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Maslinic acid in olive fruit alleviates mild knee
joint pain and improves quality of life
by promoting weight loss in the elderly
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Consumption of olives (Olea europaea L.) is associated with a low
incidence of inflammation-related diseases. Olive fruit is rich in
bioactive pentacyclic triterpenoids, mainly maslinic acid. This study,
a randomized, double-blind, and placebo-controlled trial, examined
the effects of an orally administered maslinic acid supplement,
olive fruit extract, on 20 middle-aged and elderly volunteers with
mild knee joint pain. Each subject (58 £ 7 years) received either
olive fruit extract, containing 50 mg maslinic acid (n=12), or
placebo (n = 8) daily for 12 weeks and evaluated for pain and
physical functions as primary outcome measures. Secondary
outcome measures included body composition and inflammatory
biomarkers in serum. Although both groups exhibited improved
pain visual analogue scale score and quality of life after supple-
mentation, symptoms were better in the maslinic acid group
than in the placebo group. After 12 weeks, maslinic acid group
exhibited significant decrease in body weight and body mass index
suggesting that maslinic acid affected the weight of volunteers
with mild knee joint pain. Therefore, olive products containing
maslinic acid may be useful as a new preventive and therapeutic
food ingredient for arthritic diseases. Since this clinical study is a
preliminary study, it was not registered in a publicly accessible
database.
Key Words: olive fruit extract, maslinic acid, knee joint pain,
weight loss, anti-inflammation

ging is associated with an increased risk of problems related

to the locomotive organs, such as fractures and joint dis-
orders. The Japanese government has promoted improvement of
locomotive ability in the elderly as a means of preventing geriatric
and disuse syndromes. In spite of these countermeasures, there
seems to be a lack of awareness among the general public that
diseases of the locomotive organs can cause a person to become
bedridden and to require long-term nursing care.!’ In 2007, the
Japanese Orthopaedic Association (JOA) planned to develop
simple pretest to assess an individual’s locomotive ability in order
to identify those who are at risk and are highly likely to need
nursing care. Moreover, in Japan, JOA proposed a new concept of
a “locomotive syndrome” which is defined as having difficulty in
the ability to walk or lead a normal life owing to a dysfunction in
one part or more of the locomotive system such as cartilage, bone,
and muscles.”

It is a well-accepted fact that the Mediterranean diet, with its
high content of olive oil, fiber, fruit, vegetables, and fish, and
traditionally tied to areas that grow olives, has beneficial effect
on health. Consumption of table olives and olive oil can help
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prevent inflammation-associated diseases.*® In addition, olive
pomace, or the residues after extraction of olive oil made up of
olives flesh, skin, and seeds, is a rich source of a variety of penta-
cyclic triterpenes, which mainly include maslinic acid (MA)
(20, 3B-dihydroxyolean-12-en-28-oic acid) (Fig. 1). In our pre-
vious study, we identified MA as the main active component
of olive pomace extract (OPE) in addition to the pentacyclic
triterpenes such as oleanolic acid, uvaol and erythrodiol, and
obtained evidence in vitro and in vivo that MA is an effective anti-
inflammation and anti-arthritis component of olives.® Recently,
MA has been reported to have several biological and therapeutic
properties against diseases, including the ability to low hepatocyte
membranes’ lipid susceptibility to peroxidation, offering advan-
tages in the resistance to oxidative stress.® In addition, MA
suppressed osteoclastogenesis and prevented ovariectomy-
induced bone loss and MA can improve kidney function in dia-
betes mellitus patients.® Although olive MA is likely to have
beneficial effects on inflammation-related diseases, such as
swelling and arthritis in mice as shown in our previous study,®
there are not enough scientific evidence of its anti-inflammatory
effect in human clinical trials has not yet been obtained.

In this study, we investigated the effects of an orally admin-
istered MA-containing olive fruit extract supplement over a period
of 12 weeks in randomized, double-blind, placebo-controlled
trial involving middle-aged and elderly subjects with mild knee
joint pain, particularly, those who experience knee pain when
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Fig. 1. Chemical structure of maslinic acid (20, 3B-dihydroxyolean-12-
en-28-oic acid).
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climbing stairs. In detail, in this study the measurements of visual
analogue scale (VAS) to measure spontaneous pain and Short
Form-8 (SF-8) questionnaire to measure general aspect of health-
related quality of life (QOL) were considered as the primary
outcomes. The secondary outcomes included the measurement of
body composition and serum biomarkers associated with cartilage
metabolism and joint inflammation, as well as safety of MA for
daily consumption.

Material and Methods

Participants. Observations for this clinical trial were per-
formed at Sakura Clinic of the Medical Corporation in Tokyo,
from May 2014 to October 2014. Ethical approval was obtained
from the Ethical Committee at Suda Clinic of Medical Corpora-
tion according to the Declaration of Helsinki. All participants
gave written informed consent at the time of enrolment.

The inclusion criteria were, (1) male or female participants
are at least 40 years old and not more than 75 years old, (2)
suffering from knee pain when ascending or descending stairs,
and (3) diagnosed with slight degree of knee arthritis after medical
examination.

Exclusion criteria were (1) moderate to severe knee osteo-
arthritis, (2) non-knee osteoarthritis patients with trauma, germ or
gout, (3) cardiovascular disease, liver failure and kidney failure,
and (4) taking supplements (hyaluronic acid, collagen, glucos-
amine, and similar supplements in particular) for joint pain for
two weeks prior to joining the study, (5) consuming products
that contain MA such as extra virgin olive oil, table olives, (6)
participating in or has participated in other clinical trials in the past
3 months. Participants were allowed to take drugs not related to
knee pain relief, and were instructed not to make any changes in
their existing (background) exercise and diet during the study.
After recruitment, the participants were randomly distributed into
two groups.

Test supplement for improvement of joint support.
Subjects took either 3 placebo capsules or 50 mg of MA (500 mg
as olive fruit extract) capsules of the same shape and color once a
day, depending on the group they belong to. Every day, each sub-
ject recorded whether (or not) he/she took the capsule during
breakfast, their general physical condition, and the degree of knee
pain. The medical staff checked the records once a month and gave
the participants comments to help motivate them in following the
required schedule of taking the supplement and recording the
relevant data.

Olive fruit extract was analyzed and was found to contain
10.7% MA, 57% gamma-cyclodextrin, 22.8% protein, 1.5% fat,
2.5% ash, 3.4% moisture, and other minor components such as
oleanolic acid. Test capsules contain olive fruit extract, corn-
starch, and calcium stearate with each capsule containing either
0 or 16.7 mg of MA. The placebo capsules on the other hand
contained cornstarch instead of olive fruit extract. The MA content
of the test capsules was determined using HPLC as described
previously.® Briefly, HPLC separation was performed using
Shimadzu Prominence HPLC system (Shimadzu Corporation,
Kyoto, Japan) equipped with Inertsil ODS-3 column (150 mm x
4.6 mm, 5.6 um; GL sciences, Inc. Tokyo, Japan). The mobile
phase consisted of acetonitrile/methanol/water/phosphoric acid
(500:400:100:0.5; v/v/v/v) at a flow rate of 1 ml/min for 15 min.
The column was set at 30°C. Typical retention time of MA is
about 4.8 min.

Study design. This study is a randomized, double-blind,
placebo-controlled trial with two groups. A total of 20 selected
participants with a mild degree of knee arthritis were recruited
then employed a third party to randomly assign each participant
into one of the two groups. The participants were randomly
distributed into one of the following groups: olive fruit extract
intake group (50 mg/day of MA) (n=12) and placebo intake

S. Fukumitsu et al.

group (n=38). Test capsules and placebo capsules were also
administered during 12-week period.

Outcome assessment. The main recorded parameters were
a VAS to measure spontaneous pain (from 0 =no pain to 100 =
maximum pain) and the SF-8 questionnaire to measure the general
aspect of health-related QOL.%” VAS and SF-8 were performed
before and after the 8-week and 12-week period. Secondary
outcome measures were obtained at 0 and 12 weeks using body
composition and blood parameters such as high-sensitivity C-
reactive protein (hs-CRP) for inflammation,® and N-propeptide
of collagen ITA (PIIANP) and collagen type-II cleavage (C2C) for
cartilage metabolism.*'?

General clinical test. Blood samples were collected from
the participants at the imeQ Inc. (Tokyo, Japan) after overnight
fasting for measurement of the following in peripheral blood:
WBC, RBC, Hb, Ht, PLT, total protein, albumin, urea nitrogen,
creatinine, AST, ALT, LDH, ALP, y-GTP, Na, Cl, and K.
Measurement of the hs-CRP, PIIANP, and C2C was performed
by Biomarker Science Co., Ltd (Kyoto, Japan). Measurement
of the urine samples (specific gravity, pH, protein, sugar,
urobilinogen, and occult blood) was performed by imeQ Inc.
(Tokyo, Japan).

Baseline characteristics. We recorded the participants’ age,
height, body weight, BMI, VAS for pain, and SF-8 for health-
related QOL, and considered them as the baseline characteristics
(Table 1).

Safety. Information on all the adverse events, any adverse
clinical symptoms, syndrome, or illness that occurs or worsens
were collected. In addition, abnormal value and worsened value
for medical examination of clinical studies were considered
adverse events. All the data on adverse events that occurred during
the study were collected after test supplementation.

Statistical analysis. Data analysis was performed after the
20 subjects have successfully completed the study. Data are
expressed as mean + SE. A paired ¢ test was used to compare data
on subjects within a group (between before and after treatment).
Student’s ¢ test was used to compare between MA group and
placebo groups. The level of significance considered was 5% for
both sides.

Results

Baseline characteristics and compliance with the protocol.
In order to obtain the data and verify the effects of olive fruit
extract intake in humans for the first time, participants were
allocated either as MA intake group (12 subjects) or placebo
intake group (8 subjects).

All the recruited 20 participants of the study completed all
the aspects of the study for 12 weeks. The participants’ baseline
characteristics for both groups are shown in Table 1. There was no
request from any of the participants for dropping or withdrawal
from the study, protocol deviations, and other reasons.

Table 1. Demographic data and baseline characteristics of the subjects

Characteristics MA (n=12) Placebo (n = 8)
Age (year) 57.4+75 59.1 £5.5
Height (cm) 156.4 +5.3 154.0 £5.5
Body weight (kg) 55.2+9.2 51.2+5.2
Body mass index (kg/m?) 22.6 +3.5 21.6+1.8
Visual analogue scale (mm) 23.2+8.3 25.5+9.1
Short Form-8

Physical components 43.1+2.7 43.0+£4.3

Mental components 45.8 + 4.0* 49.8+2.4

Values are expressed as means + SD. Mean values with their SD, *p<0.05
vs placebo group. MA, maslinic acid.
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Endpoints. The primary endpoint as VAS score and SF-8 are
shown in Fig. 2 and 3. As shown in Fig. 2, although both the MA
and placebo groups exhibited improved pain scores based on the
VAS of the primary outcome at 8th and 12th week after treatment
compared with those of baseline, the MA group exhibited slightly
more improved symptoms, as shown by the improvement rate
(%) and p value, compared to those of the placebo group at the
end of the study (56% vs 451%, p=0.00002 vs p=0.002,
respectively). VAS pain did not differ significantly between
groups during the 12-week period (MA: 23.2 £ 8.3 to 10.2 £ 8.1
points, placebo: 25.5+9.1 to 12.5+10.5 points, p=0.65)
(Fig. 2). In addition, as shown in Fig. 3, although both the MA
and placebo groups also exhibited improved QOL as indicated
by the physical component summaries on the SF-8 of the primary
outcome at 8th and 12th week after treatment compared with those
of baseline, the MA group exhibited slightly more improved
symptoms, improvement rate (%) and p value, compared to those
of the placebo group at the end of the study (T117% vs T115%,
p=0.0005 vs p=0.014, respectively) (Fig.3). The QOL as
indicated by the physical component summaries did not differ
significantly between groups during the 12-week study (MA:
43.1£2.7 to 50.4 £ 4.4 points, placebo: 43.0 £4.3 to 49.1 +3.3
points, p =0.63). On the other hand, both the MA and placebo
groups exhibited improved QOL based on the mental component
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Fig. 2. VAS joint pain in maslinic acid group compared to the placebo
group during the 12-week study. The p values at week 8 and 12 in the
graph represent paired t test contrast within groups compared to week 0.

summaries on the SF-8 of the primary outcome at 8th and 12th
week after treatment compared with those of baseline, with the
MA group exhibiting slightly more improved symptoms com-
pared to those of the placebo group at the end of study (1109% vs
T106%, respectively, data not shown). As shown in Table 1, since
the mental component score on SF-8 comparison between two
groups at baseline were statistically significant (MA: 45.8 £4.0,
placebo: 49.8 +2.4, p=0.022), this indicator is as a reference
value. QOL of mental component did not differ significantly
between groups during the 12 weeks study (MA: 45.8 £4.0 to
49.7 + 4.2 points, placebo: 49.8 + 2.8 to 53.0 + 2.6 points, p = 0.73).

The secondary endpoints as body composition such as body
weight, body mass index (BMI), and serum biochemical markers
are shown in Table 2 and 3. The MA group exhibited significantly
decreased body weight and BMI in the subjects with mild
joint pain at week 12 from before to after supplementation (body
weight: p=0.019 vs p=0.109, BMI: p =0.019 vs 0.095, respec-
tively), which was not observed in the placebo group (Table 2).
Both body weight and BMI did not differ significantly between
groups (Table 2). Furthermore, we examined that hs-CRP and
other biochemical markers (PIIANP and C2C) of cartilage turn-
over in serum and the results are presented in Table 3. hs-CRP
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Fig. 3. SF-8 physical component in maslinic acid group compared to
the placebo group during the 12-week study. The p values at week 8
and 12 in the graph represent paired t test contrast within groups
compared to week 0.

Table 2. Body compositions before and after 12 week of daily ingestion of maslinic acid or placebo

MA (n=12) Placebo (n = 8)
0 week 12 week 0 week 12 week
Body weight (kg) 55.2+9.2 54.7 £ 9.4* 51.2+5.2 50.4 +5.2
BMI (kg/m?) 22.6 £3.5 22.3 +£3.6* 21.6+1.8 21.3+1.8

Mean values with their SD, *p<0.05 vs 0 week. BMI, Body mass index; MA, maslinic acid.

Table 3. Serum hs-CRP and other biochemical markers of cartilage turnover before and after 12 week of daily

ingestion of maslinic acid or placebo

MA (n=12) Placebo (n = 8)
0 week 12 week 0 week 12 week
hs-CRP (mg/L) 0.061+0.07 0.052 +0.07 0.038 +0.03 0.043 £ 0.043
PIIANP (ng/ml) 1,660 + 402 1,759 + 399 1,877 +314 1,852 + 323
C2C (ng/ml) 202 +29 218+ 18 197 + 16 201 +£42
C2C/PIIANP 0.13+£0.03 0.13 £0.04 0.11+£0.02 0.11+£0.03

Mean values with their SD. MA, maslinic acid.
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Table 4. Blood parameters before and after 12 week of daily ingestion of maslinic acid or placebo

MA (n=12) Placebo (n = 8)

0 week 12 week 0 week 12 week
WBC (10%/ul) 552.0 + 867.7 5,566.7 + 678.7 4,575.0 + 341.2 4,500.0 +537.2
RBC (10%/ul) 452.7 +52.7 449.4 +49.0 425.1 +38.0 427.6 +42.6
Hb (g/dl) 13.3+1.3 13.5+1.5 125+1.4 12.8+1.3
Ht (%) 40.7 +3.8 40.4 +3.6 38.6+4.2 39.0+3.8
PLT (10%ul) 22.6+4.9 23.0+5.2 23.3+3.7 23.2+4.0
Total protein (g/dl) 7.3+0.3 7.2+0.3 7.7+0.3 7.6+0.5
Albumin (g/dl) 44+0.2 4.5 +0.2** 45+0.3 47+0.3
Urea nitrogen (mg/dl) 16.0 +3.9 14.2 + 3.1 15.0+2.8 148+2.4
Creatinine (mg/dl) 0.7 +0.1 0.7 +£0.1 0.7 +0.1 0.6 +0.1
AST(GOT) (U/L) 19.5+4.1 18.9+3.2 20.4+3.9 19.9+5.6
ALT(GPT) (U/L) 15.7 +4.1 15.6 +4.1 17.8+4.5 16.9+5.1
LDH (U/L) 181.2+17.4 180.7 + 19.1 183.1+29.5 193.9+62.8
ALP (U/L) 241.3 +56.0 228.4 +56.1* 216.1 +£59.8 203.4 +60.7**
y-GTP (U/L) 24.4+16.7 24.2 +13.6 18.6+6.4 17.9+6.8
Na (mEq/L) 142.5+15 141.9+1.1 141.3+1.3 142.6 +2.0*
Cl (mEg/L) 104.4+1.3 103.5 +1.6* 1025+1.4 103.1+1.0
K (mEg/L) 4.0+0.3 41+0.3 4.1+0.3 43+04

Mean values with their SD, *p<0.05 vs 0 week, **p<0.01 vs 0 week. MA, maslinic acid.

(percentage change of before and after: MA 115.2% vs placebo
T11.8%), PIIANP (percentage change of before and after: MA
6% vs placebo 11.3%) and C2C (percentage change of before
and after: MA 18.1% vs placebo 12.0%) values were not
significant both from before to after supplementation of each
group and between groups (Table 3). In addition, C2C/PIIANP
ratio of each group was not changed after treatment compared
with those of baseline (MA: 0.13 £0.03 to 0.13 + 0.04, placebo:
0.11£0.02t0 0.11 £ 0.03) (Table 3).

Adverse events. At week 12, there were no statistically
significant changes observed on the baseline data in terms of the
levels of WBC, RBC, Hb, Ht, PLT, total protein, urea nitrogen,
creatinine, AST, ALT, LDH, y-GTP, and K in MA and placebo
groups (Table 4). The concentrations of albumin and Na at week
12 were significantly higher than at baseline in both MA and
placebo groups. On the other hand, those of concentration of
ALP and Cl in MA group and/or placebo group at week 12 were
significantly lower than at baseline. There were however, no
abnormal changes reported by the participants that were not
related to the MA intake. Furthermore, no adverse effect due to the
intake of MA was reported by any of the groups. One objective
symptom was reported as adverse events in MA group during the
study, but in this case, it was found to be not related to MA supple-
mentation.

Discussion

This is the first report on a randomized, double-blind, placebo-
controlled, with two groups on the effects of intake of olive fruit
extract containing MA on middle-aged and elderly subjects with
mild knee joint pain.

In the primary outcome, although both the MA and placebo
groups exhibited significantly improved VAS pain scores and
QOL after supplementation, symptoms were better in the MA
group than in the placebo group (Fig. 2 and 3). In the secondary
outcome, the MA group alone exhibited significant decrease in
body weight and BMI at week 12 compared to the baseline level
(Table 2). Liu et al.!"V has reported that oral administration of MA
can reduce the epididymal fat pads weight of KK-Ay mice, and
similarly, in this human clinical study, the participants belonging
to the MA group also exhibited significant decreased body weight
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(Table 2). From these findings, we can also deduce that MA intake
has anti-obesity effect that likely reduced the weight putting
burden of knee arthritis.

It has been reported that MA is one of the pentacyclic triterpenes,
besides other pentacyclic triterpenes such as oleanolic acid, uvaol,
and erythrodiol, and main active component of olive fruit.® In our
previous study, we isolated MA from olive pomace, a by-product
of olive oil production, which can alleviate LPS-induced TNF-a
production and regulate the genes involved in inflammatory
responses in RAW 264.7 cells. In addition, MA, based on other
studies, regulates the inflammation-related NF-kB signaling
pathway.!>!3 Furthermore, MA exerted anti-inflammatory and
anti-arthritis effects as shown by the suppression of paw edema,
inflammatory cells, and destruction of synovium in knee joints,
as well as improvement of arthritis score.® In this clinical study,
although the differences in serum hs-CRP level were not statisti-
cally significant between groups at 12 weeks of treatment, the
decrease in the level of serum hs-CRP of the MA intake group was
greater than the those of the placebo group’s (percentage change
of before and after treatment: MA 115.2% vs placebo 111.8%)
(Table 3). Based on these findings, MA is most likely to improve
joint condition and QOL by reducing pain and inflammatory
response in this study.

Furthermore, it has been reported that MA suppresses osteo-
clastogenesis and prevents bone loss.!? It has been reported that
cartilage turnover is slow in elderly patients and in individuals
at the onset of osteoarthritis.'*'> The principal components of
articular cartilage are collagen type II and proteoglycan (aggrecan),
which are estimated to be have a half-life of over a one hundred
years and approximately twenty years, respectively.!® Accumula-
tion of advanced glycation end products (AGEs), which are
known to adversely affect cartilage turnover and mechanical
properties, is the mechanism by which aging contributes to the
development of osteoarthritis.!® In addition, AGEs are known to
induce the production of several inflammatory cytokines.'” Ohno
et al."® have reported that mangosteen pericarp extract inhibits
the formation of AGEs such as pentosidine. Given this informa-
tion, it is considered likely that MA is an AGEs inhibitor and
plays an important role in preventing joint pain pathogenesis.
In this clinical study, although the differences in serum PIIANP
level were not statistically significant between groups at 12 week
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of supplementation compared with those of baseline, at the end of
the study, the average level of serum PIIANP of the MA intake
group was higher than the values at the beginning of the study
(before supplementation) compared to that of that placebo group’s
(percentage change of before and after: MA 16% vs placebo
11.3%) (Table 3). And yet at the same time, the average levels of
serum C2C before and after MA or placebo intake of each group
(MA vs Placebo) were both increased (percentage change of
before and. after treatment: MA 18.1% vs placebo 12.0%), but
not are not significantly different. Furthermore, the ratio of
C2C/PIHANP (the ratio of degradation and synthesis of joint
cartilage) of both groups (MA vs Placebo) were the same after
treatment compared with those of baseline (MA: 0.13 £0.03 to
0.13 £ 0.04, placebo: 0.11 £0.02 to 0.11 + 0.03) (Table 3). There-
fore, we consider that olive fruit MA likely regulates and activates
cartilage turnover but further investigation with long-term use of
MA will be needed to confirm the direct effects of MA on joint
cartilage as well as determine the effective dose when consumed
daily. Based on further studies of the inhibitory effects of MA on
the formation of AGEs, it is possible that MA is effective against
various age-related diseases such as diabetic complications and
atherosclerosis as well as osteoarthritis.

MA has been shown to act as a growth factor of protein turnover
and synthesis rates in liver and white muscles when added to a
standard trout diet.!*?” We consider that MA is likely to be an
effective therapy against sarcopenia or loss of skeletal muscle
mass and function.®” From these discussions, MA in olive fruit
extract is a potential food ingredient that can support in the eradi-
cation of “locomotive syndrome” defined by the JOA such as
osteoarthritis and muscle deterioration.

Oleanolic acid (3p3-hydroxyolean-12-en-28-oic acid) is a penta-
cyclic triterpene from the oleanane family that is also present in
olive pomace that modulate different signaling pathways and
showing a wide range of pharmacological activities against
inflammation, cancer, and cardiovascular diseases.?*?® Since the
olive fruit extract used in this clinical study contains a small
amount of oleanolic acid, approximately 2.5%, amelioration of
pain and improved QOL might be observed. However, this human
clinical study has a relatively small number of healthy subjects
and there is a bias in the number of people [olive fruit extract
(n=12), placebo (n = 8)] so that the verification of the beneficial
effects and obtaining of the data on MA-containing olive fruit
extract intake in humans will need larger cohort of osteoarthritic
participants.

In the Mediterranean region, where diets are olive-based,
the average intake of triterpenes, including MA, could reach
400 mg/kg/day.®¥ This seemingly high concentration of MA has
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Conclusions

In this study, we investigated the effects of an orally administered
500 mg olive fruit extract/day (50 mg as MA) on middle-aged and
elderly healthy human volunteers/subjects with mild knee joint
pain, particularly, those who experience or suffer from pain in
their knees when climbing stairs, done over a period of 12 weeks
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