, and by 15 minutes for about one
third, of the injected dose, indicating major
concentration in the liver and supporting the
evidence that the liver is the site of metabolism
uf 1.1, * T

¢ Per cent of body weight of organs sampled:
plasma 5%; liver 4.8%; muscle 45.4%; spleen
/v, kidney 0.8%; bowel 24%; brain 0.8%;
hmrt .4%; lung 0.6%; fat 5.7%.
Dlux:me 1 liter (Baker reagent) + 100 Gm.
hth (Baker )+5 Gm. 25di-
phenyloxnzole {PPO).
11 Apal of Variance of One-Way Design;

Fat—Although there were no significant
changes in fat concentration, the data definitely
showed no increased deposition in fat with
time.

Heart, Lung, Spleen, Brain, Bowel—The de-
cay curves of radioactivity are shown in figure

Version of January 8, 1964. Health Scii Com-
puting Facility, UCLA.

{1 Unpublished data,
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Tanie 1. Physiologi ition of Lid Tanie 2. Physiologic Disposition of Lidocaine
in a 500-Gm. Rat ( Rcco\cn /forgan) in a 500-Gm. Rat (Counts/minute/mg. tissue)
Organ Time (min.) % Recovered (1 SD) Organ Time (min.) | Counts/min./mg. (1 SD)
Plasma 1 68 =16 Plasma 1 21,082 =+ 5,960
3 3.1 +=0.8* (cts/min. /| 3 9,457 = 1,833*
3 25 =11 0.1 cc.) 5 7,827 &= 3,436
15 21 =03** 13 6,639 = 903°*
Heart 1 32 =10 Heart 1 124 = 44
3 0.99 + 0.25* 3 B+ 1*
5 0.58 +: 0.09 5 2 3
15 0.27 + 0.05** 15 11+ 2%
Lung 1 7.6 =14 Lung 1 196 &= 45
3 39 +0.9* 3 103 = 14*
5 29 £09 5 ™32 16
15 1.2 +=0.2** 15 32 4
Liver 1 15.5 424 Liver 1 50+ 10
3 23.4 +4.0* 3 1 9O
5 257 =353 5 81+ 14
15 326 =42 15 126 = 17**
Gut 1 120 =41 Gut 1 7= 28
3 7.7 = L7TNS 3 49+ 9ONS
5 81 =25 5 5+ 7
15 3.0 +=08* 15 20+ 5
Brain 1 25 +06 Brain 1 48+ 10
3 21 £04XNS 3 40 6NS
5 21 =08 5 304 10
13 1.1 £03* 15 21+ 5%
Splecn 1 29 +=1.5 Spleen 1 134+ 82
3 1.7 £ 07XN8 3 70+ 16 NS
] L5 =06 5 754 30
15 0.9 £03N8 15 47+ 14NS
Kidney 1 1.5 £59 Kidney 1 187 4= 104
3 6.4 =09NS 3 127+ 19NS
5 55 =15 5 103 £ 21
15 7.2 £29X8 15 118+ 6ONS
Fat 1 73 22 Fat 1 204 8
3 54 £33N8 3 14+ 7XNS
5 40 £24 5 == 7
13 34 £ 1L7NS 13 10 35NS
Muscle 1 89 x4 Muscle 1 3708
3 19.7 £23* 3 6.9 3= 0.9*
5 236 X 8.1 a 8.0 %33
13 16.2 £ 3.7NS 15 5.7+ 13NS

* Significant (P < 0.05) change between 1- and
3-minute samples.

** Significant (P < 0.03) change between 1- and
15-minute samples.

NS = No significant change between 1- and 3-
minute samples and/or 1- and 15-minute samples.

* Significant (P < 0.05) change between 1- and
3-minute samples.

** Significant (” < 0.05) change between 1- and
15-minute samples.

NS No significant change between 1- and 3-
minute samples and/or 1- and 15-minute samples.
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Fic. 2. C ions of lidocaine in the pl:

4. It is apparent that they follow the general
pattern of decay observed in plasma.

Kidney—No statistically valid trend for con-
centration in the kidney was observed. There
are two possible explanations: the more obvi-
ous is that the rather large standard deviations
of the one-minute samples obviate what could
be “real” decreases in mean concentrations
with time; second, there is the possibility that
the kidney participates in the metnbohsm of
the drug.

Discussion
q

JORDAN KATZ
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studies of the metabolic products of MC-
labelled prilocaine (Citanest), a congener of
lidocaine, 1 areas of radioactivity were
noted in rat urine,?° indicating that more than

" one metabolite was excreted.

Incubation of rat tissue with the C prilo-
caine indicated that the liver was the prime
site for production of these unidentified me-
tabolites.® The hdney also pmduced a second
spot on the dicating still an-
other metabolite. Whether metabolism oceurs
in the kidney in vivo remains to be answered.

It is compatible with the aforementioned
observations that some radioactivity measured
could be from metabolites. The short dura-
tion of these experiments compared with the
in vitro experiments, which lasted from 45 min-
utes1° to five hours,’* suggests, however, that
the majority of the radioactivity present in
tissues other than liver indeed indicated un-
altered lidocaine.

A general scheme of disposition of intrave-
nously-injected lidocaine, in this species at
least, can be postulated. The drug rapidly
leaves the vascular compartment and comes
into equilibrium with the tissues of the body.
At one minute, organs with high blood flow
per unit volume of tissue, the so-called vessel-
rich group—heart, lung, liver, brain, kidney,
spleen and bowel—contained most of the lido-
caine. Approximately 70 per cent of the re-
covered lidocaine was present in these tissues.

It must be pointed out that we ed
radioactivity and not specific lidocaine levels.
We assume that significant redistribution of the
metbolites produced had not occurred be-
cause of the short duration of the experiments.
The radioactivity in liver, the major site of
metabolism, was probably due in part to
metabolites.

The nature of the metabolism was not in-
vestigated in this study. Hollunger® showed
that lidocaine (diethylglycine xylidide) is oxi-
dized to monoethyl xylidide, this process oc-
curring in the rabbit liver as the result of an
enzymatic system localized in hepatic micro-
somes.® Oxygen and triphosphopyridine nu-
cleotide (TPN) were necessary accompani-
ments. Geddes* has shown diethylglycine, a
hydrolytic product of lidocaine, to be another
metabolite. In addition, in autoradiographic

35— T T
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Fic. 3. Concentrations of radioactivity in the liver.
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Fic. 4. Concentrations of lidocaine in five organs.

The muscle and fat compartments, with their
lesser blood flows, accounted for 20.7 per cent
of recovered drug.

By three minutes, larger quantities of the
lidocaine appeared in muscle. This trend con-
tinued at the five-minute sampling. At 15 min-
utes, muscle levels began to fall. The vessel-
rich tissues showed rapid decay, with the ex-
ception, of course, of liver (and possibly kid-
ney), wheré metabolism probably was taking
place. The paths of excretion of the drug have
not been studied in the rat, but in five hours
95-40 per cent of the radioactivity appeared
in dog urine, less than 3 per cent in bile.§§ In
addition, it has been shown, with 24C-labelled
prilocaine, that in 24 hours 23 per cent of ac-
tivity appeared in rat urine and 5 per cent in
the expired air. Most of this radioactivity,
however, was probably of metabolic origin.

Summary
The distribution of C-labelled lidocaine
after intravenous injection was studied in the
rat. Rapid uptake by all tissues of the body
was noted. After one minute, only 6.8 per
cent of the injected dose remained in plasma.

§§ Unpublished data.
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By 15 minutes, this was further reduced to
2.1 per cent. There was a similar pattern in
highly-perfused organs. The muscle mass, al-
though it accounted for almost 25 per cent of
the drug by five minutes, showed no particular
affinity for the drug when the absolute counts
per mg. tissue were considered. Liver, the ma-
jor organ of metabolism, had a ly in-
creasing concentration for the duration of the
experiment.

The author wishes to thank Miss Nancy Hood
for technical assistance.
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