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ABSTRACT: Poisoning with superwarfarins, like bromadiolone, is a growing public health problem, and the mortality is high. Pharmacokinetic
data on bromadiolone in humans are however scarce, and there are no reports following repeated exposures to bromadiolone. We have developed a
method for quantification of bromadiolone in whole blood, using liquid chromatography–mass spectrometry (LC-MS). The analytical method is
reported. Limit of detection was 0.005 mg ⁄ L and limit of quantification was 0.01 mg ⁄ L. The concentrations of bromadiolone in whole blood and
plasma in serial samples from a 62-year-old woman were measured. The half-life of bromadiolone in blood was estimated to be about 6 days in the
initial phase of elimination and about 10–13 days in the terminal phase. The mean plasma ⁄ blood ratio of bromadiolone was 1.7 € 0.6. Stability test-
ing of bromadiolone in whole blood samples after two cycles of freeze and thaw revealed that bromadiolone concentrations decreased.
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Warfarin was patented in 1948 as a rodenticide, but because
rats developed resistance, more potent derivatives of warfarin
were developed, namely superwarfarins or second-generation anti-
coagulant rodenticides (1,2). The superwarfarins are considered
to be about 100 times more potent than warfarin on a molar
basis, with strong binding affinity, greater absorption due to
increased fat-solubility, and long-acting effects (2–4). A number
of superwarfarin products, e.g., bromadiolone (Fig. 1), are sold
over-the-counter and are readily available in stores and homes
(1,3).

It is well known that superwarfarins cause a prolonged anticoag-
ulant effect by inhibiting the carboxylation of vitamin K–dependent
factors (II, VII, IX, and X) in the liver, and treatment of superwar-
farin poisoning requires administration of vitamin K1 for several
months (1,3,4). Poisoning with these products, whether accidental
or intentional, is a growing public-health problem (2,5) and up to
20% mortality has been reported (3). Cases may be associated with
accidental exposure (often children), suicide attempts, or Munchau-
sen syndrome, and may be difficult to diagnose (3).

Only a few laboratories perform analysis of superwarfarins and
the possibility of detecting superwarfarins in blood samples has
been limited, although some methods are reported (1,6–8). To the
best of our knowledge, there are only two reports on the kinetics
of bromadiolone metabolism in humans (7,8), but the half-lives
reported vary from 50 h (7) to 140 h (8) in the two studies. These
half-lives are however much shorter than half-lives reported from
animal studies, where, for example, 120 days is reported for dogs
(9). No previous studies have measured the concentration in
humans after repeated exposure to bromadiolone.

To investigate a patient repeatedly exposed to bromadiolone, an
analytical method was developed for the quantification of broma-
diolone. The method was based on liquid chromatography–mass
spectrometry (LC–MS) with an electrospray ionization (ESI)

interface. Serial blood samples from a woman who was repeatedly
exposed to bromadiolone had been collected and the half-life of
bromadiolone was estimated. The plasma ⁄ blood ratio and the sta-
bility of bromadiolone in whole blood after storage at )20�C,
including thaw and freeze cycles, were also investigated.

Materials and Methods

Chemicals

Bromadiolone was supplied by Promochem (LGC Promochem,
Bor�s, Sweden) and cyclobarbitone (internal standard) by Chemi-
sche Fabrik Berg GmbH (Bitterfeld, Germany). Acetonitrile (far
UV HPLC) was purchased from LAB-SCAN (Dublin, Ireland),
AnalaR� ammonium formate from BDH Laboratory Supplies
(Poole, England), and formic acid from Merck (VWR International
AS, Oslo, Norway). De-ionized water was obtained from a Milli-Q
UF Plus water purification system (Millipore, Bedford, MA).
Human whole blood was supplied by Blood Bank at Ullev�l Uni-
versity Hospital, Oslo, Norway. Formate buffer, 10 mM, was pre-
pared from a stock solution 50 mM pH 4 in water.

Preparation of Standard Stock Solution

Stock solution of bromadiolone was prepared in methanol and
working standards in water. Calibration samples were prepared
from whole blood spiked with working standard solutions (concen-
tration range 0.03–1.1 mg ⁄L). Control samples were prepared sepa-
rately using the same procedure and analyzed together with
calibrators and samples from the patient.

To an aliquot of 450 lL of whole blood, 50 lL internal standard
solution (4.7 mg ⁄L cyclobarbitone in water), and 500 lL cold ace-
tonitrile (ACN) were added. The samples were immediately agi-
tated on Whirlmixer for 1 min and thereafter deep-frozen ()20�C)
for a minimum of 10 min. The samples were centrifuged at
3900 · g at 4�C for 10 min. The ACN layer was transferred to the
autosampler vials.
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LC–MS

The analyses were performed on a LC–MS system obtained
from Waters (Waters 2690 Separation Module and ZQ 2000 single
hexapole mass spectrometer with an ESI interface; Waters Corp.,
Milford, MA) equipped with XTerra� Phenyl HPLC column
(2.1 · 150 mm) 3.5 lm particles and from Waters (Milford, Ire-
land). The mobile phase consisted of 90% 10 mM formate buffer
pH 4 and 10% acetonitrile. The separation was achieved by gradi-
ent elution starting with a mobile phase of 10% acetonitrile subse-
quently increased to 90% acetonitrile. The running time was
15 min.

The ESI was operated in negative mode for detection of broma-
diolone and cyclobarbitone at the following mass to charge ratios
(m ⁄ z): bromadiolone m ⁄ z 527.10 and cyclobarbitone: m ⁄ z 235.20.
The retention times were 9.8 and 5.4 min, respectively. Peak height
ratios were used for quantifications.

Blood Samples

Sixteen blood samples from a 62-year-old woman poisoned with
bromadiolone were collected in Vacutainer� tubes (BD Diagnos-
tics, Franklin Lakes, NJ) containing sodium fluoride as preservative
and heparin as anticoagulant, and sent to the Norwegian Institute of
Public Health for analysis. The samples were stored in a refrigera-
tor until analysis. The woman could not explain how or when the
exposure of bromadiolone had taken place. She has given her writ-
ten consent to let us publish the analytical findings from her blood
samples. The blood samples were taken at the hospital where the
patient was treated, and sent to our laboratory the same day by
delivery. The mean time from sampling to analysis was 5 days,
with 1–8 days variation, except for one sample that was analyzed
17 days after sampling. All the samples were analyzed for broma-
diolone, warfarin, and salicylic acid. The samples used to estimate
plasma ⁄ blood ratio of bromadiolone were centrifuged on arrival at
the institute. The concentration of bromadiolone was measured in
both whole blood and plasma samples. Five of the whole blood
samples containing bromadiolone were reanalyzed after two freeze
and thaw cycles, to investigate stability after storage in a freezer at
)20�C. For estimating the bromadiolone half-lives, only the results
from the first analysis were used.

Calculations

Elimination half-lives (t1/2) were estimated from the concentra-
tions of bromadiolone in samples 3–4, 8–9, 12–13, and 14–15
(Table 1), using the formula C2 = C1 · 2Dt ⁄ t1/2 (10). C1 is the con-
centration in the first of the two samples and C2 is the second con-
centration. Dt is the time between these two samples. The samples
were selected because the concentration of bromadiolone was

declining from the first to the second sample. The plasma ⁄blood
ratio of bromadiolone has been estimated from the samples where
bromadiolone was measured in both plasma and whole blood
(n = 10).

Results and Discussion

Validation of Method

Quantitative results were obtained by peak-height measurements.
Limit of detection (LOD) for bromadiolone in whole blood was
0.005 mg ⁄ L and limit of quantification (LOQ) was 0.01 mg ⁄L.
These values were determined as a mean of background noise +
three standard deviations (SD) and +10 SD, respectively. Day-to-
day variations were 20% (0.05 mg ⁄ L) and 11% (0.5 mg ⁄L)
(n = 10), and intra-day variations for the same concentration levels
were 14.6% and 6.9%, respectively (n = 10). The calibration curve
was linear in the concentration range up to 1.0 mg ⁄L.

Possible interference by several other drug groups was tested,
including benzodiazepines, analgesics, antidepressants, anticonvul-
sants, and antipsychotics. No interfering drugs were detected.

Bromadiolone was detected in 13 of the 16 blood samples when
the analyses were performed within a few days after sampling
(Fig. 2). The concentrations of bromadiolone in plasma were
always higher than the concentrations in the corresponding whole
blood samples. The mean plasma ⁄blood ratio was estimated to
1.7 € 0.6. It is important to be aware of the difference between the
concentrations of bromadiolone in plasma and whole blood when
comparing different analytical results.

From the present report, the half-lives of bromadiolone in a 62-
year-old woman are estimated to be 6 and 10–13 days based on
the concentrations measured at different time points (Table 1). The
estimated half-life of 6 days from sample 3 to 4 (Table 1) might
represent the initial a-phase of elimination. The concentration of
bromadiolone in sample 3 is very high and probably indicates a

TABLE 1—The estimated half-lives (days) from the samples with declining
concentrations of bromadiolone.

Estimated
half-lives
(days)

Sample
number

Days
between
samples

5.6 3–4 17
9.8 8–9 19

27.2 12–13 36
12.8 14–15 50

FIG. 2—Concentration–time profile of bromadiolone for all the samples
received from the patient.

FIG. 1—The molecular structure of bromadiolone.
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recent exposure. The rapid decline in concentration makes it unli-
kely that ingestion has taken place between these samples. Calcula-
tion of the elimination half-life in a 55-year-old man is reported to
be 140 h or about 6 days (8), and this is consistent with the a-
phase in the present report. These half-lives are, however, much
shorter than reported from animal studies (9). Excluding the two
reports where pharmacokinetics in humans are investigated (7,8),
only single measures of bromadiolone concentration have been
reported in cases of poisoning. A 27-year-old woman with menor-
rhagia, easy bruising, mild epistaxis, and extensive petechiae associ-
ated with scratching, had a bromadiolone concentration in serum of
40 ng ⁄mL (11). The TIAFT list reports that a toxic concentration
of bromadiolone is 20 ng ⁄mL in serum (http://www.tiaft.org/
index.php).

Some kinetic data in humans are available for brodifacoum,
another superwarfarin with similar properties to bromadiolone (4).
After poisoning with brodifacoum, a terminal half-life of 31 days
has been reported in a 26-year-old woman (12) and 25 days in a
37-year-old man (6).

The concentrations of bromadiolone in the samples 8–9 and 14–
15 (Table 1) may represent a later phase of elimination, with an
estimated terminal half-life of 10–13 days. Animal studies have
reported biphasic elimination from the liver with an initial rapid
phase of 2–8 days, and a slower phase with a half-life of 170 days
(http://www.inchem.org/). Bromadiolone is lipophilic, and repeated
exposures might cause storage of bromadiolone in the body, result-
ing in delayed elimination. This phenomenon is well known, for
example, in different cannabis preparations, where chronic use can
be detected for several weeks after cessation (13). Our findings
may be in concordance with biphasic elimination, indicating that
bromadiolone distribution in the body may follow at least a two
compartment model, especially when there is repeated intake of
bromadiolone. If ingestion has taken place in-between the samples,
our estimate would, however, be too long. The half-life estimated
to be 27 days in samples 12–13 is so much longer than the other
estimates, that new ingestion of bromadiolone in-between the two
samples is suspected.

Controlled studies of the pharmacokinetics of bromadiolone in
humans would be too dangerous to perform in practice. Such infor-
mation has to come from case reports, where some uncertainties
must be expected. In the present report, the patient could not explain
when the exposures of bromadiolone had taken place. The increase
in concentration in several of the samples reveals that there have
been repeated ingestions, making it difficult to make a concentra-
tion–time curve for elimination of bromadiolone. The different esti-
mates of the half-lives in the present report are each based on only
two concentrations, and must be considered as rough estimates.

The concentrations of bromadiolone when reanalyses were per-
formed after two cycles of freeze and thaw are shown in Table 2.

In cases of forensic toxicology, it is not unusual that new informa-
tion leads to a request for reanalysis of blood samples a consider-
able time after sampling. It is thus of great importance to know the
stability of the analyte investigated. The stability of bromadiolone
has previously only been investigated in spiked samples, and only
after 48 h at room temperature (7). In a laboratory setting, the sam-
ples are normally stored in a deep freezer ()20�C) when they are
not analyzed, and if a reanalysis is requested, the sample is thawed
before a new analysis is performed. We have measured the stability
in five whole blood samples from the patient. The reanalyses were
performed 83–201 days after the first analyses (Table 2). The bro-
madiolone concentration decreased by 6–41% in the samples. There
was no systematic decrease in the bromadiolone concentrations dur-
ing storage in the deep freezer. However, the results indicate that
bromadiolone concentration might decrease substantially during
storage, and caution must be taken when interpreting results from
samples that have been stored.

The enzymes responsible for the metabolism of bromadiolone in
humans are unknown, but phenobarbital is claimed to induce the
metabolism of superwarfarins (3,9), as reported for several other
substrates metabolized by the CytP450 enzymes (14). In some of
the samples from the present study, warfarin and ⁄or salicylic acid
were detected in addition to bromadiolone (Table 3). We are not
aware of how other drugs may interact with the distribution or
elimination of bromadiolone.

In some of the samples, warfarin and ⁄ or salicylic acid were
detected. The patient has denied ingestion of warfarin, but she uses
salicylic acid for headache. Both warfarin and salicylic acid cause
an increased bleeding tendency and this leads to an enhanced risk
of serious bleeding conditions. Even a minor trauma can induce
serious and deadly situations for the patient. Warfarin and salicylic
acid are, however, not known to interact with the detection of bro-
madiolone in the blood specimens. Comparing the concentration–
time profile of bromadiolone (Fig. 2) with the detection of warfarin
and ⁄or salicylic acid (Table 3), does not show an obvious pattern
for drug ingestion or how the different drugs might interfere with
detection of the others.

Conclusion

From the present analytical findings, the half-life of bromadio-
lone in a 62-year-old woman is estimated to about 6 days in the

TABLE 2—Assessment of stability in whole blood for bromadiolone from
five of the samples received.

Concentration of
Bromadiolone
(mg ⁄ L) on Arrival

Concentration of
Bromadiolone (mg ⁄ L)

at Reanalysis

Days Between
Arrival and
Reanalysis

% Change
in

Concentration

0.12 0.098 201 )18
0.25 0.19 201 )24
0.10 0.059 165 )41
0.48 0.45 153 )6
0.032 0.025 83 )22

The change in concentration (%) is the concentration on arrival compared
to the concentration at reanalysis after two freeze–thaw cycles.

TABLE 3—Concentrations of bromadiolone, warfarin, and salicylic acid in
whole blood.

Sample
No.

Bromadiolone
(mg ⁄ L)

Warfarin
(mg ⁄ L)

Salicylic
Acid (mg ⁄ L)

1 n.d. 0.18 70.6
2 0.58 n.d. n.d.
3 0.75 n.d. n.d.
4 0.090 n.d. 118.2
5 n.d. 3.42 n.d.
6 n.d. 2.68 85.4
7 0.011 1.39 22.2
8 0.16 n.d. 33.6
9 0.042 n.d. n.d.

10 0.063 n.d. 79.3
11 0.12 n.d. n.d.
12 0.25 n.d. n.d.
13 0.10 n.d. n.d.
14 0.48 n.d. 34.4
15 0.032 n.d. 38.4
16 0.053 n.d. 30.0

n.d., not detected.
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initial phase of elimination and about 10–13 days in the terminal
phase, and a possible two compartment model of distribution is
suggested.

The initial half-life is in concordance with a previous report esti-
mated in a 55-year-old man. These half-lives are, however, much
shorter than previously reported from animal studies. LC–MS is a
suitable method for rapid quantification of bromadiolone and other
superwarfarins. In cases of uncertain coagulopathy, analysis of
long-acting anticoagulants should be performed.

References

1. Routh CR, Triplett DA, Murphy MJ, Felice LJ, Sadowski JA, Bovill
EG. Superwarfarin ingestion and detection. Am J Hematol 1991;36:
50–4.

2. Sharma P, Bentley P. Of rats and men: superwarfarin toxicity. Lancet
2005;365:552–3.

3. Chua JD, Friedenberg WR. Superwarfarin poisoning. Arch Intern Med
1998;158:1929–32.

4. Hui CH, Lie A, Lam CK, Bourke C. ‘‘Superwarfarin’’ poisoning leading
to prolonged coagulopathy. Forensic Sci Int 1996;78:13–8.

5. Sarin S, Mukhtar H, Mirza MA. Prolonged coagulopathy related to
superwarfarin overdose. Ann Intern Med 2005;142:56.

6. Kuijpers EA, den Hartigh J, Savelkoul TJ, de Wolff FA. A method for
the simultaneous identification and quantitation of five superwarfarin
rodenticides in human serum. J Anal Toxicol 1995;19:557–62.

7. Jin MC, Ren YP, Xu XM, Chen XH. Determination of bromadiolone in
whole blood by high-performance liquid chromatography coupled with

electrospray ionization tandem mass spectrometry. Forensic Sci Int
2007;171:52–6.

8. Grobosch T, Angelow B, Schonberg L, Lampe D. Acute bromadiolone
intoxication. J Anal Toxicol 2006;30:281–6.

9. Lipton RA, Klass EM. Human ingestion of a ‘‘superwarfarin’’ rodenticide
resulting in a prolonged anticoagulant effect. JAMA 1984;252:3004–5.

10. Rowland M, Tozer TN, editors. Clinical pharmacokinetics; concepts and
applications, 3rd ed. Media, PA: Lippincott Williams & Wilkins, 1995.

11. Chow EY, Haley LP, Vickars LM, Murphy MJ. A case of bromadiolone
(superwarfarin) ingestion. CMAJ 1992;147:60–2.

12. Pavlu J, Harrington DJ, Voong K, Savidge GF, Jan-Mohamed R, Kacz-
marski R. Superwarfarin poisoning. Lancet 2005;365:628.

13. Smith-Kielland A, Skuterud B, Morland J. Urinary excretion of 11-nor-
9-carboxy-delta9-tetrahydrocannabinol and cannabinoids in frequent and
infrequent drug users. J Anal Toxicol 1999;23:323–32.

14. Hasler JA. Pharmacogenetics of cytochromes P450. Mol Aspects Med
1999;20:12–137.

Additional information and reprint requests:
Vigdis Vindenes, M.D.
Norwegian Institute of Public Health
Division of Forensic Toxicology and Drug Abuse
PO Box 4404
Nydalen
0403 Oslo
Norway
E-mail: vigdis.vindenes@fhi.no

996 JOURNAL OF FORENSIC SCIENCES


