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ABSTRACT

Pituitary adenomas, the most common tumors of all intracranial neoplasms, may cause either symptoms of mass
effect or symptoms of hormone abnormal production. Besides physical damages, patients with pituitary adenomas
always suffer from cognitive impairments, mainly in memory and executive functions. 18 beta-glycyrrhetinic acid
(GA) has been found to exhibit anti-tumor effects in rat pituitary adenoma-derived cells. The aim of this paper was
to investigate the effect of GA in postoperative clinical application. In this study, we recruited 647 patients with
pituitary adenoma and 135 patients who dropped out were excluded from analysis. Thus, altogether 512 patients
with pituitary adenoma completed the study, of whom 268 were treated with GA, and 244 were treated with pla-
cebo. Cognitive assessments, eyesight, tumor size, and hormone secretion levels were examined before and after
surgery in both groups. All patients underwent surgeries by single-nostril transsphenoidal approach for their first-
time medical treatment. Hormone secretion levels were measured by blood samples and Magnetic resonance im-
aging (MRI) was used for examining the status of tumor excision. Compared with placebo group, the scores in
orientation, language (expression), memory (recall), practice, abstract thinking, and MiniMental State Examina-
tion (MMSE) were significantly improved (p < 0.05) in GA treated group after one month of surgery. After six
months, there was still a significant increase in abstract thinking scores. Moreover, GA did not impact the overall
survival percentage of patients enrolled during our five-year follow-up, but significantly reduced the recurrence
rate than that of the placebo group. GA significantly improved the cognitive functions at the early stage after
surgery and had a long-termed efficacy on abstract thinking. Notably, GA inhibited the five-year recurrence rate
of the recruited pituitary adenomas patients.
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INTRODUCTION commonly divided into three categories: be-
nign adenoma, invasive adenoma, and carci-
nomas (Zhang, 1990). The majority of adeno-
mas are benign, while approximately 35 %
are invasive adenoma and just 0.1 % to 0.2 are

Pituitary adenomas are tumors that occur
in the pituitary gland and account for the larg-
est portion of all intracranial neoplasms with

an overall prevalence of approximately 10 % .
t025 % (ESzat ctal.. 200 45 pDepen dingon bj. carcinomas (Daly etal., 2006). However, only
’ a minority of pituitary adenomas are sympto-
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symptoms of pituitary adenomas include vis-
ual deficits and abnormal pituitary hormone
secretion (Levy et al., 2005). Moreover, pitu-
itary adenomas have been found to be associ-
ated with pituitary disorders and various psy-
chiatric manifestations such as emotional in-
stability, depression, apathy, anxiety, easy
hostility and irritability (Donoho et al., 2017).
The primary treatments of pituitary adenomas
involve adjustment of hormone secretion and
resection of the tumor (Wang et al., 2017).
Reducing hormone hypersecretion and cor-
recting hormone deficiencies may improve
clinical symptoms and decreasing tumor size
by surgery may relieve the mass effect of pi-
tuitary adenomas (Pineda et al., 1982). Spe-
cific treatment plans for pituitary adenomas
patients are made depending on the specific
type of tumor, and administered with a com-
prehensive therapy approach that include neu-
rosurgery and endocrinology (Wang, 1988).
Transsphenoidal adenectomy is a common
strategy for the excision of pituitary tumors,
which aims to remove the tumors without af-
fecting the function of optic nerves and the
brain (Pituitary Disorders/Neuroendocrinol-
ogy, 2016). However, in numerous patients,
surgery has been found to inevitably damage
the function of the brain and impair the cog-
nitive functions (Karki et al., 2017). Moreo-
ver, long-term use of endocrine drugs might
cause various adverse effects such as fatigue,
nausea, and vomiting (Zhang et al., 2017). In
addition, incomplete resection and recurrence
are still obstacles to the treatment of pituitary
tumors (Vonor et al., 2017). Therefore, find-
ing proper postoperative adjuvant drug ther-
apy is in special need.

Recent studies have found that 18 beta-
glycyrrhetinic acid (GA), a natural compound
extracted from liquorice, inhibits renal
1 1beta-hydroxysteroid dehydrogenase type 2
(11beta-HSD2) and exhibits significant anti-
tumor effects on pituitary adenoma (Wang et
al., 2014). GA induced apoptosis in pituitary
adenoma cells by activating mitochondria-
mediated reactive oxygen species (ROS)/mi-
togen-activated protein kinase pathways

(Wang et al., 2014). In particular, GA acti-
vated c-Jun N-terminal kinase (JNK), cal-
cium/calmodulin-dependent protein kinase II
(CaMKII), and P38 (Wang et al., 2014).
These findings provide experimental evi-
dence that GA may serve as a novel chemo-
therapeutic agent for treating pituitary ade-
noma.

In the presented study, we recruited 647
pituitary adenoma patients who underwent
surgery to further investigate the effects of
GA treatment. Patients’ cognitive functions
were tested when treated with GA or placebo
one month and six months after surgery. This
paper aimed to explore the role of GA in post-
operative clinical recovery of pituitary ade-
noma patients.

MATERIALS AND METHODS

Patients

In this study, we recruited 647 patients
with pituitary adenoma, of whom 339 were
treated with GA, and 308 were treated with
placebo. Altogether 512 patients completed
the study, of whom 268 were treated with GA,
and 244 were treated with placebo. 135 pa-
tients who dropped out were excluded from
analysis, the dropout rates of the GA and the
placebo group were 20.9 % and 20.8 %.
Orally administered GA was well tolerated in
all patients who concluded the trial. Dropout
reasons during the study were: Death (8 pa-
tients on placebo and 10 patients on GA),
withdrawal of consent (14 patients on placebo
and 18 patients on GA), loss of contact (30
patients on placebo and 36 patients on GA),
improper usage of the treatments (12 patients
on placebo and 7 patients on GA).

The ethics committee of the First Affili-
ated Hospital of Anhui Medical University
has proved all studies in this paper. All pa-
tients were selected based on following crite-
ria. Patients aged between 18 and 60 years
who were diagnosed as pituitary adenoma by
pathological examination. Notably, patients
selected in this paper underwent their first-
time medical visit and treatment. Surgeries
were performed using the single-nostrilendo-
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nasal transsphenoid-sella approach. The en-
rolled patients underwent successful surgery
procedure. More than 60 % of tumor tissue
was excised which was tested by head Mag-
netic resonance imaging (MRI) examination
and no severe complications appeared. In ad-
dition, the surrounding tissues had no com-
pression after 3 months of surgery (no pres-
sure on optical nerve as previously de-
scribed).

Patients with the following symptoms
need to be excluded: (1) patients with pulmo-
nary diseases, cardio-cerebral diseases (in-
cluding epilepsy, cerebral infarction, and in-
tracerebral hemorrhage), or other complica-
tions that severely impaired cognitive func-
tions; (2) patients with severe complications
after surgery, such as cerebral hemorrhage,
infection, epilepsy, hyperpyrexia, coma, leak-
ing of cerebrospinal fluid and reoperation on
bleeding in surgical cavity; (3) patients who
could not write and could not see clearly on
books; (4) patients with aphasia or hearing
loss.

After permission, patients’ clinical data
were collected, including age, sex, educa-
tional level, visual acuity (ophthalmologic ex-
amination), tumor size (in mm, based on MRI
report), disease progression (occurrence of
signs and symptoms in the patient’s com-
plaint). Hormonal secretion tests including
cortisol, growth hormone, prolactin (PRL),
adrenocorticotropic hormone (ACTH), thy-
roxine (T3andT4), thyrotropin (TSH), estra-
diol, testosterone, follicle stimulating hor-
mone (FSH), and luteinizing hormone (LH)
were examined by using patients’ blood sam-
ples collected in the morning after an over-
night fastening. On the same day, cognitive
assessment was performed to obtain a pre-
operative cognitive function score. All of the
above checks are necessities without addi-
tional burdens. All patients underwent stand-
ard transsphenoidal surgery under general an-
esthesia through tracheal intubation, using
microscopic or endoscopic examination.

All patients were randomly assigned to ei-
ther GA (500 mg orally once daily; MAFCO)
or placebo (500 mg dextrose orally once

daily) treated group without prior knowledge
to rule out potential bias.

Cognition evaluation

The hormone test was performed on the
same day with the consent of the patient and
their family member. All patients were exam-
ined in the same room by the same profession-
ally trained doctor and accompanied by a
family member. During the examination, the
patient should not pose any gesture or speak.
The examinations were taken in the afternoon
and lasted for about half an hour. The exami-
nations were immediately terminated if there
were any discomforts to patients and the pa-
tients were subsequently excluded. Language
(comprehension and expression), orientation,
attention, abstract thinking, calculation,
memory (recent, remote and recall memory),
practice, and perceptions were tested using
Cambridge Cognitive Examination-Chinese
version (CAMCOG-C) and MiniMental State
Examination (MMSE) was used in this study.
With consent, patients with a score of equal to
or less than 90 in CAMCOG-C underwent
further examinations by using the head dop-
pler tissue imaging (DTI).

Data analysis

All values are shown as x = SEM for nor-
mal distribution and medium value (M, QU —
QL) for non-normal distribution. QU is the
3rd quantile and QL is the 2nd quantile. Cat-
egorical and binary variables are presented as
frequencies (percentages). Comparison be-
tween groups was performed using Student’s
t test (unpaired). Proportions were compared
using the Fisher exact test. Differences with
p<0.05 were considered significant.

RESULTS

Clinical features and functional response of
recruited patients

In this study, we recruited 647 patients
with pituitary adenoma and 135 patients who
dropped out were excluded from analysis.
Thus, altogether 512 patients with pituitary
adenoma completed the study, of whom 268
were treated with GA, and 244 were treated
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with placebo (Table 1). Reasons for dropout
during the study are listed in the methods sec-
tion. All patients underwent first-time medi-
cal surgery after diagnosed and all treatments
were suitable for patients. Both GA and pla-
cebo treated group shared almost equivalent
age distribution, gender distribution and tu-
mor size. In addition, the percentages of func-
tioning and non-functioning pituitary ade-
noma patients are similar in both groups. Ta-
ble 1 showed that both GA treated group and

Table 1: Clinical features of the patients

placebo treated group possess unanimous
clinical features. We also examined the func-
tional response of patients before surgery, in-
cluding orientation, language (comprehen-
sion, expression), memory (remote, recent,
recall), attention, practice, abstract thinking,
calculation, perception and MMSE. We found
that all cognitive function test scores of pa-
tients in GA treated group shared no signifi-
cant difference with that in the control pla-
cebo group (Table 2).

GA treated group Placebo group

N=268 N=244

Male /Female 48 / 52 51/ 49
Age (£ S.D.) 44 (£ 10.2) 47(£9.7)
Visual deficit, n (%) 92 (34.3 %) 95 (38.9 %)
Tumor size (maximum diameter, cm) 2.07 (£ 1.22) 2.11 (£ 0.89)
Hormone secretion

Non-functioning 201 (75 %) 201 (76.8 %)

ACTH-secreting 19 (7.1 %) 16 (6.6 %)

STH-secreting 21 (7.8 %) 18 (7.4 %)

Macroprolactinomas 11 (4.1 %) 10 (4.1 %)

Clinical features of patients with pituitary adenoma treated with GA (n=268) or placebo (n=244). Com-
parison between groups was performed using Student’s t test (unpaired). Proportions were compared
using the Fisher exact test. Differences with p<0.05 were considered significant.

Table 2: Functional response of patients before surgery

Cognitive score GA treated group Placebo group

N=268 N=244
Before surgery
CAMCOG total score orientation 78.54 + 11.642 79.23 £ 9.491
Orientation 8.00 (10.00-8.00) 8.00(10.00-8.00)
Language 22.26 + 5.071 23.06 + 4.852
Comprehension 8.00 (9.00-7.00) 8.00(9.00-7.00)
Expression 14.52 + 3.289 14.92 £ 2.351
Memaory 16.58 +4.119 16.37 + 3.875
Remote 4.00 (5.00-2.00) 4.00 (5.00-2.00)
Recent 3.00 (3.00-2.00) 3.00 (3.00-2.00)
Recall 10.00 (12.00-10.00) 10.00 (12.00-10.00)
Attention 6.00 (7.00—4.50) 6.0 (7.00—4.50)
Practice 10.00 (11.00-8.00) 10.00 (11.00-8.00)
Abstract thinking 6.00 (7.00-5.50) 6.50 (7.00-5.50)
Calculation 2.00 (2.00-2.00) 2.00 (2.00-2.00)
Perception 7.00 (8.50-6.50) 7.00 (8.50-6.50)
MMSE 24.32 £ 4.680 24 .44 + 3.823

All values are shown as x + SEM for normal distribution and medium value (M, QU - QL) for non-normal
distribution. QU is the 3rd quantile and QL is the 2nd quantile. Comparison between groups was per-
formed using Student’s t test (unpaired). Proportions were compared using the Fisher exact test. Differ-
ences with p<0.05 were considered significant.

756



EXCLI Journal 2018;17:753-761 — ISSN 1611-2156

Received: May 11, 2018, accepted: July 24, 2018, published: July 27, 2018

Cognitive function changes after surgery
We first evaluated the cognitive function
changes one month after surgery. As listed in
Table 3, compared with the placebo group,
the scores in orientation, language (expres-
sion), memory (recall), practice, abstract
thinking, and MMSE were significantly
higher (p < 0.05) in the GA treated group.

When six months after surgery, only the ab-
stract thinking scores exhibited significant
improvement in GA treated group, whereas
other cognitive function scores showed no no-
table differences between GA and placebo
treated group six months after surgery, indi-
cating that the efficacy of GA is considerable
only at the initial stage after surgery.

Table 3: Functional response of patients after surgery

Cognitive score

GA treated group
N=268

Placebo group
N=244

1 months after surgery
CAMCOG total score orientation
Orientation
Language
Comprehension
Expression
Memory
Remote
Recent
Recall
Attention
Practice
Abstract thinking
Calculation
Perception
MMSE
6 months after surgery
CAMCOG total score orientation
Orientation
Language
Comprehension
Expression
Memory
Remote
Recent
Recall
Attention
Practice
Abstract thinking
Calculation
Perception
MMSE

83.11 £ 5.249
10.00 (10.00-9.00)
25.502 + 1.945
8.50 (9.00-8.00)
17.921 + 1.998
19.77 + 2.257
4.00 (5.00—2.00)
3.00 (4.00-2.00)
13.11  1.862
7.0 (7.00-5.00)
11.00 + 1.106
7.00(7.50-5.50)
2.00 (2.00-2.00)
8.00 (9.00-6.50)
25.04 + 3.743

87.55 + 4.592
10.00 (10.00-9.00)
26.202 + 1.945
9.00 (9.00-8.00)
17.482 + 2.033
20.73 + 3.071
4.00 (5.00—2.50)
3.00 (4.00-2.50)
13.95 + 2.036
7.0 (7.00-5.50)
11.00 + 1.106
7.00(7.50-6.00)
2.00 (2.00-2.00)
8.00 (9.00-6.50)
25.75 + 3.375

82.07 +6.412
9.50(10.00-8.00) **
25.007 + 1.233*
8.50 (9.00-8.00)
17.253 + 1.821*
18.532 £ 3.173 **
4.00 (5.00-2.00)
3.00 (4.00-2.00)
12.08 + 1.665 **
7.0 (7.00-5.00)
11.00 + 1.124
6.50 (7.00-5.50) *
2.00 (2.00-2.00)
8.00 (9.00-6.50)
24.35 + 3.476 *

87.47 + 4.354
9.50(10.00-9.00)
26.007 + 1.233
9.00 (9.00-8.00)
17.306 + 1.967
20.68 £ 3.125
4.00 (5.00—2.50)
3.00 (4.00-2.50)
14.07 + 1.998
7.0 (7.00-5.50)
11.00  1.124
6.50 (7.00-6.00) *
2.00 (2.00-2.00)
8.00 (9.00-6.50)
25.66 + 3.864

All values were shown as x + SEM for normal distribution and M(QU-QL) for non-normal distribution.
QU is the 3rd quantile, and QL is the 2nd quantile. Comparison between groups was performed using
Student’s t test (unpaired). Proportions were compared using the Fisher exact test.

*p value is less than 0.05 and equal to or more than 0.01; **p value is less than 0.01

Survival rate and recurrence percentage of
recruited patients

As shown in Figure 1, during our five-
year follow-up, the survival rates showed no

significant differences between the GA and
placebo treated groups (P=0.79). Since the
recurrence rate is generally higher after 5
years of surgery, we compared the differences
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in recurrence rates between the two groups
within 5 years after surgery, and found that
the recurrence rate of the GA treated group
was significantly lower than that of the pla-
cebo group (Figure 2). These results indicated
that GA might possess potential clinical value
on inhibiting the recurrence rate of pituitary
adenoma.
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Figure 1. Overall survival rates for patients
treated with GA or placebo.

Overall survival rate after surgery. There was no
significant difference on cumulative survival rate
between patients treated with GA and those
treated with placebo (p=0.79).
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Figure 2: Recurrent percentage after surgery
in patients with pituitary adenoma

Graph showing percentage of recurrent 5 years
after surgery. There was a significant decrease in
the recurrence rate in GA treated group than
those in placebo group. Proportions were com-
pared using the Fisher exact test. * represents p
value <0.005.

DISCUSSION

Pituitary adenomas, the most common tu-
mors of all intracranial neoplasms, may cause
either symptoms of mass effect or symptoms
of hormone abnormal production (Molitch,
2017). Besides physical damages, patients
with pituitary adenomas always suffer from
cognitive impairments, mainly in memory
and executive functions (Kalinin et al., 2017).
Surgery has always been considered the best
way to treat pituitary adenomas, whereas few
studies have been focused on the postopera-
tive treatment of patients (Hendrix et al.,
2017). Recent studies have shown that surger-
ies may inevitably damage the cognitive func-
tions (mainly in executive functions and
memory) in patients (Fu et al., 2017). Surgery
should not exacerbate the cognitive impair-
ment of patients in theory, so more exhaustive
researches are needed to investigate the im-
pact of surgery on cognitive function (Iglesias
et al., 2017). Therefore, it is necessary to
monitor the changes and to improve the im-
pairment of cognitive function after surgery.
In this paper, we recruited patients with pitui-
tary adenomas and tested their cognitive func-
tions when treated with GA or placebo before
and after surgery. We aim to investigate the
efficacy of GA in postoperative clinical appli-
cation.

GA and its precursor glycyrrhizin (GN)
abundantly exist in the Licorice roots and pos-
sess various therapeutic properties (Greaves,
1990). Recent studies have found that GA in-
hibits 12-O-tetradecanoyl phorbol-13-ace-
tate-induced cutaneous oxidative stress and
tumor progression in mice (Agarwal et al.,
2005). DMBA/TPA-induced skin tumor for-
mation could also be suppressed by GA
(Agarwal etal., 1991). In addition, GA played
a protective role in hepatocellular carcinoma
development by reducing immunosuppres-
sion mediated by hepatic stellate cells in the
tumor microenvironment (Kuang et al.,
2013). While GA has been shown to exhibit
anti-viral and anti-inflammatory effects, it
also displays cytotoxic effects on human
hepatocellular carcinoma, breast cancer
(Wang et al., 2015) and ovarian cancer (Yang
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et al., 2012). It has been shown that GA in-
duced apoptosis in various cancer cells, in-
cluding promyelotic leukemia HL-60 cells,
human stomach cancer cells, and hepatoma
cells (Hibasami et al., 2006). Our study is
based on the facts that GA exhibited potent
cytotoxicity and induced apoptosis by activat-
ing ROS/MAPKs-mediated pathway in pitui-
tary adenoma cells (Wang et al., 2014). These
findings suggest that GA may serve as a novel
chemotherapeutic potential for treating pitui-
tary adenoma and deserves further clinical re-
search. Previous studies demonstrated the
protection of low-dose GA (50 mg/kg)
against TP-induced hepatotoxicity in rats,
which may mediate via anti-inflammation,
antioxidation, and antiapoptosis (Yang et al.,
2017). In addition, the protective effect is
dose-related, which is only mediated by low-
dose GA (50 mg/kg), but not high-dose GA
(100 mg/kg) (Yang et al., 2017). Thus, the
doses of GA should be carefully considered in
treating patients. A recent study examined the
kinetics and dynamics of orally administered
GA in humans (Krahenbuhl et al., 1994). Dif-
ferent oral doses of GA (500, 1000, or 1500
mg) were administered to healthy volunteers
(Krahenbuhl et al., 1994). Based on the single
dose kinetics, the kinetic/dynamic analysis re-
vealed that after multiple doses of 1.5. g
GA/day, the 11 beta OHSD might be con-
stantly inhibited, whereas at daily doses of
500 mg or less, such an inhibition might occur
only transiently (Krahenbuhl et al., 1994). Be-
sides, various previously published pilot stud-
ies have applied the dose of 500 mg in human
(Farese et al., 2009; Serra et al., 2002). So, a
low-dose 500 mg GA was used in our paper.
We found that GA exhibited positive effects
on orientation, language (expression),
memory (recall), practice, abstract thinking,
and MMSE one month after surgery, but lost
efficacy after six months only except for ab-
stract thinking. Since when six months after
surgery, most of the cognitive function scores
were higher compared with one month after
surgery, so GA might accelerate the recovery
of functions in language (expression),

memory (recall), practice, and MMSE. Nota-
bly, GA possessed a long-termed effect on ab-
stract thinking. These functions might corre-
late with the anti-pituitary adenoma effect of
GA by inducing apoptosis in remaining tumor
tissues.

Although pituitary adenomas are com-
monly considered as benign intracranial neo-
plasms, they are frequently found to exhibit
invasive abilities (Babbo et al., 2014). In nu-
merous patients, peripheral brain tissues in-
cluding parasellar and suprasellar regions, bi-
lateral cavernous sinus and sphenoid sinus are
invaded by pituitary adenomas (Kwan-
charoen et al., 2014). In addition, pituitary ad-
enomas could even damage brain tissues and
structures such as those in the vomer periph-
eral region and sellar region (Kwancharoen et
al., 2014). Thus, pituitary adenomas may pos-
sess biological characteristics of malignant
tumors, leading to a reduction in complete re-
section rate and a higher recurrence rate, even
being facilitated with radiotherapy or chemo-
therapy adjuvant therapy (Ding et al., 2014).
It is reported that 10 % to 35 % of pituitary
adenomas recurred in 4 to 20 years’ intervals
(Broder et al., 2014). The initial tumor size,
the tumor excision extent and the tumor re-
growth rate are considered to be determining
factors in pituitary adenoma recurrence
(Broder et al., 2014). Therefore, the complete
treatment of pituitary adenomas is extremely
difficult and is now a major health issue that
raises a wide range of research concerns. In
this paper, we found that GA could signifi-
cantly reduce the recurrence rate within 5
years after surgery, suggesting that GA could
be used as a novel treatment strategy against
recurrent pituitary adenoma, although the de-
tailed functional mechanism of GA remains to
be further elucidated.

In conclusion, GA significantly improved
various cognitive functions at the early stage
after surgery and possessed a long-termed ef-
ficacy on abstract thinking. In addition, GA
inhibited the five-year recurrence rate of the
recruited pituitary adenomas patients. These
findings suggest that GA might serve as a
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novel chemotherapeutic potential for inhibit-
ing the recurrence of pituitary adenoma.

Acknowledgments
Not applicable.

Competing interests
The authors declare that they have no
competing interests.

Informed consent
Informed consent was obtained from all
individual participants included in the study.

Research involving human participants
and/or animals

All procedures performed in studies in-
volving human participants were in accord-
ance with the ethical standards of the institu-
tional and/or national research committee and
with the 1964 Helsinki declaration and its
later amendments or comparable ethical
standards.

REFERENCES

Agarwal MK, Igbal M, Athar M. Inhibitory effect of
18beta-glycyrrhetinic acid on 12-O-tetradecanoyl
phorbol-13-acetate-induced cutaneous oxidative stress
and tumor promotion in mice. Redox Rep. 2005;
10:151-7.

Agarwal R, Wang ZY, Mukhtar H. Inhibition of mouse
skin tumor-initiating activity of DMBA by chronic oral
feeding of glycyrrhizin in drinking water. Nutr Cancer.
1991;15:187-93.

Babbo A, Kalapurakal GT, Liu B, Bajramovic S, Chan-
dler JP, Garnett J, Kalapurakal JA. The presence of a
pituitary tumor in patients with prostate cancer is not a
contraindication for leuprolide therapy. Int Urol Neph-
rol. 2014;46:1775-8.

Broder MS, Neary MP, Chang E, Cherepanov D,
Katznelson L. Treatments, complications, and health-
care utilization associated with acromegaly: a study in
two large United States databases. Pituitary. 2014;
17:333-41.

Daly AF, Rixhon M, Adam C, Dempegioti A, Ticho-
mirowa MA, Beckers A. High prevalence of pituitary
adenomas: a cross-sectional study in the province of
Liege, Belgium. J Clin Endocrinol Metab. 2006; 91:
4769-75.

Ding D, Yen CP, Starke RM, Lee CC, Sheehan JP. Un-
yielding progress: recent advances in the treatment of
central nervous system neoplasms with radiosurgery
and radiation therapy. J Neurooncol. 2014;119:513-29.

Donoho DA, Bose N, Zada G, Carmichael JD. Man-
agement of aggressive growth hormone secreting pitu-
itary adenomas. Pituitary. 2017;20:169-78.

Ezzat S, Asa SL, Couldwell WT, Barr CE, Dodge WE,
Vance ML, et al. The prevalence of pituitary adeno-
mas: a systematic review. Cancer. 2004;101:613-9.

Farese S, Kruse A, Pasch A, Dick B, Frey BM, Ueh-
linger DE, et al. Glycyrrhetinic acid food supplemen-
tation lowers serum potassium concentration in chronic
hemodialysis patients. Kidney Int. 2009;76:877-84.

Fu W, Duan L, Geng S. Surgical outcomes of cavern-
ous sinus syndrome in pituitary adenomas. World Neu-
rosurg. 2017;107:526-33.

Greaves MW. Potentiation of hydrocortisone activity
in skin by glycerrhetinic acid. Lancet. 1990;336:876.

Hendrix P, Griessenauer CJ, Hans E, Simgen A, Oertel
J, Karbach J. Cognitive function surrounding resection
of nonfunctioning pituitary adenomas with suprasellar
extension: A prospective matched-control study. J Clin
Neurosci. 2017;40:109-14.

Hibasami H, Iwase H, Yoshioka K, Takahashi H.
Glycyrrhetic acid (a metabolic substance and aglycon
of glycyrrhizin) induces apoptosis in human hepatoma,
promyelotic leukemia and stomach cancer cells. Int J
Mol Med. 2006;17:215-9.

Iglesias P, Arcano K, Trivino V, Garcia-Sancho P,
Diez JJ, Villabona C, et al. Prevalence, clinical fea-
tures, and natural history of incidental clinically non-
functioning pituitary adenomas. Horm Metab Res.
2017;49:654-9.

Kalinin PL, Kadashev BA, Fomichev DV, Kutin MA,
Astaf'eva LI, Sharipov O, et al. [Surgical treatment for
pituitary adenomas]. Zh Vopr Neirokhir Im N N Bur-
denko. 2017;81:95-107.

Karki M, Sun J, Yadav CP, Zhao B. Large and giant
pituitary adenoma resection by microscopic trans-
sphenoidal surgery: Surgical outcomes and complica-
tions in 123 consecutive patients. J Clin Neurosci.
2017;44:310-4.

Krahenbuhl S, Hasler F, Frey BM, Frey FJ, Brenneisen
R, Krapf R. Kinetics and dynamics of orally adminis-
tered 18 beta-glycyrrhetinic acid in humans. J Clin En-
docrinol Metab. 1994;78:581-5.

760



EXCLI Journal 2018;17:753-761 — ISSN 1611-2156

Received: May 11, 2018, accepted: July 24, 2018, published: July 27, 2018

Kuang P, Zhao W, Su W, Zhang Z, Zhang L, Liu J, et
al. 18beta-glycyrrhetinic acid inhibits hepatocellular
carcinoma development by reversing hepatic stellate
cell-mediated immunosuppression in mice. Int J Can-
cer. 2013;132:1831-41.

Kwancharoen R, Blitz AM, Tavares F, Caturegli P,
Gallia GL, Salvatori R. Clinical features of sellar and
suprasellar meningiomas. Pituitary. 2014;17:342-8.

Levy MJ, Matharu MS, Meeran K, Powell M, Goadsby
PJ. The clinical characteristics of headache in patients
with pituitary tumours. Brain. 2005;128:1921-30.

Molitch ME. Diagnosis andtTreatment of pituitary ad-
enomas: a review. JAMA. 2017;317:516-24.

Pineda G, Becker P, Caviedes R. [Use of tissue culture
for functional classification of pituitary adenomas].
Rev Med Chil. 1982;110:644-8.

Pituitary Disorders/Neuroendocrinology. Endocr Pract
2016; 22(Suppl 2):193-226.

Serra A, Uehlinger DE, Ferrari P, Dick B, Frey BM,
Frey FJ, et al. Glycyrrhetinic acid decreases plasma po-
tassium concentrations in patients with anuria. ] Am
Soc Nephrol. 2002;13:191-6.

Vonor K, Santos MAK, Kuaovi Koko RA, Banla M,
Balo KP. [Pituitary adenoma presenting as blurred vi-
sion: A case report]. J Fr Ophtalmol. 2017;40:¢265-7.

Wang D, Wong HK, Feng YB, Zhang ZJ. 18beta-
glycyrrhetinic acid induces apoptosis in pituitary ade-
noma cells via ROS/MAPKs-mediated pathway. J
Neurooncol. 2014;116:221-30.

Wang FA. [Immunoelectron microscopy in the func-
tional classification of pituitary adenomas by using an
immunogold probe]. Zhonghua Yi Xue Za Zhi. 1988;
68:522-3.

Wang Q, Guo X, Gao L, Wang Z, Deng K, Lian W, et
al. Surgery outcome of growth hormone-secreting pi-
tuitary adenoma with empty sella using a new classifi-
cation. World Neurosurg. 2017;105:651-8.

Wang XF, Zhou QM, Lu YY, Zhang H, Huang S, Su
SB. Glycyrrhetinic acid potently suppresses breast can-
cer invasion and metastasis by impairing the p38
MAPK-API signaling axis. Expert Opin Ther Targets.
2015;19:577-87.

Yang G, Wang L, Yu X, Huang Y, Qu C, Zhang Z, et
al. Protective effect of 18beta-glycyrrhetinic acid
against triptolide-induced hepatotoxicity in rats. Evid
Based Complement Alternat Med. 2017;2017:
3470320.

Yang JC, Myung SC, Kim W, Lee CS. 18beta-glycyr-
rhetinic acid potentiates Hsp90 inhibition-induced
apoptosis in human epithelial ovarian carcinoma cells
via activation of death receptor and mitochondrial
pathway. Mol Cell Biochem. 2012;370:209-19.

Zhang FL. [Functional classification of pituitary ade-
nomas]. Zhonghua Bing Li Xue Za Zhi. 1990;19:97-9.

Zhang N, Zhou P, Meng Y, Ye F, Jiang S. A retrospec-
tive review of 34 cases of pediatric pituitary adenoma.
Childs Nerv Syst. 2017;33:1961-7.

761



