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Case Report

Prolonged hypotension induced by ingesting a topical
minoxidil solution: analysis of minoxidil and its metabolites

Satoshi Kikuchi,' Yuji Fujita,'? Makoto Onodera,’ Yasuhisa Fujino' and Yoshihiro Inoue'

'Department of Emergency Medicine, Iwate Medical University School of Medicine, and ?Poisoning and Drug
Laboratory Division, Critical Care and Emergency Center, Iwate Medical University Hospital, Morioka, Iwate,
Japan

Case: A 47-year-old man ingested 60 mL of a topical solution (3,000 mg minoxidil) and presented with prolonged hypotension.
Treatment with dopamine hydrochloride and noradrenaline provided blood pressure control. Serum unchanged minoxidil concentra-
tions at 4 and 16 h after ingestion were 4,994 and 33.9 ng/mL, respectively. Urine concentrations of unchanged minoxidil, minoxidil-
O-glucuronide, and minoxidil-N-O-sulfate at 16 h after ingestion were 360.4, 1,953, and 104.5 ng/mL, respectively.

Outcome: The serum unchanged minoxidil concentration rapidly decreased over a short interval. However, the patient needed to
receive vasopressor support for the first 4 days after being admitted to the hospital. The urine minoxidil-O-glucuronide concentration
was higher than the concentrations of unchanged minoxidil and minoxidil-N-O-sulfate.

Conclusion: Although the serum concentration of unchanged minoxidil rapidly decreased, ingesting large amounts of a topical
minoxidil solution can have serious and prolonged cardiovascular effects. Analyzing the minoxidil-O-glucuronide concentration in

urine is useful for diagnosing minoxidil poisoning.
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INTRODUCTION

HE AMINE OXIDE compound 6-(1-piperidinyl)-2,4-

pyrimidinediamine-3-oxide (minoxidil) (Fig. 1) has
been used clinically as an antihypertensive and antialopecia
agent. A topical solution with 2% or 5% minoxidil is used to
treat androgenic alopecia. Few reports on minoxidil intoxi-
cation, including minoxidil and its metabolite concentrations
in biological samples, exist."? Identifying the toxic causa-
tive agent is necessary to definitively diagnose poisoning in
clinical settings; additionally, reporting and interpreting the
analytical findings of toxic substances is needed to carry out
a clinical assessment. Herein, we present serum and urine
analyses of minoxidil and its metabolites in a patient who
ingested a topical minoxidil solution.
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CASE

47-year-old man took 10 tablets of over-the-counter

headache medicine containing acetaminophen and
ibuprofen for his long-duration headache. Afterward, at
around 12:00 (noon), he ingested approximately 60 mL
RiUP X5® in an attempt to commit suicide. He then drove a
car and caused a traffic accident. When the police officer
undertook a cognitive interview, the patient presented with
epigastric discomfort and was transferred to our hospital at
4 h after ingestion. He vomited large amounts of black vom-
itus in the ambulance. Upon arriving at the hospital, he
developed nausea and dizziness. Physical examinations
revealed the following: Glasgow Coma Scale score, 14
(E3V5M6); heart rate, 92 b.p.m.; blood pressure, 50/
19 mmHg; body temperature, 34.9°C; and SpO,, 95%. No
abnormalities were observed in the chest radiographs, head
computed tomography images, chest computed tomography
images, or electrocardiograms. Figure 2 shows the patient’s
clinical data. The patient, who had no prior history of renal
failure, presented with acute renal failure due to dehydration,
and rapid fluid therapy was administered. The patient was
given an infusion of 4,120 mL fluid replacement volume
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Fig. 1. Structures of minoxidil and its metabolites. Minoxidil is
metabolized by the liver to minoxidil-O-glucuronide and minoxi-
dil-N-O-sulfate. Minoxidil and these metabolites are excreted by
the kidney. Minoxidil-N-O-sulfate is a pharmacologically active
metabolite.

from arrival to 7 h after arrival, and his obtained urine vol-
ume was approximately 20 mL during the 7-h period after
arrival. To treat the hypotension, a 10-mg i.v. dose of etile-
frine hydrochloride and continuous infusion of dopamine
hydrochloride were administered, but his blood pressure was
resistant to the therapy. Continuous infusion of nora-
drenaline and a low dose of dopamine hydrochloride were
given to control the patient’s blood pressure and increase his
urine output, respectively; afterwards, his blood pressure sta-
bilized and a sufficient urine volume was obtained. The
patient was discharged 6 days after hospitalization.

We analyzed the unchanged minoxidil, minoxidil-O-glu-
curonide, and minoxidil-N-O-sulfate levels in the serum and
urine samples using a liquid chromatograph (UFLC; Shi-
madzu, Kyoto, Japan)-tandem mass spectrometer
(3200QTRAP; AB Sciex, Framingham, MA, USA). Quan-
tification analyses of these compounds were carried out on
multiple reaction monitoring (MRM) with the MRM transi-
tion of m/z 210 > m/z 164 in positive ion mode. Minoxidil
levels in the serum and urine were extracted according to the
QUEChERS method.” Unchanged minoxidil was analyzed
in the serum and urine samples; minoxidil-O-glucuronide
and minoxidil-N-O-sulfate were only analyzed in the urine

samples. The serum concentrations of unchanged minoxidil
at 4 and 16 h after ingestion were 4,994 and 33.90 ng/mL,
respectively. The urine concentrations of unchanged minoxi-
dil, minoxidil-O-glucuronide, and minoxidil-N-O-sulfate at
16 h after ingestion were 360.4 ng/mL, 1,953 ng/mL, and
104.5 ng/m, respectively. The urine concentrations of
minoxidil-O-glucuronide and minoxidil-N-O-sulfate were
calculated by subtracting the urine concentration of
unchanged minoxidil without glucuronidase or sulfatase
enzyme treatment from the concentration of unchanged
minoxidil produced by treatment with glucuronidase or sul-
fatase enzymes, respectively. Figure 3 shows the MRM
chromatograms of unchanged minoxidil in the serum at 4
and 16 h after ingestion.

DISCUSSION

ERE, WE REPORT the levels of unchanged minoxidil

and minoxidil metabolites and the effect of the
metabolites on prolonged hypotension in minoxidil poison-
ing. At least 95% of orally administered minoxidil is
absorbed from the gastrointestinal tract and is metabolized
to the direct-acting vasodilator minoxidil-N-O-sulfate* and
the less pharmacologically active minoxidil-O-glucuronide
(Fig. 1). Minoxidil has a large volume of distribution (mean
of 197 L in healthy subjects).” RiUP X5® contains 5 g
minoxidil per 100 mL of solution. In our case, the patient
ingested 60 mL of the solution, equaling 3,000 mg minoxi-
dil, which is approximately 80-300 times greater than the
recommended therapeutic oral dose for controlling hyperten-
sion (1040 mg daily dose for adults). The serum concentra-
tions of unchanged minoxidil in intoxication cases have
been reported as follows: 150 ng/mL at 3 h after ingesting
100 mg minoxidil (tablet) in a 2-year-old child,! and
1,668 ng/mL at 3 h after ingesting 650 mg minoxidil (topi-
cal solution) in an adult.? Here, the serum concentration of
unchanged minoxidil at 4 h after ingestion was 4,994 ng/
mL. Compared to the concentrations reported at similar time
intervals, the concentration we observed is the highest serum
concentration reported to date. The serum concentration of
unchanged minoxidil in our patient at 16 h after ingestion
rapidly decreased to approximately 1/150 of that recorded at
4 h after ingestion. Generally, the half-life of minoxidil in
the serum of healthy volunteers is approximately 1 h>€ In
our case, the half-life of minoxidil in the serum appeared to
be similar to the reported half-life.

For the serum minoxidil-O-glucuronide, the average half-
life for healthy volunteers is 1.7 h,’ thus the serum half-life
of minoxidil-O-glucuronide is similar to that of minoxidil.
In terms of urinary excretion, approximately 20% and 40%
of an oral dose are excreted in the urine as unchanged
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Laboratory data obtained on arrival at hospital

WBC 1942 x 10/uL K  2.8mEqL  LDH 279IUL pH 7203
RBC 471 x 10%4L Cl 97mEqL  y-GT 311IU/L pCO, 283 mmHg
Hb  144g/dL BUN 20.1mg/dL T-Bil 0.2mg/dL pO,  103.1 mmHg
Ht 44% Cre 1.84mg/dL CRP <0.1 mg/dL HCO; 10.9 mmol/L
Plt 345 x 103/pL AST 26IU/L Glu 179 mg/dL BE —15.5 mmol/L
Na 146 mEq/L ALT 261U/L NH, 58 pg/dL
Changes in SBP, DBP, and HR during hospitalization
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Fig. 2. Clinical data of a 47-year-old man who ingested 60 mL of a topical solution (3,000 mg minoxidil) and presented with pro-
longed hypotension, including laboratory data obtained on arrival at the hospital and changes in his blood pressure and heart rate
during hospitalization. ALT, alanine aminotransferase; AST, aspartate aminotransferase; BE, base excess; BUN, blood urea nitrogen;
Cl, chloride; Cre, creatinine; CRP, C-reactive protein; Glu, glucose; y-GT, y-glutamyl transpeptidase; Hb, hemoglobin; HCO3, bicarbon-
ate ion; Ht, hematocrit; K, potassium; LDH, lactate dehydrogenase; Na, sodium; NHs, ammonia; pCO,, carbon dioxide partial pressure;
pO,, oxygen partial pressure; Pt, blood platelet; RBC, red blood cell; T-Bil, total bilirubin; WBC, white blood cell.

minoxidil and minoxidil-O-glucuronide, respectively.”®
Here, the urine concentrations of unchanged minoxidil,
minoxidil-O-glucuronide, and minoxidil-N-O-sulfate at 16 h
after ingestion were 360.4, 1,953, and 104.5 ng/mL, respec-
tively. The urine concentration of minoxidil-O-glucuronide
was higher than the concentrations of unchanged minoxidil
and minoxidil-N-O-sulfate. Minoxidil-N-O-sulfate is an
unstable compound; moreover, minoxidil sulfate is easily
hydrolyzed to the parent drug in an aqueous solution.” These
findings suggest that analyzing unchanged minoxidil in the
serum and urine in addition to analyzing minoxidil-O-glu-
curonide in the urine is useful for making a certain diagnosis
of minoxidil poisoning.
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The patient was required to be on vasopressor support for
the first 4 days of hospitalization; continuous infusion of
noradrenaline appears to be useful for controlling the blood
pressure. The prolonged antihypertensive effect has been
reported in other minoxidil intoxication cases, with the
hypotensive effect lasting up to 3 days.2 However, the short
half-lives of minoxidil and minoxidil-O-glucuronide do not
explain the prolonged hypotensive effect. Considering that
minoxidil has a large volume of distribution, persistent
effects at the site of action, such as in the smooth muscles,
may lead to the effect. Although no pharmacokinetic studies
have been carried out on minoxidil-N-O-sulfate, it is more
potent and has a faster onset of activity with regard to the
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Fig. 3. Multiple reaction monitoring chromatograms of unchanged minoxidil obtained after extracting the serum from the intoxica-
tion case using liquid chromatography—tandem mass spectrometry. Column, SeQuant® ZIC®-pHILIC (150 x 2.1 mm internal diameter,
3.5 pum particle size; Merck, Darmstadt, Germany). Mobile phase, a mixture of 30 mmol/L ammonium formate (pH 4.0) and acetonitrile
(40:60, v/v). Flow rate, 0.2 mL/min. Column oven, 40°C. Injection volume, 2 pL.

hypotensive effect than minoxidil* and may also be seques-
trated in smooth muscles, perhaps leading to the effect. It
appears likely that the prolonged hypotensive effect in this
patient was related to a delay in elimination of the active
metabolite due to acute renal failure.

CONCLUSION

LTHOUGH THE SERUM concentration of

unchanged minoxidil rapidly decreased, ingesting
large amounts of a topical minoxidil solution can lead to
serious and prolonged cardiovascular symptoms. Analyzing
minoxidil-O-glucuronide in the urine is useful for diagnos-
ing minoxidil poisoning.
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