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Massa Medicata Fermentata improves fatty liver in high fat diet—fed nonalcoholic
fatty liver disease’ s mouse model
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ABSTRACT

Objectives : This study was undertaken to verify the effects of Massa Medicata Fermentata (MMF) on
nonalcoholic fatty liver disease (NAFLD) using high fat diet—fed male mice,

Methods : Fifty four male C57BL/6N mice (age matched) were used for all experiments, Nine standard chow
diet—fed mice were used as normal group and forty five high fat diet—fed obese mice were randomly divided
into 5 groups: control, atorvastatin—10mg/kg, MMF(1)—62.5mg/kg, MMF(2)—125mg/kg and MMF(3)—250mg/kg. After
all groups were treated with several kinds of diets for 8 weeks, we measured body weight gain, adipose tissue
weights, plasma lipid and glucose metabolism, visceral organ weights, histological analysis for liver on the
mice,

Results : MMF—treated mice had lower body weight gain compared with controls, Among MMF—treated mice,
the effect was magnified in MMF(2). MMF(3)—treated mice had lower blood plasma total cholesterol (TC) and
glucose level compared with controls, MMF decreased hepatic lipid accumulation, liver fibrosis and liver
inflammation of mice compared with controls, The effects was maximized in MMF(2) and atorvastatin, Blood
plasma aspartate aminotransferase (AST), alanine aminotransferase (ALT), y—glutamyltransferase (y—GT)
concentrations tends to be decreased by MMF compared with controls, Blood plasma AST, ALT, y—GT
concentrations and organ weights were not changed by MMF, indicating that all three kinds of MMF do not
show any hepatotoxicity,

Conclusions : These results suggest that MMF improves NAFLD by reducing body weight gain, hepatic lipid
accumulation, liver fibrosis, liver inflammation,
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1. A=

1) Aes=

FANEFEEAE Mt (F7], TN Fae 7Fe
C57BL/6N 4 ulA b4ute]E ARSSFGTE 157 <HA%)
BEE AR F, AT onkE|et nXHRlol 45utE]E A
9ol 2 F2LHo st I B E sho] A4 o]
oAl 8F37F 45kcalnd] AALAolE Foste] H|[YEFHA
e fEio 1 & 2ARAolEE oAl AlFHE S
w2 FZHof 2]sle] control, MMF(1), MMF(2), MMF(3)
1} atorvastatin? L2 ZHzZF 9ufg|® Bajsle] o]E Al
ARG

ARRSAL 2% 21+3 €, €& 5515 %, 3] 34 15
~17 3l/hour, Z%= 150~300 lux, ZHL 12A17F B (F
51 6:00, 2% 18:00)02 zAste] AY 7)7HEer A5}
Al SPF (specific pathogen free) AE|Z SX5}Hct, LFA}L
F (Harlan, USA)® E2 A Folet 945 AFTh

2) AlISHEX]

AFELL SATE ARSI A= THREEE,
TR, ) Nl o wel A NE NG, &
=, BEXEIET, HFE5ETT HEREgTe oqA F& 239
stal 10097F A LaEZE § 200mesh® &E4ste] ARg-sH
At} (Table 1), Q2T EBH4-E ARSI, FYd=L
o wgEg AP A2 AgEE? 2XBF A=A
atorvastatin (Pfizer, Ireland)< ARE-S}E T
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Table 1. The composition of MMF

Name Ingredient Weight

N Triticum aestivum L, 257

F NG Phaseolus angularis 1F
Ayl &= Prunus sibirica L, 1734
(MMF) pe=n Xanthium strumarium L, 17+

i Artemisia apiacea Hance 1734

[5g>s Anemarrhena asphodeloides 17+
3) AEz o oy

& FAEIHeH, A4S 10k Gyt
2012, AR hRFE 45k TAA oS TFIFA
AYPFERZ d27e BHFSE, MMFE 62.5, 1252 250mg/
kg9 88FS atorvastatin® 10mg/kge] fFoz 8271 7
TEo stEtHTable 2).

Table 2. Experimental groups

Group Treatment Number Sex
Normal Low fat(10kni%) 9 male
High fat(45ki%) + MMF(mg/kg BW)
Control water 9 male
MMF(1) 62.5 9 male
MMF(2) 125 9 male
MMF(3) 250 9 male
High fat(45ki%) +
Atorvastatin(mg/kg BW)
Atorvastatin 10 9 male

2, A+

1) MES S 5%

MMF(1), MMF(2), MMF(3)1} atorvastatin®] A|&Z7}
Fol= old WHIE FE=A Gotrr] Hsto djE 23] 8F
U AE FFsa, olF TAR st ASIUHEES AL

st

o AL QYA 8F F
ether2 mhgh thg 7HESte] EriAdols X 1mlE A
st on, n&YPAEEY] (Micro 12, Hanil, Korea)E ©]
31e] 3,000 rpmoA 587 YRS EejE %
2 YEr (-200)0] E#star FAYSSHEATY] (Selectra
2,  Vitalab, Netherlands)E  ARE3te]  aspartate
aminotransferase (AST), alanine
(ALT), y —glutamyltransferase (y —GT), high density

12A17F A8k 5 diethyl

gul

aminotransferase

lipoprotein cholesterol (HDL—cholesterol), low density
lipoprotein cholesterol (LDL—cholesterol), total
cholesterol (TC), triglyceride (TG), free fatty acid
(FFA), glucose®t insulin®] 8% &8 727 &43%ch



TAGAo] S ILBAAYTE oL WA ALY PEIHAF A A 25

(1) 7] APy A

a2 Ao B 7FRZAS 10% phosphate—buffered
formalinol Al &2 olF IASHIL 1241t ol 22+ &9
Al formaling Al&3H & 60% etahnol, 70% ethanol, 80%
ethanol 90% ethanol, 95% ethanol, 100% ethanol®jA]
Z¥zy 1A g AIFH T, Xyleno] 1AM 39 EabA
% paraffin®] 1A1ZF ¥ 2§ AEIFS HAStGT Zaljzt
Hg AH o 3mel SAZ WA slide Hol 24E eln
AZAZl & hematoxylin—eosin G gt Slided &
71E $l°fl mounting mediumE HO]{=# & cover glass

£ Qof nhRese.

(2) 7re] vTAE 24

kAol g x2S oF 5mE AE FHE FEA
7l &Efo|EE H2 EFolE SRl 587 HolRdth 1
21 toluidine blue working solution®| 387F Hol=3ict
I 3 FHS, 95% ethanol®} 100% ethanolel Z4z; Z}=| o
2 33 it Avle AL e Y Ethanol @A =
2o GMo] wE 4= Q7)o wEHA AXStET, 1l
paraffin A|AES $J3 xyleneo] 387} 23] Hol: & ARl
A ZZA& T2 canada balsam (3) : xylene (1)9] H|&
Z AZE mounting medium< Bo]E# & cover glassE

o} nhrelstyic,

(8) 7r9] collagen =2 A

upe-AofA Bafgh 7h2AE ¢F sm=E AE HAUL HEIA
7l &0l T2 EFolE 100% ofehE 3E, 95% o
3E, 710% olerZe] 3% ¢ AR @ & S7FFE 5
6°C =%A17] bouin's solution®l] 58 E¢F HolRgich 1 &
52 Eo 2A7F 52t bouin's solution®] ¢lojd wiztx] A
o]t} Weigert's iron hematoxylin working solution®]
1087 Hole & 32+ &9 1087 89 R 3F7
220 53|17+ gzt A= AL YHEStal, biebrich scarlet
acid fuchsin solutiond] 1587F @olE & FFl 537
it A= RS ¥ESHYHh 123l phosphotungstic
solution®] 1587t @olE & aniline blue solution®] 10
£ 91 37 33 @3t A AL 9HES T 1%
acetic acid solution®] 587t HolEith 95% ethanold}
100% ethanololl 3314 A2 G3ith A= 2E WHEL
% paraffin AAE 13l xylened] 3E7F 23] HopFEich
Aol A LY F canada balsam (3) : xylene (1))
H&2 AZ3S mounting mediumE HolxE# X cover
glassE& "ol nhstAt

2= 229 AREYY AU=F, HRA|ES} collagen?
4 2 F7]8X-L image analysis system (Image Pro—Plus,
MD, USA)E o|&s%itt.

3. TAEA

RE ZF8 mean t* standard deviation(SD)2Z FA|3}
™, OriginLab Version 7.5(OriginLab Corporation, MA,
USA)®] ANOVA one wayE ©|&3td SAA 94 A
o4t

i)

3}

1. A5 37 AYFA

MMF(1)2 tjzZo Hlgte] 8UAREE FAHLE {olst
A As S7FFol FastEom(p<0.01), 11447 = %
AZo] 7 TASFATTHPC0.05) 15YARE oA ez
o] £%1(p<0.01), 18URFEH ThA] FaZo] Zo|E3UTh
(0<€0.05). 22¥ARE 25UANA = AT T7HEF] HE 5
AR fFo/dol gltizh, 29URRE TA| Hastr] AZsto]
(p€0.01), X Il 57LRA7IA] FAZel wske QAT
BAALRE F5tA AFTTIEe] HASATE. MMF(Q2)E 8
AAEE AFS7IF] dAF| TASAL2H(p<0.001), 18%
7R A&H e R ZHAsHATHPC0.01), 18YARE 22UA
A E awko] E3tEo] A foidol fdem, 259A
FE Al Zashr] AlEste(p<0.05), 29¢AEE  mRRE
9712 @A HAE BAHp0.001). MMFQ3)= 4¥A%
B A% A4S Ho|tprHp<0.001), 114RFE <t &3
EtHp<0.01), 18YARE 25URA7IA] AFF7HEF T2
FAA f9480] glort, 299AIRE Tl dastr] AR
th(p<0.01). 50EARE FaZEo] <ot E9°H(p<0.05),
upxgh gl 57dA FAZEo] oAl Eoluth(p<0.01),
Atorvastatin ¥ 49AEEH A&HJ HAE FA8}
(p€0.05), 22¥A FE3I9eH, 254RRY ThA] BAZHS
2 fYstA Hdastr] A&staen, 364ARE 39UA7IA|
HaFo] o Eogth7H(p<0.01), vkAEt gefl ohA] E3HE 9L
tH(p<0.05).

tjZzo] vt MMF A =73 atorvastatin &+ 25
Az Aol FAAJ] f940] = A= Uyt A=
9] AT = atorvastatin oo H]E] MMF o] ¢ & FAe=
Uebgoer, MMF w9 Al & F MMF@)AA 1 Z=7}
o] & Ae= yepgth(Table 3, Fig. 1).
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Table 3. Effect of MMF and atorvastatin extracts on body weight
gain in high fat diet—fed obese mice

Body weight gain (g)
Normal Control MMF(1) MMF(2) MMF(3)
4 -0.900+0.515 —0.607+0,785 -1.472+0.906 -1.513+1.205 *1,88410,529‘ *1,58110,641‘

Date
Atorvastatin

8 -0.553+0.648 04771403 -1.822+1.333" —2.591%1.216 —-2,567+1.236 —1544+1.635
11 -0,409+0,852 0,608+1,120 ~2,297+1.424° ~2,637+1,178" ~2.900+1,484" —2,207+1,566
15 0,054%0,792 0,138+1,824 —2.571+1,422 —2,05241267 -2.733+1.673 —1,993+1432
18 0.203+1.077 —0,884%1.767 -2,750+1.705 ~2,263+0,977 ~-2.557+1.802 -2,430+1.212
22 014941462 -0692+1525 —1361+1.908 —-1780+0,990 ~—1.753%1575 —2,134:1401
25 -0,173+1.213 -0,826+1.411 —1959+1512 -2404+1110° -2.219+1592 —2,571+1.605
29 -0,071+1.246 0.766+1.512 ~1.547+1.676 -1942+1.175 ~1.628+1274 —0986+1.372
32 0,109+1.609 1,273+1551 —0,694+1.644" —1.384+1.027 —0,738+1.111" —0,6211,502
36 0,326+1828 2223+1659" 0,056+1462 —0,839+1,052" —0,181+1311" 0,008+1,395
39 0.757+1.676 2.922+1.877" -0,014+1.716" ~1.110+1.396 0,326+1,189 0.660+1,268
43 0,921+1.773 3.634+2,080" " 0,679+1585 ~0,116+1,024" 1,230+1.086 1427+1,209
46 1,008+1.467 3.782+2,009" T 0.892+1,534" 0,039+£0,935 1.503+0,999" 1.600+1,289
50 153141637 4.124+2123" 17031435 07190939 1974+1081° 2,024+1,058
53 1.798+1.563 4.83242,230" " 251241442 1338+1251"  2.786+1,005 2,623+1.119
57 2.196+1.879 55544240671 2,079+1.738" 154841192 2.299+1.060" 3,116+1.09
Data are expressed as the mean + SD. Tp*(*O.OS, TTpg*(*).ot JAN
p{0.001 compared with normal. p{0.05, p<0.01, p<0.001
compared with control,
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Fig. 1. Changes in body weight gain of MMF and atorvastatin
against high fat diet—fed obese mice. Data are expressed as the
mean * SD.

87t FE Fol & HAste b A2 (mesenteric
adipose tissue, MAT), AJ&17] FH WAZHZA] (epididymal
adipose tissue, EAT), &9 ZH WXIZHERA] (retroperitoneal
adipose tissue, RAT), ARy F¥ 9skR|H¥=3] (inguinal
adipose tissue, IAT)T} ZHAX]H}FZZ] (brown adipose tissue,
BAT)9] RAE &A3Att MMF@Q)IA izl st
RATO] RA7F <kt Rokout BAA (9492 fiolth(Fig.
2-3).
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Fig. 2. Mesenteric adipose tissue(A) and epididymal adipose
tissue(B) weights in high fat diet—fed obese mice. Data are
expressed as the mean + SD.

[ S

Fig. 3. Retroperitoneal adipose tissue(A), inguinal adipose tissue(B)
and brown adipose tissue(C) weights in high fat diet—fed obese
mice. Data are expressed as the mean £ SD.

2. EABIEA

Vol, 29 No. 2, 2014

1) &Z aspartate  aminotransferase,

aminotransferase2t y—glutamyltransferase =
AHAZ 8F & A U aspartate aminotransferase,

alanine aminotransferase®} y—glutamyltransferase®] <%

= 543 27}, atorvastatindt MMF Als= 2F izt

Hgte] FAZQ 942 §3th(Table 4, Fig. 4).

alanine

Table 4. Biochemical examination of blood in high fat diet—fed
obese mice

Factors Normal Control MMF(1) MMF(2) MMF(3) Atorvastatin
AST(U/L) 15633442 21256410350 178115797 1741146461 166.78+67.65 178+159,71
AUTUL) 98894460 95204429777 806744956 754445118 57.89+4746 60,6748 40
y-GIUL)  043£005  044+0.13 038+007  041£0.03 0424007 0384014
HDL(g/dl) 1374441175 15878+1471"" 15541655 16442174 1493341544 137561413
IDLg/dt) 2067581  40.11+949'""  3533+984 387841530 3189+9.27 2478606
TCg/dl) 157441449 201.22+2337' " 188,78+26,14 203,33+39.23 176.11+21,23° 160.78+17.19"
TCg/d) T8ETHISIS  90.33+1794 84561143 S3IILILT6  TT56+518 72671372
FFA(: Bo/L) 97789416358  819+100.02  970.44+11458 101147569 977.11489.87 868.89+96.94
Glucose(ug/dl) 1772242027  213,67+44.40"  N0144+32.64 2042479  176,67+17.32 200,56+32,17
Insuling/dl)  081£047  223+087'"T  2.00+092 2674149  209£115  2.93+147

Data are expressed as the mean =+ SD, Tr;\*gO.O5, ”p*(*(*)_OL Tt
p{0.001 compared with normal.  p<0.05, p{0.01, p<0.001
compared with control, AST, aspartate aminotransferase; ALT,
alanine aminotransferase; y—GT, y—glutamyltransferase; HDL, high
density lipoprotein; LDL, low density lipoprotein; TC, total
cholesterol; TG, triglyceride; FFA, free fatty acid.
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Fig. 4. Fasting plasma aspartate aminotransferase(A), alanine
aminotransferase(B) and y —glutamyltransferase(C) levels in high
fat diet—fed obese mice. Data are expressed as the mean + SD.

2) &% HDL—cholesterol, LDL—cholesterold} total
cholesterol &=

ASAAF 85 & A U HDL—cholesterol, LDL—cholesterold}
total cholesterol®] % =43t 21}, HDL—cholesterol®] Zk
2 gz v} atorvastatin®] SAZFOCZ Fol5HA Wk
o, MMF Al RF= tizate] Hjste FAHQ 9442
S12tHTable 4, Fig. 5—A). LDL—cholesterol®] Zt2 thZx#
of HJgte] atorvastatine] FAXHCE {OSHA Hgtom,
MMF A 5% 5 MMF@3)°] W2 A= Yepgout FAZ
oJAL AtHTable 4, Fig. 5—B). Total cholesterol®] Zk

tjzFto] HvlEle] atorvastatin®} MMF(3)ol|A EAFo=E
ostA Fe Ao Uepgth(Table 4, Fig, 5-C).
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Fig. 5. Fasting plasma HDL—cholesterol(A), LDL—cholesterol(B) and
total cholesterol(C) levels in high fat diet—fed obese mice. Data
are expressed as the mean *= SD. HDL, high density lipoprotein;
LDL, low density lipoprotein.

3) E= triglyceride®} free fatty acid &

APANZ 8% & A Y triglyceride®} free fatty acid
9] okg =A% AR} triglyceride?] 2 ojRTo] H|d}o]
atorvastatin®] FAHLE {54 Wkon, MMF(3)elA
gz Hlgte] 22 Rez veEou FAZFA 94
819itH(Table 4, Fig. 6—A). Free fatty acid®] < i+
o] Hjste] MMF(2)2F MMF(3)0] &2 Ze=z uehyged,
MMF(2)oll A SAIZEA f2/de] 1SitH(Table 4, Fig. 6-B).

oncantration (mgidL}

e
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T Edem

e fatty acid concentration (uE g/L)
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Fr
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Fig. 6. Fasting plasma triglyceride(A) and free fatty acid(B) levels
in high fat diet—fed obese mice. Data are expressed as the mean
+ SD.

4) = glucose?t insulin S=

A Z 83 & EF Y glucoset insulin®] ¥ &3
3 A}, glucosed ZH2 TR H|SlY atorvastatin
FARCE {oT Aol gldlen, MMF Als® F
MMFQ3)ollA BAHSR {oatA WotthTable 4, Fig.
7-4A). Insulin® F2> dizFo] H|gte]  atorvastatin®t
MMF Ak REF= 3AEA |940] fith(Table 4,
Fig. 7-B).

ntration (mgidL)
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Fig. 7. Fasting plasma glucose(A) and insulin(B) levels in high fat
diet—fed obese mice. Data are expressed as the mean * SD.

3. SAl 9Jgk 7ERZ9] histology®} morphology
w3}

1) SAIZ0|| 2§t ZIXZ|o| X|HFH H5}

MMF7} A 34o] gk g mpeAo] ZEXHkZo| u|X|=
S AP Yste] 7ERE section® hematoxylin &
eosin® 2 @Mt Gt vlgte] dizte] 7hA A
WEAo] At FrFeth 1y nHAo] upeAd
MMFE AHstges o 219 AE5Ho| FAsiglon,
MMF(2)olAd 7F¢ matdoz ZrAasgth Atorvastatin®
7re] AFEAS JABIE e, ERd=E MMF(Q2)9 A4
sFAtHFig. 8).

Atorvastatin *

7re] d=ure S Al 8k 7+23F sectiong toluidine
blue2 GMF F ZkxZo| HFZ H|TA|EZ (mast cel)E
ZAPLTE, Aol vlgte] thEate] TtolA HwkAlzst &
AeHA F7tskeh, 2t A Ao] mReio] MMFE A
S o 7 HTA|EE ZHASHE o™, MMF(2)olA 7}
Z aatyoz a3t Atorvastatin® 7k H|THA|EZE
FaARoH, aYE= MMF(@2)2F S-ARSHATHELg. 9).
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Fig. 9. Liver inflammation. Original magnification X400.

3) |A1=20] ogt ZIEZI9| collagen X H3}

7+ AR5 A $I8te] k22 sectiond Masson's
trichrome®. 2 GMs & 71229 collagen &L RA}SH
ek, Aol Blste] th29] oA collageno] S7F5HR
ot a2y axEle] ukexo] MMFE AEatde of 7+
collageno] Zraslom, MMF(2)olA 7Fg &Ho= 7+
2351t} Atorvastatin®= 7] collagenS HAAFROH, &
FHEE MMF(2)2+ GARIAEHFig. 10).

Fig. 10. Liver fibrosis. QOriginal magnification X100.

4, Z715A

ARTE & BAA 1, A%, 91, AT Je 74
£ A A1, MMFE 5o F¢ 1139 BA7 Solees 4
ol dfev FAACRE {942 ¢l 7IE 2E A7)
o] BAE atorvastatin®} MMF AlsE RTFolx tjZo|
Hjste] FAIHCR [t Zpol7t gllrh(Fig. 11-12).
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Fig. 11. Liver(A) and heart(B) weights in high fat diet—fed obese
mice. Data are expressed as the mean £ SD.
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Fig. 12. Spleen(A), kidney(B) and pancreas(C) weights in high fat
diet—fed obese mice. Data are expressed as the mean = SD.
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Segets 7has 9 giete® Qg AptEol ke Ut
of &3 met HT AN L MeLTo] Wtz 9l
HZA AWzte] g Eo] A EolL 9len, o}
H|ho] Lol A zofol|Ae] nlgdEA At AF 9A &
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