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a b s t r a c t

Stability of Premarin®Intravenous was investigated in dry and reconstituted forms by monitoring major
components in samples for a period of six months, using liquid chromatography–mass spectrometry. The
components, largely comprising a series of estrogen and steroid hormone sulfates, were considered to
be fairly stable (variation ≤ 10%) for dry samples stored at room temperature and at 38 ◦C (100 ◦F) during
eywords:
remarin
emperature stability
ragmentation

the experimental time frame. However, significant variation, especially after 2 months of storage, was
observed in reconstituted solutions. This variation was significantly larger for samples stored at elevated
vs. room temperature. It was interesting to note that the concentration of equilenin sulfate increased over
time, whereas that of other major components were seen to fluctuate and decrease. This phenomenon
was partially explained by the conversion of equilin compounds into their corresponding equilenin forms,

s furt
etry
andem mass spectrometry a phenomenon which wa
by tandem mass spectrom

. Introduction

Neuroprotective effects of estrogens have been investigated in
any studies [1–5]. Pre-treatment with estrogens has been demon-

trated to reduce ischemic damage in focal cerebral ischemia while
ost-treatment has also been shown to be beneficial for preserving
rain tissue [2–5]. Neuroprotective effects of estradiol were stud-

ed when administered after an ischemic insult on rats by Simpkins
nd coworkers [2,6]. Beneficial effects were observed when the
ompound was administered within a therapeutic window of three
ours after injury [2]. Importantly, the study suggests that estro-
ens could be useful for treatment of traumatic brain injury (TBI)
n humans. The promise of a clinical study to investigate the use of
strogens for treatment of TBI brings with it several points for con-
ideration. Because patients are likely to be unconscious, the drug
eeds to be administered intravenously. Additionally, because a
arrow therapeutic window exists (with diminishing returns over

he 0–3 h time span), it is desirable to administer the treatment as
arly as possible.

Premarin® (Wyeth/Pfizer, PA, USA), in the form of
remarin®Intravenous, was considered for use as an estro-
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her investigated through a storage study with pure standard solutions and
.

© 2011 Elsevier B.V. All rights reserved.

genic therapy for TBI in clinical trials, because it has been approved
and widely used since 1942 (www.fda.gov/Drugs/DrugSafety).
However, approved protocol requires that the drug be stored in a
sterile lyophilized form at 2–8 ◦C, and that it be used immediately
after reconstitution with sterile water (www.wyeth.com). Obvi-
ously, this requirement does not support the need for immediate
treatment if a significant time delay exists between injury and
arrival at the hospital. Instead, Premarin®Intravenous should
ideally be stored in the ambulance so that the treatment can be
given as soon as possible. However, most modern ambulances do
not have refrigerators and the stability of Premarin®Intravenous
under variable storage temperatures has not been reported.
Although synthetically prepared alkali metal estrogen sulfate
salts were found to be unstable and hydrolyzed under prolonged
exposure to the atmosphere [7], the data for the stability of
Premarin®Intravenous are not publicly available. In this work, the
stability of solid and reconstituted forms of Premarin®Intravenous
was investigated at different temperatures for 6-month periods
using LC–MS and tandem MS.

2. Experimental
2.1. Chemicals and reagents

All conjugated estrogen standards were purchased from Organ-
ics, L.L.C. (Northbrook, IL, USA), including sodium sulfate conjugates

dx.doi.org/10.1016/j.jpba.2011.03.003
http://www.sciencedirect.com/science/journal/07317085
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f equilenin (EN-S), 17�- and �-dihydroquilenin (ADHEN-S and
DHEN-S), equilin (E-S), 17�- and �-dihydroequilin (ADHE-S and
DHE-S), estrone (E1-S), 17�- and �-estradiol (AE2-S and BE2-S).
remarin®Intravenous (conjugated estrogens, USP) was obtained
rom Wyeth/Pfizer (Philadelphia, PA, USA). Amonium acetate was
rom Sigma–Aldrich (St. Louis, MO, USA). Water and acetonitrile
ACN) were LC–MS grade and obtained from J.T. Baker (Phillips-
urg, NJ, USA) and Burdick and Jackson (Muskegon, MI, USA),
espectively. Bacteriostatic and sterile water were purchased from
ospira, Inc. (Lake Forest, IL, USA).

.2. Experimental design

Temperature stability of Premarin®Intravenous was investi-
ated in dry powder and reconstituted forms. Two batches of the
rug were used for two consecutive experiments.

In batch 1, the contents of nine Premarin®Intravenous vials from
he same lot were removed from their vials and combined. Repli-
ate representative samples were divided and accurately weighed
nto 8 vials. Samples in six vials were reconstituted in sterile water
o the concentration of 47.5 mg/mL. Three of these vials were and
tored at room temperature (labeled as R1, R2, and R3), while the
ther three vials were stored at 38 ◦C (100 ◦F) (labeled as H1, H2,
nd H3). The samples in the remaining two vials were stored at
oom temperature (RT) (labeled D1) and at 38 ◦C (100 ◦F) (labeled
2). In batch 2, eight Premarin®Intravenous vials from the same

ot were selected and each of them was reconstituted with 5 mL
f sterile water, injected through the rubber cap of the vials in a
terile hood. Samples in four vials were dissolved in sterile water
ontaining 0.9% benzyl alcohol (BnOH), while those in the other
our vials were mixed with sterile water without preservative. Two
f each were stored at RT and labeled as R4 and R5 for sterile water
no preservative) and as R6 and R7 for the bacteriostatic water.
he other four vials were stored at 49 ◦C (120 ◦F) and labeled sim-
larly for sterile water (H4 and H5) and bacteriostatic water (H6
nd H7), respectively. The experiment temperature was elevated
o 49 ◦C (120 ◦F) during batch 2 to better mimic temperature varia-
ions in ambulances in some areas such as Texas, and to accentuate
otential degradation effects observed for batch 1.

.3. LC–MS conditions

Sampling was performed at monthly time points during a period
f 6 or 7 months to determine the variation of sample components.
he experiments were carried out on a Shimadzu LCMS-IT-TOF
Shimadzu Scientific Instruments, Inc., Columbia, MD, USA). The
hromatographic analysis was performed on a Shimadzu (Tokyo,
apan) Shim-pack XR-ODS column (2 mm × 100 mm, 2.2 �m, 120 Å)

ith an elution gradient of mobile phase A (20 mM ammonium
cetate in H2O) and mobile phase B (ACN) at a flow-rate of
50 �L/min. The run was started at 20%B (held for 5 min), followed
y a linear gradient to 40% over 30 min and then to 98% over 20 min
and held for 10 min). The IT-TOF was operated in the negative ion-
zation mode with a spray voltage of −3.5 kV, and a scan range of
00–600 m/z. LCMS Solutions software, version 3.4, was used for
ata collection and analysis.

. Results and discussions

.1. Peak identification
A representative total ion chromatogram of
remarin®Intravenous samples is presented in Fig. 1 with the
ight most intense components selected for tracking through the
torage experiment.
Fig. 1. Reversed phase HPLC–ESI-MS total ion chromatogram of
Premarin®Intravenous with the eight most intense components denoted.

The peak investigation was based on matching m/z values and
retention times between Premarin®Intravenous samples and pure
standards. Six of the eight compounds (peaks 2–6, 8) were pos-
itively identified. Assignments for peaks 1 and 7 are tentative.
According to Hill et al. [8], peak 1 could be cresol or benzyl alcohol
sulfate, but the latter is most likely. Peak 7 (m/z 351) can be 17�-
estradiol sulfate or 5,7,9-estratrien-3�,17�-diol-3-sulfate, which
are isobaric and have been reported to be present in Premarin by
Wyeth-Ayerst [8]. In our analysis, the retention time of peak 7 did
not match that of our 17�-estradiol sulfate standard, indicating that
peak 7 likely is 5, 7, 9-estratrien-3�,17�-diol-3-sulfate. The stan-
dard of this compound was not commercially available to confirm
its identification.

3.2. Premarin®Intravenous stability

The stability of Premarin®Intravenous was studied in two con-
secutive batches. Batch 1 was carried out first. Batch 2 was
performed to confirm and clarify results collected from batch 1.

3.2.1. Batch 1
Fig. 2 displays the cumulative results for the dry samples D1

(RT) and D2 (38 ◦C (100 ◦F)). The values were anomalously low for
the first two time points, and this variation has been attributed
to instrumental problems during the sequence analysis. These
problems were corrected for the remainder of the analyses. The
composition of the two dry samples were stable and did not change
significantly after day 93, and for the remainder of the experiment.
From day 93–175, the variations of each component were ≤ 10%
(most were between 2 and 5% variation), indicating that these non-
reconstituted samples were fairly stable during six month time
frame when stored at RT or at 38 ◦C (100 ◦F).

Samples R1–R3 (presented as an average in Supplementary Fig.
1) show a slight increase for the first month, but more impor-
tantly, the relative abundance of the tracked components varied to
a greater degree after day 151. Compared to samples R1–R3, sam-
ples H1–H3 (stored at 38 ◦C (100 ◦F)) showed an even more variable
composition after 93 days. In both sample sets, compound 2 subtan-
tially increased while some other compounds, such as compound
4 and 7, decreased. Interestingly, the variation of total signals for

steroidal compounds (sum total of relative peak intensities from
peak 2–8), at RT and at 38 ◦C (100 ◦F), did not vary to a large degree
(≤15%). The samples may be considered as being stable for total
steroids, although individual components quantitatively varied. An
unidentified microbial growth in most of the reconstituted samples
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ig. 2. Variation of dry Premarin®Intravenous within 175 days for D1 at RT and
2 at 38 ◦C (100 ◦F). Abnormally low peak ratio values for days 0 and 29 were
ttributed to instrumentation problems, which were rectified in subsequent sample
easurements and time points.

especially in R2), stored at RT, was noted during sampling on day
75.

.2.2. Batch 2
Since the microbial growth was observed in the reconstituted

amples at RT in batch 1, the experiment with reconstituted solu-
ions was repeated in batch 2 with a better control condition. The
amples were reconstituted with sterile water by injection through
he rubber caps of the vial to avoid direct contact between the sam-
les and the ambient environment. No precipitation or bacterial
rowth was observed in reconstituted samples at RT but small rod-
haped particles were detected in those at 49 ◦C (120 ◦F) after day
2. The shape of these particles was different from the shape of
icrobial growth observed in batch 1, which was a furry amor-

hous shape. The presence of the rod-shaped particles in batch 2
as likely caused by precipitation (possibly, of desulfated steroid
ormones) under high temperature condition rather than bacterial
ontamination.

The variation of steroid hormone components in reconstituted
atch 2 samples R4–R5 at RT, as shown in Fig. 3, was not significant
or the first 148 days (≤13% for each tracked compound), however
ome marked variation of some components was observed after
his timeframe. The composition of reconstituted samples H4–H5
tored at 49 ◦C (120 ◦F) changed to a great degree over 215 days.
ompound 2 continuously increased after day 40. The variation of
otal steroid conjugates was only 12%, although a slight increase
ith time was noted. At both temperatures, there was no different

n composition variation between samples with and without the
ddition of the BnOH preservative (Supplementary Fig. 2).

In summary, Premarin®Intravenous was considered to be fairly
table in solid form at RT and even at an elevated temperature

◦ ◦
f 38 C (100 F). Variation of steroidal compositions in reconsti-
uted samples at RT was not significant when the experimental
onditions were well-controlled and the sample was not exposed
o ambient contamination. However, there was a marked change
n the abundance of a number of the major components in the
Fig. 3. Variation of reconstituted Premarin®Intravenous samples during 215 days
for R4–R5 at RT and for H4–H5 at 49 ◦C (120 ◦F) without the addition of BnOH.

drug when high temperature was applied. The increase of com-
pound 2, decrease of some other steroids, and low variation in
the sum of total signals led to a hypothesis that interconversion
among steroidal components, not degradation of sulfates as might
be expected, was responsible for the observed variation in individ-
ual components. This hypothesis was investigated by studying the
stability of different pure steroid hormone sulfate standards.

3.3. Steroid hormone sulfate conjugate stability in solution

The increase of compound 2 levels and decrease of the other
components in reconstituted samples could be caused by con-
version between different components into more stable forms.
Compound 2, EN-S, contains conjugated A–B aromatic rings; there-
fore, it is likely more stable than other compounds bearing partial
saturation in A–B rings such as compound 3, 4, 5, and 7. Pos-
sible conversion from the others into compound 2 could be the
reason for its increasing levels over time under elevated temper-
ature condition. This phenomenon was further studied using pure
standard solutions. The stability of four standards, E1-S and three
equilin sulfates (E-S, ADHE-S, and BDHE-S), were investigated at
a concentration of 0.5 �g/mL at 49 ◦C (120 ◦F). These compounds
were selected because they contain partially saturated A–B rings,
which were hypothesized to convert into unsaturated forms under
high temperature over a period of time. After being stored at 49 ◦C
(120 ◦F) for 3 months, additional unknown peaks appeared in the
LC–MS chromatograms of the pure standard solutions (Fig. 4).
The retention time and m/z values of these peaks matched those
of corresponding equilenin sulfate compounds; thus, the conver-
sion of equilin into equilenin was possible. No additional peak
was detected with E1-S. Although these unknown peaks were not
observed with freshly purchased and prepared standards, they
were present at very low levels in freshly made reconstituted sam-

ples after storage at −20 C for 1.5 years.

The unknown peaks were suspected to form from the conver-
sion of equilin species into their corresponding equilenin forms. A
supplementary study was implemented to clarify this using tan-
dem mass spectrometry, including MS2 and MS3. Three equilenin
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Fig. 4. Chromatograms of (A) ADHE-S stored at 49 ◦C (120 ◦F) and ADHEN-S, (B) BDHES stored at 49 ◦C (120 ◦F) and BDHEN-S and (C) E-S stored at 49 ◦C (120 ◦F) and EN-S.
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ompounds (ADHEN-S, BDHEN-S, and EN-S) were investigated and
ompared with the unknown peaks from their corresponding equi-
in. All compounds lost their sulfate group during MS2 and the
esulfated ions were further fragmented in MS3. Fragmentation
atterns of these unknown peaks were consistent with that of the
orresponding equilenin standards.

The conversion from equilin into the corresponding equilenin
ccurred; thus, the transformation of E-S into EN-S partially
xplains the increase of EN-S in Premarin®Intravenous solutions.
owever, further oxidation of the hydroxyl group into a ketone
roup at position C17 of ADHEN-S and BDHEN-S was not observed.
n other words, these compounds were not completely oxidized to
N-S in pure standard solutions. The experiments with the pure
tandards did not fully explain the dramatic increase of EN-S and
ecrease of other components in Premarin®Intravenous solutions
nder high temperature over a period of time. The reason could be
hat, since this drug is originally from natural sources, there might
e other unknown species in the drug possibly initiating or catalyz-

ng the oxidation reaction at C17 of dihydroequilenin compounds
nd converting them into EN-S.

. Conclusions

The major components in the dry samples were more stable
han those in the reconstituted samples, especially at high tem-
erature. The relative responses in the dry samples D1 and D2
id not change to an appreciable degree after six months; thus,
remarin®Intravenous can be stored in the dry form in the ambu-
ance and reconstituted immediately before use. However, this
rocess is not convenient during the first response treatment.
herefore, if possible, the reconstituted form should be used. The
econstituted samples in batch 2, stored at RT, were considerably

table for the first three months and slightly varied after that. Bet-
er control against bacterial interferences was also noted. Although
he reconstituted samples stored at high temperature varied signif-
cantly for each tracked compound, the variation of total steroids

as ≤15%. This is not significantly higher than acceptable varia- [
Biomedical Analysis 55 (2011) 1218–1222

tion ranges of the two main components in Premarin®, estrone
and equilin sulfate, recognized by USP [9,10]. The total of these
two compounds should comprise 79.5–88.0% of the labeled con-
tent of conjugated estrogens [9], a significant allowed variation. The
conversion of equilin compounds into their corresponding equi-
lenin forms occurred, partially explaining the increase of EN-S and
decrease of other components in Premarin®Intravenous solution.
If Premarin®Intravenous is to be stored in a reconstituted form in
an ambulance for immediate response and use in TBI, the storage of
such samples should ideally be performed at lower temperatures
(e.g. in a cooler) and they should be replaced monthly.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.jpba.2011.03.003.
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