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Comparative Analysis of Three Different Types of Gami-Saengmaeksan
in Enhancing the Immune System

Eun Young Bae, In Hwan Joo, Dong Hee Kim*
Department of Pathology, College of Korean Medicine, Daejeon University

With infectious diseases and an aging population on the rise worldwide, there is a growing interest in boosting
immunity to combat them. We aim to identify forest resources that can enhance immune function and scientifically
prove their efficacy. We examined three different types of gami-saengmaeksan can increase the immune function in
cyclophosphamide-induced immunosuppression mice. First, we injected cyclophosphamide (50 mg/kg) twice to induce
immunosuppression. Then, three different types of gami-saengmaeksan (Prunus davidiana Carriére
gami-saengmaeksan; PDS, Chaenomeles sinensis Koehne gami-saengmaeksan; CSS, Pyrus pyrifolia Nakai
gami-saengmaeksan; PPS) 200 mg/kg/day were oral administered for 14 days. In order to confirm the
immune-enhancing effect three different types of gami-saengmaeksan, we analyzed body weight chagne, the number
of immune cells in blood, cytokines, and immunoglobulins levels in serum. Cyclophosphamide was decreased the mice
body weight and the number of immune cells in blood. However, PDS and PPS have significantly increased the body
weight, white blood cell, neutrophil, lymphocyte and monocyte count. Also, they were increased immune-related
cytokines (IFN-y, IL-2, IL-4, IL-6, IL-10, and TNF-a) and immunoglobulins (IgA, IgG, and IgM) levels in serum. But,
CSS were slightly increased body weight, immune cells, cytokines, and immunoglobulins levels, non-significance was
observed. The results suggest that the three types of gami-saengmaeksan can be used as ingredients in dietary
supplements to immune enhancing.
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We AAE FHS: dgRt @e AZS 5 gaNE dople vR HAZ 2AE £47] 59 WY 57 A
(macrophage), At A3} A|Z(NK cell, natural killer cell), £ 93] AFRE|0] gton, F o= olst AAS9 852 ISHAO
A% M Z(dendritic cell)?t 22 AA W Az FUA A ¥ 2 sty ASotuA} ok A4E0] AP ot Eo], AW
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E3 Y9 Sold Wel W WYt T Ym7eh B YmIE 2 8% A 34, WY Pt 59 £502 oS 52 A
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" FR0] gigt A AP vt ok o2d ARALE 1217k 200-300 Lux2 ZYsta, 12A17H2 B& 9& Aoty
o] AHE 7hsidol "igt AfSol A4Fer Q4EY glog, & o 2 A¥2 gAaddtz ALY AK€ $UA(5UHs
ALE 5ol ABALA Jig3oh, 2af, SHjo] AE THsAEE o DJUARB2023-019)Z ol FEJ&EXl0] oA 5to] AAsATH
B3t 7167 Ao ALAYY &8-S FIHAFI LA {0
ot A2 FAo] tigt a50] Y FHoIehA Ayl Amito] 3. WA 5= 22 Ai 9 A= £
olZdt MARASE FIlot] N2 5¥EZ Aty U A2 HAYAIS |E=stA] %42 A/ (Control), HAA|
40 izt &5 vlw 2 BAstuA ok £ A58t FR4E FoIshe BYAAZ(CTX), HAAA &, 7

olo] & AFoA+= HUAAAAAU cyclophosphamide (CTX) E4of 7o) WA Fojst= AFL(CTX+PDS), 2} 7to] A
£ HASEY BZ U2 FARH 99y Ast 29Z AAste WS Folohs AFL(CTX+CSS), A5l 7tu] AWAZ £osh
Amate] ABAEE JHolgt AW 3532 FRolste] A, Y + MAHCTX+PPS)o2 Z{sIgen], 2k 152 844 RAQz
U 99 Az 4, @Y Y "IIF2EY L AolEIRI 529 W st 13U FEAZ7IE AR ¢, HAYAA] F22E A
g52 vl 3 2HST ol FA AW &E tsde 50 Ae ASH UAAAA cyclophosphamide (CTX: Sigma-Aldrich,
ZHN71L AEAIE S CHolE AEAS EEd WoE A J154 US.A)E 50 mg/kgoz AYP A&t 3PAto] 57F W FAst
AZ AxK|2H O e Ft5AH-S FYrtstnAr ot gt CTX FAPF £89 3, 1447 PDS, CSS, PPSE 200

mg/kgO2 14 13], o 10A]o] F+Fo st chFig. 1).
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Table 1. The Composition of Three Different Types of Gami-Saengmaeksan

Herbs Scientific name PDS CSS PPS
W F & Liriope platyphylla Wang et Tang 10 10 10
2l + Panax ginseng C. A. Meyer 5 5 5
2 0] xf Schisandra chinensis Baillon 5 5 5
HEsot Prunus davidiana Carriére 10 - -
L Chaenomeles sinensis Koehne - 10 -
A E oy Pyrus pyrifolia Nakai - - 10
Total amount (g) 30 30 30
Yield of extracts (%) 18.10 2433 22.34
HE50t 70| MMAPrunus davidiana Carriére gami-saengmaeksan, PDS), 2.1t
7t0| WA Chaenomeles sinensis Koehne gami-saengmaeksan, CSS), ,AtZH{ 7t
MWL (Pyrus pyrifoliaNakai gami-saengmaeksan, PPS)

2. A¥EE
Ao A3t 5579 271 ICR mousex 2}-2Hlo] 2 (Korea)
oA Butor ARt AYFEFL 2579 YIS JHAHA

Ll 8
+38 AZeH, g7 9@ AT BE AP FE0+= rodent
diet (Envigo, U.K.)2 2

1 3
£ AISAl9] 2L conventional systemo=z 22+2°C, 19 &

Day 0 Day 7 Day 10 Day 24

Animal acclimatization

‘ Oral administration

PDS, CSS, PPS 200 mgikg

T 1 Sacrifice

I.P. Injection

Cyclophosphamide 50 mg/kg

Fig. 1. The experimental scheme used in this study.

4. APEE 34

AE=2o FMsly] Ao AEL EAsIL 3% isoflurane
(HANA PHARM, Korea)g AM8ste] op|stdct. ofF] &, A% A
FHE 5o 529 EAE AFstP L SA] EDTA tube (Becton

Dickinson, U.S.A.)?} microcentrifuge tube®] U0} HWastict

5. o HE 4 B4

EDTA tubeo] HuUE0]QE= ML hematology system
ADVIA 2120i (Siemens, Germany)S ©]835t0] u3d L (white
blood cell), &%3(Neutrophil), ¥ IZIZ(lymphocyte), T3l

(monocyte) &5 w453t

6. ufol oA 2
Microcentrifuge tubeo] H#E]o]9l= S AreofA] 30
B2 1471 &, 3000 rpmo 2 108 59t gARalsio YL
Bastgct. £t @42 MILLIPLEX® multiplex assays Kkit
(Millipore, U.S.A.)?} Luminex 200 System (Luminex, U.S.A))
£ 0|85l HAZ2EHUA (immunoglubulin A; IgA), HIZ=2
EUG (Ig6), HIZZEUM (IgM), JEHE-v (interferon gam-
ma; IFN-y), Qg H71-2 (interleukin-2: IL-2), <QIE&F1-4
(IL-4), AEFII-6 (IL-6), AEFZ-10 (IL-10), FFIAIRIA}-a

(tumor necrosis factor alpha; TNF-a) £&& 23519t}

7. 84 24

A3 Aat= SPSS Statistics Version 21.0 (IBM, U.S.A)S
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0] &35} meantstandard deviation© 2@ Uetlon, T E719]
SAR 9’42 one-way analysis of variance (ANOVA)E At
83t EAsHglct. o] & Tukey's HSD tests B3 f94&
0.052 MAsto] Qo4e A% AFatEon, p<0.05, p<0.01
2 p<0.0019] 3718 olago s Lol molstgint.

2

1. @A
1) X5 ¥at

A AE A 39 529 AF WHIE A Al
Control 122 26.90+1.49 goflA 30.52+2.35 go& Uepgon,
24971 3.62 g9 AZF F7PF FAH AL T2t HAAAAA CTX
2 2ojdt WA 2S(CTX) 27.13£1.28 gollA] 23.93:1.78 g
o2 320 g9 AF Za7t UEHd. WA zdd] Fj83of
7ta] WA Fojdt 2F(CTX+PDS) 0.35 g 571 =it 7io]
Aot Eo] 1Z(CTX+CSS)2 2.58 g 74, ] 7lo] QHat &
o] 1E(CTX+PPS)2 1.45 g Z717} UEhdthFig. 2).

Body weight gain (g)

0 —

Control CTX CTX+PDS CTX+CSS CTX+PPS

Fig. 2. Effects of three different types of gami-saengmaeksan on
body weight change in CTX-induced immunosuppressed mice. The
data are shown as meantstandard deviation (n=8/group). (+++p <0.001
compared to Control, and *p <0.05, **p <0.01 compared to CTX). Control;
non-immunosuppression mice, CTX; immunosuppression mice, CTX+PDS;
Prunus davidiana Carriere gami-saengmaeksan 200 mg/kg treated
immunosuppression mice, CTX+CSS; Chaenomeles sinensis Koehne
gami-saengmaeksan 200 mg/kg treated immunosuppression mice,
CTX+PPS; Pyrus pyrifolia Nakai gami-saengmaeksan 200 mg/kg treated
immunosuppression mice.

2. 99 Ax

Wy 22 sholst ZAul, Control 188 2.4740.11x10°
cells/pL2 UERGT CTX 122 1.57+0.15%10° cells/pL2 L}E}
U CTXE Qs wd 471 Qoj”doz 7tAastgct. CTX+PDS
1.73£0.15x10°  cells/uL,  CTX+CSS
1.65+0.12x10° cells/pL, CTX+PPS 182 1.85+0.11x10° cells/
L2 e, Jigsotet ZHlE 713t AWAE Fofdt 2FoA
CTX g9 vlal 389 Z717F UerdthFig. 3A). 12j1 &
=37 22 3913t A3}, Control 182 63.60+£3.60%2 e
CTX 122 34.12+2.54%2 Uel} CTX=Z Q3] 333 271 &
o]Foz 7tAstct. CTX+PDS 182 43.43+6.15%, CTX+CSS
182 34.96+3.34%, CTX+PPS 182 46.31+£5.69%=2 L}EMY,

=2 0 =2 O
a5 I3

MEotet SHlE 7Hojgt AWAS Fojdt IFoA CTX
Hlsfl §-9&Ql 5717} Uy tH(Fig. 3B). £3F B 28
A3}, Control 152 44.86+2.83%=2 UEG1 CTX
21.70£1.99%2 e} CTXZ oI5 A= 47} QojxHoz
3ttt CTX+PDS 182 33.94£3.54%, CTX+CSS
26.38+2.88%, CTX+PPS 152 34.68+4.57%=2 LUEHL,
of, =il EH|E 7iu|gt AJWAS Eojgt 2FoJA CTX
vl (oAl 37171 UehdthFig. 3C). uix|¢tog oy
gtol3t Ax}, Control 122 4.20+0.19%2 UERET CTX
o 2.67+0.26%2 UEN} CTXZ 95 Wal 271 Qojxloz 7+
A3ttt CTX+PDS 182 2.98+0.18%, CTX+CSS 182
2.81£0.20%, CTX+PPS 182 3.35:+0.23%= UE}, 78450}
oF EHlE 7iulgt WAL Foldt I FoA CTX 2F vl &
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Fig. 3. Effects of three different types of gami-saengmaeksan on
immune cell count in CTX-induced immunosuppressed mice. The data
are shown as meantstandard deviation (n=8/group). (+++p <0.001
compared to Control, and *p <0.05, **p <0.01, ***p <0.001 compared to
CTX). (A); white blood cell, (B); neutrophil, (C); lymphocyte, (D); monocyte.

3. 3 U HYIRED 5=

EZ U "I EEYA £FZ FA§ 2, Control 1F2
259.93+13.12 ng/mLE UEPG1 CTX I1§L 166.20+14.21
ng/mLg e} CTXZ Qs X U "II2EIJA 5271 &
ojjog ZrAstYch CTX+PDS 1§22 203.74+14.41 ng/mlL,
CTX+CSS 1§22 190.26+23.78 ng/ml, CTX+PPS 11§
221.81£19.86 ng/mL& UeRY, 7540t SHIE 7Hol§h AW
e Eojat 1gdN CTX 189 3] Q™Y Z7Pt Ueht
CHFig. 4A). 12]1 HAIREUG £52 &QIgt 23, Control
199.91+6.75 ng/mLE2 Yedn CTX
102.53+4.90 ng/mL& U¥ett} CTXZ sl X Y HIdZFzEd
G 527} §o]dog 7Zt4stct. CTX+PDS 182 127.94+5.62
ng/mL, CTX+CSS 1&2 108.86+6.74 ng/mL, CTX+PPS &
2 150.00£9.49 ng/mL2 UEhY, Jig3otet EHlE 7Holdt A
WALS Eojdt 2 FoA CTX g vls] S9&Q F7p7F et
WoH(Fig. 4B). UhA|Zte g WAF2EUM £FZ A ZAal

gk

=2 O =2 0
a5 A5



E.Y.Bae et al

151

Control 182 508.73+30.80 ng/mLZ UEh}yn CTX 1§
283.36+25.72 ng/mL2 UEh} CTXZ Q3] &4 U wazz
aM %57t goFoz  ZAasich  CTX+PDS 18
326.91+28.23 ng/mL, CTX+CSS 182 281.48+22.78 ng/mlL,
CTX+PPS 122 351.63+35.26 ng/mL2 UEH}, 7j=24ole} &
H|S 7lojst WAL Eojst 2804 CTX 159 Hls] S9A
ol 3717F YEbdTHFig. 4C).

ro M rlo

§
i1 H "

ool CTX CTXHPDS CTXHESS CTK#PES. ool CTX CTXHPDS CTXACSS CTX4PS Control  CTX CTXHPDS CTX4CSS  CTK+PPS.

Fig. 4. Effect of three different types of gami-saengmaeksan on
immunoglobulin level in CTX-induced immunosuppressed mice. The
data are shown as meantstandard deviation (n=8/group). (+++p <0.001
compared to Control, and *p <0.05, **p <0.01, ***p <0.001 compared to
CTX). (A); immunoglobulin A, (B); immunoglobulin G, (C); immunoglobulin M.

4. R U AolETHI BE

ER U AOlEFRRI £FE FRIgH Aat, CTX 1§2 CTXZ
sl @ U 8HE-y (interferon gamma; IFN-y), 18F3
-2 (interleukin-2; IL-2), QIE|&{71-4 (IL-4), UEFZI-6 (IL-6),
Qg {F71-10 (IL-10), £LAAIQIA}-a. (tumor necrosis factor
alpha; TNF-a) %7} Control &0 8|5 §oAoz 743519
o 22y JisSoret EUiE Zholh AWAkE RoF g0
CTX 280 uls] BE Ao|E7IYIe] 470 ooz 7l59
o, Zig 7jojt WAL TFN-y, IL-4, IL-6 SEJA T 59
M9l 717 Uehsi(Fig. 5).
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Fig. 5. Effect of three different types of gami-saengmaeksan on
cytokine level in CTX-induced immunosuppressed mice. The data are
shown as meanzstandard deviation (n=8/group). (+++p <0.001 compared
to Control, and *p <0.05, **p <0.01, **p <0.001 compared to CTX). (A);
interferon gamma, (B); interleukin-2, (C); interleukin-4, (D); interleukin-6,
(E); interleukin-10, (F); tumor necrosis factor alpha.
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37 4718 52 UHo] P g FE ARt B Ao
Adstel U Sold YAE WA BT 4 WA =ok5t o
a2 S0 4712 T HZ %, £ T AZ(helper T cell; Th
cel)= BHE £ Q&= AO|EFIRIS FFo| m} Thl, Th2,
Th17, Treg SO.2 A UHD], o5 o] st A wl
Uge ggRtet’ . Thl A= 52 JEHE-y(FN-y), Q&2
2-2L-2), FFUAAA-a(TNF-a)58 Adstol AE U wlol
291 uhg2joto] Zdo] tigt B35 WY ¥ EY5i0, Th2 A
L UER-4(IL-4), L5, [L-6, [L-105-8 Asto] MET 2
L 715 AAY 5% A% 2 Mol AEFGHY, W %
of $o8 TS YYshs Ao|EIASS CTXO] o8l Wilo]
AREIgigo] o] APSHNPNg g5 stalsglon], B AT

AqNE ojde] AxEw FUsHA CTXZ s EF W [FN-y,

IL-2, IL-4, IL-6, IL-10, TNF-a %7} §9Xog Zr4stgct
JEy A potet SHIS Jlulg AT Sol 1FAN W oA
2 QE% NPT ) RE Ao|EslIY 270 39FoE 3
etgon, nitg stolg TS FN-y, IL-4, L-6 SET §
o"el 37bt UepdthFig. 5). olgh 2 A AUAUL 7t

ot WA 352 WY 7152 st T A2 B AlZE 2%
2’91710, Thl 2 Th2 NZ WY W3S F7HKIA & U380l
A= At

T A%s2 FUNE o, =SSt 2af, SuiE Fholst A
W4+ 352 cyclophosphamide® Q13 Z4H AFTS S7HIZS
o, 2" €9 W 9 AZ 5, W #A AjEIR] E A
= e f=sto] AU WY Jlse SR & U
A= gt ol AL JHuldt AHA 35|
371578 AEe 2A=2H AS 7tsde b

A
U2 vgoz $4 A7 G Y ok
9

N o Oog O 4
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