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ABSTRACT

Background and objective: The fruit of Mauritia flexuosa (moriche palm), which is known as “Aguaje,” has been
used for beverages and processed foods. Recently, we found that several methoxyflavans are contained in the
fruit and they exhibit estrogenic activities. Therefore, moriche palm extract (MPE) may function as a
phytoestrogen and improve the symptoms induced by estrogen deficiency. However, the clinical effects of MPE
on females has not yet been reported. We conducted a clinical trial of MPE on undefined complaints related to

premenstrual syndrome (PMS) in healthy Japanese females.
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Methods: This randomized,
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in the study. All subjects were

randomly allocated into either the MPE (100 mg) group (n=22) or the placebo group (n=22) using a computerized
random-number generator. Capsules containing either MPE (100 mg) or placebo were administered for 8 weeks
between October and December in 2018. The severity of uncertain complaints and emotional status were
evaluated using the Japanese version of the menstrual distress questionnaire (MDQ) as a primary outcome, and
Medical Outcomes Study Short-Form 36-Item Health (SF-36) questionnaire at 4 and 8 weeks of ingestion. Blood,

urine, and body parameters were also evaluated.

Results: Forty-three subjects completed the trial, and the per protocol set comprised 21 subjects in the MPE (100
mg) group and 22 subjects in the placebo group. After ingesting MPE for 4 weeks, arousal in the premenstrual
period significantly improved in the MPE (100 mg) group. After 8 weeks, the summary score, water retention,
impaired concentration and control during menstrual period significantly improved in the MPE (100 mg) group.
Contrarily, among SF-36 domain scores, significant ameliorating effects of MPE were not observed compared with

those of the placebo group. Laboratory tests revealed no abnormalities suggesting adverse effects of MPE.

Conclusions: MPE (100 mg/day for 8 weeks) improved several indefinite complaint parameters related to

mensuration. MPE was suggested to be useful for improving anxiety related to PMS.

Keywords: Menstrual distress questionnaire; SF-36 questionnaire; moriche palm; methoxyflavan; indefinite

complaint
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BACKGROUND orange because it contains carotenoids. The taste is like
The fruit of Mauritia flexuosa (moriche palm) is a steamed sweet potato. The fruit paste diluted with
cultivated in the Amazonian area of Peru and Brazil. The water is a popular beverage in the region. The fruit is
oval fruit is covered with a scaly dark red peel and also used for processed foods such as popsicles, cooking

contains a large seed. The edible part is yellow to oil, and dietary supplements. It is called “Aguaje” in
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Peru, and is said to enlarge the breasts and is
considered to contain phytoestrogens. However, the
active phytoestrogen has not been identified. Recently,
we found that methoxyflavans, including 5,4'-
dihydroxy-7-methoxy-6-methylflavan, in moriche palms
exhibit estrogenic activity and hypothesized that
compounds are involved in the breast enlargement
effects of moriche palm. There are several reports of
methoxyflavans isolated from palm plants such as sago
palms [1] and Chinese dragon’s blood [2]. On the other
hand, diverse biological effects of methoxyflavans have
been reported, including osteogenic [3], anti-
inflammatory [4, 5], anti-androgenic [6], lipase
inhibitory [7] and nitric oxide inhibitory activities [8].
Among them, osteogenic and anti-androgenic effects of
methoxyflavans [3, 6] suggested that the moriche palm
containing methoxyflavans exhibits estrogenic activity
via phytoestrogens.

One of the important effects of phytoestrogens is
the improvement of female-specific symptoms caused
by estrogen deficiency in the premenstrual period
(PMS) [9] and postmenopausal period [10]. Soy
isoflavones and a metabolite of daidzein, (S)-equol,
reduced the risk of cardiovascular disease [11],
osteoporosis [10,12] and anxiety [13] in premenopausal
women. Although there are few reports of soy
isoflavones in young women, it ameliorates physical
premenstrual syndromes such as headaches and breast
tenderness [14]. In addition, traditionally used
medicinal herbs, such as fennel seeds [15], roots of
Pueraria candollei var. mirifica [16], grape-derived
resveratrol [17] and fenugreek seeds [18], for symptoms
in the menopausal period were confirmed to be
effective for unidentified female complaints.

Based on these reports and moriche palms

containing methoxyflavans as phytoestrogen, it was

predicted that moriche palm extract (MPE) can
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ameliorate symptoms caused by estrogen deficiency.
Therefore, a clinical trial was conducted using healthy

Japanese adults to investigate this possibility.

MATERIALS AND METHODS

Identification and evaluation of estrogenic compound
in MPE: Dried moriche palm fruit pulp was obtained
from Peru through Ajuto Inc. (Tokyo, Japan). The
powdered pulp (100 kg) was extracted with mixture of
n-hexane: EtOH (9:1, 400 L) at 40°C for 2 hr and the
solvent was evaporated. Obtained extract (6.2 kg, yield:
6.2%) as moriche palm extract (MPE).

For isolation of 5,7-dihydroxy-4'-methoxy-6-
methylflavan, moriche palm oil (Mcassab comércio
Eindustria Ltda, Brazil, 5 kg) was diluted in n-hexane (10
kg) and added 70% EtOH (10 kg). The mixture was mixed
and portioned to obtain the lower layer. Then, 70%
EtOH (10 kg) was added to n-hexane layer and the
portion procedure was repeated. The obtained aqueous
EtOH (lower) layer was evaporated to obtain aqueous
EtOH portion (3.75 g). The portion was separated by
flash silica gel column chromatography (ODS 2L,
Yamazen Co. Ltd., Osaka, Japan) with mixture of
acetone: MeOH: H,0 (3: 3: 4). Flow late was 15 mL/min
and detection wavelength was 210 nm to obtain
fraction (Fr). 1 (374 mf), Fr. 2 (478 mg), Fr. 3 (884 mg)
and Fr. 4 (1.87 g). Fr. 2 was repeatedly purified by HPLC
(Inertsil Ph-3, 20¢x 250 mm, GL Science Co. Inc., Tokyo,
Japan) with mixture of acetone: MeOH: H20 (3: 3: 4) to
obtain 5,7-dihydroxy-4'-methoxy-6-methylflavan (38.4
mg). The chemical structure was determined by *H- and
13C-NMR spectra with the referenced values listed in the
previous report [2].

Estrogenic activity was evaluated by MCF-7
proliferation assay [19]. Sub-cultured MCF-7 cells (2,000
cells/100 uL) were suspended in phenol red-free D-

MEM containing 5% charcoal/dextran-treated FBS and
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penicillin (100 units/ml) and streptomycin (100 pg/ml)
mixture, seeded into a 96-well culture plate, and
incubated for 24 hr. Then, a test sample solution
dissolved in dimethyl sulfoxide (DMSO) and diluted in
medium (11 uL) was added to the wells and the cells
were cultured for 4 days. Subsequently, MTT solution (5
mg/mL in PBS) was added (10 uL) and incubation was
continued for 4 hr. After removing the medium, 40 mM
HCl in isopropanol (100 plL) was added to dissolve the
formazan product and absorbance of the formazan
solution was measured with at 570 nm referenced at

660 nm.

Participants and grouping: All subjects were recruited
between July 20" and September 8%, 2018 through the
Go106 website (https://www.go106.jp/) operated by
ORTHOMEDICO Inc. (Tokyo, Japan). The inclusion
criteria were healthy Japanese female adults with
indefinite complaints in the premenstrual and during
menstrual periods. Exclusion criteria were as follows:

1) Current or previous cancer, heart failure, or

myocardial infarction.

2) Current treatment for arrhythmia, hepatitis,
nephritis, rheumatoid arthritis, cerebrovascular
disease, diabetes, hyperlipidemia, hypertension, or
other chronic diseases.

3) Diagnosed PMS or premenstrual dysphoric
disorder (PMDD).

4) Current use of medications or dietary supplements.

5) Menopausal women.

6) Subjects with allergic reactions to foods related to
moriche palms or medicines.

lactation  or

7) Pregnancy, expected/planned

pregnancy during the study period.
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8) Subjects currently participating in another clinical
trial or who had participated within the previous 3
months.

9) Subjects determined to be inappropriate for the
study for other reasons by the attending physician.

10) Having counseling or psychotherapy.

11) Taking hormonal therapy.

12) Diagnosed or previously diagnosed with psychiatric

disorders.

Forty-four subjects with relatively high total
scores on the menstrual distress questionnaire (MDQ)
[20] were selected after they were confirmed to be
suitable for the study by a physician (Fig. 1). The
subjects were asked to avoid excessive eating and
drinking, and were requested to maintain a regular
lifestyle during the study period. One day before testing,
subjects were required to avoid excessive drinking of
alcohol and strenuous exercise, and they fasted for 6
hours; water intake was allowed; prior to blood
collection.

The sample size (number of subjects) was
determined based on the following: The number of
subjects was designed under the assumption that the
effect size (d) due to the effects of the intervention of
this study on the MDQ total score was 0.9. As the
number of subjects per group was 20 when the
significance level (a) was 5% and the detection power
(1-8) was 80%, the target number of subjects was 40.
The dropout rate during participation in the study was
expected to be approximately 10%, and it was decided
to increase the number of participants by 2 in each
group, and the number of subjects to be included was

44,
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Figure 1. Flowchart showing the characteristics of the subjects.

Preparation and allocation of test samples: The test
samples (indistinguishable brown capsules containing
either MPE or placebo) were provided by Oryza Qil &
Fat Chemical Co., Ltd. as hard capsules. The MPE
capsules contained 50 mg of Aguaje Extract
(standardized moriche palm extract containing 20 ug/g
of 5,4’-dihydroxy-17'-methoxy-6-methylflavan) and 50
mg of dextrin. Aguaje Extract consisted of 99% MPE and
1% mixed tocopherols. The placebo capsules contained
100 mg of dextrin and 0.5 mg of mixed tocopherols. The
contents of 5,4'-dihydroxy-7-methoxy-6-methylflavan
were determined by HPLC using purified 5,4'-dihydroxy-
7-methoxy-6-methylflavan as a standard. Namely, MPE
or a standard sample was dissolved in MeOH and
quantified by HPLC using the following conditions.
Develosil C30-UG 5 (¢4.6 mmx150 mm, Nomura

Chemical Co. Ltd., Seto, Japan) and UV detector 210nm)

were used. Flow late was fixed at 1.0 mL/min and 60

(v/v) % MeOH was used for solvent. Column
temperature was set to 30°C.

An allocation controller ordered test capsules
according to the provided identification numbers using
Statlight #11 (Ver. 2.10, Yukms Inc.). Then, test capsules
were allocated by class randomization to equalize the
allocation ratio. Allocation was required in order for the
means and standard deviation (SD) of MDQ scores and
ages to not differ between groups. Information about
allocation was strictly protected by third-party study
allocation controllers not directly involved in the study,
and this information was not disclosed to any other
party until the subjects for analysis were determined at

a clinical conference after study completion.
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Study protocol: This randomized, placebo-controlled,
double-blind, parallel-group study was carried out at
Takara Clinic (Medical Corporation Seishinkai, Tokyo,
Japan), and statistical analysis was performed by
ORTHOMEDICO Inc. The protocol was registered in the
University Hospital Medical Information Network
Clinical Trials Registry (UMIN0000334445). Subjects
took two appropriate capsules (either MPE or placebo)
daily after breakfast for 8 weeks. All subjects recorded

a daily report, including capsule ingestion, body
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The following items were examined at baseline,
and at 4 and 8 weeks after intake. For primary
outcomes, MDQ (Table 1) was used to assess the
primary outcomes during, before, and after menstrual
periods, and was completed before treatment, and
after 4 and 8 weeks of intake. The answers to the
guestionnaire were categorized into 5 grades; 0: no
experience of symptoms, 1: present (mild), 2: present
(moderate), 3: present (strong), and 4: present (severe).

All scores were treated to calculate upper scale scores

temperature, and menstruation, and answered a in MDQ.
questionnaire.
Table 1. Factors included in MDQ
Upper scale Upper scale
Pain Muscle stiffness Impair concentration  Insomnia
Headache Forgetfulness
Cramps Confusion
Backache Poor judgement
Fatigue Difficulty
concentrating
General aches and pains Distractible

Weight gain
Skin blemish or disorder

Water retention

Painful or tender

Minor accidents
Reduced motor
coordination

Behavioral change Lowered school or

Feeling sad or blue
Restlessness

breasts work performance
Swelling (breasts, Taking naps, stay in
abdomen) bed
Autonomic Dizziness, faintness Stay at home
reactions Cold sweats Avoid social activities
Swelling Decreased efficiency
Weight gain Arousal Affectionate
Negative affect Loneliness Orderliness
Anxiety Excitement
Mood swings Feelings of well-being
Crying Bursts of energy,
activity
Irritability Control Feeling of suffocation
Tension Chest pains

Ringing in the ears
Heart pounding
Numbness, tingling
Blind spots, fuzzy
vision
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The SF-36 Health Survey was used to assess the
secondary outcomes, and was completed before
treatment, and after 4 and 8 weeks of intake. Answer
sheets were processed according to the manual [21],
and scores from O to 100 were calculated for the
domains of physical functioning, role-physical, bodily
pain, general social

health perception, vitality,

functioning, role-emotional, and mental health.
Furthermore, these categories were divided into
physical (PCS), mental

component  summary

component summary (MCS), and role/social
component summary (RCS), and calculated. A higher

value indicates a better health condition.

Laboratory tests: Blood and urine samples were
analyzed by LSI Medience Corporation (Tokyo, Japan).
All items were examined at baseline, and at 4 and 8
weeks after intake. A venous blood sample was
collected from an arm vein and the following tests were
performed for safety assessment.

Hematology components were as follows: red
blood cell count,

leukocyte count, hemoglobin,

hematocrit, platelet count, Ilymphocyte count,
monocyte count, eosinophil count, and basophil count.
Biochemical components were as follows: progesterone,
estradiol, total protein, total bilirubin, urea nitrogen,
creatinine, uric acid, total cholesterol, low-density
lipoprotein (LDL) cholesterol, high-density lipoprotein
(HDL) cholesterol, triglyceride, hemoglobin (Hb) Alc,
blood glucose, amylase, creatine kinase (CK), aspartate
aminotransferase (AST), alanine transaminase (ALT), y-
glutamyltransferase (y-GTP), alkaline phosphatase
(ALP), lactate dehydrogenase (LDH), Na, K, Cl, Ca, Fe,
and leucine aminopeptidase (LAP).

In addition, urine samples were collected for
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qualitative evaluation, including protein, glucose,
urobilinogen, bilirubin, ketone bodies, pH, and occult

blood.

Ethics, adherence, and compliance: This study was
performed according to the Declaration of Helsinki
(2013 revision) and was carried out in conformity with
ethical considerations. This protocol was approved by
the ethics committee of Takara Clinic (Medical
Corporation Seishinkai, Tokyo, Japan) on September
11th, 2018 (Approved ID: 1807-1803-0Z02-03-TC), and
substantial deviation from the protocol required
authorization by the committee. All subjects received a
full explanation of the protocol and purpose of the
study before consenting to participate. No subject was
part of the sponsoring or funding companies.

Statistical analysis:

Estrogenic activity of 5,4'-

dihydroxy-7-methoxy-6-methylflavan was indicated
mean and S.E. For statistical analysis, one-way analysis
of variance (ANOVA) was performed, followed by
Dunnett’s test. The calculated MDQ and SF-36 scores
are reported as the mean and SD. Two-way repeated
measures ANCOVA or ANOVA followed by post hoc
analysis was performed to detect significant differences
between the two groups. Results of physical
examination and blood tests were reported as the mean
and SD. The Student’s t-test was used to evaluate the
significance of differences between before and after
ingestion of the test sample. The y2-test was used for
urinalysis parameters, with normal and abnormal
values being coded as “1” and “0”, respectively. We set
the significance level at 5% with no adjustment for

multiple comparisons. SPSS (Ver. 23.0, Japan IBM) or

Microsoft Excel 2013 was used for statistical evaluation.
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RESULTS

Estrogenic acitivity of 5,4'-dihydroxy-7-methoxy-6- proliferaton assay, the compound promoted cell
methylflavan: We identified 5,4'-dihydroxy-7- proliferation at 0.1 to 1 pg/mL(Figure 2B). Thus 5,4'-
methoxy-6-methylflavan as a candidate of dihydroxy-7-methoxy-6-methylflavan was found to be

phytoestrogen (Figure 2A). As a result of MCF-7 phytoestrogen in MPE.

A) 5,4'-dihydroxy-7-methoxy- B) MCF-7 proliferation
6-methylflavan

160
150 o
=140 **
130
120 *z
110
< 100
90
80
0.01 0.1 1

Concentration (upg/mL)

Cell proliferation
% of control

Figure 2. Estrogenic compound in MPE.
A) Chemical structure of 5,4'-dihydroxy-7-methoxy-6-methylflavan. B) Proliferative effect of 5,4'-dihydroxy-7-methoxy-6-
methylflavan in MCF-7. Each value represents mean with the S.E (n=8). Asterisks denote significant differences from sample free

group at **: p<0.01.
Table 2. Profile of the participants.

Baseline 8w
MPE Placebo MPE Placebo

Age 35.217.1 34.7+5.9

Height (cm) 160.916.7 160.215.2

Body weight (kg) 53.9+£10.1 52.0£5.3 54.3£10.6 52.646.2
BMI (kg/m?) 20.74£3.0 20.3£1.7 20.9£3.2 20.5£2.0
Body fat ratio (%) 23.0¢5.5 22.5+3.9 22.8+5.9 21.6x4.3
Systolic blood pressure 104.1+8.9 106.5+11.3 105.5+10.1 106.7+8.8
(mmHg)

Diastolic blood pressure 64.216.6 65.318.6 65.5+5.8 66.418.7
(mmHg)

Pals rate (bpm) 71.7£9.9 69.8+9.4 70.9£10.9 69.31£9.5
Body temperature (°C) 36.310.3 36.4t0.4 36.5+0.2* 36.4+0.3

Data is represented as the mean +SD (n=21 for MPE and n=22 for placebo). An asterisk denotes a significant

difference from placebo at p<0.05.
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Study performance: The study was performed
between October 1%, 2018 and December 28", 2018.
During the study period, one subject in the MPE group
was unable to track the study for personal reasons (Fig.

1), and was excluded from the analysis in the MPE group.
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Accordingly, 21 subjects (35.2 * 7.1 years) were
available for analysis in the MPE group, whereas 22

subjects (34.7 + 5.9 years) were available for the
placebo group. The physical profile of the subjects

included in analysis are shown in Table 2.

Table 3. Change of MDQ parameters during the menstrual period (most recent flow).

Baseline 4 W 8W
MPE Placebo MPE Placebo MPE Placebo
Summary score 84.4+29.8 83.4+27.1 61.4+30.4 61.5+25.3 48.2+19.9* 64.7+27.1
(-23.0£31.4)  (-21.9431.0) (-36.2+23.5)*  (-18.7431.3)
Pain 14.6+£3.5 14.0£4.3 11.4+4.7 10.3£3.6 9.745.5 11.2+4.3
(-3.2%4.6) (-3.745.3) (-5.0%4.8) (-2.8%4.8)
Water retention 9.21+3.4 9.013.6 6.9+3.3 7.4+3.8 5.0+3.1%* 7.4+3.9
(-2.3+2.9) (-1.6%3.5) (-4.242.9)* (-1.6%4.0)
Autonomic
5.414.2 5.7£3.4 4.1+3.1 3.7£2.8 2.811.9 3.812.9
reaction
(-8.8%£27.9) (-14.2+23.0) (-2.6%3.7) (-1.943.5)
Negative affect 19.618.0 19.616.8 13.748.9 13.8¢7.0 10.446.6 13.615.7
(-14.0+24.4)  (-14.5+18.7) (-9.1%7.9) (-6.0£8.0)
Impair
16.318.4 16.2+8.7 10.74£8.6 12.447.3 9.2+6.9* 12.846.6
concentration
(-23.6£37.3)  (-15.5+35.4) (-7.146.2) (-3.418.6)
Behavioral change 11.0+5.4 10.8+4.8 7.945.2 6.7+4.1 5.5#3.1 7.5%5.5
(-15.1+29.8)  (-20.3+23.5) (-5.5%4.6) (-3.3%5.2)
Arousal 4.1+3.6 49+3.8 3.6+2.8 5.0+3.3 4243.4 5.3+3.4
(-2.3+14.9) (0.4+21.0) (0.1£3.2) (0.5%3.7)
Control 4.2+4.5 3.4+3.5 3.0+4.1 2.3+2.8 1.3+2.5% 3.1+3.8
(-8.2133.4) (-7.0£21.0) (-2.945.0)* (-0.213.6)

Actual scores and changes from baseline (in parenthesis) are represented as the mean and SD (n=21 for MPE and n=22 for

placebo). An asterisk indicates a significant difference from placebo at p<0.05.
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Table 4. Change in MDQ parameters in the premenstrual period (4 days before menstrual period).

Baseline 4 W
MPE Placebo MPE Placebo MPE Placebo
Summary score 79.7+24.2 79.8+23.0 54.8+28.3 62.2+27.5 41.8+28.3 53.3127.2
(-25.0+31.7) (-17.6%33.0) (-37.6%32.8) (-26.5+34.9)
Pain 11.5¢4.5 11.6+4.7 8.5%4.1 10.1+4.3 6.1+4.3 8.714.8
(-3.046.4) (-1.5%4.4) (-5.446.2) (-2.946.3)
Water retention 8.613.2 9.7+4.0 6.913.6 7.0£4.3 5.0+3.9 6.8%4.4
(-1.743.5) (-2.6%3.8) (-3.6%5.1) (-2.9%4.9)
Autonomic reaction 4.8+4.2 4,5£3.1 3.6%2.7 3.1+£2.2 2.5+2.4 2.612.1
(-1.244.5) (-1.5%3.2) (-2.3%4.6) (-1.943.4)
Negative affect 20.5+6.6 20.7+6.2 13.448.7 14.2+7.1 9.9+8.4 11.9+6.5
(-7.049.4) (-6.5%7.6) (-10.6%9.3) (-8.8%8.7)
Impair
15.51£7.6 15.617.4 9.718.0 12.817.7 7.617.6 10.6+6.1
concentration
(-5.8%8.0) (-2.849.5) (-8.0%£7.9) (-5.0%8.4)
Behavioral change 10.5%£5.0 9.814.4 6.7t4.6 6.914.4 4.4+4.5 5.0+3.8
(-3.816.3) (-2.945.5) (-6.145.9) (-4.8%5.7)
Arousal 4.5+4.0 4.6+3.7 3.4+3.0%* 5.443.6 5.4+3.4 5.0+3.4
(-1.143.4)* (0.7+4.7) (0.9+4.1) (0.4+4.3)
Control 3.913.6 3.313.1 2.613.5 2.7+2.7 1.0+2.4* 2.843.6
(-1.3%4.6) (-0.6%3.2) (-2.9%4.2) (-0.5%3.4)

Actual scores and changes from baseline (in parenthesis) are represented as the mean and SD (n=21 for MPE and n=22 for placebo).

An asterisk indicates a significant difference from placebo at *: p<0.05.

MDQ parameters: The MDQ parameters during, 4 days
before, and in the postmenstrual period are presented
in Tables 3-5. After 8-week intervention, the summary
score, water retention, impaired concentration, and
control were significantly lower in the MPE group than

in the placebo group (p < 0.05) during the menstrual

period (Table 3). On the other hand, control in pre-

(Table 4) and postmenstrual (Table 5) periods in the

MPE group after the 8-week intervention was
significantly lower than that in the placebo group (p <
0.05). Moreover, arousal in the premenstrual period
after 4-week intervention in the MPE group was

significantly lower than in the placebo group (Table 4).
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Table 5. Change in MDQ parameters in the postmenstrual period (remainder of cycle).
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Baseline 4 W 8w
MPE Placebo MPE Placebo MPE Placebo
Summary score 23.5+14.3 22.6114.6 21.8+12.8 28.1+19.4 20.0%£13.2 28.5%+27.2
(-1.7%12.6) (5.5+17.5) (-3.4114.9) (6.0+£19.7)
Pain 2.9+2.3 2.9+3.0 3.3+3.1 3.843.1 2.5+2.5 3.5+2.9
(0.413.0) (0.9+2.1) (-0.4%2.7) (0.6%3.6)
Water retention 1.7¢1.5 1.6%£2.0 1.7#1.3 2.1+2.0 1.4+1.6 2.0+2.4
(0.0+1.7) (0.5+1.7) (-0.2%1.7) (0.5+2.3)
Autonomic
1.0+1.2 0.8+1.6 0.7+1.2 0.7+1.4 0.8+0.9 1.3#1.5
reaction
(-0.4%1.3) (-0.1%2.1) (-0.2%1.3) (0.5+1.4)
Negative affect 4.416.3 4.5+4.7 5.0+5.6 5.9+6.2 4.044.5 5.945.6
(0.616.9) (1.3+4.5) (-0.3%7.3) (1.3+6.0)
Impair
3.5%#3.5 3.7+4.2 3.0#3.5 5.0%5.5 2.943.5 5.045.7
concentration
(-0.5%2.4) (1.3%4.5) (-0.743.9) (1.3+4.3)
Behavioral change 1.9+2.4 1.1+1.5 1.1+1.3 2.1+3.6 1.3£1.9 2.0+3.0
(-0.8%2.6) (1.0+3.2) (-0.6%2.9) (0.942.6)
Arousal 7.213.6 6.9+4.4 6.2+3.7 7.0+4.5 6.814.3 7.245.0
(-1.0%4.9) (0.1+4.6) (-0.4%4.9) (0.3+4.6)
Control 0.8+1.3 1.0+1.8 0.710.8 1.4+2.2 0.3+0.5* 1.7+2.8
(-0.1+1.5) (0.4£1.7) (-0.5+1.2) (0.7£1.9)

Actual scores and changes from baseline (in parenthesis) are represented as the mean and SD (n=21 for MPE and n=22 for placebo). An

asterisk indicates a significant difference from placebo at *: p<0.05.

SF-36 parameters: The outcome of SF-36 is presented
in Table 6. After 4 weeks, the change in RCS was
significantly lower in the MPE group than in the placebo
group (p< 0.05). The reduction reflects deteriorating

effects of MPE in subjects when they performed their

role at work or when completed house chores. However,

this reduction was improved by the 8-week period. The

other parameters in the MPE group did not significantly

change after 4 or 8 weeks of MPE ingestion.
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Table 6. Change in SF-36 parameters
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Baseline 4w 8W
MPE Placebo MPE Placebo MPE Placebo
PCS 52.417.8 57.0+9.5 54.916.9 57.8+8.4 55.315.8 56.915.8
(2.446.3) (0.8£7.3) (2.946.7) (-0.18.7)
MCS 48.2+8.5 45.0+7.4 49.3+9.3 43.817.2 50.1+6.4 47.5%5.3
(1.148.6) (-1.216.2) (1.948.6) (2.6£6.9)
RCS 44.1+12.1 37.7£11.9 43.1+11.2 44.5+11.2 46.918.9 40.7+13.2
(-1.0+12.4%) (6.749.9) (2.949.5) (2.9+11.5)
Physical
53.249.2 53.4+9.5 54.2+5.9 55.2+2.3 56.0+3.2 54.6+4.0
functioning
(1.045.0) (1.849.0) (2.848.1) (1.149.8)
Physical role
46.1£12.9 43.3112.4 46.7110.6 48.318.6 48.019.4 44.4+11.7
functioning
(0.6+11.9) (5.0£12.7) (1.9+12.1) (1.1+13.2)
Bodily pain 42.3111.5 46.819.1 46.7£12.7 50.7+8.4 49.6111.1 51.0£7.9
(4.4£13.5) (4.0£8.3) (7.3£12.4) (4.318.7)
General health
53.0+10.3 50.918.9 54.719.4 50.4+8.4 54.9+7.1 51.817.3
perception
(1.148.2) (-0.55.7) (1.947.7) (0.945.9)
Vitality 47.2+9.3 47.1+9.8 42.147.5 48.616.5 44.3+8.3
42.4+7.8
(-0.218.5) (-0.317.5) (1.449.8) (1.949.9)
Social role
46.9+9.5 46.2+9.4 50.918.0 46.5£11.0
functioning 46.3+11.9 40.049.2
(0.6£12.4) (6.1£9.4) (4.6£10.6) (6.419.9)
Emotional role
45.6+10.1 46.0+10.8 49.9+7.9 43.4+11.2
functioning 45.8+10.7 42.149.8
(-0.2+9.4) (4.0£9.4) (4.248.9) (1.319.6)
Mental health 48.218.2 44.4+9.1 49.4+7.2 45.617.4
47.2+10.7 43.3+7.3
(1.049.5) (1.1£7.5) (2.249.5) (2.316.5)

The scores and changes from baseline (in parenthesis) are represented as the mean and SD (n=21 for MPE and n=22

for placebo). An asterisk indicates a significant difference from placebo at *: p<0.05.


http://www.ffhdj.com/

Functional Foods in Health and Disease 2020; 10(9): 379-396

Laboratory data and adverse effects: The blood
pressure, pulse rate, and body temperature are listed in
Table 2. The body temperature in the MPE group was
slightly higher than the placebo group’s temperature
after the 8-week intervention. Blood progesterone and
estradiol, and hematology parameters are shown in
Table 7. No significant changes were observed between

the two groups. Biochemical parameters are shown in
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Tables 8. Before intervention, significant differences
were observed in hemoglobin, HbAlc, and Fe between
the different groups. After the 8-week intervention,
only total bilirubin was higher than the control.
However, these changes were all within reference
ranges. Urinalysis parameters did not change in either

group (Table 9).

Table 7. Changes in the prostaglandin, estradiol, and hematology parameters

Baseline After 4 weeks of After 8 weeks of ingestion Standard
ingestion value

MPE Placebo MPE Placebo MPE Placebo
Progesterone (ng/mL) 3.315.4 1.143.3 2.4+5.8 2.745.3 2.844.2 2.1+4.6
Estradiol (pg/mL) la3igay  167#126 oo 145:104 . 1184103
Red blood cells (x10%cells/uL) 420+40 431135 424436 43630 426+31 438431 380-500
Leukocytes (cells/uL) 541061333 o ggiaiisey P ogiaiiess 2036+1338 3300-9000
Hemoglobin (g/dL) 1240110 B0 o500 BELO h600 13.2¢0.5  11.5-15.0
Hematocrit (%) 395437 L2229 oo4,,49  420£26 40.442.6 42.3+2.8 34.8-45.0
Platelets (x10%cells/ul)  265¢4.7 o2 g7as0 222 767 296244 140340
Neutrophils (cells/ul)  3275+1128 7> 7031 365411354 20051900 369841593 291451199
Lymphocytes (cells/puL) 17531428 1792£595 17531576 1625+483 1775+565 1692+470
Monocytes (cells/uL) 251472 264169 2641100 285+106 2854100 251456
Eosinophils (cells/pL) 108:103 O3B g1gugp 144 118+118 145497
Basophils (cells/pL) 29.8+13.7 37.8£25.6 28.0+16.4 36.2£25.5 31.1+17.0 32.6+18.7

Actual scores and changed scores (in parenthesis) are presented as the mean and SD (n=21 for MPE and n=22 for

placebo). An asterisk indicates a significant difference from placebo at *: p<0.05.
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Table 8. Changes in biochemical parameters

Baseline After 4 weeks of After 8 weeks of ingestion Standard value
ingestion
MPE Placebo MPE Placebo MPE Placebo
Total protein (g/dL) 7.020.4 7.0£0.3 6.9+0.4 6.910.3 6.9+0.5 6.910.4 6.7-8.3
Total bilirubin (mg/dL) 0.7220.26  0.7120.21  0.76+0.22 0.74+0.16  0.77+#0.15*  0.68+0.17 0.2-1.2
Urea N (mg/dL) 11.0¢2.6  11.3#3.0 11.943.5 12.243.5 11.24#3.1 12.0£2.8
Creatinine (mg/dL) 0.63+0.10 0.62#0.09  0.63+0.10 0.61£0.08  0.63+0.12 0.59£0.08 0.47-0.79
Uric acid (mg/dL) 4.1+0.9 4.3t1.0 4.3+1.0 4.1+0.9 4.1+0.7 4.1+0.9 2.5-7.0
Total cholesterol (mg/dL) 20339 191+28 207442 202+30 213+36 198+30 120-219
LDL cholesterol (mg/dL) 112438 107+27 112439 110428 116+35 108+29 65-139
HDL cholesterol (mg/dL) 77+16 72%15 83+20 7814 84+20 7513 40-95
Triglyceride (mg/dL) 68+22 61+32 59+24 60+24 6026 64130 30-149
HbAlc (%) 5.3+0.2* 5.1£0.2 5.240.2 5.1+0.3 5.240.2 5.1£0.3 4.6-6.2
Blood glucose (mg/dL) 8215 7910 82+4 79+8 8215 80+7 70-109
Amylase (U/L) 79426 72420 79+30 76£25 77£29 79124 40-122
CK (U/L) 9141 85150 1554251 88146 104466 84135 40-150
AST (U/L) 18.1¢5.5  18.6%4.6 20.5+10.4 19.043.6 19.5+5.7 19.1+5.3 10-40
ALT (U/L) 122491  13.7%6.4 13.448.2 14.2%5.2 13.918.8 14.5%6.3 >-45
y-GTP (U/L) 15.44¢3.9  16.9%5.0 15.4+4.4 17.5+6.3 16.3+6.0 17.616.4 <30
ALP (U/L) 154+42 144436 165+49 149432 159+41 154+37 100-325
LDH (U/L) 175+29 17630 177435 173+40 175429 177438 120-240
Na (mEq/L) 14042 140+2 139+1 139+1 139+1 139+1 137-147
K (mEq/L) 3.9+0.3 3.9+0.3 3.840.3 3.940.3 3.94+0.3 4.1+0.4 3.5-5.0
Cl (mEq/L) 1021 10141 10142 10141 101+1 10141 98-108
Ca (mg/dL) 8.9+0.3 9.0+0.3 9.0+0.3 9.0+0.2 9.1+0.3 9.1+0.3 8.4-10.4
Fe (ug/dL) 66+28* 91+40 72433 86+32 82439 90435 40-180
LAP (U/L) 454 474 4415 4715 4416 464 37-61

Actual scores and changed scores (in parenthesis) are represented as the mean and SD (n=21 for MPE and n=22 for placebo).

An asterisk indicates a significant difference from placebo at *: p<0.05.
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Table 9. Changes in urine parameters
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Week MPE Placebo Standard value
Protein 0 (nor):20, (ab):1 (nor):22, (ab):0 (nor)
4 (nor):18, (ab):3 (nor):21, (ab):1
8 (nor):19, (ab):2 (nor):21, (ab):1
Glucose 0 (nor):21, (ab):0 (nor):22, (ab):0 (nor)
4 (nor):21, (ab):0 (nor):22, (ab):0
8 (nor):21, (ab):0 (nor):22, (ab):0

Urobilinogen 0 (nor):20, (ab):1

4 (nor):21, (ab):0
8 (nor):21, (ab):0
Bilirubin 0 (nor):21, (ab):0
4 (nor):21, (ab):0
8 (nor):21, (ab):0
pH 0 (nor):20, (ab):1
4 (nor):21, (ab):0
8 (nor):20, (ab):1

Occult blood 0 (nor):20, (ab):1

4 (nor):16, (ab):5
8 (nor):19, (ab):2
Ketone 0 (nor):20, (ab):1

bodies 4 (nor):20, (ab):1

8 (nor):21, (ab):0

(nor):22, (ab):0 (nor)
(nor):22, (ab):0
(nor):22, (ab):0
(nor):22, (ab):0 (nor)
(nor):22, (ab):0
(nor):22, (ab):0
(nor):21, (ab):1 (nor)
(nor):21, (ab):1
(nor):19, (ab):3
(nor):19, (ab):3 (nor)
(nor):20, (ab):2
(nor):19, (ab):3
(nor):20, (ab):2 (nor)
(nor):20, (ab):2

(nor):21, (ab):1

Data is presented as number of subjects with normal values (nor) or abnormal values (ab).

This study evaluated the effects of daily MPE (100 mg)
ingestion on indefinite complaints by Japanese women
during the pre- and postmenstrual period. As the
primary outcome, MDQ during the menstrual period,
parameters related to water retention, arousal,
concentration, and control were improved by MPE
(Table 3). Regarding each question in MDQ, 8-week
ingestion of MPE significantly improved “cold sweats

[MPE 0.0 (0.0-0.0) vs Placebo 0.0 (0.0-1.0), p<0.05]” and

“crying [MPE 0.0 (0.0-1.0) vs Placebo 1.0 (0.0-2.0),
p<0.05]” during the menstrual period, and “headache
[MPE 1.0 (0.0-1.0) vs Placebo 2.0 (1.0-2.8), p<0.05],”
“reduced motor coordination [MPE 0.0 (0.0-1.0) vs
Placebo 1.0 (0.3-2.0), p<0.01],” and “feelings of
suffocation [MPE 0.0 (0.0-0.0) vs Placebo 0.0 (0.0-1.0),
p<0.05]” in the premenstrual period. Moreover, MPE
ameliorated the “feelings of suffocation” in the

postmenstrual period (MPE 0.0 (0.0-0.0) vs Placebo 0.0
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(0.0-1.0), p<0.05). However, MPE did not provide pain
relief; except for headache, and is unlikely to affect
autonomic nerve disorder or mental depression
because it did not improve “autonomic reactions,”
“negative affect,” or “impaired concentration.” MPE
may improve water retention, mood, poor
concentration, and discomfort of the upper body, which
belong to “control.” By the 4-week intervention of MPE
(100 mg), scores of arousal in the premenstrual period
decreased compared with those of the placebo group
(Table 3). However, this effect disappeared by the 8
week. This phenomenon may be caused by the
decreasing MDQ value in the placebo group by placebo
effect in addition to the decrease in effects of MPE.
Premenstrual syndromes (PMS) include physical
and mental anxieties, premenstrual dysphoric disorder,
and dysmenorrhea [22]. Symptoms in PMS last until the
menstrual period, and the combination of low-dose
estrogen and progesterone is effective against physical
and mental symptoms [23]. The proposed mechanism
is that thinning of the endometrium by the therapy
reduces bleeding and uterine contraction to ease
menstrual pain [24]. Much like in therapies using
phytoestrogens, soy (S)-equol [25] and isoflavones [26]
were suggested to ameliorate PMS symptoms in cross-
sectional studies. In the study of (S)-equol, 10 mg of (S)-
equol ameliorated a number of symptoms involved in
PMS in Japanese female college students [27]. On the
other hand, soy isoflavones (20 mg) only suppressed
“autonomic reaction” and “behavioral change” in MDQ
scores of Korean American subjects in the cross-
sectional study [26]. Thus (S)-equol may be more
effective than soy isoflavons and MPE; however; these
studies were not placebo-controlled. Regarding (S)-
equol, a placebo-controlled trial is underway in Japan

[27]. The result will be useful to compare the efficacy of

MPE and (S)-equol. Compared with the studies of soy-
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derived compounds, the ameliorating effects of MPE on
PMS clarified in the double-blind controlled study are
more promising. More studies of the effects of soy
isoflavones on postmenopausal syndromes have been
reported than on their effects on PMS [29].
Phytoestrogens contained in MPE may be effective
against postmenopausal syndromes, but further studies
are required.

In blood analysis, MPE did not affect blood
estradiol or progesterone (Table 8). Thus, the
ameliorating effects of MPE are considered to be
induced by the estrogenic effects of compounds in MPE
[1] rather than indirect effects on the female hormone
concentration. Recently in Japan, dietary supplements
containing Pueraria candollei var. mirifica [16] for
breast enlargement were reported to have abnormal
effects in women around 20-years old, including
abnormal bleeding. The side effects may have been
induced by miroesterol and deoxymiroesterol, which
exhibit strong estrogenic effects, similar to 17pB-
estradiol [29]. However, there are no public
organizations that can confirm the content of these
compounds in P. candollei var. mirifica. The Japanese
government implemented a new measure stating that
the suppliers must report any incident of consumers
having abnormal side effects. Therefore, safer
estrogenic extracts containing phytoestrogens can be
produced in Japan. This study did not note any
abnormal changes in blood pressure, pulse, blood
(Table 2), or urine parameters (Table 9) after MPE
ingestion. There were no adverse effects related to
menstruation or sexual organs. Therefore, ingestion of
MPE was suggested to be safe and effective method to
ease female anxieties related to menstruation. In
conclusion, MPE was suggested to be a safe estrogenic

extract that can ease several anxieties related to PMS in

healthy women.
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CONCLUSIONS

This study demonstrated that MPE (100 mg/day for 8
weeks) ameliorated MDQ scores in healthy female
subjects during the menstrual period. Therefore, MPE
may be useful for improving monthly female anxieties.
Furthermore, the intake of MPE was safe under the

conditions of this study.

Abbreviations: ALP, alkaline phosphatase; ALT, alanine
transaminase; AST, aspartate aminotransferase; BMI,
body mass index; CK, creatinine kinase; GTP,
glutamyltransferase; HDL, high-density lipoprotein; Hb,
hemoglobin; LAP, leucine aminopeptidase; LDH, lactate
dehydrogenase; LDL, low-density lipoprotein; MCS,
mental component summary; MDQ, menstrual distress
qguestionnaire; MPE, moriche palm extract; MPE, mean
cell volume; PCS, physical component summary; PMDD,
premenstrual dysphoric disorder; PMS, premenstrual

period; RCS, role/social component summary; SD,

standard deviation; SF-36, Short-Form 36-Item
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