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Abstract

Background: Artesunate (AS), an anti-malarial drug, is hydrolyzed by serum esterase for its conversion to the active metabolite,
dihydroartemisinin (DHA). Evidence for the clinical effectiveness of AS is growing; however, little information is available on
special populations such as patients with diabetes mellitus (DM). In addition, although erythrocytes are considered as a target
site, the blood pharmacokinetics of AS and DHA remain unclear. Therefore, the blood pharmacokinetics of AS and DHA were
investigated in DM rats in the present study.
Methods: DM rats were prepared by intraperitoneal injection of streptozotocin. An in vitro protein binding study of AS and DHA
was performed by the ultrafiltration method. Plasma and blood samples were collected after the intravenous administration of AS,
to analyze pharmacokinetics of AS and DHA. Blood to plasma ratios (BP ratio), as an index of erythrocyte distribution, were then
calculated by dividing blood concentrations by plasma concentrations.
Results: The protein bindings of AS and DHA were 83.7% and 92.6% in control rats and 86.2% and 92.2% in DM rats, respectively.
All concentration profiles in this study were best fit by a two compartment model; the plasma and blood pharmacokinetic
parameters of AS and DHA in DM rats were not significantly different from those in control rats. The BP ratio of AS was at an
extremely low level (approximately 0.5) just after its administration, whereas that of DHA was maintained above 1.0 throughout
the study; however, no significant changes were observed between control and DM rats.
Conclusion: The glycation of albumin with DM did not affect the protein bindings of AS or DHA. No significant changes were
observed in the conversion of AS to DHA by serum esterase or disposition of DHA in DM rats. The blood concentrations of DHA
declined in parallel with plasma concentrations and the distribution of DHA to erythrocytes was good. In conclusion, the efficacy
and safety of both AS and DHA were tolerated in DM rats with DHA having more favorable characteristics than AS.
Keywords: Artesunate, dihydroartemisinin, pharmacokinetics, erythrocyte, diabetes mellitus

Introduction

Malaria is a life-threatening infection that still has a high
morbidity and mortality in low-latitude regions such as subSaharan Africa and India [1,2]. The prevalence of diabetes
mellitus (DM) is also high, and the number of DM patients
in the world is expected to approximately double between
2000 and 2030 [3]. Along with recent demographic growth
and urbanization, marked increases have been reported in the
number of DM patients in sub-Saharan Africa and India [4-6].
DM patients were previously shown to be at relatively high risk
not only of common infections but also malaria, and this was
partly attributed to the decrease in T cell-mediated immunity
in these patients [7,8]. Therefore, the increase in the number
of DM patients infected with malaria is a cause for concern.
Artemisinin-based combination therapy (ACT) is recently
recommended as a first-line treatment for malaria in order
to prevent malaria parasites developing resistance, and

is commonly based on the combination of an artemisinin
derivative with a conventional anti-malarial drug [9,10].
Artesunate (AS) is one of the most widely used artemisinin
derivatives; AS itself has little activity in malaria parasites, but is
rapidly converted to the active metabolite, dihydroartemisinin
(DHA), by serum esterase in the systemic circulation. AS has been
intensively investigated among the artemisinin derivatives for
its usefulness and the ACT regimen with AS has been shown
to improve the clinical outcomes of patients [11,12]. However,
despite growing evidence to support its clinical effectiveness,
the effects of AS and DHA have not yet been investigated in
detail in special populations such as DM patients.
Hyperglycemia with DM affects not only the physiological
condition of the patient but also often the pharmacokinetics
of a drug; the non-enzymatic glycation of serum albumin was
shown to influence the protein binding of certain drugs, which
is one of the most important factors for the distribution of drugs
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[13], and the activities/expressions of serum esterases and
drug-metabolizing enzymes were also shown to be altered
in DM [14,15]. These alterations have the ability to affect
the pharmacokinetics of AS and DHA. In addition, although
erythrocytes are considered as the target site of AS and DHA,
their blood concentrations had never been quantified until a
study performed by Lindegardh et al., [16]; in the extraction
procedure, cations derived from hemoglobin (Fe2+) degrade
the reactive peroxide bridges of their structures. Therefore,
the blood pharmacokinetics of AS and DHA are also limited.
To assess their safety and efficacy in DM, the present study
investigated the blood pharmacokinetics of AS and DHA, with
a focus on their distribution to erythrocytes. We here reported
the protein bindings, plasma and blood pharmacokinetics
following the intravenous administration, and blood to plasma
ratios (BP ratio) of AS and DHA as an index of erythrocyte
distribution in streptozotocin-induced DM rats.

Methods
Materials

Artesunate (AS) and dihydroartemisinin (DHA) were purchased
from Tokyo Chemical Industry Co., Ltd. (Tokyo, Japan). Streptozotocin (mixed anomers), potassium dichromate, and
ammonium acetate were purchased from Nacalai Tesque
Inc. (Kyoto, Japan) and deferoxamine mesylate was obtained
from Sigma-Aldrich Co. (MO, USA). A commercially available
injectable formulation of AS, ASTIR® (Ranbaxy Laboratories
Ltd., Delhi, India) was used as a dosing solution of AS. Methanol,
acetonitrile and all other reagents were of analytical grade
and were used without further purification.
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Co., Ltd (Tokyo, Japan). Rats were then used in a subsequent
pharmacokinetic study as described later.

In vitro protein binding study of AS and DHA

The protein bindings of AS and DHA were simultaneously
determined by the traditional ultrafiltration method; under
light anesthesia with diethylether, whole blood collected
by cardiac puncture from control (n=4) and DM (n=4) rats
was prepared in the same way as that described above, and
plasma was then obtained by centrifugation at 9000 g for 10
min. The mixed solution of AS and DHA in methanol (10 µg/mL,
respectively) was spiked into control or DM plasma to yield a
final concentration at 0.4 µg/mL. The spiked plasma was then
incubated for 20 min at 37°C. A total of 50 µL of incubated
plasma was immediately frozen at -80°C until analysis and
500 µL of residual plasma was placed in an ultrafiltration unit,
Amicon® Ultra-0.5mL 3K (Merck KGaA, Darmstadt, Germany).
After centrifugation for 10 min at 12000 g and 4°C, 50 µL of
filtrate was collected and stored at -80°C until analysis. The
protein bindings of AS and DHA were calculated by dividing
filtrate concentrations by plasma concentrations.

Pharmacokinetic study of AS and DHA

The dosing solution of AS (10 mg/mL) was prepared just
before use according to the product information of ASTIR®;
60 mg of AS powder was dissolved in 1 mL of bicarbonate (5%,
w/v) and the mixture was then added to 5 mL of saline. Under
anesthesia induced by the intraperitoneal administration of
50 mg/kg sodium pentobarbital, control (n=5) and DM (n=6)
rats were administered the AS dosing solution at a dosage of
10 mg/kg via the right jugular vein. Blood samples (0.25 mL)
Animal preparations and biochemical tests
were obtained from the left jugular vein at 5, 15, 30, 45, 60,
All animal experiments were performed in accordance with 90, 120, 180, and 240 min after dosing and were transferred
the Guidelines for Animal Experimentation of Kobe Gakuin to heparinized centrifuge tubes. A total of 50 µL of blood was
University. Male Wistar rats of 11 weeks old (weighing 250±10 immediately transferred to another centrifuge tube containing
g) were obtained from Nippon SLC Co., Ltd. (Hamamatsu, 10 µL of 0.4 M potassium dichromate and stored at -80°C for
Japan). Rats were maintained in a temperature-controlled at least 4 days to stabilize the blood [16]. Residual blood was
facility with a 12 hr light/dark cycle for at least 5 days with centrifuged at 9000 g for 10 min to obtain plasma samples,
free access to food and water before use. Diabetes mellitus which were also immediately stored at -80°C until analysis
model rats (DM rats, n=6) were induced by the intraperitoneal as described below.
administration of streptozotocin solution at a dose of 50
mg/kg (1 mL/kg), which was prepared by dissolving by ice- Simultaneous determination of AS and DHA in plasma,
cold saline just before use; control rats (n=5) received the filtrate, and blood samples by liquid chromatography
same volume of ice-cold saline. All rats were fed a normal tandem mass spectrometry (LC/MS/MS)
rodent diet for 6 days and then fasted overnight. The next AS and DHA concentrations in plasma and filtrate samples
day, namely 1 week after the intraperitoneal administration were determined by a previously reported method with some
of streptozotocin, blood samples for biochemical tests (0.4 modifications [17,18]; the combined stock solutions of AS and
mL) were taken from tail vein and centrifuged at 9000 g DHA were prepared by dissolving in methanol ranging from
for 10 min to obtain plasma; 100 µL of plasma was used to 0.02 to 200 µg/mL. Aliquots of the combined stock solutions
determine blood sugar (BS) levels with the glucose test kit were stored as a quality control (QC) and the remainders served
(Glucose C2 Test Wako, Wako Pure Chemical Industries Ltd., as a working solution; the combined working solutions of AS
Osaka, Japan) and residual plasma was frozen at -80°C until and DHA were stable for at least 3 months (>95%). Calibration
the measurement of albumin (Alb), glycoalbumin (GA), and samples were prepared by spiking working solutions into drugtotal protein (TP) by a commercial laboratory, Oriental Yeast free plasma or filtrate with a 20-fold dilution (viz., 0.001 to 10
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µg/mL). A total of 50 µL of calibration and unknown samples
were added to 100 µL acetonitrile for protein precipitation,
and were then vortexed and centrifuged at 9000 g for 10 min,
4°C. The supernatant was transferred to a 2.0 mL centrifugal
tube, added to 1.7 mL of diethylether, vortexed for 30 sec,
and centrifuged at 9000 g for 10 min, 4°C. The organic layer
was then transferred to a new tube and evaporated at room
temperature under a vacuum using the centrifugal evaporator,
CVE-2000 (EYELA, Tokyo, Japan). The residue was reconstituted
with 150 µL of the mobile phase (20 mM ammonium formate:
acetonitrile=1: 9, v/v) and 50 µL was then injected into the
LC/MS/MS system. Blood concentrations were determined
by a previously reported method with some modifications
[16]. To prevent hemolysis when spiking, the combined stock
solutions of AS and DHA for the blood assay were prepared
by dissolving in 50% drug-free plasma, not methanol. The
calibration samples for the blood assay (0.001 to 10 µg/mL)
were prepared by spiking working solutions into drug-free
blood and immediately added to 0.4 M potassium dichromate
(20%, v/v); to prevent AS and DHA from degradation by
Fe2+ derived from hemoglobin, Fe2+ in blood was oxidized
to Fe3+ by the addition of potassium dichromate [16]. After
stabilization at -80°C for at least 4 days, calibration and
unknown samples were thawed on ice and 50 µL was then
added to 50 µL of 0.08 M potassium dichromate and 50 µL
of 20 mg/mL deferoxamine, which forms a stable chelate
with Fe3+. After vortexing, the mixture was added to 300 µL
acetonitrile for protein precipitation. The following extraction
with diethylether, reconstitution with the mobile phase, and
injection into the LC/MS/MS system were the same procedures
as those described in the plasma and filtrate assay. The LC/MS/
MS system consisted of the 2690 Separation Module (Waters
Co., MA, USA), Micromass Quattro Ultima Pt Mass Spectrometer
(Waters Co., MA, USA), and the operation software, MassLynx
Version 4.1 (Waters Co., MA, USA). The analytical column for
the separation of AS and DHA was a Quicksorb ODS (2.1 mm
i.d., 150 mm, 5 μm size, Chemco, Osaka, Japan). Elution was
performed isocratically at a flow rate of 0.2 mL/min with the
mobile phase (20 mM ammonium formate: acetonitrile=1: 9,
v/v). Mass spectrometric detection was performed utilizing
electrospray ionization in the positive ion mode (ESI+) by the
multiple reaction monitoring mode (MRM) with ion transitions
of 402.0 to 267.0 m/z for AS and 302.1 to 163.2 m/z for DHA.
The source temperature, dissolvation temperature, and
corn voltage were set at 130°C, 200°C, and 45 V, respectively.
The lower limit of quantitation was independent of sample
matrixes: 0.001 µg/mL for AS and less than 0.001 µg/mL for
DHA, respectively.

Pharmacokinetic analysis

The obtained plasma or blood concentration profiles of both
AS and DHA were fit to a one or two compartment model
using Phoenix WinNonlin version 6.3 software (Certara, GK,
USA). The compartment model and weighting were evaluated
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by the Akaike’s information criteria (AIC) and Goodness-of-fit
diagnostic plots (i.e., predicted vs observed concentration
and weighted residual vs observed concentration plots). With
a conventional two-compartment model, the distribution
volume of the central and peripheral compartments of AS
were represented by V1 and V2, respectively, whereas those
of DHA were corrected by the metabolized fraction (Fm) from
AS: V1/Fm and V2/Fm. The intercompartmental rate constants
and elimination rate constant from the central compartment
were expressed as k12 and k21, and kel, respectively; the half-life
of distribution and elimination phase were denoted as t1/2α
and t1/2β, respectively. The area under the plasma or blood
concentration vs. time curve from 0 to infinity (AUC) was
calculated by integrating the predicted concentration of the
central compartment. The distribution to erythrocytes was
evaluated by the blood to plasma concentration ratio (BP
ratio), which was calculated by dividing blood concentrations
by plasma concentrations at the corresponding time points.

Statistical analysis

All values are expressed as the mean±standard error (S.E.).
Differences in means were compared with the Mann-Whitney
U test using the software, SPSS version 21 (IBM SPSS Statistics,
IBM Co., NY, USA); differences were assumed to be significant
at p<0.05.

Results

The biochemical parameters and in vitro protein binding of
AS and DHA in control and streptozotocin-induced DM model
rats were shown in Table 1. Significant increases in BS (387%)
and GA (206%) were observed in DM rats with a decrease in
body weight (82%); however, no significant changes were
observed in Alb or TP. In the in vitro protein binding study,
the degradation of AS and corresponding conversion into
Table 1. Biochemical tests and in vitro protein binding of AS and
DHA in control and DM rats.
Biochemical parameters
Body weight (g)
BS (mg/dL)
Alb (g/dL)
GA (g/dL)
TP (g/dL)
Protein bindinga
AS (%)
DHA (%)

Control

DM

P value

262.4±1.2
145.1±4.8
3.86±0.06
0.53±0.01
5.22±0.07

215.3±1.9
561.3±9.9
3.76±0.04
1.09±0.03
4.97±0.05

0.004
0.004
0.792
0.004
0.429

83.7±0.4
92.6±0.2

86.2±0.7
92.2±0.2

0.200
0.686

BS: blood sugar. Alb: albumin. GA: glycoalbumin.
TP: total protein.
Each value represents the mean ± S.E. of control (n=5)
and DM (n=6) rats for biochemical parameters, and
control (n=4) and DM (n=4) rats for protein binding.
a
protein binding studies were performed at a nominal
concentration of 0.4 µg/mL Differences in the means
were tested using the Mann-Whitney U test.
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DHA were observed after incubating control plasma spiked
with AS and DHA at a final concentration of 0.4 µg/mL for 20
min; 0.312±0.03µg/mL in AS and 0.460±0.08 µg/mL in DHA
(mean±standard deviation of n=4). However, these values
were not significantly different from those after incubation
for 5 min (data not shown). No significant difference was
observed in protein binding between control and DM plasma
after incubation for 20 min at a nominal concentration of
0.4 µg/mL of AS and DHA; however the protein binding
of DHA was higher than that of AS. The plasma and blood
concentration profiles of AS were depicted in Figure 1; plasma
and blood concentrations in both control and DM rats were
below the lower limit of quantitation at 120 min after the
administration of AS. Figure 2 shows the plasma and blood
concentration profiles of DHA. The obtained plasma and
blood pharmacokinetic parameters of AS and DHA were
summarized in Tables 2 and 3, respectively. The plasma and
blood concentrations of both AS and DHA in control and DM
rats declined in a bi-phasic manner; all the profiles obtained
in the present study were best fit by a two compartment
model with weighting by 1/(predicted value)2, supported
by minimum AIC and best Goodness-of-fit profiles (data not
shown). The plasma concentration profiles of AS were very
similar in control and DM; however, no significant differences

Figure 1. The plasma and blood concentration profiles of AS
after its intravenous administration, 10 mg/kg, to control and
DM rats. The dashed lines show the plasma concentration
profiles: control rats (○) and DM rats (△). The solid lines
present the blood concentration profiles: control rats (●)
and DM rats (▲). Each symbol with a bar represents the
mean±S.E. of control (n=5) or DM (n=6) rats.

doi: 10.7243/2053-7107-2-1

Figure 2. The plasma and blood concentration profiles of
DHA after its intravenous administration of AS, 10 mg/kg,
to control and DM rats. The dashed lines show the plasma
concentration profiles: control rats (○) and DM rats (△).
The solid lines presented the blood concentration profiles:
control rats (●) and DM rats (▲). Each symbol with a bar
represents the mean±S.E. of control (n=5) or DM (n=6) rats.

were observed in plasma pharmacokinetic parameters, except
for V1. The blood concentrations of AS in control and DM rats
were lower than the corresponding plasma concentrations until
15 min after its administration, but subsequently increased;
however, no significant differences were observed in blood
pharmacokinetic parameters between control and DM rats.
The plasma concentration profiles of DHA in control and DM
were also very similar rats and no significant differences were
observed between any plasma pharmacokinetic parameter
of DHA. DHA concentrations in the blood were continuously
higher than those in the plasma; the area under the blood
concentration of DHA was slightly higher in DM rats. The
blood to plasma (BP) ratio vs time curve of AS and DHA was
shown in Figures 3 and 4, respectively. The BP ratios of AS
in control and DM rats were low (approximately 0.5) until
15 min after its administration, but gradually increased to
approximately 2-4 at 60 min, when no significant difference
was observed in the BP ratio between control and DM rats
at any sampling time point. In contrast, the BP ratio of DHA
in DM rats was significantly higher than that of control rats
120 min after dosing only.

Discussion

The aim of the present study was to investigate the plasma and
blood pharmacokinetics of AS and DHA in DM rats. The DM
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Table 2. Plasma and blood pharmacokinetics of AS after the
intravenous administration of AS, 10 mg/kg, to control and
DM rats.

Table 3. Plasma and blood pharmacokinetics of DHA after the
intravenous administration of AS, 10 mg/kg, to control and
DM rats.
Control
Plasma pharmacokinetics

DM

P value

Control

DM

P value

634±153

916±142

0.004

V1/Fm (mL)

663±144

580±53

0.931

352±110

243±21

0.931

0.0058±0.0008 0.792

Plasma pharmacokinetics
V1 (mL)
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V2 (mL)

164±52

290±64

0.247

V2/ Fm (mL)

k12 (1/min)
k21 (1/min)
kel (1/min)
t1/2α (min)

0.0121±0.0042
0.0461±0.0110
0.248±0.022
2.76±0.32

0.0083±0.0016
0.0302±0.0068
0.207±0.021
3.33±0.34

0.329
0.931
0.429
0.247

k12 (1/min)

0.0420±0.0288

k21 (1/min)

0.0299±0.0111

0.0133±0.0009 0.429

kel (1/min)

0.0659±0.0162

0.0454±0.0025 0.537

t1/2β (min)
AUC (μg/mL•min)

19.3±3.9
19.0±3.1

40.4±17.7
12.5±1.7

0.177
0.329

Blood pharmacokinetics
V1 (mL)
V2 (mL)
k12 (1/min)

1315±309
1295±264
0.715
1411±564
2201±722
0.662
0.0297±0.0027 0.0553±0.0085 0.052

k21 (1/min)

0.0367±0.0068 0.0405±0.0069 0.931

kel (1/min)

0.246±0.032

0.223±0.019

0.537

t1/2α (min)

2.63±0.35

2.47±0.18

0.931

t1/2β (min)

26.8±7.4

25.3±3.8

0.584

AUC (μg/mL•min)

9.08±0.93

8.61±1.57

0.715

V1, V2: distribution volume of the central or peripheral
compartment. k12, k21: transfer rate constant from the central
to peripheral or peripheral to central compartment. kel:
elimination rate constant from the central compartment. t1/2α,
t1/2β: half-life of the distribution or elimination phase. AUC:
area under the plasma or blood concentration vs. time curve
from 0 to infinity. Each value represents the mean ± S.E. of
control (n=5) and DM (n=6) rats. Differences in the means
were tested using the Mann-Whitney U test.

t1/2α (min)

10.9±3.3

13.1±0.6

0.931

t1/2β (min)
AUC (μg/mL•min)

56.8±19.4
52.5±1.8

62.5±3.9
59.6±5.4

0.247
0.537
0.052
0.931

Blood pharmacokinetics
V1/ Fm (mL)
V2/ Fm (mL)

736±104
382±129

447±35
305±36

k12 (1/min)

0.0064±0.0016

0.0170±0.0027 0.009

k21 (1/min)

0.0154±0.0039

0.0259±0.0052 0.082

kel (1/min)

0.0419±0.0016

0.0398±0.0023 0.429

t1/2α (min)

13.8±1.1

10.5±0.8

0.052

t1/2β (min)

76.4±25.7

50.3±4.1

0.662

AUC (μg/mL•min)

65.1±9.5

88.2±8.4

0.052

V1, V2: distribution volume of the central or peripheral
compartment. Fm: metabolized fraction into DHA. k12,
k21: transfer rate constant from the central to peripheral or
peripheral to central compartment. kel: elimination rate
constant from the central compartment. t1/2α, t1/2β: half-life of the
distribution or elimination phase. AUC: area under the plasma
or blood concentration vs. time curve from 0 to infinity. Each
value represents the mean±S.E. of control (n=5) and DM (n=6)
rats. Differences in the means were tested using the MannWhitney U test.

model rats used in this study were prepared by the traditional can also bind to site I of albumin; therefore, their bindings to
method using streptozotocin, which selectively impairs the albumin may not be affected by its glycation.
beta cells of the pancreas [19], and were confirmed to have
Many studies have investigated pharmacokinetic modeling
DM by elevations in blood sugar and glycoalbumin (Table 1). for AS and DHA: non-, one-, and two-compartment and
The protein bindings of AS and DHA in control rats in parent-metabolite simultaneous modeling [23-26]. The
the present study (83.7% and 92.6%, respectively) were parent-metabolite (AS-DHA) simultaneous modeling was
not significantly different from those in DM rats (Table 1), also applied in this study, but failed to fit the data or stabilize
whereas these values were slightly higher than those in the parameters because the conversion of AS to DHA after
previous studies using radiolabeled AS and DHA (73-81% its intravenous administration was too fast to accurately
and 76-82%) [20,21]. Joseph et al., investigated the effect of evaluate the conversion rate, namely the absorption rate
the glycation of albumin on its binding to warfarin, which constant (ka) of DHA; therefore, the pharmacokinetic analysis
is often used as a probe compound for Sudlow site I, and of AS and DHA were performed separately. The plasma and
reported no significant changes in the binding affinity of blood pharmacokinetic parameters of AS in DM rats were not
warfarin to glycated albumin, whereas a 4.7-5.8 fold increase significantly different from those in control rats, expect for
in the binding affinity to glycated albumin was observed V1 in plasma (Figure 1 and Table 2). Although the distribution
in L-tryptophan, a probe for Sudlow site II [13]. Bian et al., volume of AS in DM rats was slightly higher in plasma
examined the interaction between artemisinin and albumin pharmacokinetics, no notable changes were observed in the in
and demonstrated that artemisinin could bind to site I [22]. vitro protein binding and blood pharmacokinetics parameters
Taking these findings and the structural similarities between of AS in DM rats (Tables 1 and 2); therefore, DM may not have
of AS and DHA to artemisinin into consideration, AS and DHA a marked influence on the distribution of AS. Patel et al.,

5

Fukushima et al. Interactive Medicinal Chemistry 2014,
http://www.hoajonline.com/journals/pdf/2053-7107-2-1.pdf

Figure 3. The blood to plasma (BP) ratio vs. time curves
of AS after its intravenous administration of AS, 10 mg/kg,
to control (●) and DM rats (▲). Each symbol with a bar
represents the mean±S.E. of control (n=5) or DM (n=6) rats.

Figure 4. The blood to plasma (BP) ratio vs. time curves
of DHA after its intravenous administration of AS, 10 mg/
kg, to control (●) and DM rats (▲). Each symbol with a bar
represents the mean±S.E. of control (n=5) or DM (n=6) rats.
An asterisk (*) indicated a significant difference from control
rats by the Mann-Whitney U test (p<0.05).

doi: 10.7243/2053-7107-2-1
investigated the activities of serum esterases in streptozotocininduced DM rats and reported that pseudocholinesterase and
paraoxonase activities were significantly higher (250%) and
lower (36%) in DM rats, respectively, whereas no significant
difference was observed in carboxylesterase activity, which
mainly hydrolyzes AS [14]. Carboxylesterase has been shown
to be highly expressed in rats [27]; therefore, DM may not
have a significant effect on the conversion of AS to DHA by
carboxylesterase, or its change in DM can be negligible. Similar
to AS, no notable change was observed in the pharmacokinetic
parameters of DHA in DM rats, whereas the AUC of blood
was slightly increased in DM (Figure 2 and Table 3). After its
conversion from AS, DHA is not oxidized by cytochrome-P450,
but is glucuronidated by the UDP-glucuronosyltransferases
1A9 and 2B7 (UGT1A9 and UGT2B7) in the liver [28,29]. Dostalek
et al., investigated the effect of DM on glucuronidation by
UGT1A9 and UGT2B7 in the human liver and showed that
the expression and activity of UGT2B7, but not of UGT1A9,
were significantly decreased in DM [30]; however, the effect
of DM on DHA disposition was not significant in rats in the
present study.
The BP ratios of AS in both control and DM rats were very
close to the theoretical minimum value immediately following
the intravenous administration of AS, (approximately 0.45,
Figure 3), which indicated that AS may not be distributed to
a marked extent in erythrocytes in the early phase. This result
raises another implication that the terminal phase of AS may
not be the elimination phase, but the re-distribution phase
to plasma fraction; namely, it was highly likely that the flipflop phenomenon may occur in rats, although insufficient
evidence was collected in this study. In comparison to the
early phase, the BP ratio of AS was relatively high in the
terminal phase; therefore, AS was considered to have a high
affinity for erythrocytes. However, AS has disadvantages over
DHA not only in its pharmacological activity but also in its
pharmacokinetic disposition due to its distribution delay and
low concentration in erythrocytes. In contrast to AS, the BP
ratios of DHA in both control and DM rats were maintained
above 1.0 throughout the sampling period (Figure 4); the
distribution of DHA to erythrocytes may be good. In addition,
t1/2α and t1/2β for plasma were closed to those for blood (Table 3),
and thus, it may be reasonable to monitor DHA plasma
concentrations in order to evaluate its anti-malarial efficacy.
In the present study, however, no significant changes were
observed in the BP ratio profiles of both AS and DHA in DM rats.
There was another limitation in this study, separate to species
differences; DM rats were used 1 week after the intraperitoneal
administration of streptozotocin in this study. A previous
study showed that it took approximately 5 weeks to increase
the level of glycated hemoglobin (namely, hemoglobin A1c)
in streptozotocin-induced DM rats [31]. Vattanaviboon et al.,
reported that the binding of DHA to hemoglobins accounted
for 40-70% of the total uptake and each DHA molecule could
bind with a β-globin dimer [32]. Therefore, the glycation of
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hemoglobins has the potential to affect the localization of
drugs in erythrocytes. However, further studies are warranted
because the present study could not confirm this.

Conclusions

The glycation of albumin with DM did not affect the protein
bindings of AS and DHA. In addition, the conversion of AS to
DHA by serum esterase and the disposition of DHA also showed
no significant changes in DM rats. Blood concentrations of
DHA declined in parallel with plasma concentrations and the
distribution of DHA to erythrocytes was good. In conclusion,
the efficacy and safety of both AS and DHA is tolerated in
DM rats and DHA has more favorable characteristics than AS.
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