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drugs were administered after approval for 
medical use by the Ministry of Health, 
Labour and Welfare of Japan.
3．Antibodies

The following antibodies were used for the 
experiments：mouse monoclonal anti-β-actin 
antibody（clone AC-15 ascites fluid）was 
purchased from Sigma-Aldrich（St.Louis, 
MO） .

Mouse monoclonal anti-β-amyloid（1-16）
antibody（clone 6E10）was exclusively 
provided by COVANCE（Emeryville, CA） . 
Mouse monoclonal Anti-β-amyloid（17-24）
antibody（clone 4G8）was exclusively 
provided by COVANCE（Emeryville, CA） . 
Mouse monoclonal anti-amyloid precursor 
protein（66-81 of the N-terminus）（clone 
2 2C1 1）was p r ov i d ed by Chem i c on 
International（Temecula, CA） . Rabbit 
polyclonal anti-oligomer antibody（A11）
was provided by Thermo Fisher（Rockford, 
IL） . Mouse monoclonal anti-phospho-myelin 
basic protein（MBP）antibody（clone P12, 
Upstate, Lake placid, NY） , anti-MBP（rabbit 
polyclonal, prepared in our laboratory：
Akiyama, et al.21)） , mouse monoclonal anti- 
myelin proteolipid protein antibody（clone 
PLPC1：Merck Millipore, Temecula, CA） , 
mouse monoclonal ant i -CNP ant ibody

（clone11-5B, Sigma-Aldrich, St. Louis, MO） , 
rabbit polyclonal anti-α/β tubulin antibody

（Cell Signaling Technology, Danvers, MA） , 
rabbit monoclonal to S100β antibody（ab52642, 
Abcam Japan, Tokyo） , and rabbit anti-cow 
glial fibrillary acidic protein（GFAP）antibody

（DAKO Japan, Tokyo）were also used.
4．Preparation of Myelin

Mouse brain myelin was prepared as 
described previously7)8). Briefly, the cerebrum

（0.2 g）was homogenized using a teflon 

homogenizer in 20 volumes（w/v）of 0.32 
M sucrose. After centrifugation at 25000 
rpm. for 30 min, the crude myelin layers were 
resuspended in water by homogenization 
and then washed by repeated centrifugation. 
The homogenate was once again centrifuged 
on a 0.85M sucrose bed and the purified 
myelin was removed.
5．Electron Microscopy

The cerebrum was f ixed with 2 .5％
glutaraldehyde and then post-fixed with 1％
OsO4. After dehydration in ethanol, the 
specimens were embedded in Quetol 812

（Nisshin EM, Tokyo, Japan） . Ultra-thin 
sections in 2％ uranyl acetate and lead 
solution were observed using a JEOL 100C 
electron microscope（JEOL, Tokyo, Japan） , 
as described previously8). For the G-ratio 
mea su r emen t（the r a t i o o f t h e axon 
diameter to the diameter of the axon plus 
the surrounding myelin） , at least three 
mice per group were used. Eight to ten 
micrographs of the corpus callosum（coronal）
at the midline and at a high magnification

（×10000）were taken for each mouse, and 
the G-ratios of at least 50 axons were 
measured. Axons with aberrant morphology, 
such as myelin reduplication, abnormal 
splitting of the myelin sheath, vacuolization 
of the myelin lamellae, or myelin balloon 
formation, were excluded because such 
aberrant myel in morphology makes it 
imposs ib le to eva luate the degree o f 
myelination accurately.

For example, the abnormally large myelin 
sheath of axons with an abnormal morphology 
arising from the repetition of unaccomplished 
remyelination should not be estimated in 
the same manner as the myelin sheaths of 
normally developed myelinated axons. An 
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considered safe for human use） .
For our initial evaluation of the efficacy of 

t h e m i x t u r e o f Ch i n p i p l u s α- GPC , 
immunoblotting analysis of phosphorylated 
MBP（P-MBP）was performed.

In a previous study, we demonstrated that 
myelination status is closely related to the 
levels of phosphorylated MBP, especially to 
that of the 21.5-KDa isoform, suggested by 
the specific increase and decrease in 21.5-
KDa P-MBP in parallel with aging-induced 
demyelination8).

In the present study, the amount of 21.5-
KDa P-MBP, which decreased as a result of 
aging-induced demyelination, increased 
after treatment with Chinpi（Figure 1Aa） , 
α-GPC（Figure 1Ab） , and the mixture of 
Chinpi and α-GPC（Figure 1Ad） . Chinpi 
plus α-GPC was particularly effective 
for restoring the 21.5-KDa P-MBP level

（Figure 1Ad） . On the other hand, the 14.0-
KDa, 17.0-KDa, and 18.5-KDa isoforms of 
MBP protein were detected in aged Tg2576 
mouse brain myelin with no significant 
difference after supplement administration

（Figure 1A） . This is consistent with our 
previous report, which demonstrated that 
Chinpi promotes remyelination, as effected 
by the increase in 21.5-KDa P-MBP in aging-
induced demyelination8) . Other myelin 
component proteins, such as CNPase and 
PLP, were not affected by Chinpi plus α-GPC

（Figure 1B） . The densitometric quantitative 
analysis confirmed that Chinpi plus α-GPC 
strongly restored 21.5-KDa MBP compared 
with Chinpi or α-GPC treatment, although 
CNP and PLP were unaffected.

2．The expression amount of GFAP and 
S100β is not changed with Chinpi plus α-GPC 
treatment

Τo define whether astroglial markers 
such as GFAP which is an intermediate-
filament protein22) and S100β which is a small 
Ca2＋-binding protein member of the S100 
family23), Western blotting analysis were 
performed using mouse brain homogenates. 
The expression of GFAP and S100β proteins, 
enriched in astrocytes and implicated in 
proliferation morphogenesis of astrocytes 
did not change after treatment of Chinpi 
plus α-GPC compared to the single treatment 
of either Chinpi or α-GPC（Figure 2） . These 
suggest that Chinpi and α-GPC may act on 
oligodendrocyte/myelination.
3．Chinpi plus α-GPC enhances the non-
amyloidogenic APP processing pathway

Western b l o t t i ng ana lys i s o f bra in 
homogenates after Chinpi plus α-GPC 
treatment using anti-Aβ（6E10）antibodies 
recognizing soluble α-secretase-cleaved 
brain APP ectodomains（sAPPα）and 
anti-Aβ（4G8）antibodies recognizing the 
APP C-terminal fragment（CTF）is shown 
in Figure 3A. The non-amyloidogenic APP 
processing pathway（sAPPα）was promoted 
by Chinpi plus α-GPC（Figure 3Ad） . The 
N-terminal-specific APP antibody（22C11）
recognized both full-length APP（FL-APP）
and the soluble α- or β-secretase-cleaved 
APP ectodomains（sAPPα）（sAPPβ）

（Figure 3B） . Western blotting of the detergent- 
soluble supernatant of whole brain lysates 
of aged Tg2576 mice revealed no significant 
difference in the expression in full-length 
APP or sAPP after Chinpi plus α-GPC 
treatment（Figure 3B） . We detected bands

（96KDa, 95KDa）that migrated at the size 
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a：Chinpi, b：α-GPC, c：control, d：Chinpi plus α-GPC
＊＊：P＜0.01, ＊：P＜0.05（with n＝3 for each condition） Welch’s t-test

The signal intensity of the 21.5-KDa isoform of phosphorylated MBP was higher in Chinpi plus 
α-GPC-treated Tg2576 mice than in Chinpi-, α-GPC- or non-treated（control）Tg2576 mice（A）. 
Other components of the myelin sheath proteins, such as proteolipid protein（PLP）and 
2',3'-cyclic nucleotide 3'-phosphodiesterase（CNP）, were not affected by Chinpi plus α-GPC

（B）. Note that densitometry was performed and levels of each protein of interest were 
normalized to the β-actin internal control signal, as indicated in the panel on the right. 
Coomassie brilliant blue（CBB）staining for total proteins（C）.

Figure 1 Western blot analysis of brain homogenates focusing on myelin component proteins  
from Chinpi plus α-GPC-treated aged Tg2576 mice
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expected for sAPP pool（such as sAPPα, 
sAPPβ）and bands（12KDa, 10KDa）that 
migrated at the size expected for the 
fragment, of the APP intracellular domain 
on immunoblotting with the C-terminal APP 
antibody（mAb 4G8）recognizing α-CTF

（CTFα）and β-CTF（CTFβ）（Melnikova, 
et al. 2013）using lysates of the brain of 
aged Tg2576 mice（Figure 3A,  3B） .

Of note, the non-amyloidogenic APP 
processing pathway（sAPPα） , was promoted 
and the fragments of the APP intracellular 
domain and CTFα increased after treatment 
with Chinpi plus α-GPC（Figure 3A） , but 
the expression levels of sAPPβ and CTFβ 
were not affected by treatment with Chinpi 
plus α-GPC（Figure 3B） .

4．21.5-KDa MBP is a particularly influential 
protein isoform for APP functions

To investigate the interaction MBP and 
APP, immunoprecipitation was performed 
using mouse brain homogenates. MBP

（the 21.5-KDa and 18.5-KDa isoforms）
coprecipitated with APP in young mice（d） , 
but not in aged mice（c）（Figure 4B） , and 
APP of full length was also immunoprecipitated 
with MBP in young mice（d） , but not in aged 
mice（c）（Figure 4A） . This suggests that 
at least two MBP isoforms can bind APP and 
affect APP processing in the young Tg2576 
mouse brain, but not in the aged mouse brain 
because the exon Ⅱ-containing 21.5-KDa 
isoform was almost absent24)（Figure 1A） .
5．Chinpi plus α-GPC ameliorate the levels 
of demyelination in aged Tg2576 mice

As shown in electron micrography study

Figure 2 Western blotting of brain homogenates focusing on astrocytes component proteins such as  
glial fibrillary acid protein and S100β protein from Chinpi plus α-GPC-treated aged Tg2576 mice

Note that the signal bands of both GFAP and S100β protein 
which are used as astrocytes marker proteins were not affected 
by Chinpi plus α-GPC.
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We previously reported that the 21.5-KDa 
isoform is associated with the myelination 
status9). Furthermore, MBP inhibits amyloid 
fibril formation via its direct binding to and 
degradation of amyloid through intrinsic 
p ro t ea se a c t i v i t y26) , and i t p r omote s 
endogenous sAPPα release, which has 
therapeutic potential for remyelination 
t o p r omo t e mye l i n r ep a i r f o l l ow i ng 
demyelination27).

sAPPα may also rescue of spatial learning 
and synaptic plasticity deficits28)29). Recently, 

we reported a significant reduction of sAPPα 
in the Shiverer（shi/shi）mice brain, although 
the levels of total APP and sAPPβ both 
remained unchanged, suggesting that MBP 
loss inhibited sAPPα release, subsequently 
causing soluble Aβ oligomers in the brain30).

Although the role of sAPPα in remyelination 
has not been fully investigated, myelin is 
associated with AD because the vulnerability 
of oligodendrocytes under Alzheimerʼs 
pathology easily induces myelin breakdown 
and loss of the myelin sheath, which may 

Immunoprecipitation（IP）of young（3 months）（b, d）and aged（25 months）Tg2576 mice brain 
homogenates（a, c）was performed using the anti-MBP antibody（c, d）or rabbit immunoglobulin 
antibody（a, b）as a negative control on. WB of IP products with anti-APP antibody（22C11）（A）
or anti-MBP antibody（B）. Note that the 21.5-KDa and 18.5-KDa MBP isoform bands were 
immunoprecipitated to a higher degree using the specific antibody against the 21.5-KDa and 
18.5-KDa MBP isoforms（mouse monoclonal IgG；Boehringer Mannheim, Mannheim, Germany）

（B-d）, and full-length APP was also immunoprecipitated（arrow）（A-d）in young Tg2576 mice. 
However, APP in aged mice did not bind MBP（21.5-KDa, 18.5-KDa）（A-c, B-c）, suggesting no 
interaction of MBP and APP.

Figure 4 Immunoprecipitation and Western blotting（IP/WB）
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a：control, b：Chinpi, c：α-GPC, d：Chinpi plus α-GPC
The myelination status improved after one month of Chinpi plus α -GPC 

treatment. Scale bar＝1µm.
The G-ratio, an indicator of demyelination, which is defined as the ratio of the 

axon diameter to that of the axon diameter plus the surrounding myelin sheathes, 
was calculated. The increased G-ratio in the elderly Tg2576 mice was improved by 
Chinpi plus α-GPC treatment. The number of measured axons was 100, using nine 
election micrographs from three mice. Data represent the mean±SEM. ＊：P＜0.01 
versus non-treated control. The analyses were performed using 25-month-old 
Tg2576 mice. Note that myelin reduplication as demyelinating component was 
observed in aged mice（a, arrow）.

＊

Figure 5 Electron micrographs of-cross sections of the corpus callosum show aging-induced demyelination  
in aged Tg2576 mice
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therapeutic effect against AD, extensive 
s tud i e s i n coopera t i on w i th c l i n i ca l 
researchers of AD and other myelin disease 
are necessary. Such studies are currently 
underway.
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要 旨

背景：近年アルツハイマー型認知症での認知機能低下にミエリンの崩壊がかかわって
いるという報告が多くみられるようになってきており，私たちは以前の研究でミエリン
膜を構成するミエリン塩基性タンパク質（MBP）を欠損したマウスでは非アミロイド生
産系が減少することを報告した。本研究では24カ月齢の老齢アルツハイマー病モデルマ
ウス（aged Tg2576）を用い非アミロイド生産系とミエリン形成に及ぼす陳皮とα-GPC



19

── 新薬と臨牀 J.  New Rem. & Cl in .  Vol .72 No.10 2023 ──

（839）

の相乗効果作用について検討した。
方法：Aged Tg2576マウスに陳皮，α-GPC，陳皮＋α-GPCを混入したねり餌を1カ月

間食べさせた後，対照群（non-treated）とあわせ，脳を採取して非アミロイド生産系と
ミエリン形成に関与するMBPについて調べた。

結果：陳皮にα-GPCを加えた方が陳皮またはα-GPCをそれぞれ単独で投与したとき
よりも非アミロイド生産系（sAPPα・CTFα）をより強く亢進した。さらにミエリン形
成に必須であるMBP 21.5-KDaアイソフォームを増加させたことから非アミロイド生産系
には特に21.5-KDa MBPが密接に関与していることが示唆され，これらは陳皮とα-GPC
の相乗作用によって一層効果が強くなると考えられた。

結語：Aged Tg2576を用いた今回の結果から，陳皮とα-GPCを組み合わせて投与す
ることでミエリンの再生にさらに大きな効果があることがわかった。この組み合わせで
投与することでアルツハイマー病などの“ミエリンロス”がかかわる疾患に有効な治療
法になると期待できる。

（Received for publication September 6, 2023）


