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Background: Most antipsychotic drugs are dopamine receptor antagonists that usually lead to abnormal increases in prolactin 
concentrations and the development of hyperprolactinemia (HPRL), which in turn causes sexual dysfunction in patients. Peony- 
Glycyrrhiza Decoction (PGD) enhanced dopamine D2 receptors (DRD2) and dopamine transporter (DAT) and significantly reversed 
the expression of DRD2 and DAT. Therefore, we hypothesized that PGD might effectively improve hyperprolactinemia and alleviate 
sexual dysfunction in patients.
Methods: We performed an 8-week randomized controlled study on 62 subjects with schizophrenia who were randomized into two 
groups. The experimental group was treated with the PGD intervention, and the control group did not receive treatment. The primary 
outcome indicators were the levels of sex hormones and the total Arizona Sexual Experience Scale (ASEX) score.
Results: There was a significant difference in PRL levels between the two groups at weeks 4 and 8. From the beginning to the end of 
the experiment, there was a significant increase in PRL levels in the control group, while there was no significant change in the 
experimental group. The ASEX scale assessed sexual function in both groups, and patients in the experimental group showed an 
improvement in sexual function at week 8. During the experiment, the two groups found no differences between Positive and Negative 
Syndrome Scale (PANSS) scores and Treatment Emergent Symptom Scale (TESS) scores.
Conclusion: PGD significantly improved the patient’s sexual function but was less effective in reducing prolactin levels and may 
prevent further increases in prolactin levels.
Keywords: hyperprolactinemia, antipsychotics, Peony-Glycyrrhiza Decoction, schizophrenia, sexual function, adverse effects

Introduction
In 2016, mental and addictive disorders affected more than 1 billion people worldwide. Measured by DALYs, they 
contribute to 7% of the global burden of disease and 19% of disabled life years.1,2 The use of antipsychotic medication 
remains the primary treatment to stabilize patients’ psychotic symptoms and to help them regain social function and 
return to society.3,4 However, long-term use of antipsychotic drugs may lead to many adverse effects, such as 
neurological extrapyramidal reactions, hematological leukopenia, endocrine system prolactin (PRL), and metabolic 
disorders.5 It greatly affects patients’ physical health, treatment compliance, and treatment outcome. If adverse reactions 
are not controlled in a timely manner, patients may develop discontinuation dilemma, leading to disease relapse.6

Hyperprolactinemia (HPRL) is a common adverse effect of antipsychotic medications. HPRL occurs in 70% of 
patients with schizophrenia treated with antipsychotic medications.7 HPRL is usually defined as a fasting serum PRL 
level >25 ng/mL in women and >20 ng/mL in men after 2 h in the morning.8 HPRL causes a range of physical reactions, 
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including male breast development, breast overflow, sexual dysfunction, infertility, oligomenstrual flow, and 
amenorrhea.9,10 Long-term adverse effects can reduce patient compliance; in particular, sexual dysfunction often 
aggravates the patient’s disease stigma, thereby affecting the patient’s family relationships and making treatment difficult.

Therefore, the treatment of HPRL caused by antipsychotic medications is essential. First-line management includes 
reducing the dose of the offending antipsychotic, discontinuing the antipsychotic, or switching to another antipsychotic 
associated with a reduced risk of HPRL. Other treatment options include adjunctive treatment with aripiprazole, 
dopamine agonists (cartegolines, bromocriptine, and topiramate), and metformin.11,12 Bromocriptine, a dopamine recep
tor agonist, is a specific drug for HPL that can exacerbate psychotic symptoms and cause abnormal involuntary 
movements. Although metformin causes urinary excretion of PRL levels, metformin decreases prolactin levels only if 
given at high doses (2550 ~3000 mg/d) to patients with elevated prolactin levels.13 Aripiprazole can reduce antipsycho
tic-induced HPRL, but it can also cause adverse effects, such as sedation, insomnia, and headache.14 The combination of 
two antipsychotics increases the incidence of adverse effects. Changing medication or reducing the dose of antipsychotics 
may lead to other side effects or increase the risk of relapse.15,16

In recent years, traditional Chinese medicine has received an increasing amount of attention in the study of HPRL 
caused by antipsychotic drugs. Previous studies have found that Peony-Glycyrrhiza Decoction (PGD) can increase the 
binding capacity of dopamine receptors,17 inhibit the release of prolactin, and significantly reduce the level of prolactin 
caused by risperidone.18 Currently, the evidence supporting the use of PGD in the treatment of antipsychotic-induced 
hyperprolactinemia is limited. The conclusion of a meta-analysis that included five randomized controlled trials supports 
the adjunctive use of PGD in patients with hyperprolactinemia;19 however, the authors also acknowledge that the 
evidence included has some limitations, and further experiments are still needed to verify the effectiveness of PGD 
for hyperprolactinemia.

We report an 8-Week randomized controlled trial that tested the effects of PGD on prolactin levels and improvements in sexual 
function under antipsychotic medication. The safety and impact of this intervention on psychotic symptoms were evaluated.

Method
Participants
Subjects were recruited from inpatients in Shandong Mental Health Center. The study protocol was approved by the 
medical ethical committee of all hospitals involved before patient recruitment and registered on www.chictr.org.cn 
(ChiCTR2100050218). All participants and their guardians gave voluntary, informed consent before starting the trial.

Only patients who met the following criteria were included. 1) The type of antipsychotic drug remained unchanged, 
and the dose used was stable within the effective amount. 2) The diagnostic standard for The fifth edition of the 
Diagnostic and Statistical Manual of Mental Disorders (DSM-5)20 schizophrenia was fulfilled. 3) The patient had stable 
mental state, stable treatment for at least 2 months, and Positive and Negative Syndrome Scale (PANSS) scores21 of less 
than 70. 4) The level of serum PRL was higher than 24 ng/mL.12,22 5) The patient showed sexual dysfunction. Patients 
with a total Arizona Sexual Experience Scale (ASEX) score of ≧19, any entry of ≧5, or their total 3 entries of ≧4 were 
considered to have sexual dysfunction. 6) The patient was 18–55 years old. 7) The patient showed no major medical 
abnormalities, including central nervous system diseases, acute, unstable, or life-threatening medical illnesses (eg, cancer 
and infections). Patients who had any of the following conditions were excluded from the study: (1) PRL pituitary 
adenoma, polycystic ovary syndrome, and other serious somatic diseases; (2) a history of neuroleptic malignant 
syndrome or tardive dyskinesia; (3) suicide ideas or attempts or aggressive behavior; (4) a history of alcoholism and 
drug abuse in the past 1 year; (5) currently being treated with other endocrine drugs, Chinese medicine, and other natural 
products; (6) a history of allergy to herbal medicine.

Study Design
This is a randomized controlled study that included 62 patients. Patients were randomized into a control group (n = 30) 
and an experimental group (n = 32). Patients’ baseline characteristics were tested before this study.
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The control group was not treated. The experimental group was given PGD. PGD is produced by Shandong Bokang 
Traditional Chinese Medicine Co., Ltd. and complies with the Chinese Pharmacopoeia and the Good Manufacturing 
Practice for Medical Products. White peony (60 mg) and licorice (30 mg) were soaked in eight times the volume of 
distilled water at a ratio of 2:1 by weight and boiled for 2.5 h.

The contents of the three known pharmacologically active components (Paeoniflorin, Liquiritin, and Glycyrrhizic 
acid) in PGD were determined by reversed-phase high performance liquid chromatography (HPLC), as shown in 
Figure 1. It was highly comparable with the PGD used in previous studies.23

Participants were randomly assigned to an experimental or control group for eight consecutive weeks. They were 
asked not to change their antipsychotic medication during the intervention. This was monitored at monthly visits. During 
the study, patients were allowed to receive concomitant treatment with other psychotropic medications. These drugs 
mainly included drugs for the treatment of extrapyramidal symptoms and insomnia. During the study period, the 
concomitant use of different herbal and natural products was not permitted.

Measures
All measurements were conducted at baseline and at weeks 4 and 8. Blood samples were tested in the laboratory 
department of the hospital. The serum concentrations of PRL, estradiol, progesterone, testosterone, FSH, and LH were 
determined. We used the scale of Treatment Emergent Symptom Scale (TESS)24 to evaluate the side effects of 
medication in both group.

Clinical symptoms of schizophrenia were assessed using the PANSS at the start of treatment and at 4 and 8 weeks 
after treatment. The sexual function of the patients at the beginning of the experiment and after the investigation was 
assessed using the ASEX.25,26 In addition, some unusual adverse reactions such as amenorrhea, irregular menstruation, 
and non-lactation lactation were recorded.

Statistical Analysis
Statistical analyses were conducted with the Statistical Package for the Social Sciences version 27.0 (SPSS 27.0). 
Descriptive statistics (mean and standard deviation) were calculated for continuous variables. Categorical data were 
expressed as frequencies or percentages. Pearson’s χ2 or Fisher’s exact tests were used for categorical variables. Analysis 
of Covariance (ANOVA) was used to analyze the ASEX scores between the two groups. Generalized estimating 
equations (GEEs) were used to analyze changes in outcomes before and after treatment in patients with hyperprolacti
nemia. The quasi-likelihood under the independent model criterion (QIC) value indicates whether the work-related 
matrix applies to GEE. The lower the QIC value, the better the fitting of the model to the data. The difference in sex 
hormones and PANSS scores between the two groups was calculated using intention-to-treat (ITT) analysis. After 
statistical analysis, a value of p less than 0.05 indicated a statistically significant difference.

Figure 1 Liquid chromatogram of PGD sample and mixed standard, (A), Paeoniflorin. (B), Liquiritin. (C), Glycyrrhizic acid.
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Results
Baseline Characteristics of Patients
There were 32 patients in the experimental group, among which 21 were male, and 11 were female; 27 patients 
completed the experiment. They were 18–55 years old, with an average age of 33.03±11.28 years old. The years of 
education were 1–19 years. The average years of education were 12.28±3.38 years, and the average disease duration was 
10.25±9.32 years. There were 30 patients in the control group, among which 14 were male, and 16 were female; 28 
patients completed the experiment. They were 18–52 years old, with an average age of 37.77±10.26 years old. The years 
of education were 6–22 years (average, 13.20±3.78 years). The average disease duration was 10.36±8.93 years. Among 
the dropout cases in the experimental group, two patients were lost due to serious adverse drug reactions (one patient had 
acute dystonia after taking the drug, and one had obvious akathisia), one patient changed antipsychotic drugs due to 
fluctuating condition, and 2 were lost to follow-up after discharge. In the control group, one patient dropped out because 
of family-related reasons, and one patient was lost due to fluctuating condition. The baseline characteristics of patients 
are shown in Table 1. No significant differences in baseline variables were observed between these two groups.

Antipsychotic Regimen Used at Enrollment
In the beginning, no significant difference was found in the antipsychotic regimen between the two groups (Table 1); 
40.3% (25/62) used antipsychotic monotherapy, and 59.7% (37/62) used multiple antipsychotics. The most commonly 
used antipsychotics among all subjects were olanzapine combined with risperidone (16.1%, 10/62), olanzapine combined 
with amisulpride (16.1%, 10/62), olanzapine (16.1%, 10/62), risperidone (12.9%, 8/62), amisulpride (11.3%, 7/62), 
perphenazine combined with olanzapine (8.1%, 5/62), and other drugs (19.4%, 12/62). The antipsychotic regimen of 
patients who followed patients who completed the entire treatment and evaluation according to the protocol remained 
unchanged throughout the study period. It was occasionally combined with benzhexol and benzodiazepines for tremor 
and insomnia, respectively.

Levels of PRL and Other Hormones
The results of the hormone assays are concluded in Table 2 and Table 3 and Figure 2. The serum levels of testosterone, 
FSH, progesterone, estradiol, and LH were not significantly different between the 2 groups.

Table 1 Baseline Characteristics of Participant

Variables Control  
Group (n=30)

Experimental  
Group (n=32)

χ2 / t p

Age (years) 37.77 ± 10.26 33.03 ± 11.28 1.725 0.09
Gender 2.264 0.132

Male (%) 14 (47) 21 (66)

Female (%) 16 (53) 11 (34)
Years of education 13.20 ± 3.78 12.28 ± 3.38 1.01 0.317

Duration of the illness (years) 10.36 ± 8.93 10.25 ± 9.32 0.046 0.963

Antipsychotic regimen used at enrollment 1.980 0.992
Olanzapine 4 6

Olanzapine combined with perphenazine 3 2

Risperidone 5 3
Risperidone combined with quetiapine 1 1

Risperidone combined with olanzapine 4 6

Amisulpride 4 3
Amisulpride combined with clozapine 1 1

Amisulpride combined with olanzapine 4 6

Perphenazine combined with quetiapine 2 2
Paliperidone palmitate injection combined with olanzapine 2 2

Notes: Data given as n (%) or mean ± standard deviation. No significant differences between groups on any variable. 
Abbreviations: PRL, Prolactin; FSH, Follicle-stimulating hormone; LH, Luteinizing hormone.
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The comparison of PRL serum levels in the two groups revealed a significant interaction effect, which was further analyzed 
simple effect. Simple effect results showed statistically significant PRL levels between the two groups at week 4 (Wald χ2 = 7.84, 
P = 0.005) and week 8 (Wald χ2 = 8.91, P = 0.003). In the experimental group, the simple effect results showed no significant 
effect of time on PRL serum levels (Wald χ2 = 0.738, P = 0.691), indicating no significant change in PRL serum levels over time 
(baseline vs week 4, P=0.621; baseline vs week 8, P=0.431). And the simple effect results showed a significant time effect on 
PRL serum levels in the control group (Wald χ2 = 16.927, P <0.001), indicating an increase in PRL serum levels over time 
(baseline vs week 4, P < 0.001; baseline vs week 8, P < 0.001).

The Arizona Sexual Experience Scale (ASEX) Scores and Improvement of Other 
Symptoms (Table 4)
The ASEX scale has five questions, which correspond to five areas: sex drive, sexual arousal, vaginal lubrication 
(female)/penile erection (male), orgasmic ability, and sexual satisfaction. Each question was scored from 1 to 6 on a scale 
ranging from hyperfunctioning to hypofunctioning. Patients in the experimental group showed statistically significant 
changes in the ASEX scores (from 21.72±3.02 to 17.63±2.06; P < 0.001).

The analysis revealed no significant differences between the two groups in the scores on question 4, representing 
orgasmic ability, and question 5, representing satisfaction. Comparing the scores for the first, second, and third questions 

Table 2 Changes in Sex Hormones Levels and PANSS Scores Before and After the Study

Variables Baseline Week 4 Week 8

Control  

Group (n = 30)

Experimental  

Group (n = 32)

Control Group  

(n = 28)

Experimental  

Group (n = 32)

Control  

Group (n = 28)

Experimental  

Group (n = 27)

PRL (ng/mL) 98.48 ± 88.80 93.76 ± 54.92 146.42 ± 93.45 90.93 ± 53.85 149.03 ±94.35 84.17 ± 50.35

Estradiol (pg/mL) 41.31 ± 65.77 42.42 ± 76.55 26.37 ± 26.40 28.41 ± 13.85 54.29 ± 86.06 33.87 ± 25.54

Testosterone (nmol/L) 10.21 ± 10.53 8.85 ± 7.35 8.40 ± 8.67 8.36 ± 5.93 8.49 ± 9.29 7.10 ± 5.30

Progesterone (ng/mL) 1.03 ± 2.68 0.60 ± 1.07 1.05 ± 2.57 0.44 ± 0.26 0.41 ± 0.14 0.38 ± 1.78

FSH (mIU/L) 13.02 ± 17.10 11.91 ± 28.04 14.68 ± 24.59 11.75 ± 26.67 11.76 ± 19.14 5.65 ± 2.34

LH (mIU/L) 9.54 ± 9.84 10.34 ± 11.47 9.10 ± 10.26 7.73 ± 8.20 9.25 ± 9.48 6.79 ± 4.25

PANSS 65.70 ± 3.250 62.34 ± 9.209 63.13 ± 5.661 60.50 ± 6.643 59.89 ± 4.932 59.44 ± 6.241

Note: Data given as mean ± standard deviation. 
Abbreviations: PRL, Prolactin; FSH, Follicle-stimulating hormone; LH, Luteinizing hormone; PANSS, positive and negative syndrome scale.

Table 3 Statistical Analysis of Hormones Levels and PANSS Scores (Generalized Estimating Equation with the Factors Group and 
Time)

Variables ME Group ME Time IA Time x Group

PRL (ng/mL) Wald χ2 = 4.677, p = 0.031 Wald χ2 = 11.615, p = 0.003 Wald χ2 = 15.785, p < 0.001 
T0: Wald χ2 = 0.064, P = 0.800 

T4: Wald χ2 = 7.84, P = 0.005; EG < CG 

T8: Wald χ2 = 8.91, P = 0.003; EG < CG 
CG: Wald χ2 = 16.927, P < 0.001; T8 > T0, T4 > T0 

EG: Wald χ2 = 0.738, P = 0.691

Estradiol (pg/mL) Wald χ2 = 0.837, p = 0.36 Wald χ2 = 7.072, P =0.029* Wald χ2 = 1.704, P = 0.427
Testosterone (nmol/L) Wald χ2 = 0.247, p = 0.619 Wald χ2 = 2.859, p =0.239 Wald χ2 = 2.853, P = 0.24

Progesterone (ng/mL) Wald χ2 = 1.183, p = 0.277 Wald χ2 = 2.688, p = 0.261 Wald χ2 = 1.742, P = 0.419

FSH (mIU/L) Wald χ2 = 0.075, p = 0.785 Wald χ2 = 2.486, p = 0.289 Wald χ2 = 0.585, P = 0.746
LH (mIU/L) Wald χ2 = 0.069, p = 0.792 Wald χ2 = 2.149, p = 0.341 Wald χ2 = 1.101, P = 0.577

PANSS Wald χ2 = 2.714, p = 0.099 Wald χ2 = 30.764, p < 0.001 Wald χ2 = 3.207, P = 0.201

Notes: *The time effect of the experimental and control groups was analyzed separately, and no significant difference was found (CG: Wald χ2 = 5.130, P = 0.077; EG: Wald 
χ2 = 2.944, P = 0.230). 
Abbreviations: PRL, Prolactin; FSH, Follicle-stimulating hormone; LH, Luteinizing hormone; PANSS, positive and negative syndrome scale; T0, Baseline; T8, Week 8; EG, 
experimental group; CG, Control group; ME Time, Main Effect Time; ME Group, Main Effect Group; IA Time x Group, Interaction of Time x Group.
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and the total score in the two groups revealed significant differences at week 8, with the experimental group scoring 
significantly lower than the control group (P < 0.05). So the patients in the experimental group showed some 
improvement in sexual dysfunction, mainly in three areas: sexual drive, sexual arousal, and vaginal lubrication (female) / 
penile erection (male).

Other Symptoms
In the experimental group, there were five patients with menstrual irregularities, two with amenorrhea, and one with non- 
lactating lactation. In the control group, there were ten patients with menstrual irregularities. During the experiment, four 
patients with menstrual irregularities, two patients with amenorrhea, and one patient with non-lactating lactation in the 
experimental group returned to normal. However, only two patients with menstrual irregularities in the control group 
recovered to normal at the end of the study.

Treatment Emergent Symptom Scale (TESS)
No significant difference was found in TESS scores between the two groups (control group: 11.21±3.91; experimental 
group: 11.19±2.63, p = 0.974) at the end of the study. The adverse reactions that occurred during the treatment were: 
insomnia, abnormal liver function, dry mouth, increased saliva, nausea or vomiting, headache, constipation, and 

Figure 2 The changes in prolactin and other sex hormones between the experimental group and the control group during the experiment. Mean levels of PRL (A), FSH (B), 
LH (C), Estradiol (D), Testosterone (E) and Progesterone (F) in the study group. Error bars represent standard error. The differences between the two treatment groups at 
each time point were compared by calculating simple effects and obtaining the between-group effects at different times. (**p < 0.01).
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electrocardiographic abnormalities without clinical significance. All patients with symptoms were given appropriate 
treatment, or clinical observation was continued.

Positive and Negative Syndrome Scale (PANSS) Scores (Table 2 and Table 3)
There was no statistically significant difference in PANSS scores between the two groups from the beginning to the end 
of the study (Wald χ2 = 2.714, p = 0.099). The effect of time on PANSS scores in both groups was significant (Wald χ2 = 
30.764, p < 0.001), with PANSS scores decreasing significantly as time changed. Therefore, treatment with PGD did not 
affect the patients’ psychotic symptoms.

Discussion
Several methods, such as bromocriptine, aripiprazole, and dopamine receptor agonists, have been proven effective in 
treating HPRL.27,28 However, they may do more harm than good. Drug side effects are still the main reason for the 
discontinuation of medication.29 Therefore, it is imperative to reduce the side effects of antipsychotic drugs. Previous 
preliminary experiments and studies in cultured cells and animals have shown that PGD can effectively alleviate 
risperidone-induced HPRL.30 However, some clinical trials found that after PGD treatment, no significant difference 
was found in PRL level between the control and experiment groups.23 So, this randomized controlled trial further re- 
examined the efficacy of PGD in antipsychotic drug-related HPRL. All the patients in the group were relatively stable 
after receiving antipsychotics, and the antipsychotic regimen was relatively stable The blood PRL levels of all patients 
were pathologically elevated, and HPRL-related symptoms, mainly irregular menstruation, amenorrhea, and sexual 
dysfunction, were present.

PGD significantly prevented further elevation of PRL and significantly improved sexual function in patients. This 
study is the first to assess the effect of PGD on HRPL-induced sexual function. In addition, we analyzed the effects of 
PGD on testosterone, luteinizing hormone, follicle-stimulating hormone, estradiol, and progesterone.

During the study, the PRL levels in the control group showed an upward trend, and at the 4th and 8th weeks, they 
were significantly higher than the PRL concentration in the experimental group (P<0.05). The difference between the two 
groups at the 4th and 8th weeks was statistically significant (P<0.05). There was no statistically significant difference in 
PRL concentration between the experimental group at the 4th or 8th week and the beginning of the experiment (P>0.05). 
This finding indicates that although the PRL levels of the experimental group patients did not increase significantly as in 
the control group, PGD did not significantly reduce the PRL levels of the experimental group patients.Therefore, PGD 
does not seem to have a substantial impact on PRL concentration.18,31 This difference is unlikely to be caused by changes 
in the formulation of PGD, as HPLC analysis confirmed that the current PGD formulation contains similar amounts of 
the main pharmacologically active ingredients as those used in previous studies.23 There are differences in the treatment 
regimens of antipsychotic drugs used among patients, and because fewer patients are using each regimen, this study did 
not analyze any relationship between treatment outcomes and different antipsychotic medicines or doses. Therefore, the 
heterogeneity of antipsychotic drugs may have an impact on the results. Currently, there is limited research on specific 

Table 4 ASEX Scores for Both Groups Before and After the Experiment

variables Baseline Week 8 Analysis of 

Covariance

Experimental 

Group (n = 30)

Control Group 

(n = 32)

Experimental 

Group (n = 28)

Control Group 

(n = 27)

F P

Score of the first question (sex drive) 3.88 ± 1.04 3.93 ± 1.23 2.67 ± 0.73 4.54 ± 0.84 98.990 <0.001

Score of the second question (sexual arousal) 3.69 ± 0.93 3.50 ± 1.04 2.44 ± 0.64 3.43 ± 0.96 27.270 <0.001

Score of the third question (vaginal lubrication (female) / 

penile erection (male))

4.09 ± 0.89 3.97 ± 0.999 2.78 ± 0.64 3.25 ± 0.59 9.447 0.003

Score of the fourth question (orgasmic ability) 4.88 ± 0.49 5.17 ± 0.79 4.93 ± 0.68 4.93 ± 0.60 0.840 0.364

Score of the fifth question (sexual satisfaction) 5.19 ± 0.74 5.53 ± 0.68 4.81 ± 0.88 4.89 ± 1.17 0.077 0.783

Total score 21.72 ± 3.02 22.10 ± 3.22 17.63 ± 2.06 21.04 ± 2.62 37.864 <0.001

Notes: There were no between-group differences for each variable at the baseline period; P is for between-group comparisons at week 8. Data given as mean ± standard deviation.
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antipsychotic drugs for PGD, and only a few studies have reported that PGD has some effect on hyperprolactinemia 
induced by risperidone, amisulpride, or olanzapine.18,32,33 Moreover, the effects of each antipsychotic drug on PRL are 
different, with varying proportions and durations of occupancy of dopamine receptors, and there is a clear dose- 
dependency between the release of PRL and the drugs.29,34 And in females, prolactin levels are closely related to the 
degree of inhibition of the hypothalamic-pituitary-gonadal axis.35 Therefore, it cannot be determined whether the effect 
of PGD on PRL is related to specific antipsychotic drugs, and further research is needed.

This study showed that PGD improved sexual function significantly, especially sexual drive, arousal, and vaginal 
lubrication (female)/penile erection (male). Existing studies have demonstrated that antipsychotic medications are 
primarily designed to treat psychotic symptoms by binding to and diminishing the function of dopamine receptors; the 
inhibition of dopamine receptors results in the deregulated release of prolactin, causing HPRL.36–39 Dopamine transporter 
protein (DAT) is involved in the physiological regulation of PRL, and DAT blockade inhibits PRL gene expression and 
secretion in female rats.40,41 In the present study, prolactin levels were not significantly improved, but patients’ sexual 
function was enhanced. So, PGD may improve sexual function through other pathways. Dopamine plays different roles 
in controlling sexual behavior through its neuronal system and receptor subtypes, and drug-induced increases or 
decreases in brain dopamine activity or physiological occurrence usually improve or worsen sexual activity, 
respectively.42–44 PGD enhances D2 receptors and dopamine transporter (DAT), significantly reverses DRD2 and DAT 
expression, and ameliorates olanzapine-induced hyperprolactinemia in rats by attenuating impairment of D2R and TGF- 
β1 signaling pathways in the hypothalamus and pituitary gland.17,23,30,31 Thus, a broad range of PGD effects may be vital 
to ameliorating the symptoms observed in hyperprolactinemia.

The remaining five sex hormones, namely, luteinizing hormone, testosterone, follicle-stimulating hormone, estradiol, 
and progesterone, did not show significant changes at the end of the study; however, previous experiments mentioned 
that PGD affected the concentration of progesterone and could keep progesterone level normal.31 However, most other 
experiments did not mention that PGD significantly affected these hormones.

This study was conducted for a total of 8 weeks. However, the therapeutic effect of PGD on HRPL did not meet our 
experimental expectations. The improvement of sexual dysfunction in many patients and the possible benefit to patients with 
menstrual disorders exceeded our expectations. Improving sexual function in patients indirectly suggests that PGD improves 
dopamine receptor function in humans.

Our study has several limitations. Firstly, the antipsychotic drugs used in this experiment were not uniform. The effect 
of each antipsychotic medication on PRL was different. Secondly, our research time is relatively short, only eight weeks. 
Therefore, in the follow-up study, the sample size should be increased, and the study period should be extended to 
improve the reliability of the experimental results.

Excessive doses of licorice-related preparations can lead to complications, such as hypokalemia or hypertension,45 but 
no patient experienced such adverse effects during treatment. However, it is also necessary to pay attention to the 
occurrence of adverse reactions during the process of use.

Conclusions
PGD effectively improves sexual function in patients with antipsychotic-induced schizophrenia. It may work against 
antipsychotic-induced HPRL, but the effect may be weak, only preventing further progression of HPRL. Its efficacy in 
HPRL needs further study, and the mechanism underlying its impact on HPRL needs further investigation.

Data Sharing Statement
The datasets used and/or analyzed in this study are available from the corresponding author on reasonable request.
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