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Schisandra Fructus Butanol Fraction Reduces Serum Total Cholesterol
and Triglyceride Levels in Hyperlipidemic Mice

Tae-woo Kweon, Young-kyun Kim, Kyoung-min Kim
Dept. of Oriental Internal Medicine, College of Korean Medicine, Dong-Eui University

ABSTRACT

The berries of Schisandra chinensis (Schisandra fructus) are given the name Omiza in Korean (FLBR¥-), which translates as
“five flavor fruit” because they possess all five basic flavors in Korean traditional herbal medicine: salty, sweet, sour, pungent
(spicy), and bitter. It is used as a remedy for many ailments: to resist infections, increase skin health, and cure insomnia,
coughing, and thirst. This study was designed to investigate the effects of Schisandra fructus butanol fraction (SFB) on serum
lipid levels in hyperlipidemic mice. In this experiment, effects on total cholesterol, HD L-cholesterol, and triglyceride in serum
were measured. In our results, SFB did not affect weight gain in hyperlipidemic mice. Oral administration of SFB lowered
levels of total cholesterol and triglyceride, which were elevated by induction of hyperlipidemia. Finally, administration of SFB
regulated changes in gene expression which were related to cell growth and differentiation.
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Schisandrae Fructus
Methanol Extract (109.7g)

Suspended in Hz20
Hexane : H20 (1:1)

Hexane layer Hz20 layer
(8.16¢g)

i Chloroform : HzO (1:1)

Chloroform layer H20 layer

(1-229) lEthyI acetate: Hz0 (1:1)

Ethyl acetatelayer H20 layer

(5.07g) i Butanel : H20 (1:1)

1

Butanol layer Hz0 layer
(5.899) (61.09)

Scheme 1. Purification procedure for the fractions
isolated from Schisandrae Fructus.

Hexane, chloroform, ethyl acetate, 1-butanol
and water were used for solvent.
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Table 1. Compositions of High Fat Diet

Ingredients gm keal
Casein 200 800
Sucrose 68.8 275.2
Cellulose 50 0

Soybean 0il 25 225
Lard? 245 2,205

Mineral mix 10 0

Vitamin mix 10 40

L-Cystine 3 12

Choline Bitartrate 2 0
Potassium Citrate 16.5 0
DiCalcium Phosphate 13 0
Calcium Carbonate 2 0

Maltodextrin 125 500

Total 773.85 4,057

a) Typical analysis of cholesterol in lard=0.95 mg/gram
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Fig. 1. Effects of SFB on changes in body weights
in hyperlipidemic mice.
Body weights were measured on the day which
SFB was firstly administered (day 1) and every
7 days. NOR group : naive mice (n=8), CTL
group - hyperlipidemic mice (n=8), SFB group :
SFB administered mice (n=8). Values are represented
as mean=SD.
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Table 2. Effects of SFB on Changes of Food and
Water uptake in Hypercholesterolemic Mice

Group NOR? CTL SFB

Food uptake (g) 6.08+0.52” 6.13+1.37 6.01+1.88
Water uptake (ml) 14.03£1.98 12.93£1.51 13.72+2.10

a) NOR : naive mice (n=8), CTL : hyperlipidemic mice
(n=8), SFB : SFB administered mice (n=8)
b) Values are represented as mean+SD.
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Table 3. Effects of SFB on Total Cholesterol,
Triglyceride, HDL-Cholesterol Levels in
Hyperlipidemic Mice

Group NORY  CTL  SFB
Total cholesterol — 134.25 229.32 168.03
(mg/dl) 1243 15614%F  +28.31F
Triglyceride 1125 156.4 80.2
(mg/dl) 12757 415.03%  +1652%*
HD L-cholesterol 151 154 162
(mg/dl) £32.00 +48.00 +21.00

a) NOR : naive mice (n=8), CTL : hyperlipidemic mice
(n=8), SFB : SFB administered mice (n=3)

b) Values are represented as mean=SD.

Total cholesterol, Triglyceride, HDL cholesterol levels
in serum were measured using spectrophotometry.
significantly different when compared (p <0.05). *P<0.05
vs. NOR group, *P<0.05 as compared to CTL group.
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Fig. 2. Normalization of microarray (MA plot).

Primary data from raw image were normalized
using lowess method. Vertical axis represents log
ratio and horizontal axis represents log intensity
of all spots after normalization.

] ) v"ﬁ}ﬁ} g FAzke] 71
w7 “H—E‘ﬂl, ontologyell 7]%3 7]
FAAES Frhshe Aol A ‘5‘6}4 ‘:'-i"

g ARk S 16717, W& o] 7



20[A} FEIZ 2220 IXLZS0| R HFQ XNEAF H HZZ FHAL Y& 01X

lo,
N
Ly
= s
o
32
&
(1)
el
o
o\
X
i,
Fo
Y

S7F A
22l 7152 Ex= Fig. 39 Yeht sl Ontology
A2 A 34 (Fig. 3A), £24H4 715 (Fig.

3B), Ml F4 84 (Fig. 3C), o] AVIANZE +45
oA glet. B3l WA 27h8 AR A xS

Ael dab Aol Ao glglen F2 7]
2

Fate 7ol Az

o A

v A e 2 Axge AFEH AU
<, oA o] F7Hd fAAEe] A3 AR
7

Biological process, Level: 3 SR e i v e N Molecular function. Level T e B kb lw
cellular netabolic process I €321 protein binding I 502
prinary netabolic process N ©0.90% nucleic acid binding I 2903
nacronolecule netabolic process I S4.507 ion binding [ 24.250
regulation of biological process [ RS nucleotide binding . 19.34%
cell organization and biogenesis [ -BEY transferase activity . 15212
cell comnunication 22360 hydrolase activity [ PR
establishnent of localization 20,300 receptor activity . s
Iticellul - . oxidoreductase activity W s.55¢
anatonical structure developent B 13.15¢ ligase activity 0 288
biosynthetic process . iz don transporter activity 0287
cellular developnental process [ [EtR-S Mpia binting 2.5
protein localization M e enzyne inhibitor activity I 2.8
cell cycle W 7502 transcriptional activator actiwity I 2082
response to stress W s structural constituent of ribosone I L.98%
dosth B s GTPase regulator activity 11982
neurological process | R transeriptional repressor activity 1652
oIl adhecion P protein transporter activity I 164
cell proliferation W 4502 lyase sctivity I 154
catabolic process B 4o channel or pore class transporter activity 1154
innune susten process B s chEagatin bnding | 1.4
response to external stinulus | X1 CATLS LV 114
response to endogenous stinulus | BX] Earbolydabe Binding 2.2
response to chenical stinulus 1277 halicase, sctivity | 1.2
cell division B 2542 cofactor: bindiag 112
nitrogen conpound netabolic process 0 2.542 isomerase activity 113
S 1 2.5 enzyne activator activity | o922
S b b ) 2oz niorobubule motor activity | o.522
i T e s e receptor signaling protein activity | 0.mx
R ] RN polynerase I transcription factor activ,.. | 0.82%
g o e Kinseo reulatar sctivits [ va
cell honeostasis 1 1.50¢ Cetripyrralekinding [o.ezt
sexual reproduction 1 1.502 mufe h.l"df"z f e
response to abiotic stinulus | 138 :;:::“:r::::::" ity ' :i’:
eell sotluaklon |.1.30 structural constituent of cytoskeleton | 0,412
chenical honeostasis 1 1.2 pattorn binding S ia
regulation of biological quality : 1.04% netal cluster binding | 0.1z
i Sotrachion 108 anine binding | 0.31
0. Incal fzntion 1 0 neurotransmitter binding | 0.51%
R o-0te phosphatase regulator activity | 0.1z
“i“s“z :f"‘“"’l""e : 2‘;: organic acid transperter activity | 0312
circulation X
et | il
regulation of body fluids | o.s8x extracellular matrix structural constituent | 0.3z
dovelepnantal naturation : 0.88¢ anine transporter activity | 0.212 B
cytokine production .58 A deaninase activit: | 0212
extracellular natrix organization and biogen... | 0.58 blain Blnding ! | 0,212
cosgulation | 0.58¢ transcription initiation facter activity | 0.21%
Cellular comps . Level: 3 LI L L = s vaL P
cell part 95,964
nenbrane-bound organelle I 50.41:
organelle part 555
non-menbrane-bound organelle N 15.172
extracellular region part 1.3
vesicle 1207
extracellular natrix part | 0.442
synapse part | 0,442 C
receptor complex 0,442
unlocalized protein conplen 0442
T T oI T

Fig. 3. Functional annotation of up-regulated genes in liver tissues in mice treated with SFB.

Total 1671 genes were up-regulated in liver tissues in mice treated with SFB. The functional distribution of these
genes was analyzed in biological process category in ontology. The horizontal bar represents the percentage of specific
functional category in biological process. The list was arrayed in decreasing percentage of functional category.
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Fig. 4. Functional annotation of down-regulated genes in liver tissues in mice treated with SFB.

Total 1865 genes were down-regulated in liver tissues in mice treated with SFB. The functional distribution of these
genes was analyzed in biological process category in ontology. The horizontal bar represents the percentage of specific
functional category in biological process. The list was arrayed in decreasing percentage of functional category.
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Fig. 5. Pathway analysis of up-regulated genes and down-regulated genes in liver tlssues in mice treated with SFB.

A. Total 1671 genes were up-regulated in liver tissues in mice treated with SFB. The involvement of these genes on
pathway was analyzed. The horizontal bar represents the percentage of genes on each pathway. The list was
arrayed in decreasing percentage of pathway involvement. Top 4 pathways were showed in detail in which the
up-regulated genes were colored in red. The represented pathways were obtained from KEGG.

B. Total 1865 genes were down-regulated in liver tissues in mice treated with SFB. Top 4 pathways were showed in
detail in which the down-regulated genes were colored in red. The represented pathways were obtained from KEGG.
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Fig. 6. Comparison of functional distribution in b|olog|éal process.

Both up- and down-regulated genes were analyzed in biological process category in ontology. The horizontal bar
represents the percentage of specific functional category in biological process. The list was arrayed in decreasing
percentage of functional category. Red and Green color represent percentage of up-regulated and down-regulated
genes, respectively, in each functional category. P<0.05 was considered significant.
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Fig. 7. Pathway analysis between up-and down-
regulated genes in liver tissues in mice
treated with SFB.

Involvement of these genes on different pathway
was analyzed. The horizontal bar represents the

1234

percentage of genes on each pathway. The list
was arrayed in decreasing percentage of pathway
involvement. Top 3 pathways were showed in
detail in which the up or down-regulated genes
were colored in red or green, respectively. The
represented pathways were obtained from KEGG.
P<0.05 was considered significant.
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Fig. 8. Protein interaction network in human system.

The network of total protein interactions was measured using cytoscape program. The database was obtained in
BOND database (http://bond.unleashedinformatics.com). Circles represent proteins that involved in interactions
with other proteins. Yellow circles represent the proteins identified in this experiment to be up-regulated by
treatment with SFB. Lines mean the protein-protein interactions. Yellow circles which have intensive network
with other proteins were marked as A, B, C and D. Each circle have name of the protein. JAK2, GRB2,
CDC42, and SMAD4 were placed on core positions with intensive interactions with other proteins.
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Fig. 9. Protein interaction network in human system.

The network of total protein interactions was measured using cytoscape program. The database was obtained in
BOND database (http://bond.unleashedinformatics.com). Circles represent proteins that involved in interactions
with other proteins. Yellow circles represent the proteins identified in this experiment to be down-regulated by
treatment with SFB. Lines mean the protein-protein interactions. Yellow circles which have intensive network
with other proteins were marked as A, B, C and D. Each circle have name of the protein. GRB2, B2M, FOS.
and ESR1 were placed on core positions with intensive interactions with other proteins.
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Up regulated genes

iR IF Info GC Location P-value

1 Spl 11.66 0.79 [-0216:-0007] 5.627e-140 584 7T1%

2 Cdxh 5.43 0.20 [-1001:+0494] 7.303e-102 791 74%

3 GC box 11.54 0.68 :-0036] 3.464e-85 71 57%

4 Sp1 8.90 0.72 :-0005] 4.290e-89 83%

s NE=Y 12.77 0.52 =-0034] 4.574e=34 28%

L .| Elk-1 10.16 0.5¢ i=-0002] 2.715e-26 9%

7 VSRP2_Q6 AP-2 10.34 0.79 :+0021] 9.790e-26 42%

8 VSHNGFIC_01 NGFI-C 17.40 0.69 2.123e-25 39%

9 WSCAP_01 Gap 4.67 0.49 4.0Ble-24 51%
io0 ] 10.82 0.57 1.680e=-22 25%
i1 i 6.89 0.36 1.29%e-20 32%
12 VSNRF2_01 13.89 0.61 2.053e-20 28%
i3 VSNFY_Q6 11.924 0.47 3.828e-19 22%
14 VENFY_C 19.04 0.42 7.862e-19 8%
15 VSCEBP_Q2 7.11 0.39 [+0093:+0408] 5.398e-17 26%
16 L'SmT:Dl 10.75 0.48 [-0166:-0041] 2.054e-16 21%
17 VSAREB6 04 AREB6 9.86 0.45 2.326e=16 17%
is VSCEBPB_02 C/EBPbeta 8.60 0.42 9.463e-16 23%
i9 VSEGRL_01 Egr-1 17.46 0.68 5.232e-15 32%
20 VSCEBPR 01 C/EBPalpha 7.12 0.38 1.225e-14 22%

Info GC Location -value nh ns
10.35 0.32 5.713e-69 613 B6%
14,59 0.28 8.317e-58 423 8%
6.89 0.38 1.706e-49 347 76%
1 12.89 0.35 1.086e-46 433 B83%
VSNKX61_01 NEX6-1 15.87 0.19 1.097e-40 385 73%
VSCEBP_01 C/EBP 6.99 0.40 1.420e-39 332 81%
VSPBX1_01 Pbx-1 B.81 0.20 7.280e-37 370 78%
VSFIUH_OZ Pax-4 8.47 0.30 2.356e-34 283 ©6B%
VSMEFZ_03 MEF-2 i8.54 0.33 1.545e-33 409 72%
VSXFD3_01 XFD-3 16.97 0.26 1.736e-32 304 67%
VSCART1_01 Cart-1 15.18 0.31 5.312e-32 258 65%
VSMEF2_04 MEF-2 26.51 0.28 1.979%e-31 366 7T4%
VSCEBPA_01 C/EBPalpha 7.12 0.38 4.392e-31 188 55%
VSCEBP_Q2 C/EBP 7.11 0.3% 1.604e-30 219 61%
VSMEF2_02 MEF-2 16.86 0.36 2.240e-29 373 78%
VSFREAC2_01 Freac-2 14.64 0.36 3.203e-29 375 759%
Coct-1 17.16 0.21 2.372e-28 302 70%
Spl 11.66 0.79 5.052e-28 142 52%
Qgt=1 11.80 0.3% 2.723e-27 310 73%
vsse 01 sg 12.23 0.30 1.763e-26 246 66%

Fig. 10. Transcription factor binding analysis.

The transcription factor binding site (TFBS) were predicted using 5 upstream of exons of up- or down-regulated
genes. The transcription factor binding sequences were obtained by Transfac database. The list were ranked by
P-value. Matrix and TF column represent transcription factor. The location information and number of TFBS
were also shown in location and ns column, respectively.
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