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Licorice is one of the oldest used herbs for medicinal purposes and consists of up to 300 active compounds. The main

active constituent of licorice is the prodrug glycyrrhizin, which is successively converted to 3β-monoglucuronyl-18β-

glycyrrhetinic acid (3MGA) and 18β-glycyrrhetinic acid (GA) in the intestines. Despite many reported health benefits,

3MGA and GA inhibit the 11-β-hydrogenase type II enzyme (11β-HSD2) oxidizing cortisol to cortisone. Through activation

of mineralocorticoid receptors, high cortisol levels induce a mild form of apparent mineralocorticoid excess in the kidney

and increase systemic vascular resistance. Continuous inhibition of 11β-HSD2 related to excess licorice consumption will

create a state of hypernatremia, hypokalemia and increased fluid volume.

Keywords: licorice ; glycyrrhizin ; glycyrrhetinic acid ; glabridin ; 11-β-dehydrogenase isozyme 2 ; hyperaldosteronism ;

hypokalemia ; hypertension

1. Introduction

Licorice is the root of the legume Glycyrrhiza glabra (Figure 1a) that grows in varieties in warm areas like the Middle East,

Asia and Southern Europe. It is one of the oldest used herbs in ancient medicine and referred to as “the father of herbal

medicine” . Since the 18th century, the primary use comprises mainly licorice extracts (in pharmacy called Succus
liquiritae) as a flavoring additive in tea, tobacco, candy (Figure 1b) and other sweets, but the licorice root itself (Liquiritae
radix) is still used as a dietary supplement in some parts of the world . Among people preferring alternative or

complementary medicine, historical uses for licorice were revived and are still practiced today .

Figure 1. (a) Inflorescence of Glycyrrhiza glabra L.; (b) licorice-containing candies; (c) chemical structure of the prodrug

glycyrrhizin (C H O ), the main active compound of licorice. The molecule consists of two molecules of glucuronic acid

(left) that are linked to 18β-glycyrrhetinic acid; (d) chemical structure of glabridin (C H O ), a further bioactive licorice

compound. Colors indicate molecule structures used in following schematics.

On the one hand, the health benefits ascribed to licorice are numerous: for centuries it has been used in herbal and folk

medicine to treat multiple diseases such as gastrointestinal symptoms and respiratory diseases . The broad spectrum of

activities known today comprises immunostimulatory and anti-ulcer effects , anti-viral and anti-microbial effects ,

hepatoprotective , anti-carcinogenic  and several other positive effects that contribute to the protection of the
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nervous, respiratory, endocrine and cardiovascular system . On the other hand, it is well-known that consuming

excessive quantities of licorice can impact upon cardiometabolic health by elevating blood pressure (BP), and thus, may

be a cause of hypertension and other cardiovascular complications .

2. Pharmacological Effects of Licorice
2.1. Licorice Digestion and Chemistry of Metabolites

In the licorice root, tribasic glycyrrhizin naturally occurs in form of its calcium and potassium salts. After oral ingestion,

glycyrrhizin (which itself possesses only poor oral bioavailability) is successively hydrolyzed to 3β-monoglucuronyl-18β-

glycyrrhetinic acid (3MGA) and the aglycone 18β-glycyrrhetinic acid (GA; also known as enoxolone) by intestinal bacteria

possessing specialized β-glucuronidases . GA is often considered as the active metabolite of licorice , but

its pharmacokinetics seem to be more complex. After rapid absorption from the gut, 3MGA and GA circulate in the

bloodstream. From there, they are transported to the liver by carrier molecules, where they are metabolized (Figure 2). In

humans, hepatic processing is not yet clearly defined, but it is apparent that each metabolite can undergo further

conjugation or reduction followed by biliary excretion . The products are likely re-metabolized by the gut microbiome

and thereby subjected to enterohepatic recycling requiring several days for complete elimination .

Figure 2. Suggested glycyrrhizin metabolism. Dependent on the gut microbiome glycyrrhizin is stepwise hydrolyzed to 3β-

monoglucuronyl-18β-glycyrrhetinic acid (3MGA) and 18β-glycyrrhetinic acid (GA; blue structure) in the intestines. Both

3MGA and GA were absorbed from the gut and transported systemically in the bloodstream. In the liver, they undergo

hepatic biotransformation before products were excreted via bile. The flavonoid glabridin (yellow structure) is also

absorbed from the gut and circulates in the blood in its aglycone form. The hepatic metabolization of glabridin is not

shown here. Green hexagons: glucuronic acid. Parts of the figure were drawn by using pictures from Servier Medical Art

(http://smart.servier.com), licensed under a Creative Commons Attribution 3.0 Unported License

(https://creativecommons.org/licenses/by/3.0).

The digestion of licorice is still not completely understood. Interestingly, the bioavailability of glycyrrhizin is reduced when

consumed as licorice , suggesting that some components of the licorice root may interact with glycyrrhizin during

intestinal absorption, reducing its oral bioavailability . 

2.2. Pharmacodynamics of Licorice Constituents and Metabolites

Licorice intake induces physiological effects similar to aldosterone and corticosteroids. Resembling steroid-like structures,

both 3MGA and GA are able to bind to the mineralocorticoid receptor (MR) in the distal tubules of the kidney (direct

effect), although competitive binding assays revealed that the affinities of MR for licorice metabolites were up to 10,000

times weaker than those for adrenocortical hormones . In a normal physiological state, MR is activated by aldosterone
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to increase sodium and water resorption into the blood and potassium excretion into the urine mediating sodium and

water homeostasis within the kidneys. However, it is unclear how the direct effects of 3MGA and GA on MR contribute to

the effect of licorice. Although there is some evidence of this direct effect in vitro , the relative affinity for MR compared

to aldosterone as well as low serum levels of GA after licorice consumption, which did not reach the concentrations

necessary to affect aldosterone or cortisol binding to MRs in humans, question that theory . In adult tissues, the type II

isozyme of 11β-hydroxysteroid dehydrogenase (11β-HSD2) is expressed in the distal nephron of the kidney , in smooth

muscle cells and endothelial cells of the vascular wall , in the heart  and in the brain , where it serves to protect

the MR from being overly activated by cortisol . 11β-HSD2 converts ‘active’ cortisol to the ‘inactive’ cortisone which

has a very low affinity for MR. Kato et al.  suggested that 3MGA, not GA, is the mainly causative agent of licorice-

induced pseudohyperaldosteronism. In the kidneys, 11β-HSD2 inhibition by 3MGA or GA (K : 5–10 nM) results in a

significant increase of active cortisol concentration in the renal tissue leading to a syndrome of apparent mineralocorticoid

excess (Figure 3a) . In the vascular wall, it increases arterial tone enhancing contractile responses to pressor

hormones and reducing endothelial nitric oxide production .

A vasorelaxant effect of glabridin was described in rat mesenteric arteries, which was associated with the opening of

potassium channels and a concomitant rise in tissue cyclic guanosine monophosphate levels .

Taken together, intake of licorice induces a mild form of apparent mineralocorticoid excess causing MRs to be activated by

both cortisol and aldosterone via inhibition of enzymes necessary for their catabolism (Figure 3). The direct effects of

3MGA and GA on MRs seem to be only negligible in physiological conditions. In the kidney, MR activation leads to

transcription of epithelial sodium channel (ENaC), Na /K  ATPase and mitochondrial enzymes, which accelerate

adenosine triphosphate (ATP)-production (Figure 3b). The final consequences comprise elevated BP, sodium and water

retention, decreased plasma potassium (hypokalemia) and caused a suppression of plasma renin and aldosterone levels

. In vascular smooth muscle cells, MR activation may further cause vascular stiffening by remodeling of the vascular

wall . 

Figure 3. (a) Correlation between licorice intake, the renin-angiotensin-aldosterone-system and licorice-induced adverse

effects on the cardiovascular system. (b) Detailed pharmacodynamics of 3β-monoglucuronyl-18β-glycyrrhetinic acid

(3MGA) and 18β-glycyrrhetinic acid (GA; blue structure) in the kidney. In addition to a possible direct binding to the

mineralocorticoid receptor (MR), 3MGA and GA have inhibiting effects on 11β-hydroxysteroid dehydrogenase type 2 (11β-

HSD2) and 5β-reductase. 11β-HSD2 converts cortisol to cortisone; 5β-reductase is involved in the degradation of

aldosterone in the liver. Inhibition of both enzymes contributes to apparent mineralocorticoid excess. The insert shows the

localization of the processes within the Henle loop. ACE: angiotensin converting enzyme, ENaC: epithelial sodium

channel, ET-1: endothelin 1, HRE: hormone response element, NAD(H): nicotinamide adenine dinucleotide, NO: nitric
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oxide, ROMK: renal outer medullary potassium channel. Parts of the figure were drawn by using pictures from Servier

Medical Art (http://smart.servier.com), licensed under a Creative Commons Attribution 3.0 Unported License

(https://creativecommons.org/licenses/by/3.0).

2.3. Licorice-Induced Hypertension

Licorice mediates its effect on BP primarily via the inhibition of renal 11β-HSD2 by 3MGA and GA (Figure 3a). Water and

sodium retention in the kidney increase the blood volume and elevate BP . The body countermeasures with a refractory

lowering of the renin secretion in the kidneys, followed by decreased aldosterone production in the adrenal cortex via

angiotensin II. However, the increasing level of cortisol (together with unrestricted activation of MR by cortisol) causes

pseudohyperaldosteronism. This in turn results in further increasing blood volume and preload of the heart, thereby

raising the mean arterial pressure. Furthermore, GA mediates the development of hypertension via decreased

bioavailability of NO and activation of the vascular endothelin (ET-1) system (Figure 3a) which was accompanied by

impaired endothelium-dependent relaxation in rats . Activation of the endothelin system was also observed in human

hypertension , and there is some evidence that increased ET-1 may be related to hypertensive end-organ damage and

remodeling . Interestingly, an infusion of GA into the rat brain elevated BP without affecting renal sodium and water

resorption . This finding indicated a central hypertensinogenic effect of licorice and suggested a more complex

regulation of licorice-induced hypertension beyond the inhibition of 11β-HSD2.

2.4. Cardiovascular Effects of Licorice

Licorice traditionally has been prescribed for treatment of cardiovascular disorders, but its effects are not just benign.

From the cardiovascular complication described in the literature, cardiac arrhythmias are the most serious side effect

caused by licorice intake due to severe hypokalemia (Figure 3a) . The depletion of the body’s potassium stores can

cause a prolongation of the QT interval, which is closely connected with ventricular arrhythmias and tachycardia . As a

consequence, several patients experienced a cardiac arrest with a subsequent recovery . In rats, cardioprotective

effects of licorice and its metabolites were observed, which are mostly related to their antioxidant properties. Thirty days of

licorice intake improved cardiac function and preserved histology of cardiomyocytes either by augmentation of

endogenous antioxidants or by reduction in oxidative stress. Thus, licorice may delay the progression of ischemic heart

disease . Some studies suggested that the flavonoid glabridin may also have beneficial effects on the cardiovascular

system. The effects described comprise inhibition of low density lipoprotein oxidation and atherogenesis , a possible

inhibition of NADPH oxidase or an increase in the expression of antioxidant enzymes observed in macrophages .

2.5. Interaction of Licorice with Prescribed Drugs

Licorice can interfere with cardiac medications, e.g., with drugs used in the treatment of hypertension such as angiotensin

converting enzyme (ACE)-inhibitors . Some licorice compounds including glabridin and GA can interact with other drugs

and the human liver microsomal cytochromes P450 and P450 3A4 (CYP3A4) systems . For the

pharmaceutical use of licorice, it is important to know and consider the interaction between licorice and drugs metabolized

by CYP3A4 and P-glycoprotein.

Licorice decreases the bioavailability of cyclosporine and is thus contraindicated [120] in conjunction with this drug

[128]. The intake of licorice should be done with caution, when using antihypertensive drugs. ACE-inhibitors, e.g.,

captopril, inhibit the angiotensin converting enzyme, limiting levels of angiotensin and aldosterone. It was shown that

ACE-inhibitors enhance the effects of 11β-HSD2 which may contribute to the natriuretic effect . Hypokalemia is one of

the most serious adverse effects of licorice intake and should be completely avoided with loop-diuretics and thiazides

since it can lead to serious hypokalemia and hospitalization .

Heck et al.  described a toxic effect potentiation of warfarin, a cardiac drug that requires strict dosage adjustment, due

to the inhibition of the hepatic microsomal enzymes by licorice.

2.6. Contraindications and Effects of Licorice Overconsumption

In general, people aged over 40, patients with history of cardiac disease or more susceptible to cardiac arrhythmias

should avoid excess licorice intake in order to obviate arrhythmias or cardiac arrest caused by licorice-induced

hypokalemia. One study investigated patients treated with traditional Japanese medicine containing licorice . They

discovered that 24.2% of the patients treated with this medicine developed hypokalemia 34 days after administration.

Hypokalemia is a serious state that increases the risk of arrhythmia and is associated with an up to 10-time increase in all-

cause mortality . The meta-analysis by Penninkilampi et al.  summarized other side effects including

rhabdomyolysis, paralysis, hypertensive encephalopathy and cardiac arrest. That is why patients who are on medicines
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lowering potassium levels (such as thiazide or loop diuretics) should also minimize their licorice intake. The same applies

for patients suffering from diarrhea or alcoholism, which can worsen hypokalemia. Licorice can be dangerous in patients

treated with antihypertensive drugs such as ACE-inhibitors and diuretics. Due to the salt-retaining effect of 3MGA and GA,

people suffering from congestive heart failure or resistant hypertension should completely abstain from products

containing licorice. This is also advisable for patients taking digoxin or warfarin to avoid the risk of toxicity. Since 3MGA

and GA are known to inhibit 11β-HSD2, licorice ingestion during pregnancy should be avoided. GA consumption impaired

the development of the respiratory systems in rats because the conversion of cortisone into cortisol plays an important

role in lung maturation .

 

References

1. Foster, C.A.; Church, K.S.; Poddar, M.; Van Uum, S.H.; Spaic, T. Licorice-induced hypertension: A case of pseudohyper
aldosteronism due to jelly bean ingestion. Postgrad. Med. 2017, 129, 3293–3331.

2. NCCIH. Licorice Root. Available online: (accessed on 24 September 2019).

3. Sabbadin, C.; Bordin, L.; Donà, G.; Manso, J.; Avruscio, G.; Armanini, D. Licorice: From pseudohyperaldosteronism to t
herapeutic uses. Front. Endocrinol. 2019.

4. Volqvartz, T.; Vestergaard, A.L.; Aagaard, S.K.; Andreasen, M.F.; Lesnikova, I.; Uldbjerg, N.; Larsen, A.; Bor, P. Use of a
lternative medicine, ginger and licorice among Danish pregnant women—A prospective cohort study. BMC Complemen
t. Altern. Med. 2019, 19, 5.

5. Yang, R.; Wang, L.Q.; Yuan, B.C.; Liu, Y. The pharmacological activities of licorice. Planta Med. 2015, 81, 1654–1669.

6. Aly, A.M.; Al-Alousi, L.; Salem, H.A. Licorice: A possible anti-inflammatory and anti-ulcer drug. AAPS PharmSciTech 20
05, 6, E74–E82.

7. Jalilzadeh-Amin, G.; Najarnezhad, V.; Anassori, E.; Mostafavi, M.; Keshipour, H. Antiulcer properties of Glycyrrhiza glab
ra L. Extract on experimental models of gastric ulcer in mice. Iranian J. Pharm. Res. 2015, 14, 1163–1170.

8. Yang, R.; Yuan, B.C.; Ma, Y.S.; Zhou, S.; Liu, Y. The anti-inflammatory activity of licorice, a widely used chinese herb. P
harm. Biol. 2017, 55, 5–18.

9. Wang, L.; Yang, R.; Yuan, B.; Liu, Y.; Liu, C. The antiviral and antimicrobial activities of licorice, a widely-used Chinese
herb. Acta Pharm. Sin. B 2015, 5, 310–315.

10. Fukuchi, K.; Okudaira, N.; Adachi, K.; Odai-Ide, R.; Watanabe, S.; Ohno, H.; Yamamoto, M.; Kanamoto, T.; Terakubo,
S.; Nakashima, H.; et al. Antiviral and antitumor activity of licorice root extracts. In Vivo 2016, 30, 777–785.

11. Huo, H.Z.; Wang, B.; Liang, Y.K.; Bao, Y.Y.; Gu, Y. Hepatoprotective and antioxidant effects of licorice extract against C
Cl4-induced oxidative damage in rats. Int. J. Mol. Sci. 2011, 12, 6529–6543.

12. Jung, J.-C.; Lee, Y.-H.; Kim, S.H.; Kim, K.-J.; Kim, K.-M.; Oh, S.; Jung, Y.-S. Hepatoprotective effect of licorice, the root
of Glycyrrhiza uralensis Fischer, in alcohol-induced fatty liver disease. BMC Complement. Altern. Med. 2016, 16, 19.

13. Wang, Z.Y.; Nixon, D.W. Licorice and cancer. Nutr. Cancer 2001, 39, 1–11.

14. Sontia, B.; Mooney, J.; Gaudet, L.; Touyz, R.M. Pseudohyperaldosteronism, liquorice, and hypertension. J. Clin. Hypert
ens. 2008, 10, 153–157.

15. Varma, R.; Ross, C.N. Liquorice: A root cause of secondary hypertension. JRSM Open 2017, 8, 2054270416685208.

16. Morris, D.J. Liquorice: New insights into mineralocorticoid and glucocorticoid hypertension. R. I. Med. 1993, 76, 251–25
4.

17. Sigurjónsdóttir, H.Á.; Franzson, L.; Manhem, K.; Ragnarsson, J.; Sigurdsson, G.; Wallerstedt, S. Liquorice-induced rise
in blood pressure: A linear dose-response relationship. J. Hum. Hypertens. 2001, 15, 549–552.

18. Leskinen, M.H.; Hautaniemi, E.J.; Tahvanainen, A.M.; Koskela, J.K.; Päällysaho, M.; Tikkakoski, A.J.; Kähönen, M.; Kö
öbi, T.; Niemelä, O.; Mustonen, J.; et al. Daily liquorice consumption for two weeks increases augmentation index and c
entral systolic and diastolic blood pressure. PLoS ONE 2014, 9, e105607.

19. Falet, J.P.; Elkrief, A.; Green, L. Hypertensive emergency induced by licorice tea. CMAJ 2019, 191, E581–E583.

20. Omar, H.R. The cardiovascular complications of licorice. Cardiovasc. Endocrinol. 2013, 2, 46–49.

21. Kim, D.-H.; Lee, S.-W.; Han, M.J. Biotransformation of glycyrrhizin to 18β-glycyrrhetinic acid-3-o-β-d-glucuronide by str
eptococcus lj-22, a human intestinal bacterium. Biol. Pharm. Bull. 1999, 22, 320–322.

[69]



22. Hattori, M.; Sakamoto, T.; Yamagishi, T.; Sakamoto, K.; Konishi, K.; Kobashi, K.; Namba, T. Metabolism of glycyrrhizin b
y human intestinal flora. Ii. Isolation and characterization of human intestinal bacteria capable of metabolizing glycyrrhiz
in and related compounds. Chem. Pharm Bull. 1985, 33, 210–217.

23. Armanini, D.; Nacamulli, D.; Francini-Pesenti, F.; Battagin, G.; Ragazzi, E.; Fiore, C. Glycyrrhetinic acid, the active princ
iple of licorice, can reduce the thickness of subcutaneous thigh fat through topical application. Steroids 2005, 70, 538–
542.

24. Feng, X.; Ding, L.; Qiu, F. Potential drug interactions associated with glycyrrhizin and glycyrrhetinic acid. Drug Metab. R
ev. 2015, 47, 229–238.

25. Omar, H.R.; Komarova, I.; El-Ghonemi, M.; Fathy, A.; Rashad, R.; Abdelmalak, H.D.; Yerramadha, M.R.; Ali, Y.; Helal,
E.; Camporesi, E.M. Licorice abuse: Time to send a warning message. Ther. Adv. Endocrinol. 2012, 3, 125–138.

26. Isbrucker, R.A.; Burdock, G.A. Risk and safety assessment on the consumption of licorice root (Glycyrrhiza sp.), its extr
act and powder as a food ingredient, with emphasis on the pharmacology and toxicology of glycyrrhizin. Regul. Toxicol.
Pharmacol. 2006, 46, 167–192.

27. Ploeger, B.; Mensinga, T.; Sips, A.; Meulenbelt, J.; DeJongh, J. A human physiologically-based model for glycyrrhzic aci
d, a compound subject to presystemic metabolism and enterohepatic cycling. Pharm. Res. 2000, 17, 1516–1525.

28. Raggi, M.A.; Maffei, F.; Bugamelli, F.; Cantelli Forti, G. Bioavailability of glycyrrhizin and licorice extract in rat and huma
n plasma as detected by a hplc method. Pharmazie 1994, 49, 269–272.

29. Cantelli-Forti, G.; Maffei, F.; Hrelia, P.; Bugamelli, F.; Bernardi, M.; D’Intino, P.; Maranesi, M.; Raggi, M.A. Interaction of l
icorice on glycyrrhizin pharmacokinetics. Environ. Health Perspect. 1994, 102 (Suppl. 9), 65–68.

30. Armanini, D.; Karbowiak, I.; Funder, J.W. Affinity of liquorice derivatives for mineralocorticoid and glucocorticoid recepto
rs. Clin. Endocrinol. 1983, 19, 609–612.

31. Calo, L.A.; Zaghetto, F.; Pagnin, E.; Davis, P.A.; De Mozzi, P.; Sartorato, P.; Martire, G.; Fiore, C.; Armanini, D. Effect of
aldosterone and glycyrrhetinic acid on the protein expression of pai-1 and p22(phox) in human mononuclear leukocyte
s. J. Clin. Endocrinol. Metab. 2004, 89, 1973–1976.

32. Størmer, F.C.; Reistad, R.; Alexander, J. Glycyrrhizic acid in liquorice—Evaluation of health hazard. Food Chem. Toxico
l. 1993, 31, 303–312.

33. Atanasov, A.G.; Ignatova, I.D.; Nashev, L.G.; Dick, B.; Ferrari, P.; Frey, F.J.; Odermatt, A. Impaired protein stability of 11
beta-hydroxysteroid dehydrogenase type 2: A novel mechanism of apparent mineralocorticoid excess. J. Am. Soc. Nep
hrol. 2007, 18, 1262–1270.

34. Christy, C.; Hadoke, P.W.; Paterson, J.M.; Mullins, J.J.; Seckl, J.R.; Walker, B.R. 11beta-hydroxysteroid dehydrogenase
type 2 in mouse aorta: Localization and influence on response to glucocorticoids. Hypertension 2003, 42, 580–587.

35. Lombes, M.; Alfaidy, N.; Eugene, E.; Lessana, A.; Farman, N.; Bonvalet, J.P. Prerequisite for cardiac aldosterone actio
n. Mineralocorticoid receptor and 11 beta-hydroxysteroid dehydrogenase in the human heart. Circulation 1995, 92, 175
–182.

36. Hadoke, P.W.; Christy, C.; Kotelevtsev, Y.V.; Williams, B.C.; Kenyon, C.J.; Seckl, J.R.; Mullins, J.J.; Walker, B.R. Endoth
elial cell dysfunction in mice after transgenic knockout of type 2, but not type 1, 11beta-hydroxysteroid dehydrogenase.
Circulation 2001, 104, 2832–2837.

37. Ferrari, P. The role of 11beta-hydroxysteroid dehydrogenase type 2 in human hypertension. Biochim. Biophys. Acta 20
10, 1802, 1178–1187.

38. Van Uum, S.H. Liquorice and hypertension. Neth. J. Med. 2005, 63, 119–120.

39. Kato, H.; Kanaoka, M.; Yano, S.; Kobayashi, M. 3-monoglucuronyl-glycyrrhetinic acid is a major metabolite that causes
licorice-induced pseudoaldosteronism. J. Clin. Endocrinol. Metab. 1995, 80, 1929–1933.

40. Stewart, P.M.; Wallace, A.M.; Valentino, R.; Burt, D.; Shackleton, C.H.; Edwards, C.R. Mineralocorticoid activity of liquor
ice: 11-beta-hydroxysteroid dehydrogenase deficiency comes of age. Lancet 1987, 2, 821–824.

41. Hammer, F.; Stewart, P.M. Cortisol metabolism in hypertension. Best Pract. Res. Clin. Endocrinol. Metab. 2006, 20, 337
–353.

42. Souness, G.W.; Brem, A.S.; Morris, D.J. 11 beta-hydroxysteroid dehydrogenase antisense affects vascular contractile r
esponse and glucocorticoid metabolism. Steroids 2002, 67, 195–201.

43. Chanda, D.; Prieto-Lloret, J.; Singh, A.; Iqbal, H.; Yadav, P.; Snetkov, V.; Aaronson, P.I. Glabridin-induced vasorelaxatio
n: Evidence for a role of bkca channels and cyclic gmp. Life Sci. 2016, 165, 26–34.

44. Farese, R.V., Jr.; Biglieri, E.G.; Shackleton, C.H.; Irony, I.; Gomez-Fontes, R. Licorice-induced hypermineralocorticoidis
m. N. Engl. J. Med. 1991, 325, 1223–1227.



45. Tarjus, A.; Amador, C.; Michea, L.; Jaisser, F. Vascular mineralocorticoid receptor and blood pressure regulation. Curr.
Opin. Pharmacol. 2015, 21, 138–144.

46. Allcock, E.; Cowdery, J. Hypertension induced by liquorice tea. BMJ Case Rep. 2015.

47. Quaschning, T.; Ruschitzka, F.; Shaw, S.; Luscher, T.F. Aldosterone receptor antagonism normalizes vascular function i
n liquorice-induced hypertension. Hypertension 2001, 37, 801–805.

48. Schiffrin, E.L.; Deng, L.Y.; Sventek, P.; Day, R. Enhanced expression of endothelin-1 gene in resistance arteries in seve
re human essential hypertension. J. Hypertens. 1997, 15, 57–63.

49. Ergul, S.; Parish, D.C.; Puett, D.; Ergul, A. Racial differences in plasma endothelin-1 concentrations in individuals with
essential hypertension. Hypertension 1996, 28, 652–655.

50. Gomez-Sanchez, E.P.; Gomez-Sanchez, C.E. Central hypertensinogenic effects of glycyrrhizic acid and carbenoxolon
e. Am. J. Physiol. 1992, 263, E1125–E1130.

51. Bocker, D.; Breithardt, G. induction of arrhythmia by licorice abuse. Z. Kardiol. 1991, 80, 389–391.

52. Eriksson, J.W.; Carlberg, B.; Hillorn, V. Life-threatening ventricular tachycardia due to liquorice-induced hypokalaemia.
J. Intern. Med. 1999, 245, 307–310.

53. Bannister, B.; Ginsburg, R.; Shneerson, J. Cardiac arrest due to liquorice induced hypokalaemia. BMJ 1977, 2, 738–73
9.

54. Crean, A.M.; Abdel-Rahman, S.E.; Greenwood, J.P. A sweet tooth as the root cause of cardiac arrest. Can. J. Cardiol. 2
009, 25, e357–e358.

55. Campana, A.; Manzo, M.; Brigante, M.; Marrazzo, N.; Melchiorre, G. an unusual cause of cardiac arrest. Ital. Heart J. S
uppl. 2003, 4, 510–513.

56. Ojha, S.K.; Sharma, C.; Golechha, M.J.; Bhatia, J.; Kumari, S.; Arya, D.S. Licorice treatment prevents oxidative stress,
restores cardiac function, and salvages myocardium in rat model of myocardial injury. Toxicol. Ind. Health 2015, 31, 14
0–152.

57. Fuhrman, B.; Buch, S.; Vaya, J.; Belinky, P.A.; Coleman, R.; Hayek, T.; Aviram, M. Licorice extract and its major polyph
enol glabridin protect low-density lipoprotein against lipid peroxidation: In vitro and ex vivo studies in humans and in ath
erosclerotic apolipoprotein e-deficient mice. Am. J. Clin. Nutr. 1997, 66, 267–275.

58. Rosenblat, M.; Belinky, P.; Vaya, J.; Levy, R.; Hayek, T.; Coleman, R.; Merchav, S.; Aviram, M. Macrophage enrichment
with the isoflavan glabridin inhibits nadph oxidase-induced cell-mediated oxidation of low density lipoprotein. A possible
role for protein kinase C. J. Biol. Chem. 1999, 274, 13790–13799.

59. Meyer, R. Pseudohyperaldosteronismus: Lakritzverzehr mit Folgen. Dtsch. Arztebl. Int. 2000, 97, A-596.

60. Wang, X.; Zhang, H.; Chen, L.; Shan, L.; Fan, G.; Gao, X. Liquorice, a unique “guide drug” of traditional chinese medici
ne: A review of its role in drug interactions. J. Ethnopharmacol. 2013, 150, 781–790.

61. Tsukamoto, S.; Aburatani, M.; Yoshida, T.; Yamashita, Y.; El-Beih, A.A.; Ohta, T. Cyp3a4 inhibitors isolated from licorice.
Biol. Pharm Bull. 2005, 28, 2000–2002.

62. Kent, U.M.; Aviram, M.; Rosenblat, M.; Hollenberg, P.F. The licorice root derived isoflavan glabridin inhibits the activities
of human cytochrome p450s 3a4, 2b6, and 2c9. Drug Metab. Dispos. 2002, 30, 709–715.

63. Lv, Q.L.; Wang, G.H.; Chen, S.H.; Hu, L.; Zhang, X.; Ying, G.; Qin, C.Z.; Zhou, H.H. In vitro and in vivo inhibitory effects
of glycyrrhetinic acid in mice and human cytochrome p450 3a4. Int. J. Environ. Res. Public Health 2015, 13, 84.

64. Huang, K.; Liu, Y.; Tang, H.; Qiu, M.; Li, C.; Duan, C.; Wang, C.; Yang, J.; Zhou, X. Glabridin prevents doxorubicin-indu
ced cardiotoxicity through gut microbiota modulation and colonic macrophage polarization in mice. Front. Pharmacol. 2
019.

65. Hou, Y.C.; Lin, S.P.; Chao, P.D. Liquorice reduced cyclosporine bioavailability by activating p-glycoprotein and cyp 3a. F
ood Chem. 2012, 135, 2307–2312.

66. Kerstens, M.N.; Dullaart, R.P. 11 beta-hydroxysteroid-dehydrogenase: Characteristics and the clinical significance of a
key enzyme in cortisol metabolism. Ned. Tijdschr. Geneeskd. 1999, 143, 509–514.

67. Buhl, L.F.; Pedersen, F.N.; Andersen, M.S.; Glintborg, D. Licorice-induced apparent mineralocorticoid excess compoun
ded by excessive use of terbutaline and high water intake. BMJ Case Rep. 2018.

68. Heck, A.M.; DeWitt, B.A.; Lukes, A.L. Potential interactions between alternative therapies and warfarin. Am. J. Health S
yst. Pharm. 2000, 57, 1221–1227, quiz 1228–1230.

69. Shimada, S.; Arai, T.; Tamaoka, A.; Homma, M. Liquorice-induced hypokalaemia in patients treated with yokukansan pr
eparations: Identification of the risk factors in a retrospective cohort study. BMJ Open 2017, 7, e014218.



70. Penninkilampi, R.; Eslick, E.M.; Eslick, G.D. The association between consistent licorice ingestion, hypertension and hy
pokalaemia: A systematic review and meta-analysis. J. Hum. Hypertens. 2017, 31, 699–707.

71. Nazari, S.; Rameshrad, M.; Hosseinzadeh, H. Toxicological effects of Glycyrrhiza glabra (licorice): A review. Phytother.
Res. 2017, 31, 1635–1650.

Retrieved from https://encyclopedia.pub/entry/history/show/23544


