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The aim of the study was to evaluate the effect of experimental diabetes
on pharmacokinetic parameters of lidocaine and its metabolite monoethyl-
glycylxylidide (MEGX) after a single intravenous administration in rats. The
study was performed on male Wistar rats, randomized into 2 groups: group I
– control animals and group II – animals with experimental diabetes induced
by streptozotocin. Evaluation of lidocaine pharmacokinetics was performed
10 days after streptozotocin administration. Lidocaine concentrations were
lower in rats with experimental diabetes compared with the values in the
control group. In rats with diabetes, the shorter phase of distribution and
faster drug elimination has been observed.

During the pharmacokinetic study, the dynamic reduction of lidocaine
concentration was accompanied by the increase in MEGX concentration in
blood. Drug elimination rate constant (�z) increased by 68% in rats with ex-
perimental diabetes which had an effect on the shortening of lidocaine half-
life in those animals (t��� by 39%) and on the increase in absolute clearance
(CL) to 1.46 l/h comparing to control group (0.95 l/h), i.e. by 54%. The dis-
tribution rate constant of lidocaine (�1) was significantly greater in the ani-
mals with experimental diabetes (by 138%). The volume of distribution (Vd)
in those animals decreased by 30% in comparison with the control group.
The area under the plasma concentration-time curve (AUC) decreased by
48% in rats with experimental diabetes. The MEGX half-life (t���) increased
from 0.34 h in the control group to 0.89 h in the rats with diabetes, i.e. by
165%. It reflects the impaired MEGX elimination in experimental diabetes.
The results suggest that experimental diabetes can have an effect on lido-
caine pharmacokinetics towards enhanced lidocaine elimination with ac-
companied increase in its metabolite (MEGX) concentration.
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INTRODUCTION

The intensity of hepatic biotransformation de-
pends mainly on hepatocyte capacity of drug up-
take from blood, metabolism by enzymatic systems
and drug elimination in bile or urine. This process
is affected by the hepatic blood flow, changes of
proteins transporting drugs through biological
membranes and metabolic hepatocyte efficiency
[12]. The biotransformation process usually leads
to metabolic transformation and xenobiotic inacti-
vation, but these reactions may also result in the
production of more active and toxic compounds
than the parent drugs [13]. The majority of drugs
and other exo- and endogenic substances are oxi-
dized in the liver. These processes occur mainly in
hepatocyte endoplasmic reticulum and more than
95% of them are catalyzed by enzymatic systems
of microsomal hepatic fraction, whose major com-
ponent is cytochrome P450 (CYP450) [18]. Several
dozen CYP450 isoenzymes have been found, but
only six play an important part in catalyzing the
reaction of drug oxidation. They are: CYP1A2,
CYP2C9, CYP2C19, CYP2D6, CYP2E1 and
CYP3A4. The isoenzymes mentioned above parti-
cipate in oxidation of drugs used in clinical prac-
tice. It was demonstrated that isoenzymes CYP2E1,
CYP4A2 and CYP4A3 are induced in hepatic mi-
crosomes of rats with diabetes, whereas CYP2C11
activity in these rats was reduced [23]. The reports
on CYP3A2 (human CYP3A4) activity in rats with
diabetes are inconsistent. Thummel et al. [25] de-
monstrated an increase, while Shimojo et al. [23]
observed an impaired activity. In our previous
studies performed on rat hepatic microsomes we
demonstrated a significant reduction of CYP450
activity towards lidocaine N-deethylation in strep-
tozotocin-induced diabetes. The observed changes
indicate a possible decrease in enzymatic activity
of CYP3A2 and CYP1A2.

The effect of diabetes on various endogenic
substances and xenobiotics was studied in isolated
hepatocytes, hepatic and renal microsomes and in
the perfused, isolated rat liver model. The results of
those studies are often inconsistent [14]. According
to some authors, the changes in biotransformation
of drugs in animals with spontaneous or chemically
induced diabetes might be connected with the
pathological condition that changes metabolic liver
function [27]. It was demonstrated that experimen-
tal diabetes, induced by streptozotocin or other

chemical substance, impaired metabolic liver func-
tion [15].

The standard liver tests used in diagnosis of he-
patic diseases often fail to provide sufficient speci-
ficity in determining the degree of liver damage.
Dynamic tests, based on model drug pharmacoki-
netics examination, may offer an important alterna-
tive to standard liver tests. It was shown that me-
tabolism of model substance is a sensitive indicator
of hepatic dysfunction [8]. Antipyrin, paracetamol
and caffeine, which are excreted mainly by hepatic
elimination were used as model substances in
evaluation of liver function. Lidocaine has been
used more frequently, and its metabolism was de-
scribed in details both in humans and in animals
[6]. This process consists of two reactions: aroma-
tic hydroxylation and N-deethylation. During hy-
droxylation, 3- and 4-hydroxylidocaine is produced,
whereas N-deethylation generates the major lido-
caine metabolite: monoethylglycylxylidide (MEGX).
CYP3A2 and CYP1A2 are the major enzymes
catalyzing this reaction. The studies of lidocaine
pharmacokinetics and its main metabolite, MEGX,
may be used to evaluate metabolic liver function in
various pathologic conditions. The aim of the study
was to evaluate the effect of experimental diabetes
on pharmacokinetic parameters of lidocaine and its
metabolite MEGX after a single intravenous ad-
ministration in rats.

MATERIALS and METHODS

Animals

The study was performed on male Wistar rats
weighing 280–380 g, randomized into 2 groups:
group I – control animals and group II – animals
with experimental diabetes induced by streptozoto-
cin. The animals were kept under conditions corre-
sponding to circadian light cycle and had free ac-
cess to water and standard granular feed. They
were starved for 15 h prior to the study.

Experimental diabetes model

The group with experimental diabetes were ad-
ministered a single dose of 60 mg/kg of streptozo-
tocin (Sigma) in 1 ml of citric buffer 0.01 M pH
4.5, into caudal vein. The control group received
a single dose of 1 ml of citric buffer into caudal
vein. All animals were weighed before the study
and on day 10 after drug administration. Experi-
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mental diabetes was confirmed by blood glucose
level higher than 200 mg/dl [1].

Biochemical studies

Ten days after streptozotocin administration,
14 rats (7 of the control group and 7 with experi-
mental diabetes) had blood sampled to determine
the following biochemical parameters: alanine ami-
notransferase activity (AlAT), aspartic aminotrans-
ferase activity (AspAT), the level of bilirubin
(BIL), albumin (ALB), urea (URE), glucose (GLU)
and fructosamine (FRUCT). The parameters were
determined using Olympus AU 560 device (Bio-
Merieux).

Examination of lidocaine pharmacokinetics in

rats after a single intravenous administration

Evaluation of lidocaine pharmacokinetics was
performed 10 days after streptozotocin administra-
tion [1]. A single dose of 5 mg/kg of lidocaine (2%,
Astra, Sweden) was administered in 1 ml of 0.9%
physiological saline into the caudal vein of 18 rats
with experimental diabetes and 18 animals of the
control group. The blood used for determination of
the concentration of lidocaine and its main metabo-
lite MEGX was sampled in the following time in-
tervals: sample 0 before drug administration and
15, 30, 60, 120 and 240 min after lidocaine admini-
stration. The lidocaine and MEGX concentrations
were determined in serum using the HPLC method
according to Chen et al. [4]. The assessment was
performed on PU4100 chromatograph (Philips,
England) equipped with an isocratic pump (Philips,
England), an UV detector 742 LC (Kontron, Aus-
tria), and analytical column (Supelcosil C8 DB)
5 �m (4.6 × 150 mm) with a pre-column. The mo-
bile phase consisted of acetonitrile and phosphate
buffer (pH 3, 1:7). The flow rate was 1 ml/min. The

absorbance of lidocaine and MEGX was measured
at wavelength of 205 nm.

Statistical analysis

The levels of lidocaine, MEGX, glucose and
other biochemical and kinetic parameters were
shown as mean values (± SD). The assessment of
statistical significance of differences was perfor-
med using the non-parametric Ko³mogorow-Smir-
now test due to the non-normal distribution of lido-
caine and MEGX concentrations

RESULTS

Serum biochemical tests

A significant increase in concentrations of all
examined biochemical parameters except for bili-
rubin and albumin has been observed in rats with
experimental diabetes. The glucose, urea and fruc-
tosamine levels and AspAT and AlAT activities in-
creased by 280%, 219%, 85%, 897% and 723%, re-
spectively. Albumin levels were significantly reduced
(by 13%) compared with the control group (Tab. 1).

Concentration of lidocaine and its

metabolite MEGX in rats after a single

intravenous administration

The lidocaine and MEGX concentrations after
a single intravenous administration in rats of the
control group (group I) and with experimental dia-
betes (group II) are shown in Figures 1 and 2. Lido-
caine concentrations in rats with experimental dia-
betes were lower compared with the control group.
The rats with diabetes had shorter phase of distri-
bution and faster drug elimination, which was re-
flected in pharmacokinetic parameters. During the
pharmacokinetic study, the reduction of lidocaine
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Table 1. The biochemical parameters in rats with streptozotocin-induced diabetes and in control group (mean values ± SD)

Glucose
(mg%)

Urea
(mg%)

Bilirubin
(mg%)

Albumine
(g/l)

AspAT
(U/l)

AIAT
(U/l)

Fructosamine
(mmol/l)

Group I 102.79
± 31.15

34.73
± 3.35

0.077
± 0.019

36.83
± 0.84

152.90
± 46.12

66.57
± 15.84

1.27
± 0.073

Group II 388.41
± 164.39**

110.80
± 20.50**

0.079
± 0.022

32.16
± 2.56*

1525.00
± 902.90**

547.70
± 273.50**

2.36
± 0.138*

* p < 0.05, ** p < 0.01. Group I – control group. Group II – rats with streptozotocin-induced diabetes



concentration was accompanied by an increase in
MEGX concentration. After 0.25 h, MEGX con-
centration was the same in both groups, achieving
its maximum value after 0.5 h. A higher MEGX
level was observed in animals with diabetes, which
demonstrates slower elimination. The metabolite
was not detectable four hours after intravenous
lidocaine administration in the control group while
it was still present in the animals with experimental
diabetes. Since there were considerable differences
in MEGX concentration, the results were not statis-
tically significant, similarly as in the case of lido-
caine.

Pharmacological parameters of lidocaine

and its metabolite MEGX in rats after

a single intravenous administration

An open two-compartment model for intrave-
nous administration was applied in order to calcu-
late the pharmacokinetic parameters.

Drug elimination rate constant (�&) increased
by 68% in rats with experimental diabetes which
had an effect on the shortening of lidocaine half-
life in those animals (t$4 by 39%) and on the in-
crease in absolute clearance (CL) to 1.46 l/h com-
paring to control group (0.95 l/h), i.e. by 54%. The
distribution rate constant of lidocaine (�$) was sig-
nificantly greater (138%) in the animals with ex-
perimental diabetes. The volume of distribution
(Vd) in those animals decreased by 30% in com-
parison with the control group. The area under the
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Fig. 1. The lidocaine serum concentrations in rats with strepto-
zotocin-induced diabetes and in control group after single iv ad-
ministration (mean values ± SD); � control group,� rats with
streptozotocin-induced diabetes; * p < 0.08
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Fig. 2. The MEGX serum concentrations in rats with strepto-
zotocin-induced diabetes and in control group after single iv ad-
ministration (mean values ± SD); � control group,� rats with
streptozotocin-induced diabetes

Table 2. The lidocaine and MEGX serum concentrations in rats
with streptozotocin-induced diabetes and in control group after
single iv administration (mean values ± SD)

Time
(h)

Lidocaine
concentrations (�g/l)

p MEGX
concentrations (�g/l)

p

Group I Group II Group I Group II

0.25 1577.8
± 492.3

1213.9
± 177.3

NS 58.2
± 5.1

58.0
± 7.2

NS

0.5 972.4
± 375.4

504.2
± 151.3

NS 63.8
± 54.1

113.2
± 37.6

NS

1.0 328.4
± 73.8

94.1
± 42.2

< 0.08 21.1
± 7.3

50.0
± 21.1

NS

2.0 117.2
± 55.5

43.5
± 21.1

NS 12.1
± 10.7

34.2
± 26.3

NS

4.0 42.2
± 11.1

36.1
± 22.1

NS 0 15.9
± 8.6

NS

Group I – control group. Group II – rats with streptozotocin-
induced diabetes

Table 3. The pharmacokinetic parameters of MEGX in rats with
streptozotocin-induced diabetes and in control group after sin-
gle iv administration

t��� (h) AUC���

(�g/l × h)
��

(h��)

Group I 0.34 116 2.05

Group II 0.90 226 0.77

Group I – control group. Group II – rats with streptozotocin-
induced diabetes



plasma concentration-time curve (AUC) decreased
by 48% in rats with experimental diabetes (Tab. 2).

The MEGX half-life (t$4 ) increased from 0.34 h
in the control group to 0.89 h in the rats with diabe-
tes, i.e. by 165% (Tab. 3). It was associated with re-
duction in the elimination rate constant of MEGX
(�&) by 62% in these animals. It demonstrates the
impaired MEGX elimination in experimental dia-
betes.

DISCUSSION

The drug distribution in tissues depends on
blood flow as well as the degree of drug binding
with blood and tissue proteins. The drug binding
with blood proteins is of great importance for drugs
and their pharmacological activities. Lidocaine, di-
sopyramide, imipramine and propranolol are alka-
line drugs, showing affinity for acidic �$-glyco-
protein and lipoproteins [21]. In pathological con-
ditions accompanied by hypoalbuminemia, plasma
protein absorption capacity decreases. Diabetes
can have an effect on drug binding to proteins by
changing the quantities and concentration of circu-
lating albumins and acidic �$-glycoprotein, or by
increasing the blood concentration of substances
inhibiting this binding [21]. Gatti [8] and Kearns et
al. [15] did not demonstrate significant changes in
albumin and acidic �$-glycoprotein concentration
in patients with diabetes. However, Barry et al. [2]
observed a significant increase in free lidocaine
fraction in patients with insulin-dependent diabe-
tes, which contributed to reduced volume of distri-
bution of the drug. Miller et al. [19] demonstrated
similar dependences in rats with diabetes induced
by streptozotocin.

In our study, the reduced volume of distribution
of lidocaine may be associated with a significant
increase in lidocaine clearance in rats with diabe-
tes. The total clearance is one of the major indica-
tors the drug elimination rate. For drugs with high
hepatic extraction coefficient (lidocaine propra-
nolol, disopyramide), the absolute clearance de-
pends mainly on hepatic blood flow. The binding of
these drugs with plasma proteins plays a smaller
part [28]. Our studies demonstrated a significant in-
crease in the total clearance of lidocaine in rats
with diabetes compared with control animals. It de-
monstrates the increased hepatic blood flow in dia-
betes. Similar results were obtained by other authors
who studied pharmacokinetics of various drugs in

rats with diabetes induced by streptozotocin and al-
loxan [7, 11]. The increase in hepatic blood flow in
diabetes was shown by Sato et al. [22], who applied
a standard indocyanine green test to evaluate the
hepatic blood flow in rats with diabetes and de-
monstrated a significant increase in indocyanine
clearance in these animals. The intensified hepatic
blood flow may be caused by the release of kinins.
Lidocaine is eliminated mainly by hepatic metabo-
lism and only its small part (approximately 5%) is
excreated in unchanged form with urine [2, 16].
The increased hepatic clearance of lidocaine in dia-
betes had an effect on the concentration of its me-
tabolite MEGX in blood. MEGX concentration was
higher than in the control during the whole period
of observation. This suggests not only the intense
lidocaine uptake by hepatocytes, connected with
intensified blood flow, but also a decreased activity
of MEGX metabolizing enzymes. In humans,
MEGX is produced soon after iv lidocaine admini-
stration, achieving its maximum concentration
within 5–15 min [3, 5]. It is subsequently metabo-
lized by N-deethylation to glycylxylidide (GX) and
other metabolites which in combination with glu-
curonic acid are excreted in urine [20].

In previous study we examined the metabolism
of lidocaine by liver microsomes from streptozoto-
cin-diabetic rats [10]. It was found that both spe-
cific and molecular activity of P450 N-deethylation
pathway was significantly reduced in diabetic ani-
mals. Our studies demonstrated that the lidocaine
biotransformation in streptozotocin-diabetic rats
depends both on the hepatic blood flow, and on the
metabolic activity of CYP450 isoenzymes respon-
sible for N-deethylation process. The persisting
higher MEGX concentration and its decreased
elimination rate constant and prolonged half-life
are connected with changes in activity of microso-
mal enzymes CYP450 in rats with diabetes. N-de-
ethylation of MEGX is catalyzed by the same en-
zymes that participate in lidocaine transformation
[3, 24]. Lidocaine metabolites, both MEGX and
GX, are active and show pharmacological and toxic
activity similar to lidocaine. The increase in
MEGX concentration in patients with diabetes may
result in intensified adverse effects, especially in
the central nervous system [3, 24]. Our results sug-
gest that experimental diabetes can have an effect
on lidocaine pharmacokinetics towards enhanced
lidocaine elimination with accompanied increase in
its metabolite (MEGX) concentration.
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