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183-GLYCYRRHETINIC ACID

DRUG IDENTIFICATION
CAS Registry No.: 471-53-4
CAS Name (9CI):  (3B,208)-3-Hydroxy-11-oxo-olean-12-en-29-oic Acid

Synonyms: Biosine
Enoxolone
Glycyrrhetic Acid
Glycyrrhetin
Glycyrrhetinic Acid
Glycyrrhitinic Acid

Related Compounds:
18a-Glycyrrhetinic Acid

Glycyrrhizin (CAS No. 1405-85-3)
(3B,20B)-20-Carboxy-11-ox0-30-norolean-12-en-3-yl 2-O-B-D-
Glucopyranuronosyl-o-D-glucopyranosiduronic Acid (9CI)
Glycyrrhetinic Acid Glycoside
Glycyrrhizic Acid
Glycyrrhizinic Acid

Carbenoxolone (CAS No. 5697-56-3)

Biogastrone® (Active Ingredient)

(3B,20pB)-3-(3-Carboxy-1-oxopropoxy)-11-oxoolean-12-en-29-oic
Acid

Bioral Gel® (Active Ingredient)

Duogastrone® (Active Ingredient)

Glycyrrhetinic Acid Hydrogen Succinate

18B-Glycyrrhetinic Acid Hydrogen Succinate

3B-Hydroxy-11-oxoolean-12-en-30-oic Acid Hydrogen Succi-
nate
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EXECUTIVE SUMMARY

18B-Glycyrrhetinic acid is a triterpenoid occur-
ring naturally in licorice root (Glycyrrhiza spp.) as
the diglucuronide conjugate glycyrrhizin. Glycyr-
rhizin is metabolized to 18B-glycyrrhetinic acid by
bacteria in the human gastrointestinal tract before
absorption. In the U.S., licorice extract containing
glycyrrhizin is a GRAS flavoring agent and en-
hancer with specific limits on final content in foods
[1,2]; it has been used outside the U.S. as an anti-
inflammatory agent. The water-soluble 33-O-hemi-
succinate derivative, carbenoxolone, has been used
clinically in Europe, Australia and Japan for treat-
ment of gastric ulcer and esophagitis [3-5].

The evaluation of glycyrrhetinic acid as a poten-
tial chemopreventive drug is based on its demon-
strated efficacy in animal cancer inhibition studies.
The chemopreventive efficacy of glycyrrhetinic acid
has been attributed primarily to inhibition of many
activities associated with tumor promotion and
progression. The most widely observed of these is
hydrocortisone-like antiinflammatory effects in ani-
mal models of edema and arthritis [6-10], which
do not seem to result from inhibition of prostaglan-
din synthesis {9-14]. In fact, carbenoxolone has
been shown to inhibit 15-hydroxyprostaglandin de-
hydrogenase, which increases local prostaglandins
and promotes healing of ulcers by stimulation of
mucus secretion and cell proliferation [reviewed in
15].

Glycyrrhetinic acid also inhibits effects induced
by the tumor promoter TPA, such as stimulation of
phospholipid metabolism [16,17], induction of
ODC activity [18], hexose transport [19], and ad-
hesion of HL-60 promyelocytic leukemia cells [20].
The agent appears to bind to the TPA receptor in
the epidermal cell membrane and inhibits protein
kinase C activity [14,21]. Other antipromoting ac-
tivities of glycyrrhetinic acid include inhibition of
free-radical generation and lipid peroxidation [22],

and enhancement of cAMP levels by inhibition of
phosphodiesterase [23,24]. It has also demonstrated
antiviral activity by inactivation of particles and in-
duction of interferon [25,26].

Glycyrrhetinic acid may also act as an anti-
initiator, as demonstrated by inhibition of indirect
acting mutagens (e.g., B@P, 2-AAF, AFB,) in the
Ames/Salmonella assay [27,28]. Concomitantly,
specific effects on hepatic microsomal drug meta-
bolism (e.g., AHH, 7-ethoxycoumarin-O-deethylase)
and mutagen-DNA binding have been demonstrat-
ed in vivo [29-31].

Chemopreventive efficacy has been demonstra-
ted for both 18B-glycyrrhetinic acid and carbenoxo-
lone. Glycyrrhetinic acid was effective in rat mam-
mary gland and mouse colon models of car-
cinogenesis, and it inhibited the development of
premalignant lesions in rat colon (foci of aberrant
crypts) and mouse liver and skin (papillomas) in
vivo, and in mouse mammary organ culture in vitro
[hyperplastic alveolar nodules (HAN)]. Carbenoxo-
lone inhibited carcinogenesis in rat colon and
mammary glands. These studies are adequate to
support development of 18B-glycyrrhetinic acid or
carbenoxolone as a chemopreventive drug.

Preclinical one-year toxicity studies on glycyr-
rhetinic acid contracted by the CB have been com-
pleted in rats and dogs. Preliminary results suggest
that the adverse effects observed in humans were
not noted, e.g., hypertension, hypokalemia, sodium
retention and edema. Reproductive and carcino-
genicity studies will be required for long-term clin-
ical trials.

A CB-sponsored Phase I trial of glycyrrhetinic
acid found no evidence of significant toxicity after
single 300-700 mg/m? (ca. 0.02-0.04 mmol/kg-bw)
doses. Multiple doses of 400 and 500 mg/m? qd
(ca. 0.02 and 0.03 mmol qd) led to hypertension
and hypokalemia significant enough to reduce or
discontinue treatment. These apparent mineralocor-
ticoid excess symptoms have also been reported in
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the literature. The mechanism is inhibition of 11B-
hydroxysteroid dehydrogenase, which normally
inactivates corticosterone and cortisol. The com-
bined effects of these glucocorticoids with aldoste-
rone at the mineralocorticoid receptor results in
sodium retention, edema, and hypertension.

No further Phase I or II trials are planned for
18B-glycyrrhetinic acid or carbenoxolone at this
time. The identification of an effective dosing regi-
men with acceptable side effects is a criterion for
continued development of glycyrrhetinic acid.
Because of apparent drug accumulation, a regimen
with dosing on alternate days should be assessed.

The tablet formulation (Pioneer Pharmaceuticals)
supply of 18B-glycyrrhetinic acid (MacAndrews
and Forbes, supplier) used in the Phase I trial has
expired. Carbenoxolone (Winthrop) may be pur-
chased as tablets, capsules or gel in the UK. as a
therapeutic for gastric and mouth ulcers.

PRECLINICAL EFFICACY STUDIES

In CB-sponsored studies, both glycyrrhetinic
acid and carbenoxolone inhibited tumors in the
colon and mammary glands. In the MNU-induced
rat mammary gland model, glycyrrhetinic acid
(1 g/kg diet, or ca. 0.1 mmol/kg-bw/day) reduced
carcinoma multiplicity at a lower dose than car-
benoxolone (2 g/kg diet, or ca. 0.2 mmol/kg-bw/
day). However, both agents inhibited prema-
lignant lesions (HAN) in the DMBA-induced
mouse mammary organ culture in vitro assay at the
same concentration (0.001 pM). Glycyrrhetinic acid
is currently on test in the DMBA-induced rat
mammary gland model of carcinogenesis ixn vivo.

Carbenoxolone has been tested in combination
with other agents in the MNU-induced rat mam-
mary cancer model. At a dose which was ineffec-
tive alone (1,750 mg/kg diet, or ca. 0.15 mmol/
kg-bw/day), the agent significantly inhibited tu-
mor incidence when administered with DFMO,
oltipraz, and DFMO + tamoxifen.

Both glycyrrhetinic acid and carbenoxolone inhi-
bited colon carcinogenesis, but in different models:
glycyrrhetinic acid in the MAM acetate-induced
mouse (800 mg/kg diet, or ca. 0.2 mmol/kg-bw/
day) and carbenoxolone in the AOM-induced rat
(1,200 mg/kg diet, or ca. 0.1 mmol/kg-bw/day).
Glycyrrhetinic acid was also effective against pre-
malignant lesions (aberrant crypt foci) in the AOM-
induced rat colon (2.5 g/kg diet, or ca. 0.3 mmol/
kg-bw/day).

In other models used by the CB, glycyrrhetinic
acid (0.1% in diet, or ca. 0.25 mmol/kg-bw/day)

inhibited DMBA-initiated / TPA-promoted skin pap-
illoma multiplicity in the mouse. In published
reports, topical application of glycyrrhetinic acid
decreased the incidence, multiplicity and size of
DMBA-induced/TPA- or teleocidin-promoted
mouse skin papillomas [16,28,32]. It is in mouse
skin that in vivo inhibition of ODC activity (TPA-
induced), TPA membrane binding (TPA-induced)
and carcinogen-DNA binding (DMBA, B(@)P) has
been demonstrated [18,21,28]. Carbenoxolone is
currently being tested against putative premalig-
nant lesions (GGT-positive foci) in the DMBA-in-
duced hamster buccal pouch model.

Finally, glycyrrhetinic acid inhibited the devel-
opment of 3'-Me-DAB-induced premalignant chan-
ges in mouse hepatocytes in vivo [33]. In a pub-
lished review, glycyrrhizin has been reported to
inhibit mouse lung and liver tumorigenesis [14].
The multiplicity of spontaneous hepatomas in
C;H/He mice decreased 50% with addition of 5 mg
glycyrrhizin per 100 ml drinking water. The same
dose of glycyrrhizin in the drinking water of
4NQO-initiated /glycerol-promoted ddY mice dur-
ing promotion reduced lung tumor multiplicity by
75%.

In CB-sponsored in vitro assays, glycyrrhetinic
acid inhibited B(a)P-induced morphological chang-
es and ODC induction in rat tracheal epithelial
cells. Both glycyrrhetinic acid and carbenoxolone
were effective against anchorage-independent
growth of human lung tumor A427 cells, another
cell transformation assay.

PRECLINICAL SAFETY STUDIES

Safety One-year CB-contracted toxicology stud-
ies of glycyrrhetinic acid in rats and dogs have
been completed. At doses of 100, 300 and
1,000 mg/kg-bw/day (0.2, 0.6 and 2.1 mmol/kg-
bw/day, ig), no significant changes in body
weight, food consumption, behavior, appearance,
clinical chemistry or histology were observed in
the rat. Serum potassium and chloride levels were
only slightly reduced at a few intervals in the high-
dose group. Thus, the NOEL is 1,000 mg/kg-bw/
day in the rat under the conditions of the study. In
contrast, dogs given the highest dose displayed
decreased body weight gain and increased serum
alkaline phosphatase and alanine aminotransferase
values. Feces of dogs given the two highest doses
were whitish-yellow in color, possibly indicating
elimination of the agent by this route. The MTD
appears to be 300 mg/kg-bw/day (0.6 mmol/
kg-bw/day) for this species.
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Toxicity has also been noted in the agent control
group in a CB-funded efficacy study in female
SENCAR mice. Deaths occurred after 3 and 10
weeks in mice receiving 0.2% glycyrrhetinic acid in
the diet (ca. 0.6 mmol/kg-bw/day) and topical ace-
tone. Clinical signs included weight loss, hunched
posture, hypoactivity, and rough fur. Gross nec-
ropsy revealed yellow appearance of the skin,
small, pale rough kidneys, distended stomach, and
dark adrenal glands and lungs.

No studies specifically evaluating the toxicity of
glycyrrhetinic acid were identified in the published
literature. The oral 10-week MTD for the parent
compound glycyrrhizin in mice was reported to be
407 mg/kg-bw/day in females and 229 mg/
kg-bw/day in males [34]. The NOEL for 16-week
studies in mice and rats was 90 mg/kg-bw/day
[1]. The primary treatment-related effects were al-
tered water consumption, decreased weight gain,
increased blood pressure, and decreased serum po-
tassium. At necropsy, rats fed 2,600 mg/kg-bw/
day for 16 weeks had increased heart and kidney
weights. A 96-week carcinogenicity study of glyc-
yrrhizin in mice was reported in the literature [34].
At estimated doses of 0.15% in drinking water
(ca. 229 mg/kg-bw/day) in males and 0.3% in
drinking water (407 mg/kg-bw/day) in females, no
changes in tumor incidence, latency or type were
observed compared with controls. The only pub-
lished report of a study assessing reproductive or
developmental toxicity involved ammoniated glyc-
yrrhizin. Following administration of 21.3-679.9
mg/kg-bw/day in drinking water to female rats on
gestation days 7-17, a dose-related increase in em-
bryolethality and minor anomalies was observed
[35]. The latter included external hemorrhage, ster-
nebral variants, and renal ectopy.

The CB is not evaluating the toxicity of car-
benoxolone at present. A published review stated
that no adverse effects or tumorigenicity were ob-
tained in rodent, dog or monkey studies [5]. The
phenomenon of sodium retention was not ob-
served; however, data were not available for re-
view.

ADME In published studies, bolus iv admin-
istration of 18f-glycyrrhetinic acid to rats and rab-
bits appeared to follow a two-compartment model
with dose-dependent terminal disposition
[reviewed in 36,37]. In rats, plasma drug con-
centration increased with increasing dose, and the
elimination t,, ranged from 15 min to 2 hrs. In con-
trast, plasma Cl decreased with increasing dose,
and elimination was saturable. This suggests that
the pharmacokinetics of glycyrrhetinic acid is dose-

dependent due to Michaelis-Menten elimination.
Biliary excretion of unchanged drug and its metab-
olites has been reported as 17-50% of the dose,
with negligible enterohepatic circulation [37,38].
Excretion of intact glycyrrhetinic acid in urine was
also negligible. The agent appears to be extensively
metabolized, including microsomal hydroxylation
[39]. This should increase excretion; however, the
identity of the saturating elimination mechanism is
unknown.

Little data are available on the preclinical phar-
macokinetics of orally administered glycyrrhetinic
acid. An ig dose of the glycone glycyrrhizin ap-
pears to be well absorbed [40], but requires hydro-
lysis by gastrointestinal bacteria [41].

Plasma drug levels were obtained in the CB-
contracted one-year chronic toxicity study. They
did not show a dose relationship in both rats and
dogs, nor did plasma levels increase with length of
administration. For example, in rats, the mean
plasma glycyrrhetinic acid concentrations in the
1,000 mg/kg-bw/day group were 1.9-fold higher
than the 300 mg/kg-bw/day group and 3.8-fold
higher than the 100 mg/kg-bw/day group.

In a CB-funded efficacy study of carbenoxolone
in combination with other agents, serum levels
were measured in female rats for 25 weeks. In the
agent control group given 3,500 mg carbenoxo-
lone/kg diet (ca. 0.3 mmol/kg-bw/day), serum
levels were highest at one week (9 pg/ml), but fell
by two-thirds at 25 weeks. At a lower dose of
1,750 mg/kg diet (ca. 0.15 mmol/kg-bw/day), se-
rum levels remained at <1 pg/ml for the entire
25 weeks. Although drug levels were not evaluated
in rats given carbenoxolone alone, the three dif-
ferent combinations did not appear to alter the
pharmacokinetics. This suggests that the drug does
not accumulate in the rat with chronic intake,
which may be the reason that adverse effects were
not seen. However, these data may not be repre-
sentative of the human response. The gastro-
intestinal microflora of rats, mice and rabbits hy-
drolyze carbenoxolone to glycyrrhetinic acid and
succinate before absorption; in dogs, ferrets, mon-
keys and humans, it is absorbed intact, ex-creted
into the bile after conjugation with glucuronic acid,
and undergoes extensive enterohepatic circulation.

CLINICAL SAFETY: PHASE | STUDIES

A CB-sponsored Phase I clinical trial (Dr. V.
Vogel, University of Texas, M.D. Anderson Cancer
Center) of glycyrrhetinic acid in patients with pre-
vious breast or colon cancer has ended. Single-dose
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pharmacokinetics and toxicity data were obtained.

Drug Effect Measurement A drug effect meas-
urement is still being sought. In rats, inhibition of
11B-hydroxysteroid dehydrogenase has been meas-
ured in liver, testes and lung [42]. It is unknown if
more accessible tissues (e.g., skin) have high en-
zyme activities in humans. Alternate measurements
which are feasible for clinical trials include prosta-
glandin levels or ODC activity in skin punch biop-
sies.

Safety In the single-dose portion of the Phase I
trial, patients with previous breast cancer received
300-700 mg glycyrrhetinic acid/m? (ca. 0.02-
0.04 mmol/kg-bw) without evidence of significant
toxicity [43]. Serum potassium levels were de-
creased from baseline at 4-6 hrs post-dosing; how-
ever, they began to return to baseline at 8 hrs. In
the multidose study, patients (n=6) receiving 400
and 500 mg/m? qd (ca. 0.02 and 0.03 mmol/kg-bw
qd) experienced hypertension or hypokalemia that
necessitated dose reduction or discontinuance; only
2 patients completed the 16-week treatment sched-
ule.

In the published literature, licorice extract and
carbenoxolone have been reported to have similar
effects, including hypertension, sodium retention
with edema, hypokalemia, and decreased plasma
renin and angiotensin II and urinary aldosterone
levels [44-46]. In studies with normal subjects,
daily doses of at least 100 mg glycyrrhizin or its
ammonium salt for periods of 3 days to 4 weeks
were required [45]. Although recovery from the
hypertension and electrolyte imbalance caused by
licorice may occur within several days to 2 weeks
after intake is discontinued, several case reports
describe patients in which the effects were pro-
longed for 1.5-4 months.

These adverse effects were also typical in a dou-
ble-blind study evaluating the efficacy of Duo-
gastrone® in the treatment of duodenal ulcers [47].
Duogastrone® is a formulation of carbenoxolone
sodium in which the capsule is designed to resist
degradation by gastric juice. Seventy-one patients
with duodenal ulcer received the drug at 200 mg
qd for 6 weeks. Significant side effects included
edema, hypokalemia, and increased blood pres-
sure; the incidence of side effects was low and
none was severe except for 2 patients. However, in
a second study of gastric ulcer patients, doses of
300 mg carbenoxolone sodium qd for one week,
then 150 mg qd for 5 weeks, produced hypokale-
mia or edema in 44% of subjects [3]. Adverse ef-
fects were more frequent in the elderly due to de-
creased elimination. Individual cases of severe side

effects from carbenoxolone, especially due to hypo-
kalemia, have also been reported [48]. Possible se-
quelae of hypokalemia include headache, edema,
cardiac failure, angina, hypertension and seizures
[3]. No studies of longer duration were found in
the literature.

The effects of glycyrrhetinic acid and related
compounds resemble those of the mineralocorticoid
aldosterone. The mechanism appears to be inhibi-
tion of 11B-hydroxysteroid dehydrogenase [49],
which normally inactivates corticosterone and cor-
tisol. These glucocorticoids and aldosterone share
affinity for the mineralocorticoid receptor that reg-
ulates sodium and potassium transport in the kid-
neys; thus, their combined effect at the receptor
results in sodium retention, edema, and hyperten-
sion [12].

ADME In the Phase I trial, plasma levels of
glycyrrhetinic acid were detectable (0.9 pg/ml)
after single doses <500 mg/m? (ca. <0.03 mmol/
kg-bw); at 500 mg/m?, plasma levels peaked at
4.6 pg/ml after 4 hours [43]. Published data sug-
gest that elimination time, C_,,, and AUC increase
with dose, with biphasic decay of the concen-
tration-time curve at doses >500 mg [37,50]. For
example, AUC values in healthy volunteers were
19.8, 40, and 65.2 mg-hr/L after single doses of 500,
1,000 and 1,500 mg (ca. 0.02, 0.03, and 0.05 mmol/
kg-bw), respectively [50]. The second elimination
phase t,s at the two higher doses were 11.5 and
38.7 hr, respectively. Twenty-four hour urinary
elimination of glycyrrhetinic acid and its glu-
curonides was less than 1% of the administered
dose. In contrast to rats, enterohepatic circulation
appears to be more extensive in humans.

Limited multidose pharmacokinetics data from
the Phase I trial suggested approximately 2-fold
drug accumulation over 2—4 months of treatment
with 18B-glycyrrhetinic acid based on AUC values.
Published multidose studies of carbenoxolone also
demonstrated accumulation of the drug at the ther-
apeutic dose of 300 mg qd (ca. 0.008 mmol/kg-bw
qd), especially in the elderly. The plasma t,, was
19 hr in subjects <40 years of age and 56 hr in
subjects >65 years of age [reviewed in 5]. A combi-
nation of enterohepatic circulation, slow clearance,
and long plasma t;,, led to accumulation in the
latter population. Reduction of the dose to 150 mg
qd (ca. 0.004 mmol/kg-bw qd) was reported to
overcome the problem.

CLINICAL EFFICACY: PHASE |l STUDIES

No Phase II efficacy trials of 18f-glycyrrhetinic
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acid or carbenoxolone have been sponsored by the
CB. A published review stated, however, that the
efficacy of glycyrrhizin in reducing hepatoma inci-
dence is being evaluated in a clinical trial using
liver cirrhosis patients [14]. No further information
is available.

PHARMACODYNAMICS

The minimal effective chemopreventive doses in
rat studies were 0.1 mmol/kg-bw/day for glycyr-
rhetinic acid and 0.08 mmol/kg-bw/day for car-
benoxolone. These doses are approximately 20-fold
lower than the one-year NOEL in the same species
(1,000 mg/kg-bw/day, or 2.1 mmol/kg-bw/day).
Based on this ratio, it would appear that an effec-
tive human dose without hypokalemia could be
attained. However, the therapeutic dose of carben-
oxolone (300 mg qd, or ca. 0.008 mmol/kg-bw/
day), which is 10-fold lower than the dose that
inhibits rat colon carcinogenesis, produces appreci-
able incidences of hypokalemia. The rat may not be
the best model for human pharmacokinetics and
safety of either agent. In the rat, plasma glycyr-
rhetinic acid shows a slow second elimination
phase as in humans, but hypokalemia was not
observed in preclinical toxicity assays. In contrast
to humans, enterohepatic circulation is negligible.
Hepatic metabolism and excretion may differ be-
tween species, but further information is needed.
In addition, carbenoxolone is metabolized differ-
ently. In humans, it is absorbed intact, excreted
into bile as the glucuronide, and undergoes entero-
hepatic circulation. In the rat, carbenoxolone is
hydrolyzed to glycyrrhetinic acid before absorp-
tion, which does not appear to accumulate.

PROPOSED STRATEGY
FOR CLINICAL DEVELOPMENT

Drug Effect Measurement Issues

No obvious drug effect measurements exist for
glycyrrhetinic acid and related compounds, except
for those related to toxicity (e.g., serum potassium).
If clinical development of glycyrrhetinic acid con-
tinues, assessment of protein kinase C, 15-hydroxy-
prostaglandin dehydrogenase, prostaglandins, or
ODC activity could be used as endpoints. In the
case of DFMO, for example, ODC activity in skin
punch biopsies shows potential as a drug effect
measurement.

Safety Issues

The toxicity of glycyrrhetinic acid may become
significant with chronic intake and accumulation.
If the drug is developed further, multidose phar-
macokinetics should be characterized more fully. In
addition, the effect of concomitant treatment with
potassium salts or a diuretic should be assessed.

Since the adverse effects of glycyrrhetinic acid in
humans were not reproduced in the CB-funded
preclinical toxicity studies, additional special ani-
mal studies may be needed to assess effects on
sodium/potassium balance. The species of animal
should be carefully chosen, since rodents may me-
tabolize glycyrrhetinic acid and carbenoxolone
differently.

If carbenoxolone is developed further, infor-
mation on dosing and post-marketing adverse
events would be available.

Pharmacodynamics issues

Titration of the effects of 11B-hydroxysteroid
dehydrogenase inhibition against chronic intake of
glycyrrhetinic acid should be performed if the drug
is developed further. The associated toxicities can
be significant in some subjects, such as hypo-
kalemia and hypertension. In the Phase I trial of
glycyrrhetinic acid, these effects occurred at doses
of 400 and 500 mg/m? qd (ca. 0.02 and 0.03 mmol/
kg-bw); the therapeutic dose for carbenoxolone in
the treatment of peptic ulcers is 300 mg qd (ca.
0.008 mmol/kg-bw), or 25-fold lower. The dose
used in clinical trials should avoid significant accu-
mulation of glycyrrhetinic acid with chronic treat-
ment, perhaps by using a qod dosing regimen.

Regulatory Issues

The full complement of preclinical toxicity stud-
ies on glycyrrhetinic acid have not been performed
by the CB; however, the in-life phase of the one-
year study in two species has been completed. If
the final report demonstrates that a NOEL has
been achieved in rats, a Phase II clinical trial of six
months could be undertaken. For longer clinical
trials, carcinogenicity and reproductive/develop-
mental studies will need to be contracted.

Winthrop initiated an NDA submission for car-
benoxolone as a gastric ulcer therapeutic in the
1970's. This was abandoned, however, due to the
approval of cimetidine for this use. If clinical de-
velopment of carbenoxolone as a cancer chemo-
preventive drug is undertaken, preclinical toxicol-
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ogy studies performed for submission of the NDA
may be adequate to allow Phase II and III trials.

Supply and Formulation Issues

The tablet formulation of 18f-glycyrrhetinic acid
was prepared from bulk drug (MacAndrews and
Forbes) by Pioneer Pharmaceuticals (Irvington, NJ).
The expiration date for the 55 and 110 mg tablets
has been reached. Patents for use of this agent as
a metastasis inhibitor and as a cancer therapeutic
have been issued in the U.S. and Japan, respec-
tively.

Carbenoxolone may be purchased directly from
Winthrop as a capsule (50 mg), tablet (20, 50 mg)
or gel (2%) [3]. A placebo would need to be pre-
pared for Phase II trials. No current U.S. patents
exist for use of carbenoxolone except as an anti-
viral treatment for blood products.

Intermediate Biomarker Issues

In preclinical studies, glycyrrhetinic acid inhi-
bited the development of premalignant lesions in
skin (ig, top), colon and liver in vivo and in mam-
mary glands in vitro. It also decreased ODC activ-
ity in skin in vivo and in tracheal epithelial cells in
vitro. Carbenoxolone inhibited premalignant mam-
mary lesions in vifro and is on test against GGT-
positive foci in the hamster buccal pouch model in
vivo. In future preclinical testing, the effect of this
agent on other classes of biomarkers (e.g., prolifera-
tive, differentiation, genetic) in these lesions should
be ascertained [51]. This may also help to clarify its
mechanism of action, especially in models without
TPA promotion.

Clinical Studies Issues

No trial for either agent is planned at this time.
Several protocol issues for investigation in future
trials, if development is pursued, have already
been suggested, such as the pharmacodynamics of
the adverse effects, a reliable drug effect measure-
ment, and the effect of concomitant potassium or
diuretic treatment. In addition, Phase Il trials could
assess the effect of glycyrrhetinic acid on histologi-
cal/premalignant biomarkers. These would be
short-term trials with lower potential for drug
accumulation after oral administration. Topical
absorption of glycyrrhetinic acid on premalignant
lesions could also be assessed to circumvent the
systemic toxicity; potential trial subjects include

actinic keratosis, Barrett's esophagus, CIN with
HPV, or oral leukoplakia patients. In preclinical
studies, the agent inhibited the development of
skin papillomas with either topical or intragastric
administration.

Clinical information on pharmacokinetics and
adverse events may be available from Winthrop if
carbenoxolone is developed as a cancer chemo-
preventive drug. The gel formulation of carben-
oxolone (Bioral Gel®) for mouth ulcers could be
used in a Phase II trial in oral leukoplakia patients.
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