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Background: Lactobacillus plantarum PS128 (PS128) is a specific probiotic, known as a psychobiotic, which has been demonstrated to alleviate motor deficits and inhibit neurodegenerative processes in Parkinson's disease (PD)-model mice. We hypothesize that it may also be beneficial to patients with PD based on the possible mechanism via the microbiome-gut-brain axis.

Methods: This is an open-label, single-arm, baseline-controlled trial. The eligible participants were scheduled to take 60 billion colony-forming units of PS128 once per night for 12 weeks. Clinical assessments were conducted using the Unified Parkinson's Disease Rating Scale (UPDRS), modified Hoehn and Yahr scale, and change in patient “ON-OFF” diary recording as primary outcome measures. The non-motor symptoms questionnaire, Beck depression inventory-II, patient assessment of constipation symptom, 39-item Parkinson's Disease Questionnaire (PDQ-39), and Patient Global Impression of Change (PGI-C) were assessed as secondary outcome measures.

Results: Twenty-five eligible patients (32% women) completed the study. The mean age was 61.84 ± 5.74 years (range, 52–72), mean disease duration was 10.12 ± 2.3 years (range, 5–14), and levodopa equivalent daily dosage was 1063.4 ± 209.5 mg/daily (range, 675–1,560). All patients remained on the same dosage of anti-parkinsonian and other drugs throughout the study. After 12 weeks of PS128 supplementation, the UPDRS motor scores improved significantly in both the OFF and ON states (p = 0.004 and p = 0.007, respectively). In addition, PS128 intervention significantly improved the duration of the ON period and OFF period as well as PDQ-39 values. However, no obvious effect of PS128 on non-motor symptoms of patients with PD was observed. Notably, the PGI-C scores improved in 17 patients (68%). PS128 intervention was also found to significantly reduce plasma myeloperoxidase and urine creatinine levels.

Conclusion: The present study demonstrated that PS128 supplementation for 12 weeks with constant anti-parkinsonian medication improved the UPDRS motor score and quality of life of PD patients. We suggest that PS128 could serve as a therapeutic adjuvant for the treatment of PD. In the future, placebo-controlled studies are needed to further support the efficacy of PS128 supplementation.

Clinical Trial Registration: https://clinicaltrials.gov/, identifier: NCT04389762.
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INTRODUCTION

Parkinson's disease (PD) is a neurodegenerative disorder associated with motor and non-motor symptoms (1). The prevalence of PD increases with age, and PD affects 1% of the population over 60 years (2). Dopaminergic medications are effective treatments for PD patients. However, there are several side effects of dopaminergic drugs such as motor fluctuations, dyskinesia, and other psychological behaviors (3). The key pathological features of PD include a selective loss of dopamine-producing neurons in the substantia nigra, a region in the midbrain, and the presence of Lewy bodies, which consist primarily of misfolded α-synuclein (4). For decades, scientists focused on the substantia nigra to study how the disease process actually begins; however, accumulating evidence suggests that in some patients, PD originates in the gut (5). Clinically, the non-motor symptoms, including gastrointestinal manifestations, often appear years before the motor symptoms and aggregates of α-synuclein have been found in enteric nerves of patients with PD (6). Enteroendocrine cells (EECs), which are sensory epithelial cells of the gut, are able to express α-synuclein and synapse with enteric nerves (7); patients undergoing vagotomy, a surgical procedure that removes all or part of the vagus nerve, have a reduced risk of developing PD (8). Furthermore, gut dysbiosis has been suggested to be a contributing factor to the pathophysiology of PD (1, 9). These findings also indicate possible uses of food-based treatments, including probiotics, for PD (10).

Probiotics are defined as live microorganisms, which when administered in adequate amounts confer a health benefit on the host (11). Specific probiotic strains, also known as psychobiotics, have been shown to confer beneficial effects on the brain via the microbiome-gut-brain axis (12, 13). Previous studies have reported a novel psychobiotic strain, Lactobacillus plantarum PS128 (PS128), which ameliorated abnormal behaviors and regulates both dopaminergic and serotonergic signaling in the brain of mice (14, 15). Oral administration of PS128 also modulated peripheral serotonin levels in rats (16), suggesting an interaction between PS128 and serotonin-producing EECs, which account for ~90% of the body's serotonin levels (17). Furthermore, PS128 ingestion alleviated motor deficits, nigrostriatal dopaminergic neuronal cell death, and striatal dopamine reduction in a PD mouse model (18), thus providing an insight into the use of PS128 as a potential treatment or add-on treatment alternative for patients with PD.

In previous clinical studies, PS128 has been reported to ameliorate behaviors in children with autism spectrum disorder (19) and improve physiological adaptation and performance in triathletes (20, 21). In this study, we aimed to investigate the add-on effect of PS128 supplementation for 12 weeks in patients with PD with an OFF period (the medication is not working well, and symptoms of PD have temporarily reappeared) longer than 3 h a day. Motor and non-motor symptoms, self-reported health status and quality of life, and metabolic parameters in the blood and urine of the patients were measured before and after PS128 intervention and were compared to each other.



METHODS


Participants and Study Design

The present study was conducted as an open-label, single-arm, baseline-controlled trial to evaluate the effects of PS128 supplementation on PD. The inclusion criteria were: (i) diagnosis of idiopathic PD, (ii) according to the record of ON/OFF diary for 3 consecutive days, the patient's daily OFF periods were more than 3 h a day, and (iii) age 40–80 years. The exclusion criteria were: (i) use of antibiotics within the preceding 1 month, (ii) use of other probiotic products (in the form of sachet, capsule, or tablet) within the preceding 2 weeks, (iii) previous surgery on the liver, bladder, or gastrointestinal tract, (iv) history of inflammatory bowel disease or cancer, (v) known allergy to probiotics, (vi) comorbid dementia (Mini-Mental State Examination [MMSE] score ≤ 26) or major depression (Beck Depression Inventory-II [BDI-II] score ≥ 29), (vii) history of deep brain stimulation, and (viii) ongoing artificial enteral or intravenous nutrition. In this study, 26 eligible subjects were enrolled, 25 completed the trial, and 1 dropped out due to personal reason (withdrew consent) (Figure 1). At the first screening visit, the principal investigator (PI) would arrange the interview with subjects to ensure whether he/she had experienced any differences in his/her symptoms between levodopa doses. For some patients, ON/OFF fluctuations were somewhat predictable but the symptoms experienced each time still varied. Once the PI confirmed that the subjects understood what ON/OFF meant and felt like, the PI would teach them how to fill out a symptom diary. Subjects had the chance to practice for 3 days, and once the diary was recorded correctly and properly, a new diary would be given to the subjects to record for 7 days. All patients were administered two capsules containing PS128 (30 billion colony-forming units per capsule) daily for 12 weeks. PS128 is a food supplement approved by the Taiwan Food and Drug Administration, and toxicological assessments have indicated that PS128 is safe for human supplementation (22). Compliance rate was assessed by counting the remaining capsules.


[image: Figure 1]
FIGURE 1. Study flow diagram.


The study design followed the guidelines laid down in the Declaration of Helsinki and all procedures were conducted by trained testers at the Professor Lu Neurological Clinic, with approval by the Institutional Review Board of Antai Medical Care Cooperation, Antai Tian-Sheng Memorial Hospital (TSMH IRB No./Protocol No: 18-130-A). Written informed consent was obtained from all subjects.



Assessment of Outcomes

In this study, the primary measurements were the Unified Parkinson's Disease Rating Scale part III (UPDRS-III) motor scores and changes in patient's “ON-OFF” diary recordings, and modified Hoehn and Yahr scale (mHYS). The secondary measurements were the 39-item Parkinson's Disease Questionnaire (PDQ-39), Non-Motor Symptoms Scale (NMSS), BDI-II, patient assessment of constipation symptoms (PAC-SYM), Patient Global Impression of Change (PGI-C), and other metabolic profiles. All clinical assessments were performed after 12 h of overnight withdrawal from antiparkinsonian medications (24 h of withdrawal was needed if the participants were taking prolonged release dopaminergic agonists). Therefore, UPDRS-III and mHYS were scored in the OFF state the next morning as well as the metabolic profiles. Then, the medications were self-administered by each patient before the secondary measurements. The UPDRS, mHYS, PDQ-39, NMSS, BDI-II, PAC-SYM, and PGI-C were scored 40–60 min later in the patients' best ON state. For safety assessment, physical and neurological examinations were performed to evaluate the overall health of the subjects at weeks 0 and 12. In addition, all subjects were actively monitored for the occurrence of adverse events by telephone at least once per week.



Biochemical Measurements

A blood sample of 15 mL and a urine sample of 10 mL were collected at weeks 0 and 12. The serum high-sensitivity C-reactive protein level was determined by turbidimetric immunoassay (23). The plasma myeloperoxidase (MPO) and urinary 8-hydroxy-2'-deoxyguanosine were measured by enzyme-linked immunosorbent assay. The plasma glutathione peroxidase and total antioxidant capacity were measured by Ransel test kits (Randox Laboratories Ltd., UK) and ferric-reducing ability (24), respectively. The urinary creatinine (CRE) level was determined by MeDiPro creatinine test. All procedures were performed according to the manufacturer's instructions.



Statistical Methods

All statistical analyses were analyzed using SPSS software (Version 22.0. Armonk, NY: IBM Corp.). Descriptive statistics were reported as the mean ± standard deviation (SD). The sign rank test was applied to the ordinal scale when a significant difference was detected. This test was applied to compare measures of total UPDRS, UPDRS-I, UPDRS-II, UPDRS-III, UPDRS-IV, tremor subscores, rigidity subscores, akinesia subscores, postural instability gait disorder (PIGD) subscores, mHYS, diary recordings, PDQ-39, BDI-II, and PAC-SYM between baseline (V0) and post-12 weeks (V1). The calculation of effect size is (Chohn's d) = mean of change/SD. The chi-square test applied to the nominal scale when a significant difference was detected of NMSS. The differences of metabolic parameters between baseline and probiotics intervention were determined by paired student t-test. The data were reported as mean ± SDs. Statistical significance was determined as p < 0.05.




RESULTS


Baseline Characteristics

Table 1 presents the clinical and baseline demographic data of the patients. As shown in Figure 1, 25 eligible participants (eight female participants) completed the study. The age of subjects was 61.84 ± 5.74 years (range: 52–72 years), and the age at onset was 51.72 ± 6.59 years (range: 40–65 years). The duration of disease was 10.12 ± 2.3 years (range: 5–14 years). The MMSE score was 28.84 ± 1.68 (range: 25–30) and their levodopa equivalent daily dosage was 1063.4 ± 209.5 mg/daily (range: 675–1,560 mg/daily). All participants remained on the same dosage of anti-parkinsonian and other drugs throughout the study. All tested capsules were used by the patients during the intervention leading to a high compliance rate in this study.


Table 1. Demographic characteristics of the patients with PD.
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Primary Outcomes

As shown in Table 2, in the OFF state, administration of PS128 significantly decreased UPDRS motor scores (−3.08 ± 4.41, p = 0.004) and akinesia subscores (−1.96 ± 3.01, p = 0.012). In addition, a trend toward a greater reduction in rigidity subscores (−0.60 ± 1.35, p = 0.057) was observed after PS128 intervention. However, PS128 supplementation did not indicate any significant impact on tremor, rigidity, PIGD subscores, or mHYS. In the ON state, PS128 significantly reduced UPDRS motor scores (−2.56 ± 5.36, p = 0.007) and total UPDRS scores (−3.76 ± 6.04, p = 0.003), while the other scores did not improve. As shown in Table 3, PS128 intervention not only significantly reduced the duration of the OFF period (−0.80 ± 1.85, p = 0.04), but also significantly increased the duration of the ON period (0.84 ± 1.86, p = 0.031).


Table 2. The OFF- and ON-states of the unified Parkinson's disease rating scale of patients with PD at baseline and after 12 weeks of intervention.
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Table 3. Diary recordings of ON and OFF durations in patients with PD at baseline and after 12 weeks of intervention.
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Secondary Outcomes

Comparing PDQ-39 values of patients with PD, the single index score significantly reduced after the 12-week intervention (−5.68 ± 8.55, p = 0.031) (Table 4), as well as mobility (−6.1 ± 12.73, p = 0.049), activities of daily living (−6.5 ± 11.85, p = 0.039), stigma (−8.75 ± 16.73, p = 0.039), and cognition (−6.75 ± 11.11, p = 0.021) dimensions. After 12 weeks of PS128 administration, the NMSS of none of the patients with PD improved significantly (Table 5). Most of the patients with PD expressed satisfaction with the PS128 intervention, and the PGI-C scores improved in 17 patients (68%) (Table 6). In addition, no adverse events related to PS128 intervention were found by the safety assessment.


Table 4. The 39-item Parkinson's disease questionnaire of patients with PD at baseline and after 12 weeks of intervention.
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Table 5. The non-motor symptoms of patients with PD at baseline and after 12 weeks of intervention.
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Table 6. The PS128 intervention improves patient global impression of change scores.
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Changes in Metabolic Parameters

Consumption of PS128 significantly reduced the level of plasma MPO (p < 0.01) (Figure 2). PS128 intervention also decreased the urinary CRE levels (p = 0.03) (Figure 2). There was no statistical difference in other metabolic parameters after PS128 intervention.


[image: Figure 2]
FIGURE 2. The effect of PS128 intervention on metabolic parameters of (A) hs-CRP, (B) MPO, (C) TAC, (D) GPx, (E) 8-OHdG, and (F) CRE. *p < 0.05; **p < 0.01 as compared to baseline (V0). Mean ± SD; P, Obtained from paired t test; hs-CRP, high-sensitivity C-reactive protein; MPO, myeloperoxidase; TAC, total antioxidant capacity; GPx, glutathione peroxidase; 8-OHdG, 8-hydroxy-2'-deoxyguanosine; CRE, creatinine.





DISCUSSION

To our knowledge, this study is the first to report that a single strain probiotic can improve the UPDRS motor score of patients with PD in both the OFF and ON states. The UPDRS motor score decreased by 3.08 (11.3% improvement, 3.08/27.16) in the OFF state and 2.56 (14.6% improvement, 2.56/17.56) in the ON state (Table 2). Akinesia is related to dysfunction of automaticity and can affect almost all activities of daily life (25, 26). Thus, akinesia is one of most distressing motor disturbances experienced by patients with PD. In this study, the akinesia subscore decreased by 1.96 (16.8% improvement, 1.96/11.64) in the OFF state (Table 2). In agreement with the results from the akinesia subscore in the OFF state (Table 2), the activities of daily living dimension of the PDQ-39 (Table 4) was significantly improved by PS128 intervention. The PDQ-39 value suggested that the quality of life of patients with PD was less affected by disability. Moreover, the activities of daily living dimension of the PDQ-39 indicates the limitations in activities of daily living such as washing oneself, dressing oneself, and writing. In addition, the diary recording data suggested the add-on effect of PS128 in patients with PD by prolonging the ON period and decreasing the OFF period (Table 3). The above data suggested that PS128 intervention had add-on effects by improving the quality of life of patients with PD. The evidence for the effects of probiotics on ameliorating PD remains limited. The majority of probiotics research on patients with PD has been performed using a mixture of probiotics and have investigated the effect of gastrointestinal functions. It has been found that the consumption of a mixture of probiotics resulted in a reduced score on the UPDRS (27). Another clinical study reported that supplementation of a mixture of probiotics ameliorated inflammation in patients with PD (28). In addition, three studies demonstrated that treatment with a mixture of probiotics or fermented milk containing probiotics resulted in improved abdominal pain, bloating, and constipation, respectively (29–31).

MPO is a peroxidase enzyme that can produce reactive oxygen and nitrogen species (32). It has been reported that ablation of MPO can reduce neurodegeneration in PD-model mice (33). Recently, Makia et al. reported that MPO plays a crucial role in the aggregation of α-synuclein and deterioration of motor impairment (34). In addition, several studies have suggested that MPO inhibitors can be therapeutic in neurodegenerative diseases (35–38). It has been reported that PS128 intervention not only significantly improves motor impairment but can also restore the survival of dopaminergic neurons in the substantia nigra and striatum of PD-model mice (18). The immune system plays an important role in the pathophysiology of PD (39). In comparison with healthy subjects, hyperactivation of microglial cells and induction of microglia-derived cytokines were found in the patients with PD (40–42). Notably, administration of PS128 ameliorated neuroinflammation, increased antioxidant activity, and enhanced levels of neurotrophic factor in PD-model mice (18).

More than 30% of patients with PD suffer from gastrointestinal symptoms (43). Gastrointestinal problems such as constipation and delayed gastric emptying are frequently observed in patients with PD (44). However, we did not observe a significant improvement in NMSS and PAC-SYM in patients with PD after a 12-week intervention with PS128 (Table 5). It is possible that all subjects remained on their gastrointestinal-related drugs, including magnesium oxide, bisacodyl, and sennoside A+B calcium, throughout the study (Supplementary Table 1). The effect of PS128 on gastrointestinal symptoms requires further study.

Emerging evidence shows that misfolded α-synuclein seems to appear in the EECs and enteric nerves first, and then in the brain (45–47). Experimentally, α-synuclein can be spread from the gut to brain via the vagus nerve, resulting in the loss of dopaminergic neurons in the substantia nigra (6, 48). Besides, a previous study has reported that oral administration of PS128 to rats increased the level of peripheral serotonin produced by EECs (16, 17), suggesting that there is an interaction between PS128 and EECs. Therefore, it is possible that PS128 regulates the production of α-synuclein in the EECs and enteric nerves, thereby alleviating the progression of PD, and the possibility remains to be studied.

There are a few limitations to the present study. Firstly, this study is an open-label trial rather than placebo-controlled, blinded, or randomized study. Therefore, follow-up large-scale, randomized controlled studies are needed to determine the efficacy of PS128 in patients with PD at different stages. Secondly, the effect of PS128 on the gut microbiome was not evaluated in this pilot study. Emerging evidence has demonstrated that the gut microbiome plays an important role in development and maintenance of human physiology (1, 49, 50). Recently, alteration of the gut microbiome composition in patients with PD has been found (51–53). These changes are considered to induce the loss of dopaminergic neurons by triggering inflammation, reduce levels of neuroprotective factors, and produce neurotoxins into the systemic circulation (1). However, whether a specific microbial species regulates the pathophysiology of PD remains a controversial issue. Whether PS128 affects the symptoms of PD via modulation of the gut microbiome warrants further investigation.



CONCLUSION

In summary, the present study demonstrated that supplementation with PS128 for 12 weeks significantly improved the UPDRS motor scores in both the OFF and ON states, the duration of the ON period, and the quality of life of patients with PD. This pilot study suggests that PS128 could be considered as a therapeutic adjuvant for the treatment of PD. Further studies are required to determine the role of PS128 on inflammatory/metabolic parameters and the gut microbiome in regulating PD.
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