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Abstract Hypokalemic paralysis is a
medical emergency due to the risks of
cardiac arrhythmia, respiratory fail-
ure, and rhabdomyolysis. Besides
supplementing patients with KCl to
hasten recovery, the astute physician
must search for the underlying cause
to avoid missing a treatable and cur-
able disorder. We report on an elderly
Korean man who presented with
marked limb paralysis, myalgias, and
mild hypertension. He had prostate
cancer treated with orchiectomy and
hormone therapy 2 years previously.
The major biochemical abnormalities
were hypokalemia (K+: 1.7 mmol/l)
associated with high renal K+ wasting
and metabolic alkalosis (HCO3

�:
42.6 mmol/l). Low plasma renin ac-
tivity, low aldosterone concentration,
and normal cortisol concentration

pointed to a state of pseudohyperal-
dosteronism. While reviewing his
drug history, the patient revealed he
had been consuming eight packs
(100 ml/pack) of a Korean herbal
tonic daily to treat his prostate
cancer for the past 2 months. A sig-
nificant amount of glycyrrhizic acid
(0.23 mg/ml), an active ingredient of
licorice, was detected in the tonic.
Discontinuation of the herbal tonic
along with KCl supplementation
achieved recovery in 2 weeks. As
many complementary/alternative
medicines for cancer contain licorice,
this must be kept in mind as a cause
of hypokalemia in cancer patients.
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Introduction

Hypokalemic paralysis (HP) represents a heterogeneous
group characterized by acute reversible muscle weakness
associated with hypokalemia. The morbidity and mortal-
ity associated with HP is mainly due to its hypokalemic
complication, such as arrhythmias and respiratory failure.
Although K+ replacement therapy may hasten recovery
and prevent cardiopulmonary complications, a vigorous
search for the underlying cause is mandatory to avoid
missing treatable and curable disorders. Chronic licorice
ingestion is one of the common causes of HP but still goes
ignored.

Licorice is widely used as a flavoring and sweetening
agent for tobacco, chewing gums, candies, toothpaste, and
beverages [2]. Furthermore, it may exert antiulcer, anti-

viral (coronavirus, HIV, and hepatitis C), and anticarci-
nogenic effects [3, 7, 1, 15]. Despite its potential thera-
peutic effects, licorice can produce pseudohyperaldos-
teronism characterized by hypokalemia and hypertension
along with low plasma renin activity and aldosterone
levels. In severe cases, paralysis due to profound hypo-
kalemia may be the primary presentation and be misdi-
agnosed as other disorders, leading to improper manage-
ment. In this report, we describe an elderly patient who
presented with hypokalemic paralysis after chronic con-
sumption of licorice as an alternative therapy for prostate
cancer.
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Case report

A 79-year-old Korean male presented to the emergency department
with a 2-week history of myalgias and muscular weakness that
progressed to paralysis involving all extremities. He denied nausea,
vomiting, diarrhea, excessive sweating, symptoms of hyperthy-
roidism, or the use of diuretics. His pertinent medical history in-
cluded prostate cancer—TNM stage T3N1M1—diagnosed 2 years
ago and treated with hormone therapy (bicalutamide) and bilateral
orchiectomy. His family history was noncontributory.

On physical examination, the patient’s mental status was clear
as he laid in bed in apparent total paralysis. His vital signs were
stable with mild hypertension (blood pressure 153/76 mmHg),
heart rate 53 beats/min, respiratory rate 18/min, and body tempera-
ture 36.6�C. Body weight was 64 kg. No thyroid enlargement was
palpated. Cardiopulmonary examination was unremarkable. The
neurological examination revealed a symmetric flaccid paralysis
with areflexia in the upper and lower extremities. The remainder of
physical examination was unremarkable.

His plasma and urine biochemical studies are summarized
in Table 1. Hypokalemia was the most striking abnormality
(K+ 1.7 mmol/l) accompanied by metabolic alkalosis (HCO3

�

42.5 mmol/l). High urine excretion of K+ was documented by his
elevated TTKG (transtubular potassium concentration gradient) and
UK/UCr (ratio of urine potassium to urine creatinine) in the set-
ting of profound hypokalemia. EKG revealed sinus bradycardia
(53 beats/min) with prolonged QT interval and prominent U waves.
There were no kidney or adrenal abnormalities on abdominal ul-
trasonography.

Intravenous administration of 300 mmol KCl over 2 days im-
proved his muscle weakness when the K+ reached 2.7 mmol/l. This
was then changed to oral KCl (64 mmol/day). At this time, his renal
K+ loss was still high. The serial changes in the biochemical studies
are shown in Table 1. The low plasma renin activity, low aldo-
sterone level, and normal cortisol level found in this patient sug-
gested a state of pseudohyperaldosteronism. Another review of his
drug history revealed daily consumption of a Korean herbal tonic
(approximately 800 ml/day) to treat his prostate cancer for the past
2 months. A large amount of glycyrrhizic acid (0.23 mg/ml herbal

juice; 184 mg/day) was detected in the tonic by high-performance
liquid chromatography. After cessation of the herbal tonic and
supplementation of 800 mmol KCl over 2 weeks, his K+ returned to
4.0 mmol/l. At the 2-month follow-up, his blood pressure, elec-
trolytes, acid-base status, and muscle strength had remained normal
without the need for additional K+ supplementation.

Discussion

Although the differential diagnosis for hypokalemia is
large, the list for HP is far smaller. Measurements of
blood and urine electrolytes and acid-base parameters can
help the physician formulate a simple and rapid differ-
ential diagnosis [9]. In general, patients with hypokalemic
periodic paralysis (HPP) due to an acute shift of K+ into
cells have no acid-base disturbances and low urinary K+

excretion. In contrast, patients with HP that result from
excess K+ deficit (non-HPP) usually have an acid-base
abnormality. In this patient, his profound hypokalemia
was associated with hypochloremic metabolic alkalosis.
His low urinary K+ concentration (11 mmol/L) may
mislead the physician into diagnosing poor K+ intake,
gastrointestinal K+ loss, or increased K+ shift. However,
two bedside indices of urine K+ excretion—TTKG and
UK+/UCr—were both high, indicating excessive renal K+

excretion.
Mild hypertension and metabolic alkalosis suggest a

state of mineralocorticoid excess. Further evaluation of
plasma renin, aldosterone, and cortisols levels helps nar-
row the differential diagnosis of a mineralocorticoid ex-
cess state. Low plasma renin activity and aldosterone
levels represent pseudohyperaldosteronism. The normal
plasma cortisol in a state of pseudohyperaldosteronism
found in this patient point to the following causes: 11-
deoxycorticosterone (DOC) producing adenoma, Liddle’s
syndrome (activation mutation in Na+ channel), and
failure of the 11b-hydroxysteroid dehydrogenase-2 (11b-
HSDH-2) enzyme to remove all cortisol such as apparent
mineralocorticoid excess (hereditary defect) and lico-
rice ingestion (inhibition). A comprehensive review of the
patient’s medication history eventually identified the
cause as the chronic consumption of a licorice-containing
herbal tonic to treat his hormone-refractory prostate
cancer.

Licorice’s active anticarcinogenic metabolite, glycyr-
rhizic acid, inhibits 11b-HSDH-2 enzyme, which is pres-
ent in the principal cells of the cortical collecting duct.
Since cortisol and aldosterone are similar steroid hor-
mones, the enzyme is necessary to inactivate cortisol
before it can bind the aldosterone receptor inside principal
cells [13]. When 11b-HSDH-2 is inhibited, an aldoster-
one-like effect is promulgated, which suppresses the re-
nin-angiotensin-aldosterone axis and causes volume ex-
pansion, hypertension, hypokalemia, and metabolic alka-
losis. The amount of licorice necessary to produce hy-
pokalemia varies. It has been shown that daily intake of

Table 1 Biochemical studies on admission. TTKG transtubular
potassium concentration gradient, UK+/UCr ratio of urine potassium
to urine creatinine (millimole/liter)

Day 1 Day 3 Day 14

Plasma
Na+ (mmol/l) 143 143 138
K+ (mmol/l) 1.7 2.7 4.0
Cl- (mmol/l) 92 98 104
HCO3

� (mmol/l) 42.6 – —
pH 7.54 – –
Ca2+ (mg/dl) 8.8 – –
Mg2+ (mmol/l) 2.0 – 2.1
BUN (mg/dl) 8 8 12
Creatinine (mg/dl) 1.6 1.3 1.5
Renin activity (0.4–2.5) (ng/ml/h) 0.2 – 1.8
Aldosterone (80–365) (pg/ml) 7.5 – 142
Cortisol (4.3–22.4) (mg/dl) 10.1 – 8.6

Urine
Na+ (mmol/l) 50.0 69.0 35.0
K+ (mmol/l) 11.0 27.1 26.5
Cl- (mmol/l) 51.0 68.0 39.0
Osmolality (mosm/kg H2O) 406 425 342
Creatinine (mg/dl) 37.2 43.4 62.0
TTKG 4.7 7.0 5.7
UK+/UCr (mmol/mmol) 3.3 7.1 4.8
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100 mg glycyrrhizic acid can produce these adverse ef-
fects [14]. Therefore, it is not surprising that this patient
developed profound hypokalemia and paralysis after
taking 184 mg glycyrrhizic acid daily for 2 months. The
rather mild hypertension observed in this patient may be
due to coexisting Na+ wasting related to partially ob-
structive uropathy from prostate cancer.

Despite controversies within the medical community
regarding the effectiveness of complementary/alternative
medicine (CAM), recent surveys have shown that almost
half of cancer patients in Western countries use CAM
therapies [5, 6]. Therefore, the prudent physician should
at least acknowledge CAM use among patients and keep
potential interactions and adverse effects in mind. In ad-
dition to the conventional treatments for prostate cancer,
including radical prostatectomy, radiation therapy, an-
drogen deprivation therapy, and combined chemotherapy,
saw palmetto and licorice are commonly used CAM ther-
apies for hormone-refractory prostate cancer [17]. A lic-
orice-containing mixture, PC-SPES, has been shown to be
effective in prostate cancer patients, although the clinical
trials enrolled only small numbers of patients [12]. The
possible anticarcinogenic mechanisms include induction
of cell-cycle arrest and cell-growth inhibition, estrogenic
effects, scavenging of free radicals, and so on [8, 4].

Besides prostate cancer, licorice and its metabolites are
also being studied in colorectal, breast, and other human
cancers [11, 10].

Most of the disorders being treated with licorice, in-
cluding prostate cancer, require long-term medication.
However, the daily dose and total cumulative dose should
be minimized. The German Commission E recommends
that licorice should not be used for longer than 4-6 weeks
to avoid side effects. Once hypokalemia occurs, K+ sup-
plementation and/or spironolactone (100 mg per day)
helps to correct the hypokalemia with cessation of licorice
intake. A prolonged treatment course is needed because of
the long half-life and substantial enterohepatic circulation
of glycyrrhetinic acid (licorice’s metabolite) [16]. Finally,
early use of spironolactone may reduce the risk of lico-
rice-induced hypokalemia.

In conclusion, this case clearly demonstrates hypo-
kalemic paralysis as a primary presentation of chronic
licorice ingestion and highlights the importance of a de-
tailed drug history in any cancer patient with hypokale-
mia. Given the high prevalence of CAM use among
cancer patients, physicians should keep chronic con-
sumption of licorice-containing medications in mind as a
reversible and curable cause of hypokalemia, especially in
states of mineralocorticoid excess.


