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bstract

During the content uniformity test of a drug product (tablet formulation), an unknown peak was observed in the HPLC chromatograms. Upon
urther investigation, it was determined that the unknown peak was originated from an external source and, therefore, the drug product is free of
his unknown peak. The next step was to identify the structure of this unknown peak in order to determine the source of this contaminant species.
n this paper, we wish to present the strategy and the results of the experiments that led to the identification of this unknown peak. LC–PDA/UV
nd LC–MSn analyses were conducted to obtain the UV spectrum, molecular weight and MSn fragmentation pathways of the unknown peak.
he MS analysis revealed certain structural features of the unknown species and a number of model compounds that contain such features were

hen examined for their UV absorbance profiles in an attempt to establish the functional group connectivity within the unknown species. A
areful examination of these results in conjunction with the determination of the high-resolution molecular weight led to a short list of potential

andidates for the unknown species, among which the most likely one was 1,3-diphenylguanidine. The identification of the unknown contaminant
as confirmed by spiking experiments using the authentic compound. The potential source of this contaminant was also identified as derived from

he safety filler of the pipette bulb used to prepare the sample solutions during the drug analysis.
2007 Published by Elsevier B.V.
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. Introduction

By the definition of the FDA, drug impurities are compo-
ents found in a drug product that are neither its drug substances
or excipients [1]. When exceeding certain thresholds [2,3], the
dentification of these unknown impurities is required by regu-
atory guidelines and their toxicity and/or safety may also need
o be evaluated dependent upon the nature and amount of the
dentified species. According to their origins, the commonly
bserved drug product impurities can be classified into several
ategories: degradation products of drug substance (or active
harmaceutical ingredient, API), synthetic process impurities,
xtractable/leachable components from packaging materials,

nd external contaminants. The external contaminants may be
ntroduced during sample preparation steps of drug analysis.
ince the external contaminants are usually not structurally
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elated to the drug substance and/or the excipients, their identi-
cation can be challenging due to the lack of relevant structural

nformation.
The current paper presents a case study for identifying an

mpurity that was originated from the safety filler of a labo-
atory pipette bulb, which is an external contamination. The
nknown impurity peak was observed at greater than 1% level
uring the content uniformity test of a drug product (tablet for-
ulation). However, this impurity was found only in two out

f the ten final content uniformity sample solutions and none
f the 10 stock sample solutions, from which the final solu-
ions were made through dilution, showed this unknown peak.

e utilized a strategy that started with LC–MSn including its
igh-resolution mode, which is a widely used technique to eluci-
ate the structures of unknown pharmaceutical impurities [4,5].
he LC–MSn analysis revealed certain structural features of the

nknown species and a number of model compounds that contain
uch features were then examined for their UV absorbance pro-
les in an attempt to establish the functional group connectivity
ithin the unknown species. This systematic process to extract

mailto:min.li@spcorp.com
dx.doi.org/10.1016/j.jpba.2007.08.021
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tructural features of the unknown species by combining the
wo techniques, i.e., LC–MSn and UV profiling of structurally
elevant model compounds, has been proven quite effective in
he determination of this impurity as 1,3-diphenylguanidine. We
ave performed literature search to determine if there has been
ny report of this impurity in the sample preparation of phar-
aceutical products. It is quite surprising that there has been

o previous report on this impurity in such cases, although the
ource of this contaminant impurity (i.e., the safety filler of a lab-
ratory pipette bulb) could be widely present in a pharmaceutical
esting laboratory.

. Experimental

.1. Materials

All reagents used to prepare mobile phases for the HPLC
nalyses were HPLC grade, obtained from Fisher Scientific
USA). Other compounds were obtained from Sigma-Aldrich
St. Louis, MO).

.2. HPLC analyses

A Waters Alliance 2695 HPLC system equipped with a

DA/UV detector was used for sample analysis and for the devel-
pment of an LC–MS compatible method. For the drug content
niformity test, an Agilent Zorbax SB-CN 250 mm × 4.6 mm,
�m column was used with a mobile phase consisting of

t
u
m
1

ig. 1. Observation of the RRT 0.52 unknown peak from the two content uniformit
ctive ingredient 2 (RT 9.4 min), and the unknown peak (RT 5.0 min) are displayed a
Biomedical Analysis 45 (2007) 747–755

cetonitrile:water (38:62, v/v) containing 5 mM sodium dode-
yl sulfate (SDS) and 0.05% phosphoric acid. The analyses
ere performed with isocratic elution mode at a flow rate of
.0 mL/min and a column temperature of 40 ◦C. UV spectra
ere collected from the PDA/UV detector with a wavelength

ange of 210–400 nm.
An LC–MS compatible method was developed which

mployed a Waters YMC Pack Pro C18 150 mm × 4.6 mm, 3 �m
olumn and a mobile phase system consisting of A, water with
mM ammonium acetate, and B, acetonitrile:water (90:10, v/v).
he analysis was performed at ambient column temperature, a
ow rate of 1.5 mL/min, and a gradient with the percentage of

he mobile phase B varied according to the following program:
min (5% B), 5 min (5% B), 20 min (60% B), 20.1 min (100%
), 25 min (100% B), 25.1 min (5% B), 30 min (5% B). For cer-

ain analyses, a variation of this LC–MS compatible method was
lso used, in which the original mobile phase A was replaced
y an aqueous 0.1% trifluoroacetic acid solution while other
onditions remained unchanged.

.3. LC–PDA/UV–MSn analyses

LC–PDA/UV–MSn experiments were performed on a
hermo Surveyor HPLC system interfaced to a PDA/UV detec-
or and a Thermo Finnigan LTQ mass spectrometer operating
nder positive electrospray ionization (ESI) mode. The HPLC
obile phase flow to the mass spectrometer was split at a ratio of

0:1 prior to entering the mass spectrometer. The electrospray

y test working solutions. The UV spectra of active ingredient 1 (RT 3.0 min),
s insets.
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onization voltage was set at 4.0 kV and the capillary tempera-
ure at 300 ◦C. The full MS scan was acquired from 50 to 500 Da.
he MSn experiments were conducted on ions of interest with
ormalized collision energies set between 28 and 40, depending
n the intensities of product ions produced.

.4. Unknown peak isolation

The unknown peak was isolated from multiple runs of HPLC
ractionations. After all fractions were combined, the organic
olvent (acetonitrile) was removed by a Rotavapor (Büchi R-
00 with a V-800 vacuum controller) in a 30 ◦C water bath.
he remaining aqueous portion was extracted by methylene
hloride (2 × 5 mL each) and the organic extraction solutions
ere then combined and concentrated to ∼0.5 mL. The con-

entrated organic solution was reconstituted with a 50:50 (v:v)
ethanol:water mixture to a final volume of 1–2 mL.

.5. High-resolution MS analyses

The high-resolution MS analysis of the isolated unknown

pecies was performed on a Waters Q-Tof Premier mass spec-
rometer equipped with a LockSpray ionization source. The
nstrument was operated at positive ESI mode with an elec-
rospray voltage 3.5 kV, cone voltage 35 V, source temperature

w
s
l
p

ig. 2. HPLC chromatogram obtained using the ammonium acetate buffer method (S
nd 15.2 min peaks are assigned as active ingredient 1, the RRT 0.52 unknown peak,
iomedical Analysis 45 (2007) 747–755 749

00 ◦C, desolvation temperature 250 ◦C, cone gas flow 60 L/h,
nd desolvation gas flow 600 L/h. The instrument was calibrated
xternally by a sodium cesium iodide solution. The sample was
nfused by a syringe pump at a flow rate of 5 �L/min through
he analyte channel. A reference compound with the chemical
ormula of C13H21NO3 was used in the reference resolution
hich was infused into the reference channel by a second syringe
ump at a flow rate of 5 �L/min. The time-of-flight (TOF)
S spectra were acquired at 1 scan/s rate and 0.1 s inter-scan

ime. The intensity of the peaks of interest was adjusted to
200–300 counts/s.

. Results and discussion

.1. Preliminary investigation and development of an MS
ompatible HPLC method

The unknown peak was observed in two batches of the prod-
ct tablets at a relative retention time (RRT) of 0.52 during the
ontent uniformity test, as shown in Fig. 1. Preliminary inves-
igation revealed that this unknown peak only occurred in two

orking solutions and was not observed in the corresponding

tock solutions, indicating that this unknown peak was most
ikely due to an external contaminant introduced during sam-
le preparation or analysis process. The UV spectrum of the

ection 2.2). The UV spectra of the three peaks are shown as insets. RT 9.0, 11.5
and active ingredient 2, respectively, based on their UV spectra.
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nknown species displayed a single maximum absorbance at
36 nm, which bears no similarity to either of the two APIs
Fig. 1 insets).

The mobile phase in the original content uniformity test con-
ains phosphoric acid and 5 mM sodium dodecyl sulfate (SDS)
s ion-pairing reagent. Both of these two components are non-
olatile and known for suppressing electrospray ionization; thus,
he original method is not MS compatible. Considering the pKa
alues of the two APIs in the drug product, an MS compatible,
radient method was developed which utilized a neutral ammo-
ium acetate buffer as mobile phase A on a C18 column. With
his MS compatible method, the unknown species was observed
t a retention time (RT) of 10.4 min, which was well separated
rom the two APIs (Fig. 2). The identity of the unknown peak
nder the new method was revealed by its UV profile which was
dentical to the one obtained under the original method.

.2. LC–MSn analyses (n = 1–3)

LC–MS analyses were performed using the LC–MS com-
atible method described in Sections 2.2 and 3.1. As shown
n Fig. 3, the unknown species at RT 10.9 min clearly showed
n m/z 212 ion in the MS spectrum after background subtrac-
ion. The extract single ion chromatogram at m/z 212 (Fig. 3b)

ave a single chromatographic peak at the corresponding reten-
ion time, confirming that m/z 212 was indeed produced from
he unknown species. MS/MS fragmentation of m/z 212 yielded
hree major fragments: m/z 195, m/z 119, and m/z 94 (Fig. 3d).

w
u
t
s

ig. 3. LC–MS/MS analysis of the unknown species. (a) Total ion chromatogram;
s active ingredient 1, the unknown species, and active ingredient 2. (b) Extracted i
.8–10.8 min. (d) MS/MS on m/z 212 ion at a normalized collision energy of 30.
Biomedical Analysis 45 (2007) 747–755

he loss of 17 from m/z 212 to form m/z 195 would be most likely
neutral NH3 molecule. To rule out the possibility that m/z 212

on might be the ammoniated molecular ion (M + NH4)+ of the
nknown species, the ammonium acetate buffer was replaced by
0.1% trifluoroacetic acid aqueous solution as the mobile phase
. Under the latter condition, in which the three components
ere also well separated and the same elution order maintained

active ingredient 1, the unknown species, and active ingredient
eluted at 8.4, 11.3, and 11.7 min, respectively), the m/z 212

on was still observed as the predominant ion of the unknown
pecies (data not shown). Thus, the m/z 212 ion was confirmed
s the protonated molecular ion of the unknown species, indi-
ating that the molecule weight of the unknown species should
e 211. This odd number of the molecular weight suggested that
he molecule should contain an odd number of nitrogen atom(s).

To obtain further structural information, MS3 fragmentations
f the three MS2 product ions were subsequently performed indi-
idually. As shown in Fig. 4, the main product ions of m/z 195
ere m/z 168, 117 and 92; the main product ions of m/z 119
ere m/z 92 and 77; the main product ion of 94 was m/z 77. On

he other hand, m/z 119 and 94 were not products of m/z 195
recursor ion; m/z 94 was not a product ion of m/z 119 precursor
on. These relationships between the MS2 and MS3 ions clearly
ndicate the presence of three independent fragmentation path-

ays that are summarized in Fig. 5. Based on the analyses, the
nknown molecule would likely have an amino group due to
he mass loss of 17 (NH3) from m/z 212 to form m/z 195. The
mallest fragment ion observed is m/z 77, which is most likely a

based on their UV spectra, the RT 4.9, 10.9 and 15.4 min peaks are assigned
on chromatogram of m/z 212 ion. (c) The average of MS full scans from RT
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Fig. 4. LC–MS3 analysis of the unknown species. The p

enzene cation (C6H5
+), a common fragment usually produced

rom molecules containing monosubstituted phenyl group(s). It
2
as noted that the summation of the m/z values from the two MS

ragments 119 and 94 is 213, which is the molecular weight of
he unknown species plus two protons. Since the above analysis
esult showed that the m/z 77 ion could be produced from the two

ig. 5. Summary of the fragmentation pathways of the protonated unknown
olecule.
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or ions are shown in the circled numbers on each panel.

ragmentation pathways independently (Fig. 5), the unknown
olecule must contain two separate phenyl groups. The differ-

nce between m/z 94 and m/z 77 is 17, suggesting that m/z 94
ight be a protonated aniline (C6H5NH2 + H)+.

.3. LC–PDA/UV analysis of structurally related model
ompounds

The above LC–MS and MSn analyses revealed a number of
tructural features, e.g., the unknown species should contain two
henyl groups, one amino group, and an odd number of nitro-
en atom(s). The accompanying LC–PDA/UV analysis showed
hat the unknown species displayed a UV profile with a single

aximum absorption at 236 nm which is consistent with the
V profiles of certain monosubstituted phenyl groups. Based
n these analyses, a number of compounds that contain some
r all of the structural features were examined by LC–PDA/UV
s model compounds in order to determine the functional group
onnectivity in the unknown molecule. The model compounds
xamined and their UV spectra are summarized in Table 1.
he model compounds, 2-amino-4-methylbenzophenone (1)
nd its isomer 2-amino-4′-methylbenzophenone (2), not only

ave the same molecule weight as the unknown species but
lso contain required functional groups. Nevertheless, they dis-
layed completely different UV spectra as compared to the
nknown species: an absorbance peak at ∼230–238 nm, a broad
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Table 1
UV spectra of model compounds (1–8) that contain structural features related to the unknown species

Compounds UV spectra Compounds UV spectra

a
A
s
i
b
i
m
a
b

(
∼
O
c
a

bsorbance peak at ∼374 nm, and a shoulder peak at ∼260 nm.
nother model compound, 2,2-diphenylacetamide (3), showed

everal weak absorbance bands at ∼240–270 nm which is typ-
cal for the alkyl-substituted phenyl group. The absence of the
road band at ∼370 nm in the UV of 2,2-diphenylacetamide (3)

ndicates that this band is most likely due to the direct attach-

ent of the free amino group to an otherwise unsubstituted or
lkyl-only substituted phenyl group as in the cases of the two
enzophenone derivatives. Likewise, 3,3-diphenylpropylamine

i
t
u
t

4) also showed the characteristic weak absorbance band at
240–270 nm due to its alkyl-only substituted phenyl groups.
n the other hand, N,N-diphenylacetamide (5), another model

ompound that meets the requirements for molecular weight
nd functional groups, was found to have a UV spectrum almost

dentical to that of the unknown species. Nevertheless, its reten-
ion time (17.5 min) was significantly longer than that of the
nknown peak (∼11 min) under the reverse-phase elution condi-
ion as described in Section 2.2, suggesting the unknown species



and B

s
S
t
N
f
N
R
(
h
l
p
c
t
N
a
s
i
p
T
m
f
m
n
s

3

t
e
e
w
t
t

a
h
u
o
e
f
1
T
b
n
w
(
h
g
t
w
s

3
u

f
a
T
m
a
p
u
i

F
u

M. Lin et al. / Journal of Pharmaceutical

hould be much less hydrophobic than the model compound.
everal other model compounds that are structure variations

o N,N-diphenylacetamide (5) were subsequently investigated.
,N–Diphenylformamide (6), which has a less hydrophobic

ormic group, maintained the same UV absorbance feature of
,N-diphenylacetamide (5) but eluted earlier than 5 as expected.
emoval of the formyl group from N,N-diphenylformamide

6) led to another model compound, diphenylamine (7), which
ad its UV maximum absorption shifting ∼30 nm toward the
onger wavelength region. The results from these model com-
ounds suggested that an electron-withdrawing group, such as
arbonyl group, is necessary to keep the absorbance peak at
he low wavelength region. Eliminating one phenyl group from
,N-diphenylacetamide (5) resulted in the model compound,
cetanilide (8), which showed an absorbance peak only slightly
hifting toward longer wavelength as compared to 5, suggesting
t might not be necessary for the unknown species to have its two
henyl groups connected to the same hetero atom (N in this case).
hus, the UV absorbance profile analyses of the aforementioned
odel compounds (1–8) provided a clear picture of how the

unctional groups would connect to each other in the unknown
olecule: both of the two phenyl groups would need to con-

ect to a hetero atom (not necessarily to the same atom), which
hould immediately bond to an electron withdrawing group.

.4. High-resolution MS measurement

The accurate mass of the unknown species was determined
o be 212.1196 from high-resolution MS analysis using a ref-
rence compound having an accurate mass of 240.1600. The

lemental composition used during the chemical formula search
as limited to C, H, N and O based on all structural informa-

ion obtained. In addition, two criteria were applied in searching
he matching chemical formulas: (1) the formula should have

p
n
i
s

ig. 6. HPLC Chromatograms of the spiking experiments using the original drug con
nknown peak at RRT 0.52. Middle trace—1,3-diphenylguanidine standard solution.
iomedical Analysis 45 (2007) 747–755 753

n odd number of nitrogen atom(s), and (2) the formula should
ave at least eight double bond equivalences (DBEs), since the
nknown species should contain two phenyl groups with each
ne accounting for four DBEs. Even with a mass error tol-
rance of 200 ppm and with one nitrogen selected, only two
ormulas were found: C15H17N (theoretical mass 212.1439,
15 ppm) and C14H13NO (theoretical mass 212.1075, 57 ppm).
he possible structure matches with these two formulas had
een examined (Table 1) and no match was found. When the
umber of nitrogen was increased to 3 and 5 in the search
hile other criteria remained unchanged, the formula C13H14N3

theoretical mass 212.1188, 3.8 ppm) turned out to be the only
it. Considering the structure requirement that the two phenyl
roups must connect to a hetero atom which itself is adjacent
o an electron withdrawing group, 1,3-diphenylguanidine (9)
as proposed to be the most likely candidate for the unknown

pecies.

.5. Confirmation of 1,3-diphenylguanidine as the
nknown species

An authentic 1,3-diphenylguanidine (9) sample obtained
rom a commercial source was analyzed by LC–PDA/UV–MS
nd the results showed an exact match with the unknown species.
he authentic 9 eluted at 11.2 min under the ammonium acetate
ethod, and the UV spectrum displayed only one maximum

bsorbance peak at 236 nm. The MS2 and MS3 fragmentation
atterns observed were also identical to those seen from the
nknown species. The final confirmation was conducted by spik-
ng authentic 9 to the working solution containing the unknown

eak and the spiked solution was then examined under the origi-
al content uniformity test method of the drug product. As shown
n Fig. 6, the spiking experiment confirmed that the unknown
pecies is indeed 1,3-diphenylguanidine (9).

tent uniformity test method. Bottom trace—the working solution contained the
Top trace—the working solution spiked with 1,3-diphenylguanidine standard.
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Scheme 1. Proposed fragmentation pathwa

.6. Proposed fragmentation pathway

The gas phase fragmentation pathway of the protonated 1,3-
iphenylguanidine ion is proposed in Scheme 1. Due to the
arge proton affinity of the guanidine moiety (235.7 kcal/mol
6]), 1,3-diphenylguanidine possesses a good ionization effi-
iency during the electrospray ionization process, thus showing
strong and clean protonated molecular ion in its LC–MS

pectrum. The protonation of the unsubstituted 2-guanidinyl
itrogen can lead to an NH3 neutral loss, producing m/z 195
on. The m/z 195 ion can fragment further at higher colli-
ion energies, producing m/z 92 ion and a neutral carbene
pecies as MS3 products. Protonation of either of the substi-
uted 1- and 3-guanidinyl nitrogens followed by the C–N bond

leavage should result in m/z 119 ion and a neutral aniline;
ikewise, the rearrangement of a hydrogen from the unsubsti-
uted 2-guanidinyl nitrogen can lead to a protonated aniline
m/z 94).

d
a

the protonated 1,3-diphenylguanidine (9).

.7. Source of the contamination

1,3-Diphenylguanidine (9) can be used as a base standard
or acid titration and can also be used as a rubber-curing
eagent [7]. After ruling out the possibility of using 9 as a
itration standard in the laboratory where the original content
niformity was performed, the most likely origin of the con-
aminant was identified as derived from the safety filler of
he pipette bulb used to transfer liquid during sample prepa-
ation. The vendor of the pipette bulb confirmed the presence
f 1,3-diphenylguanidine (9) as a sealant component in the
roduct.

. Conclusion
This study prescribes a systematic approach which has been
emonstrated effective in the successful structure elucidation of
pharmaceutical impurity resulting from an external contam-
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nation in laboratory sample preparation using a combination
f LC–PDA/UV, LC–MSn, high-resolution MS measurement,
nd use of UV profile analysis on a number of structurally
elated model compounds. In particular, the UV profile anal-
sis has been proven quite informative and complementary to
he powerful LC–MSn technique during the structure elucida-
ion. The overall strategy presented in this paper can be used
s a general strategy for identification of any unknown impu-

ities in pharmaceutical analysis, in particular those resulting
rom sources that are not related to the active ingredients and
xcipients, e.g., external contaminants and extractable/leachable
pecies.
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