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3| H : Evaluation of the efficacy of Ajuga decumbens extract supplement in a
rabbit osteoarthritis model and in individuals with knee discomfort
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The dietary supplement glucosamine hydrochloride (GleN) has been advocated as a
safe and effective option for the management of symptoms of osteoarthritis (OA).
Furthermore, the combination of GleN with other supplements is expected to be more
effective in relieving the OA symptoms. Therefore, to achieve a more effective therapy for
OA, we investigated the substances having a beneficial effect on OA. Ajuga decumbens (AD),
a natural herb, has been used long in Japan for pain relief. Recently, AD was reported to
have potential for preventing osteoporosis (Ono et al., 2008); however, AD has not been
investigated for its effects on damaged cartilage tissue.

In our previous report, we examined the effects of orally administered AD extract
(ADE) alone or the combination with GlcN using rabbits with experimentally-induced
cartilage injuries, and also compared with the effect of ecdysteroid B-ecdysone (BED), a
component of ADE. We revealed that ADE enhanced the regeneration of subchondral bone in
this model. Moreover, the combination of ADE with GlecN synergistically increased the
regeneration of cartilaginous matrix and subchondral bone. Interestingly, BED exhibited the
similar effects on the regeneration of damaged subchondral bone, suggesting that BED is an
active component of ADE. Together these observations indicate that the combination of ADE
with GleN synergistically exhibits a therapeutic effect on OA due to the regeneration of the
cartilaginous matrix and subchondral bone (Sawada et al., 2014).

In the present study, we concentrated the effective fraction of the extract to give extra
ADE (EADE), which included 20-hydroxyecdysone, an active component of ADE. Firstly, we
evaluated the effect of EADE on the acceleration of healing in experimental cartilage injury.
A model of cartilage injury was surgically created by introduction of three holes, one in the
articular cartilage of the medial trochlea and two in the trochlear sulcus of the distal femur.
Rabbits used in the experiment were divided into four groups (n = 3), namely the control
group, the ADE group, the low dosage of EADE (Low EADE) group, and the high dosage of
EADE (High EADE) group. ADE and EADE were dissolved in tap water and each dosage
was orally administered every day for 3 weeks. After the experimental period, the cartilage
matrix was strongly regenerated in the Low and High EADE groups. The average number of
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osteoclasts per 100 counts of osteoblast in subchondral bone decreased in the High EADE
group to a greater extent compared to the control group. EADE also stimulated
chondrogenic differentiation of mesenchymal stem cells and induced in vitro proteoglycan
production. Moreover, EADE significantly attenuated the stimulation of prostaglandin EZ2
production by interleukin-1B8 in chondrocytes. Therefore, EADE might represent a
remarkable improvement on the currently-used ADE.

Secondary, we evaluated the efficacy and safety of the oral administration of EADE
supplement to individuals with knee discomfort associated with physical activity. A
randomized, double-blind, placebo-controlled study was conducted using 48 subjects. The
subjects were randomly allocated to an EADE diet group (oral administration of
EADE-containing diet, n = 24) and a placebo group (n = 24), and the intervention was
continued for 12 weeks. Finally, 22 subjects in the placebo group and 22 subjects in the
EADE diet group assessed to be eligible for assessment of the efficacy of supplement. The
knee function was assessed by changes in the scores of the Japanese Knee Osteoarthritis
Measure (JKOM) questionnaire and the scores of the Japan Orthopedic Association (JOA)
criteria as well as by analyzing the levels of type II collagen synthesis and degradation
biomarkers (Procollagen II C-terminal propeptide, Degradation products of C-terminal
telopeptide of type II collagen, C-terminus of the piece of type II collagen cleavage product
and Matrix metalloproteinase -13). Outcomes were measured at the baseline and 4, 8, and
12 weeks from the start of administration. The subscale II (Joint flexion/stiffness) of the JOA
criteria was substantially improved in the EADE diet group compared with the placebo
group at 8 and 12 weeks during the intervention. Moreover, in the subgroup analyses using
subjects with less knee discomfort, the subscale II (Pain/stiffness) and IV (General
activities) scores of JKOM were significantly improved and Total score was substantially
improved in the EADE diet group compared with the placebo group. Finally, no adverse
effects were identified for the administration of EADE. These observations suggest that the
administration of EADE-containing diet is safe and improves the joint function (flexion and
stiffness) and general activities in the subjects with mild knee discomfort.

In conclusion, EADE could be a promising candidate as a functional food, which is
useful for the joint health. The chondroprotective and anti-inflammatory actions EADE
contribute to improve the knee join function, and general activities and QOL in the subjects

with mild knee discomfort,
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Evaluation of the efficacy of Ajuga decumbens extract
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F At LR (GleN) &, BHEESR (OA) OIEIROEHO IS DRENIFERL
W L LTIRIEEN TS, i, GleN L7 Y A b ED PR, OA ER DR
FUZBWTE D HRNTHD & THRENTNS, Bald, OA O & 0 SRR iEIRE BT
A7z, OA CHIW R FTHWELEFE Ui, RROLEIETH S Ajuga decumbens
(AD} 1. WA ELT 5D ARTRE b TE7, iE, AD i EHEREL T
T AAGERDH D WS ZNTWAD (Ono et al, 2008), LAL., AD &L, $8E L 7-lvEE
FHI T BRI SV TRREE S LTV,

Forx OLFTOHE T, WEBREBEF ALY LT AD =% X (ADE) B/
GleN & DRI, BLAD K THD B-7 Y (BED) ORIz LTRIEL
foo EOFES, ADE BB BEBTF G LT, B TFTEOBHAZIEWMT D Z L NH LM
Elpofz, EniZ, ADE & GleN # {32 Z LIzl » T, AEMSICIEEE L L URE
TEOEERZENSEIZ, Z2oll, BED 3 LiE THEOMAICFESEOBEEZTRL,
BED 12 ADE ®iEHRLS O 1 DTHB Z EWNRB Sz, Loz &5, ADE & GleN
EOPFRICE Y, BREEEBLUIE TEOEHAEDDICHERNICERTLZZEBTEN
7= (Sawada et al, 2014),

ELIABIS T, ADE OEMEH S THS BED 2S5t omdsme i L, X
DEPMEREVEBZLNDIHE ADE (EADE) 2B3E L., WEREEFAL Yoty
DRI AR 2 MGE L7, WORHBME T 7 0k, KIBE IUEE, WEM O L USEMICE 1
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(JKOM) 7 v 47— MBI UEHAREEA#ES (JOA) EEORA a7 OB LN [T
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T bR AE N AT A B LU EMGNG 4 8 BRI UNI2 HBTHELE L, JOA
FMED T A — 0 I (BIEUR d/ME) 1, A AFO 8 B LU 128 T7 5 =REE & ik
LT EADE FEeBWCH L MEahiz, &biz, BOFRMOL 2 EREE2 BV
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