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Licorice is a very useful herbal medicine frequently prescribed, but glycyrrhizin, one of its components, can cause
pseudoaldosteronism presenting hypokalemia, metabolic alkalosis and hypertension as a result of prolonging a biologi-
cal half-life of systemic steroid by strongly inhibiting the enzyme 11B-hydroxysteroid dehydrogenase type 2. The risk
factors for this side effect are still unclear. Here, 479 hospitalized patients taking herbal medicines including licorice for
more than five days were recruited to analyze their serum potassium levels, under following parameters ; age and gen-
der of patient, dose and period of licorice, disease state such as hypertension and with or without diuretics. They were
divided into the non-occurrence group (over 3.5 mEq/L) and the occurrence group (under 3.5 mEqg/L) of hypokalemia
based on serum potassium levels during hospitalization. The average ages of the non-occurrence group and the occur-
rence group were 52.6+17.8 and 68+10.5, respectively (p <0.001). But there were no noticeable differences in the daily
dose of licorice, days of taking, and total dose between groups. Regression analysis showed that odd ratio of age (>60)
and taking diuretics inducing hypokalemia was 3.5 (95%CI 1.5-8.1), 4.6 (95%CI 2.0-10.9) that indicates significant cor-
relation with hypokalemia. Based upon this analysis, it is imperative to monitor regularly the risk of pseudoaldoster-
onism or hypokalemia not only when administered licorice of high dose for long period but also when combined it
with diuretics causing hypokalemia to the elderly patients over 60 year old.

[1 Key words - Licorice, hypokalemia, pseudoaldosteronism, age, diuretics, herb-drug interaction
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Box 1. Z}2¢} furosemide ¥-%- A= 217

20114 194109 757 3| St -4 shil ] S A A E shildiahol] 1431 744] o342 =738 F, A, 28 sk, e 52 A%t
£ 9k 99177 = A FE 2 Ak uie) AL A28 o2 [0dA) 7T ok Basty 33 ARE ¢l4dle oy om 118
A S 10 A B8-3k2 glglth. 20074 A1 T2 7| 5A] 81202 steroid S A 44 0 2 B8 Z20] 1 furosemide 40 mg/dayS- 20105 129
FE) Bgska ool 25, 98 ahx] ghom ) & A9k 128/70 mmHg, Wuke- 2o} 583] 352 R} 203], A2 36.0°Co| K.
A ol A A2} 3 o/dayE 3E FHeRS B-83137, 1 o] ¥ ] 179HE] 22U7R] 697} 4 g/day, H423Y 12 g/day, U 24U HE] 262
71A] 3U 7} 8 g/day, 7L o] F2 THA] 4 g/dayS B85} 3 d4d A FE] 543} furosemide 40 mg/day-2 U 35GAI7IA] X4 2 B854
L1} o] 2 QI AL FEEE Al ste] Ftslaict. U 299 5-E] potassium chloride 1 g(1 33]), magnesium oxide 250 mg(1% 23))2 Foi3}
37 9349 328 HE] o] A= spironolacton 25 mg(1 13])¢} 3544 metolazone 5 mg(1¥ 18]S E-8-313c}.

9 3 73A} A A 3R} 73ALA] Na' 137 mEq/L, K 3.9 mEq/L, total CO, 24.8 mEq/L 0| %1}, o] 5 K 53174 43 7hassled 914 22
A Na" 135 mEq/L , K™ 3.2 mEq/L, total CO, 24.8 mEq/L-3- b2l az, 9191 2994 Na™ 142 mEg/L , K* 2.6 mEq/L, total CO, 29.1 mEq/L
2 919d 229 7€) 29U712] 847F serum K 3.5 mEq/L vIREe] AZ2FE S-S ehileh. o 298¢0l F-2 166/76 mmHg, %1k £ 533]
352 1k 203], A2 36.7°CE ER1FgTE U 3784 Na™ 142 mEq/L, K™ 4.4 mEq/L £ 3|85 oFARS Wolot. o] 7|7k 3=} uric acid,
BUN, creatinine F11%] o] 2 #&=|g]c}, 1 &) AAh422 49 2004 2 Aa)a ZAll A Na™ 60 mEq/L, K* 25.7 mEq/L, -2 3
A A== 0.06 ng/mIGETA] 0.3-2.9), FEAE| 22 61.4 pg/mIGELA] 29.9-158.8)3AT. U4 319 ZAKSE 244]7F 8] KT uljAd =k
£ 30.9 mEq/day(F32%] 25-125)%

AZAFE T A2 KO A E ol A ) o2 o), ATl 24, 414 &4 o] glem 2P 2k A] Ak-937] Aeli} 2183t
Skl Rl 23 oAl B-73t 4= gleh 10 Bale) A9 Al o] gk g ) 24l WL B R) gkom KT EE o)Al U3 7|5 w2}
7] ¥ o] glo] A3l T} A4 AAle] 79 A Al EAFEF, 9FE (amphotericin BS)AIA| =3 AF - 52 ot w3l e 414 &
Ale] A5 dAA eSS FHksle -2 oA FA 32.22] 371, 9914 mineralocorticoid®] o7, FE (0] Al YA yE--o]
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A ol F 27t 23 ® 3RS B43 o) F AW K &

A7} AR olstR Zhashe AR ol olddl E AT XEEYN
e AA7IZE 2Tt 239 SRS 43 3AE A 1) B41E4 : SPSS ver.18
22 JF K FAE 7FSRE IS vAE UE 89E 2) A
2 B ¥ 1) sk} A B4 Student T-test
v 242 BA - Mann-Whitney U-test
o =14 W3 k8 B4 : Pearson's chi-square test, Binary logistic
regression
CHa 2kXt AFZHE-2 : Pearson's coefficient of correlation
7St 4 shbE sl J3AE g 1d 3) BAA F24d 7} : p-value 0.05 ©| 3}
(2010 94 1LHE 2011d 8Y31¢)7F EMRAAF7] 5=
32 FF A7t & A7 e s Y ¥ ghy) o e
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1) 3AF AR o], A Alg ) 2k, HgE of F- AFEAte] 718 AR Table 29+ Zoh Q7717 U &
2) 58 wF F 23 3 3= 1Y B T 3.0g SRS F EFH AEE V)FE ol 83 At F 4949
o4t o] H ol & FAlsle] A2l = 159 ALl
3) B8 vk F £ 9 Fhx0] F-87)7F 59 o)A} 479945 oz s A9 ke ATV F AR
4) ZEMEA ol mA H-8 A% g 79 10, "H3AA $A) 2, FAFA 3kt 19, AAb
5) AZFELS oA JA71Z F YA F serum KT A 1 H AL

27k 3.5 mEq/L v|WF Q1 A§- ARFHEFoE B HAFste] Hidwd-> 53.64 2 5000 o] Ade] A A2
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Table 1. Drug list
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Herb medicine Active compound Shape
Licorice/Glycyrrhizae Radix Containing glycyrrhic acid over 2.5% extract
Classification Drugs Shape Dosage
Furosemide injection 20 mg/2 ml
dilldli):tri,cs Furosemide tablet 40 mg
Torsemide tablet 5mg, 10 mg
Hydrochlorothiazide tablet 25 mg
Thiazide diuretics Chlorthalidone tablet 50 mg
Metolazone tablet 5mg, 10 mg
Non-thiazide diuretics Indapamide tablet 1.5 mg, 2.5 mg
Losartan, HCTZ tablet 50/12.5 mg, 100/12.5 mg, 100/25 mg
Telmisartan, HCTZ tablet 40/12.5 mg, 80/12.5 mg
Valsartan, HCTZ tablet 80/12.5 mg, 160/12.5 mg
Antihypertensions Candesartan, HCTZ tablet 16/12.5 mg
Atenolol, Chlorthalidone tablet 50/12.5 mg
Spironolactone, HCTZ tablet 25/25 mg
Irbesartan, HCTZ tablet 150/12.5 mg
HCTZ, Hydrochlorothiazide
A 3%

Table 2. Patients’ profile

Number, n (m/f) 479 (163/316)
Age (meantSD), year 53.6+17.8
Daily dose of licorice (meantSD), g/day 7.4£3.0
Dosing period of licorice (mean+SD), days 15.6+11.0
Hypertension, n (%) 120 (24.8)
Taking diuretics causing hypokalemia, n (%) 46 (9.6)
Hypokalemia, n (%) 30 (6.7)

°F 59% A =5 A5, A3k 214 A Fo] Ast 142, &
AT A 1149, T5FAA T 2 Az A%
£, F5 9 Qdlel st 54 7lek A3 41, Al
AE 409, 23P)A %52 Ag 129, vl A] 7] A5 Ag
69, 98] BREA g A, AF) 9 2 A4
9 7]e} A3 309 o] A HFig. 1).
FAp7} B85k vloF F x3hEl 7hxe] 1Y T B
T4¢ FTEELTE 159193, d9717 T ZAEiEA
o] A E E-83} A= 460 AA A2 9.6%, UL
7F Fet A7 AL] serum K™ =3]7} 3.5mEq/L m|9te 2
vebd Aol sle AFHZFIE S 30822 A 3kt
6.7%°1 %1}

Z d97Ak] serum K'4*3] 3.5 mEq/

W 505(23%)
W 405(16%)
u 70s(15%)
B 605(15%)
= 305(13%)
m 205(9%)

over 70s(6%)
1 10s(3%)

H Nervous system(30%)

H Ciculatory system(24%)

B Musculoskeletal system and
connetive tissue(15%)

| Injuries, poisoning and effect of

external causes(9%)
u Neoplasm(8%)

Fig. 1. Distribution chart of the age(A) and disease(B) of patients
recruited in this study.

LE 71522 AZFIS v Z3.5 mEgL o) A2
¥Z WG5S mEgL nEho g FEsle] v|lw BA skt
(Table 3.). A ZFEF vILAFI AL vhol = H
52.6+17.8419} 68+10.54 2 BAH R fo)gt xpo] S ey
AATHp <0.001) 72 1Y H8F, F28LAP; T2 2
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Table 3. Comparative study between patients the non-occurrence group(over 3.5 mEq/L) and the occurrence group(under

3.5 mEq/L) of hypokalemia

Hypokalemia non-occurrence group (n=449) occurrence group (n=30) p-value
Age (meantSD), year 52.6£17.8 68.1£10.5* <0.001
Daily dose of licorice (mean+SD), g/day 7.443.0 7.612.9 0.604
Dosing period of licorice(mean+SD), days 15.7£11.2 13.4+8.4 0.167
Total dose of licorice(meantSD), g 117.7£109.8 108.0£91.4 0.348

*, Significant difference was observed between two groups, p <0.001

83k F 7] R3t zbel= el Blaw 7] ¢
A717F F AR A serum KX 2 ER2 235
(Fig. 2). Serum K" 3.5mEq/LE 7|F22 72 1Y B85,
AE2EEAF, x F 5870 A Aol veht B
oA AT Lre]F |FEo R & w) %2 FAF(>60)7} A

o]x 2] Ao AAIFAR $1FIARR] vel o} AW, 3L
ot A5, ZFEA oAl BE oFE IFEA T
(Table 4). d¥=F B2 A] pgke] 0.005 °]3k=2 vehd 3714
Leltel(>60), T 2, AFMEAR o] :Al 84S 3]
FEA 39S o ol (>60)2t AEMEA o] Al B-go] 7}

2 3= = 1L} O O o XA 0o §n : () 0,
ZAFITo| vl JeptS & . ZF Odds ratio?} 3.5(95%CI 1.5-8.1), 4.6(95%CI 2.0-10.9)Z
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Fig. 2. Effects of the age of patient(A), the daily dose(B), dosing period(C) and total dose of licorice(D) on serum potassium levels in
patients treated with taking herbal medicines including licorice for more than five days. In the chart, the patient of the old age(> 60)
can look at to show the hypokalemia often. But there are no noticeable differences in the daily dose, dosing period and total dose of licorice
between groups. The non-occurrence group( X ) ; the occurrence group( 0 )
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Table 4. Analysis of the risk factors that the age of patient, the genders, whether hypertension, whether taking diuretics

inducing hypokalemia

Univariate analysis

Multivariate analysis

Risk factor OR*(95%CI¥) p-value OR(95%CI) p-value

Age(>60) 4.7(2.1-10.5) <0.001 3.5(1.5-8.1) 0.004
Genders(m vs. f) 1.0(0.4-2.1) 0.934
Hypertension 2.9(1.4-6.1) 0.005
Taking of diuretics causing hypokalemia 6.8(3.0-15.5) <0.001 4.6(2.0-10.9) <0.001
OR* odds ratio ; CIf Confidence Interval

I 9 ALBFIZS Vel 3xle 7z 1o Bgsky) B Glycyrrhetinic acid Renal tubular
gUSske] AR AR FolT ABIAZ — S en
A 2kkeHp > 0.05). Comsol Comme -

AN

o #
Az AR F 3}‘/}"] glycyrrhizing S-F-F-EAb A 2
I 2 A3l A FEA] ool sty e AT
Eubacterium 42] B-glucuronidaseei] 2] 3l 7]—5,\4%]]30} ol=
2|29 glycyrrhetic acid® ALY F Ao F4doh!?
Figure 33} Zro] glycyrrhetic acid® mlneralocortlcmd target
tissueol| A1 11B-hydroxysteroid dehydrogenase type 2(11B-
HSD2)E 7433 A allsle] mineralocorticoid receptor(MR)
of Wist ZstHe] gl FE|E S T Al7IL 2 3HHe
J3 Fe]E oFe FFAA]A Al 5 mineralocorticoidol] 1
748k Aol A FE]<rol| ]38 hypermineralocorticoid effet7}
vehdoh, FEj&L ¥ o] el A EAHE Sl 2-4-5)
of a17ke] A9 Al AR NaAFT5 5714171
I K'# H'O 2 widS F7AA 28 2 A4Ed
%, WA GRS vee] Azt A 257, 74
R 10 PA LI
Glycyrthizing 7Hpe3-al 5= AWAlF2 glycyrrhzin®] <
&l Fodof os] AsfTelA] FA e Aoz dEA
' Fojgfo] WAL B-87)7ke] A4F glycyrrhetic acid
o] F =3 ol oz AAE AR ol FAle A=
A7) B8t Ahxe] 19 58, 5845, 58 o
T AZEEF A Feldt A3E el A Ekeh(Table
2). AZFHFTE el 30 Fix Foskat Foi7) 7t
ABBA AR o] AT A= Fovke] WS 7|7t
AL =2 ESo] Wl ske] 2uk(=0.700, p<0.001) ¥ AT
NME frolgh AAAA 7 vehtA] dstkekp>0.05). o=
o] A Aol A 2FefzkzeH(glycyrrhizin : 240 mg/day)=h A
FEH(glycyrrhizin : 80 mg/day)E B WS u) ztefzizel
S 543 FolA Foddgrt AeF AW K A7) Hot
Aot oA 23 AeE vepiA 4k AEE
B o? w4 kxS 543 A9l 4% 9 F97)

n;sHsozN;p
& (I/\N HRE
oy
Aldosterone MR Rt /
m
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Fig. 3. Enzyme dependence of mineralocorticoid target tissue
specificity. In mineralocorticoid target organs, aldosterone binds to
the mineralocorticoid receptor(MR), and thereafter the ligand-
receptor complex is translocated into the nucleus. Binding to its
hormone response element(HRE) increases the transcription of
genes encoding specific aldosterone-inducible proteins, such as the
rate-limiting subunits of the apical epithelial sodium channel (ENaC),
sgk-1 and basolateral Na/K-ATPase. In turn, this stimulates sodium
(Na") reabsorption and potassium (K") excretion. [z vitro, aldosterone
and cortisol have similar affinity to the MR, yet only aldosterone acts
as the physiologic MR agonist. The enzyme 11-hydroxysteroid
dehydrogenase type 2(11BHSD2) largely (~90%) converts cortisol
to inactive cortisol to inactive cortisone, thereby protecting the MR
from activation by cortisol. Inhibition of 113HSD2 activity by
glycyrrhetinic acid, the active compound of licorice, increases the
intracellular cortisol level, leading to activation of the MR by
cortisol. The resulting glucocorticoid activation of the MR
produces the same effects as stimulation of the MR by aldosterone.
NAD, nicotinamide adenine dinucleotide ; NADH, reduced form
of NAD.

7ol wlEsle] KT 29 A3lE epliAIRE 1 29 A%
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I (>604)2 AL FF AAFHF] P2 EAHoR
A vebd=dl o] glyeyrrhizing WA= AWAl T
Eubacterium 4r0] A a}A52 S5t Aoz otelx g)
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