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ABSTRACT: A sensitive, specific and accurate HPLC method for the quantification of rivastigmine (RSM) in rat urine was
developed and validated. The method involves the simple liquid–liquid extraction of RSM and pyridostigmine as an internal
standard (IS) from rat urine with tertiary methyl butyl ether. The chromatographic separation of RSM and IS was achieved with
20 mM ammonium acetate buffer (pH 6.5) and acetonitrile (65:35, v/v) delivered at flow-rate of 1 mL/min on a Kromasil KR-100.
The method was in linear range from 50 to 5000 ng/mL. The validation was done as per FDA guidelines and the results met the
acceptance criteria. The method was successfully applied for the quantification of RSM in rat urine. Besides method validation,
we have identified two metabolites of RSM in urine. Both the metabolites were characterized by HPLC-PDA and LC-MS/MS and
it was found that one metabolite is novel. Copyright © 2010 John Wiley & Sons, Ltd.
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Introduction
Rivastigmine (RSM, Fig. 1) is a carbamate derivative of acetylcho-
line esterase inhibitor mainly used for the treatment of mild to
moderate Alzheimer’s disease (Jann, 2000). Alzheimer’s disease is
the most common cause of progressive mental deterioration in
persons aged >65 years; it decreases cognitive function and
eventually causes death (Davies and Maloney, 1976; Polinsky,
1998). Cholinergic inhibitors which enhance the cholinergic func-
tion are currently used as the standard treatment option for
patients with Alzheimer’s disease. The three commonly used
choline esterase inhibitors are RSM, donepezil and galantamine
(Wilkinson et al., 2004). Donepezil and galantamine inhibit ace-
tylcholine esterase, whereas RSM inhibits both acetylcholine
esterase and butylcholine esterase enzymes (Wright et al., 1993;
Eskander et al., 2005). RSM is mainly metabolized by the choline
esterase enzyme and to convert into decarbamylated metabolite
(NAP 226-90). It has been reported that minimal CYP enzymes
involved in the metabolism of RSM; hence it does not have drug–
drug interaction liability with co-administered compounds. RSM
undergoes the first-pass metabolism in the gastrointestinal tract
and hence the low bioavailability (36%) (www.emea.europa.eu/
humandocs/PDFs/EPAR/Exelon/024398en6.pdf).

In rats following oral administration RSM is rapidly and com-
pletely absorbed and attains maximum plasma concentrations
between 0.25 and 1.7 h. RSM protein binding was 15–21% in rats.
RSM undergoes extensive first-pass metabolism (in liver, brain
and intestine) to the decarbamylated phenol metabolite (NAP

226-90 or ZNS 114-666), which exceeds the blood concentrations
of RSM. NAP 226-90 further undergoes N-demethylation and/or
sulfate conjugation. The terminal half-life of RSM was found to be
less than 1 h. The major route of elimination is urine and it was
reported that no intact RSM was excreted through rat urine and
the principal metabolite excreted through urine was NAP 226-90
(Enz et al., 1993; Novartis, Basel, data on file, 1996).

There are several methods reported in the literature for the
quantification of RSM with or without its metabolite(s) in biologi-
cal fluids, viz. human plasma (Frankfort et al., 2006; Bhatt et al.,
2007), rat plasma (Enz et al., 2004; Karthik et al., 2007) and canine
plasma (Sha et al., 2004). To date, to the best of our knowledge
there is no validated method reported for quantification of RSM
in rat urine. One of the reasons for this is due to the earlier
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findings, which state that intact RSM is not detectable in rat urine
(Enz et al., 1993; Novartis, Basel, data on file, 1996). In this paper
we report the development and validation of an HPLC method for
quantification of intact RSM in rat urine and its application to a
urinary excretion study in rats following oral administration of
RSM at a dose of 5 mg/kg.

Experimental

Chemicals and Reagents

Rivastigmine hydrogen tartrate (99%) was a gift sample obtained from Dr
Reddy’s Laboratories Limited, Hyderabad, India. Pyridostigmine was used
as an internal standard (IS) and was purchased from Sigma Chemicals.
HPLC-grade acetonitrile, tertiary methyl butyl ether (TBME) and methanol
were from Rankem, Mumbai, India. Water was purified through a Milli-Q
UV plus System (Millipore, Bedford, MA, USA). Ammonium acetate was
analytical reagent grade and supplied by Merck (Germany). Remaining
reagents were of analytical grade.

HPLC Conditions

The HPLC analysis was carried out on Shimadzu LC-20AD Prominence
(Shimadzu Corporation, Kyoto, Japan) equipped with pump (LC-20AD),
UV–visible detector (SPD-20A), column oven (CTO-10AS VP), auto-
sampler (SIL-20AC HT) and LC solution version 1.24 SP1. The column
temperature was maintained at 25 � 2°C. The chromatographic separa-
tion was achieved using Kromasil KR-100 (250 ¥ 4.6 mm, 5 mm) column
(Hichrom, Thelae, UK) and mobile phase consisted of 20 mM ammonium
acetate buffer (pH 6.5) and acetonitrile (65:35, v/v), which was filtered
before through 0.22 mm membrane filter. The flow rate was maintained at
1 mL/min and detection wavelength was set at 210 nm.

PDA-LC-MS/MS Conditions

Tandem mass spectrometry (MS/MS) was performed with a triple quadru-
pole MDS Sciex (Foster City, CA, USA) API-4000 mass spectrometer
equipped with a Turboionspray™ (ESI) source and Analyst 1.4.1 software.
Initially the Q1 scan mode was performed in the range of 50–800 amu, low
resolution, positive mode and source parameters, viz. curtain gas, nebu-
lizer gas, auxiliary gas, collision activated dissociation (CAD) gas, capillary
temperature (TEMP) and ion spray voltage were set at 30, 40, 45, 5, 450°C
and 5.5 kV, respectively. The interface heater was kept in‘ON’mode during
the analysis. The compound parameters, viz., declustering potential, colli-
sion energy and entrance potential were 60, 36 and 10, respectively. A
photodiode array (PDA) detector was used to monitor the spectra of RSM
and its metabolites. The detector operating mode was spectral in the
range of 190–400 nm, slit width 4.0 nm and sampling rate was 2.5 Hz.

The Q1 mass was picked by subtracting the sample data from blank
data; the resultant Q1 masses were taken for further enhanced product
ion (EPI) scan (50–800 amu) for the fragmentation pattern. The scan
parameters were polarity mode positive, low-resolution and lit fill time
20 s. Source parameters and compound parameters were set as similar to
those of Q1 scan mode.

Preparation of Stock Solutions

Primary stock solutions of RSM for preparation of standard and quality
control (QC) samples were prepared from separate weighings. An accu-
rately weighed amount of 16 mg of RSM hydrogen tartrate (equivalent to
10 mg of RSM) was dissolved in 10 mL of methanol to yield a primary
stock solution of 1 mg/mL as the base. IS primary stock solution was
prepared separately in methanol with a concentration of 1 mg/mL.
Primary stock solutions of both RSM and IS were stable for up to 2 months
when stored at refrigerator temperature (data not shown). Secondary or
working stock solutions for calibration curve and QC samples were pre-
pared by serial dilution method using methanol as a diluent. Similarly the
IS working stock solution (500 mg/mL) was prepared in methanol from
primary stock solution.

Sample Preparation

To an aliquot of 500 mL rat urine sample, 20 mL of IS working stock solution
(50 mg/mL) was added and vortexed for 1 min. To this 2 mL of TBME was
added and vortexed for 10 min and then centrifuged at 10,000 rpm on a
Biofuge (Heraeus, Germany) for 5 min at -10°C. The clear organic layer
(1.8 mL) was separated and evaporated in a Turbo vap LV evaporator
(Zymark, Hopkinton, MA, USA) at 50°C under a stream of nitrogen. The
dried residue was reconstituted with 250 mL of diluent (acetonitrile : wa-
ter, 1:1) and 100 mL was injected in to HPLC analysis.

Bioanalytical Method Validation

A full validation according to the FDA guidelines (US DHHS, FDA, CDER,
2006) was performed for the assay in rat urine.

Selectivity. The selectivity of the method was established using a
minimum of six independent sources of rat urine. There should be no
interference from the endogenous materials at the retention time of both
RSM and IS.

Sensitivity. The sensitivity of the method was evaluated by the inject-
ing the lowest concentration of RSM in rat urine and processed by this
method. The acceptance criteria is the lowest concentration of analyte
should be quantified with accuracy and precision and also interference at
the retention time should be less than 5% of the lower limit of quantita-
tion (LLOQ).

Recovery. Recovery of RSM in rat urine was evaluated by comparing
the mean peak areas of three extracted low- (LQC), medium- (MQC) and
high-quality control (HQC) samples to mean peak areas of three neat
reference solutions (unextracted) (Dams et al., 2003). Recovery of IS was
evaluated at a concentration of 50 mg/mL in rat urine comparing the
mean peak area of extracted sample with mean peak areas of neat refer-
ence solution (unextracted).

Preparation of calibration curve. Linearity was assessed by
weighted linear regression (1/X2) of each analyte–IS peak area ratio based
on four independent calibration curves prepared on each of four separate
days using a seven-point calibration curve (50, 100, 250, 500, 1000, 2500
and 5000 ng/mL). The calibration curve requires a correlation coefficient
(r2) of �0.99. The acceptance criteria for each back-calculated standard
concentration should be within �15% of the nominal concentration,
except it should not exceed �20% at LLOQ.

Accuracy and precision. Intra- and inter-day accuracy and precision
were determined by analysis of six sets of sample-spiked urine samples
with four different concentrations of RSM, viz. LLOQ (50 ng/mL), LQC
(150 ng/mL), MQC (2000 ng/mL) and HQC (4000 ng/mL) within a day or
on four consecutive days. For acceptance criteria for intra- and inter-day
precision, accuracy should be within 85–115% of nominal concentration
and coefficient of variation (% RSD) values should be �15%, except at the
LLOQ, where accuracy should be between 80 and 120% and %RSD should
not be more than �20%.

Figure 1. Structural representation of rivastigmine (RSM), metabolite 1
or (M-1) and metabolite 2 (M-2 NAP 226-90 or ZNS 114-666).
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Stability. Stability of RSM in rat urine was carried out in different sta-
bility conditions like bench-top, freeze–thaw cycles, in-injector or
autosampler and long-term stability studies using six replicates of the low
and high rat urine QC samples. For the bench-top stability, frozen urine‡

samples were kept at room temperature for 6 h before sample prepara-
tion. Freeze–thaw stability of the samples was obtained over three
freeze–thaw cycles, by thawing at room temperature for 2–3 h and refro-
zen for 12–24 h for each cycle. Autosampler stability of RSM was tested by
processed and reconstituted low and high urine‡ QC samples, which were
stored in injection vials under autosampler conditions after reconstitu-
tion and were compared with freshly prepared QC samples. Long-term
stability of RSM in rat urine was tested after storage at approximately -70
� 10°C for 30 days. For the acceptance criteria of stability, the deviation

Table 1. Intra- and inter-day precision of determination of RSM in rat urine‡

Added concentration (ng/mL) Mean � SD calculated concentration (ng/mL) RSD (%) Accuracy (%)

Intra-day (six replicates at each concentration)
50 45.5 � 7.25 15.93 91.0

150 143 � 8.13 5.66 95.8
2000 2200 � 150 6.86 110
4000 3600 � 250 6.97 90.0
Inter-day (24 replicates at each concentration)

50 44.4 � 8.13 18.3 88.8
150 154 � 10.1 6.55 103

2000 2150 � 160 7.48 107
4000 3800 � 300 7.92 95.0

Table 2. Stability data of RSM quality controls in rat urine‡

Nominal concentration (ng/mL) Stability Mean � SD,a n = 6 (ng/mL) Accuracy (%)b Precision (% CV)

150 Third freeze–thaw 146 � 16.4 97.8 11.1
6 h (bench-top) 135 � 13.4 90.3 9.92
12 h (in-injector) 155 � 14.5 103 9.35
Thirty day at -70°C 142 � 12.1 94.9 8.54

4000 Third freeze–thaw 4143 � 315 103 7.60
6 h (bench-top) 3854 � 245 96.3 6.37
12 h (in-injector) 3741 � 223 93.5 5.96
Thirty day at -70°C 3741 � 212 93.5 5.67

a Back-calculated urine‡ concentrations; b(mean assayed concentration/mean assayed concentration at 0 h) ¥ 100.

Figure 2. Typical overlay HPLC chromatogram of rat blank urine (lower tracing) and urine sample collected at 4–6 h duration (upper tracing) following
oral administration of RSM to rat at 5 mg/kg dose (M-1, metabolite-1; M 2, metabolite 2; RSM, rivastigmine; and IS, internal standard).

Table 3. RSM (mean � SD) excreted in rat urine following
oral administration at 5 mg/kg (n = 4)

Time duration Urine concentration (mg/mL)

0–4 h 36.4 � 6.56
4–6 h 17.8 � 3.43
6–8 h 8.93 � 1.25
8–24 h 4.14 � 0.97
24–36 h 1.73 � 0.26
36–48 h 0.95 � 0.21
48–72 h 0.80 � 0.18

‡ Correction made here after initial publication.
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compared with the freshly prepared standard should be within �15% of
the nominal concentration.

Urinary Excretion Study

An excretion study was performed in over night (~12 h) fasted healthy
male Sprague–Dawley rats (n = 4, weight range 200–220 g) following

the approval from ethical committee. During fasting time animals were
kept in metabolic cages and had free access to water. Urine samples
were obtained following oral administration of 5 mg/kg RSM (in the
form of a solution using 0.9% sodium chloride) at 0–4, 4–6, 6–8, 8–24,
24–36, 36–48 and 48–72 h time duration from metabolic cages. Urine
samples were processed as described above and analyzed on HPLC and
LC-MS/MS.

Figure 3. Representative LC-PDA-MS chromatogram of blank urine (upper panel) and urine sample collected at 0–4 h duration
(lower panel) following oral administration of RSM to rat at 5 mg/kg dose. M-1 (metabolie 1, retention time ~7.2 min), M-2
(metabolite 2, retention time ~8.85 min) and RSM (rivastigmine, retention time ~11.34 min).

Figure 4. HPLC-PDA overlay of RSM and its metabolites M-1 and M-2 in rat urine.
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RSM Metabolites Identification

PDA-LC-MS/MS method. The rat urine samples were collected after
oral dose administration of 5 mg/kg of RSM. The samples were extracted
as given in the procedure Sample Preparation section. The extracted
samples were injected in to PDA-MS/MS and peaks were monitored for
mass number and spectrum. An authentic standard of RSM (m/z 251.1)
was used to support the standard chromatographic retention time, UV
spectra and MS results in structural assignment.

Results and Discussion

Selectivity

Blank rat urine samples were obtained from six different rats and
assayed to evaluate the selectivity of the method and the detec-
tion of interferences at the retention time of RSM and IS. RSM and
IS were well separated from the co-extracted material under the
described chromatographic conditions at retention times of
11.73 and 16.23 min, respectively, shown in Fig. 2.

Sensitivity

The LLOQ that could be measured with acceptable accuracy and
precision for the RSM 50 ng/mL was established. The back-
calculated concentration was within �20% of nominal concen-
tration. It indicates that the proposed method is highly sensitive.

Recovery

The recovery of RSM in rat urine was calculated for LQC. MQC and
HQC. The percentage recovery was found to be 92.51, 89.75 and
87.31% at LQC, MQC and HQC, respectively. The recovery of IS
was found to be 86.80%.

Linearity

Linear detector response for the peak-area ratios of the RSM to IS
was observed in concentration range between 50–5000 ng/mL
with a coefficient determination (r2) of 0.9995 � 0.0051.

Accuracy and Precision

The intra- and inter-day accuracy and precision results are given
in the Table 1. Results showed that the developed method is
accurate and precise. The accuracy and precision for intra- and
inter-day at the LLOQ and at LQC, MQC and HQC samples of RSM
in rat urine were within acceptable limits.

Stability

The predicted concentrations for RSM at LQC and HQC deviated
within �15% of the nominal concentrations in a battery of sta-
bility tests, viz. in-injector (12 h), bench-top (6 h), three repeated
freeze–thaw cycles and freezer stability at -70 � 10°C for at least
for 30 days (Table 2).

Urinary Excretion Study

The method is sensitive enough to measure RSM in rat urine up to
72 h after per oral administration of 5 mg/kg dose of RSM. The
amount of RSM (mean � SD) excreted in urine during different
time durations is shown in Table 3. The cumulative RSM excreted
over 72 h was found to be ~71 mg/mL, which is roughly 7% of the
total RSM administered orally to rats. Although earlier it was
reported that intact RSM was not detected in rat urine (Enz et al.,
1993; Novartis, Basel, data on file, 1996), our results shows that
intact RSM also eliminates through urine along with the earlier

Figure 5. Q1 spectrum of RSM.

Figure 6. Representative collision-induced dissociation spectrum of RSM.
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reported metabolite, i.e. NAP 226-90. As we have extracted the
rat urine with TBME, we could not see the considerable levels of
sulfate conjugate of NAP 226-90, although this metabolite was
reported in rat urine (Enz et al., 1993; Novartis, Basel, data on file,
1996).

RSM Metabolites Identification

Urine samples were processed and injected into HPLC-UV and
PDA-LC-MS/MS system for the identification of putative metabo-
lites. Two peaks were identified (eluted before RSM), which were
not there in the blank rat urine sample [Fig. 2 (HPLC-UV) and
Fig. 3 (PDA-LC-MS/MS)]. On HPLC-UV the retention times of peak
1, peak 2, RSM and IS were found to be 104, 11, 11.6 and 16.2 min,
respectively (Fig. 2). Whereas in the PDA-LC-MS/MS, peak 1 and 2
retention times were found to be 7.20 and 8.85 min, respectively,

and the RSM retention time was observed at 11.20 min. No IS was
added while injecting the urine sample on to LC-MS/MS (Fig. 3).
The peaks 1 and 2 were labelled as M-1 and M-2. PDA spectrum of
M-1 and M-2 were spectrally matching with RSM indicating that
M-1 and M-2 are the putative metabolites of RSM (Fig. 4).

LC-MS analysis peaks at retention time at 11.34 min (Fig. 3
lower panel; the upper panel shows the blank urine chromato-
gram) indicated a protonated molecular ion [M + H]+ at m/z 251.1
(Fig. 5), suggesting the mass of RSM. The CID spectrum of m/z
251.1 generated a series of product ions (Fig. 6), viz. m/z 206.4,
148.8, 121.3, 104.9, 86.2 and 58.3, which matched the RSM
authentic standard. The loss of Da 44 (C2H6N) from m/z 251.1
generated a product ion at m/z 206.4. Further fragmentation of
m/z 206.4 resulted in formation of m/z 148.8, 121.5 and 86.2 due
to the loss of C3H9N, C4H7NO+ and C8H8O+ respectively. Further-
more, loss of carbonyl ion from m/z 86.2 afforded the formation

O

N

N

O

 250.168

O N

O

OH

N O NH

 206.118
121.065

O

O

 86.06

 147.04

 104.06

58.07

O

O

 147.04

Figure 7. Fragmentation pattern of RSM.

Figure 8. Q1 spectrum of M-1.
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of m/z 58.3. The fragment ion at m/z 121.5 removed the phenolic
–OH to afford m/z 104.9. Figure 7 depicts the fragmentation
pattern for RSM.

LC-MS analysis of M-1 revealed a protonated molecular ion [M
+ H]+ at m/z 153 (Fig. 8 upper panel and lower panel shows the
blank urine chromatogram). The CID spectrum of m/z 153 gener-
ated a series of product ions (Fig. 9), viz. m/z 138.4, 122.2, 108.2,
94.1, 92.2, 78.2 and 59.2. The sequential loss of 16 (OH), 15 (CH3),
15 (CH3), 16 (NH2) and 14 (CH3) Da from m/z 153 generated
product ions at m/z 138.4, 122.2, 108.2, 92.2 and 78.2 respectively.
This metabolite (M-1) was not reported earlier from RSM rat urine.
Based on the fragmentation pattern, we have assigned a struc-
ture as shown in Fig. 12.

LC-MS analysis of M-2 revealed protonated molecular ion [M +
H]+ at m/z 166.9 (Fig. 10 upper panel; whereas the lower panel
shows the blank urine chromatogram). The CID spectrum of m/z
166.9 generated a series of product ions (Fig. 11), viz. m/z 149,
122.1, 108.82, 104, 94.21, 92.1 and 78.1. The sequential loss of 16

(OH), 15 (CH3), 15 (NH2), 16 (CH3) and 14 (CH3) Da generated
product ions at m/z 149.0, 122.2, 108.2, 94.1, 92.2 and 78.2. This
metabolite (M-2) was earlier reported in humans (NAP 226-90).
Based on the fragmentation pattern, we assigned a structure as
shown in Fig. 12.

The m/z of M-1 and M-2 found that 153 and 166.9, respectively
and RSM m/z was found to be 251.1. The m/z 166.9 (M-2) could be
the formation of hydrolytic product of phenolic metabolite by
the ester hydrolysis and removal of -CH3 from the a-carbon
affords a stable tertiary carbocation leading to more stable ben-
zylic ion with attendant rearrangement of electrons from adja-
cent nitrogen ion leading to m/z 153 (M-1), which is depicted in
Fig. 13. C–C cleavage of amine branched at a-carbon with the
loss of largest branch from the benzylic carbon is preferred,
because of the better resonance stabilization of the ion fragment
by the electronegative nitrogen atom. Very facile cleavage at C–C
bonds from the a-carbon facilitates the retention of charge on
the N-containing fragment.

Figure 9. Representative collision-induced dissociation spectrum of M-1.

Figure 10. Q1 spectrum of M-2 (metabolite 2).
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This recommends a strong reason for the removal of methyl
group from the a-carbon atom rather than from the amino group
which is supported by the LC-MS/MS fragmentation pattern of
the principal metabolite. We are first to report this novel metabo-
lite (M-1) in rat urine which is in contrast to the earlier reports of
demethylation from the tertiary nitrogen in dogs (Novartis, Basel,
data on file, 1996; Polinsky, 1998).

Conclusions
A sensitive, accurate and precise isocratic HPLC method was
developed and validated for the quantification of RSM in rat
urine. The method was found to be selective and reproducible for

Figure 11. Representative collision-induced dissociation spectrum of M-2 (metabolite 2).
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the quantification of RSM in rat urine. RSM two metabolites in
urine, viz. M-1 and M-2 were characterized and identified M-1 as
a novel metabolite.
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