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bstract

A sensitive and reproducible high performance liquid chromatography (HPLC)-UV method for determination of nicousamide, an inhibitor of
ennin and transforming growth factor-beta1 (TGF-�1) type II receptors, has been developed and validated. Following acetonitrile deproteiniation,
amples were separated by isocratic reversed-phase HPLC on an Aichrom Bond-AQ C18 column and quantified using UV detection at 320 nm. The
obile phase was acetonitrile/water (ratio 62:38 containing 0.1% H3PO4), with a flow-rate of 1.0 ml/min. A linear curve over the concentration

ange 5–200 ng/ml (r2 = 0.9978) was obtained. The coefficients of the variation for the intra- and inter-day precisions ranged from 1.4–10.7% and
.8–7.1%, respectively. The percentage of relative recovery was 91.56–105.45%. The method was used to determine the plasma concentration–time

rofiles for nicousamide after oral doses of 30, 100 and 300 mg/kg in dogs. A nonlinear pharmacokinetics was found in dogs at doses from 30 to
00 mg/kg. Following 30 mg/kg oral dose, the Cmax and AUC in females were lower than that in male. There is a potential for accumulation in
ogs following multiple doses.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Tubulointerstitial fibrosis is a typical finding in virtually
ll progressive renal diseases. The molecular mechanism that
rogress renal disease has begun to be elucidated recently [1].
enin and TGF-�1 have been found to play a pivotal role in

he tubulointerstitial pathology [2–5]. The clinical study showed
hat the inhibition of the RAS is an effective way to intervene
n the pathogenesis of cardiovascular and renal disorders [6,7].
he inhibition of TGF system might be a critical mechanism for

he development of diabetic renal hyperfiltration [8,9].
Nicousamide (3-(3′-carboxy-4′-hydroxy-anilino-carbo-)-6-

itro-7-hydroxy-8-methyl-coumarin, Fig. 1) is an inhibitor of
ennin and transforming growth factor-beta1 (TGF-�1) receptor
or the treatment of diabetic nephropathy. Recent studies have

hown that nicousamide can attenuate albuminuria, glomeru-
ar sclerosis, tubulointerstitial fibrosis and renal tubule vacuolar
egeneration in streptozotocin-induced diabetic rats. Interest-
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ngly, nicousamide also can reduce the incidence of diabetic
ataract. To study the pharmacokinetics of nicousamide in
lasma samples, a sensitive, accurate and reproducible method
hich is a reverse-phase HPLC system, with UV detection for

he analysis was established. In order to elevate the sensitivity of
icousamide determination in plasma, we acidified the aqueous
ayer after the plasma was deproteinized. The method was suc-
essfully applied for a pharmacokinetic study of nicousamide in
ogs.

. Experimental

.1. Materials

Nicousamide was synthesized at the Laboratory of Chemical
ynthesis (Chinese Academy of Medical Sciences). The chem-

cal structure of nicousamide was characterized by X-crystal

iffraction, NMR, MS, infrared spectra, and HPLC-UV. The
urity of nicousamide was 99.7%. Acetonitrile (HPLC grade)
ere obtained from Merck (Darmstadt, Germany) and all other

eagents were of analytical grade.

mailto:shengli@imm.ac.cn
dx.doi.org/10.1016/j.jchromb.2007.04.008
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resulting plasma prepared according to the procedure given for
Fig. 1. Chemical structures of nicousamide.

Drug free plasma was obtained from untreated male bea-
le dogs weighing 6–8 kg purchased from Beijing Marshall Inc
Beijing, China).

.2. Preparation of stocks, calibration standards and
uality control samples

Nicousamide was dissolved in dimethyl sulphoxide
1 mg/ml) as stock solution and small volume aliquots for single-
ime use were stored at−20 ◦C until required. Working standards
ere prepared freshly by diluting the stock solution with water.
Calibrations standards samples were prepared by adding dif-

erent concentrations of the working standards in drug-free
lasma. The final concentrations of nicousamide were 5, 10,
0, 40, 80, 160 and 200 ng/ml.

High-, mid- and low-level quality control samples contained
50, 50 and 10 ng/ml each of the nicousamide analytes. These
amples were prepared in a manner similar to that used for
reparation of the calibrator samples.

.3. Preparation of samples

A 300 �l nicousamide sample was spiked with 300 �l ace-
onitrile, the mixtures were vortexed for 10 s followed by
entrifugation at 14,000 rpm for 5 min at room temperature. The
queous layer (300 �l) was acidificated by adding phosphoric
cid (3 �l). A 100 �l of the supernatant sample was injected
nto the HPLC system.

.4. Chromatography

The analysis of calibrator, quality control and experimen-
al samples were performed on an Agilent 1100 LC system
Palo Alto, CA, USA), equipped with a quaternary pump and
egasser, an autosampler and column compartment (35 ◦C), a
hotodiode array detector, and ChemStation software. The ana-
yte was eluted with acetonitrile/water (ratio 62:38 containing
.1% H3PO4) at a flow rate of 1.0 ml/min on a reverse phase col-
mn (Aichrom Bond-AQ C18, 5 �m, 4.6 mm × 250 mm; USA)
ith a C18 (5 �m, 8 mm × 4 mm; Dikma) guard column, fol-

owed by specific measurement at 320 nm. Nicousamide was
luted at 6.6 min under above conditions.

.5. Bioanalytical method validation
.5.1. Linearity, precision and accuracy
The linearity of the HPLC method for the determination of

icousamide was evaluated by a calibration curve in the range
f 5–200 ng/ml. The calibration curve was obtained by plotting

t
c
m
s
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he peak area of each analyte versus nicousamide concentration.
east squares linear regression analysis was used to determine

he slope, intercept and correlation coefficient. The calibration
urve requires a correlation coefficient (r2) of 0.99 or better. To
valuate the precision, at least five QC samples of three different
oncentrations of nicousamide were processed and injected on
single day (intra-day) and at different days (inter-day). The

ariability of nicousamide determination was expressed as the
oefficient of variation (%CV) which should be ≤15% at all the
oncentrations. Accuracy is expressed as % bias which should
e within limits of ±15% at all concentrations of nicousamide.

.5.2. Recovery
The recoveries of nicousamide from plasma were determined

t different standard concentrations by spiking the drug into the
orresponding blank plasma. The percentage of recovery was
alculated by comparing the peak area of deproteinized samples
ith samples in which the compound was spiked directly in

cetonitrile. The recoveries at three QC concentration levels of
icousamide in plasma were examined at least five times.

.5.3. Stability studies
Three freeze-thaws, long-term, short-term and post-

reparative stabilities of nicousamide in plasma was tested using
igh-, mid- and low-quality control samples. The freeze-thaw
tability of the analyte was determined over three freeze-thaw
ycles. In each freeze-thaw cycle, the samples were frozen and
tored at −20 ◦C for 24 h, then thawed at room temperature. To
valuate long-term stability of nicousamide, the plasma samples
ere stored at −20 ◦C for 10 days. For the short-term stabil-

ty, fresh plasma samples were kept at room temperature for
2 h before sample preparation. The stability of the prepared
lasma samples was tested after keeping the samples at room
emperature for 12 h.

.6. Pharmacokinetic experiments in dogs

The Institute Animal Care and Welfare Committee approved
ll animal protocols. Male and female beagle dogs weighing
–8 kg purchased from Beijing Marshall Inc. (Beijing, China)
ere housed in individual cages during these studies. Dogs were

asted 12 h before receiving nicousamide and fed 4 h after admin-
stration. The dosing solutions used for all animal studies were
repared by suspending the required amounts of nicousamide in
.5% sodium carboxymethyl cellulose. The plasma pharmacoki-
etics of nicousamide were studied in male and female beagles
3/sex) after a single oral 30, 100, 300 mg/kg dose and after a
ultiple dose (daily oral 100 mg/kg for 7 days) of nicousamide.
lood samples were collected via the foreleg vein into hep-
rinized syringes at 0.05, 0.1, 0.17, 0.33, 0.5, 0.67, 1, 2, 3, 4, 6,
, 12 and 24 h after oral dosing, immediately centrifuged and the
he calibrators. Pharmacokinetic analysis of nicousamide con-
entrations in plasma was performed using noncompartmental
ethods via the proprietary DAS (Drug and statistics) computer

oftware package (Chinese Pharmacology Society).
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. Results and discussion

.1. Method development

As nicousamide has an extremely low solubility in both water
nd organic solvents, therefore, a deproteinized method to detect
lasma nicousamide has been developed. To diminish the dilu-
ion of the sample during deproteinize, diverse proportional
olvents (methanol, acetonitrile, trichloracetic acid, perchlo-
ic acid) were selected in the deproteinize process. Although

500 �l sample spiked with 100 �l 30% trichloracetic acid

an produce the minimal dilution, optimum peak shape and an
ncrease of detector sensitivity accordingly, the recovery was
nsuitable. However, the plasma deproteinized with equal vol-
me of acetonitrile followed acidification by adding phosphoric

ig. 2. Chromatograms of nicousamide in dog plasma: blank plasma sample
top trace); a 20 ng/ml nicousamide quality control sample (middle trace); a dog
lasma sample after a 30 mg/kg dose of nicousamide (bottom trace).
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cid produced a similar optimum peak shape and the satisfac-
ory recovery. Additionally, acidification the samples instead of
trongly acidic the mobile phase can avoid a shorter column
ife caused by the latter. The chromatograms of a blank plasma
ample, a nicousamide quality control sample (20 ng/ml) and a
og plasma sample after a 30 mg/kg dosing with nicousamide
as summarized in Fig. 2. Endogenous plasma components
id not interfere with the elution of the compounds of
nterest.

.2. Method validation

A linear relationship was found between plasma peak
reas and nicousamide concentrations within the range of
–200 ng/ml. The mean (±S.D.) regression equation for cali-
ration curves in plasma was (0.5515 ± 0.0142)C + (2.5101 ±
.6386), r2 = 0.9978 ± 0.0024 (n = 5). The coefficient of varia-
ions of slope for nicousamide were found to be <15%, which
ndicates a high precision of the present assay. The average
ecoveries of nicousamide after deproteinized procedure ranged
rom 91.6 to 105.8% (Table 1).

The intra- and inter-day variability of plasma assay is listed in
able 2. It was demonstrate that the HPLC method for the deter-
ination of nicousamide was reliable and reproducible since

oth %CV and % bias were below 15% for all estimated concen-
rations of nicousamide. The LLOQ was evaluated by analyzing
he plasma sample spiked with the analyte at a final concen-
ration of 5 ng/ml at which the signal-to-noise ratio (S/N) was
0.

.3. Stability studies

Stability of nicousamide during the determination was
ssessed under a variety of conditions and the maximum period
as presented in Table 3. The deviation of the mean test

esponses were within ±15% of appropriate controls in all sta-
ility tests of nicousamide in dog plasma. Three freeze-thaw
ycles of the QC samples appeared to have no effect on quantifi-
ation of the analyte. QC samples stored in a freezer at −20 ◦C
emained stable for at least 10 days. No effect on quantification
as observed for the short-term stability of the samples kept at

oom temperature for 12 h. The deproteinized samples can be
nalyzed after at least 12 h at room temperature. These results

uggested that dog plasma samples containing nicousamide can
e handled under normal laboratory conditions without signifi-
ant loss of compound.

able 1
bsolute recovery of the method for determining the concentration of
icousamide in plasma samples (n = 5)

oncentration (ng/ml) Absolute recovery
(mean ± S.D.; %)

%CV

0 105.8 ± 7.6 7.2
0 102.4 ± 5.1 5.0
50 91.6 ± 4.0 4.4
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Table 2
Intra- and inter-day precision and accuracy of nicousamide measurements in dog plasma

Concentrations (ng/ml) Intra-day Inter-day

Mean ± S.D. (n = 5) Precision (%CV) Accuracy (% bias) Mean ± S.D. (n = 5) Precision (%CV) Accuracy (% bias)

10 11.5 ± 1.2 10.7 14.9 10.4 ± 0.7 7.1 3.5
50 54.4 ± 4.3 7.9 8.8
150 164.7 ± 2.4 1.4 9.8

Table 3
Stability of nicousamide in dog plasma

Stability (n = 5) Concentration (mean ± S.D.; ng/ml)

10 50 150

Freeze-thaw stability
Initial 11.5 ± 1.6 57.3 ± 4.0 170.9 ± 3.0
Measured 11.4 ± 1.3 57.1 ± 1.3 172.1 ± 2.9
Deviation (%) −1.0 −0.2 0.7

Long-term stability
Initial 9.9 ± 1.3 57.5 ± 1.9 171.1 ± 1.7
Measured 10.4 ± 1.5 56.6 ± 2.3 172.4 ± 2.4
Deviation (%) 4.6 −1.6 0.8

Short-term stability
Initial 9.9 ± 1.3 57.5 ± 1.9 171.1 ± 1.7
Measured 10.0 ± 1.1 57.0 ± 1.9 171.3 ± 5.0
Deviation (%) 1.1 −0.8 0.1

Post-preparative stability
Initial 11.5 ± 1.6 57.3 ± 4.0 170.9 ± 3.0
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suggested the saturation in the absorption and elimination of
nicousamide, and the nonlinear pharmacokinetics in dogs from
30 to 300 mg/kg.
Measured 11.2 ± 1.5 56.4 ± 2.0 171.6 ± 7.7
Deviation (%) −3.0 −1.6 0.4

.4. Pharmacokinetic study of nicousamide in dogs

The validated assay was used to determine the plasma con-
entration profiles of nicousamide in beagle dogs after a single
ral dose of 30, 100, 300 mg/kg and after a multiple dose (daily
ral 100 mg/kg for 7 days). The mean plasma concentration ver-
us time profiles of nicousamide after single oral doses were
hown in Fig. 3, and the mean pharmacokinetic parameters

ere summarized in Table 4. After three oral dosages, the peak
f nicousamide in blood occurred rapidly, which was approx-
mately 0.3, 1.8 and 1.6 h in males, and 0.6, 0.7 and 0.6 h in

able 4
harmacokinetic parameters of nicousamide in dogs following single oral doses
f 30, 100, or 300 mg/kg (n = 3)

ender AUC0–∞ (�g h/l) Cmax (�g/l) Tmax (h) MRT (h)

ose: 30 mg/kg
Male 107.6 123.5 0.3 1.4
Female 46.7 33.5 0.6 1.6

ose: 100 mg/kg
Male 448.4 151.6 1.8 4.3
Female 468.6 158.3 0.7 3.2

ose: 300 mg/kg
Male 1846.8 136.7 1.6 12.1
Female 1907.8 110.2 0.6 12.8 F

d

54.6 ± 1.9 3.5 9.2
166.2 ± 2.9 1.8 10.8

emales, respectively. Nicousamide was eliminated from plasma
ith a MRT of 1.4, 4.3 and 12.1 h in males, and 1.6, 3.2 and 12.8 h

n females at dose of 30, 100 and 300 mg/kg. The female dogs
howed lower Cmax (33.5 �g/l versus 123.5 �g/l) and AUC0–∞
46.7 �g h/l versus 107.6 �g h/l) than the males after a dose of
icousamide at 30 mg/kg, no significant differences in Cmax and
UC0–∞ between male and female dogs at dose of 100 and
00 mg/kg.

The lack of linearity in Cmax value and the significant
xtension of MRT with the increase of nicousamide dosage
ig. 3. Plasma concentration–time profiles of nicousamide after single oral
oses of 30, 100 and 300 mg/kg in dogs (3/sex).
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Table 5
Mean plasma pharmacokinetic parameters of nicousamide in dogs following
multiple oral doses of 100 mg/kg (n = 3)

Gender AUC0–∞ (�g h/l) Cmax (�g/l) Tmax (h) MRT (h)

Dose (mg/kg): single dose
Male 448.4 151.6 1.8 4.3
Female 468.6 158.3 0.7 3.2

Dose (mg/kg): multiple doses

t
T
C
v
2
p

Male 5235.3 184.0 0.7 10.2
Female 4133.7 205.4 0.5 10.2

The mean pharmacokinetic parameters for nicousamide from
he multiple dosing studies were compared with single dosing in
able 5. After seven daily doses of nicousamide (100 mg/kg), the

max of male and female dogs increased 30% and 21%, AUC0–∞
alues raised 10.7 and 7.8 times, and MRT extended 3.2 and
.4 times compared with single dosing, suggesting there was a
otential for accumulation in dogs following multiple doses.
r. B 854 (2007) 99–103 103

In conclusion, the newly developed HPLC method provided
a new simple, sensitive, reproducible and validated assay for the
determination of nicousamide in plasma. This HPLC method
will help in further studies in characterizing the tissue distribu-
tion and excretion of nicousamide.
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