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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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23 Ui Hojgt JfEsoHAE UF), RS FE), A&
Hi(dg FPe 25 FUAA Aulg 2AE ARgstgn oA
F=(Korea)2 &5l Sach AWA 7Hoy 352 WA
o] JjEsot, Rut, AEUE A7 FIteto s 1
2 Table 13 Zt} ZF A9 /o] 500 mLe] 5/+E
100°CollA] 3AIZHESt &0t on], ofuX|E Argste] F&E5
ojatstgict. ofabd
AG, Switzerland)ZS AF235to] 7451 freeze dryer (Iishin
Biobase, Korea)g Argstel 5271xs JAsi. 210= &
2 3 H53 Bue -20CH) umstus AY YU A¥sD 3

Fao0] 83INA ALg stk

)

N
ki oo rz rok wh

ol L&

52 rotary vacuum evaporator (Buchi

Table 1. The Composition of Three Different Types of Gami-Saengmaeksan

Herbs Scientific name PDS CSS PPS
W 2 & Liriope platyphylla Wang et Tang 10 10 10
o Panax ginseng C. A. Meyer 5 5 5
< 0] i Schisandra chinensis Baillon 5 5 5
HES0t Prunus davidiana Carriére 10 - -
B 3t Chaenomeles sinensis Koehne - 10 -
A E Y Pyrus pyrifolia Nakai - - 10
Total amount (g) 30 30 30
Yield of extracts (%) 18.10 2433 22.34
S50 70| WWAM(Prunus davidiana Carriére gami-saengmaeksan, PDS) 2.1t
MU AN Chaenomeles sinensis Koehne gami-saengmaeksan, CSS), ,AHEH| 7}

2. A¥5E
Ago] A3t 5339 £ ICR mouset 2-2H}o] 2 (Korea)
oA Bokgtol A5t AYPFEL 2579 9GS THAHA

[} ES LR
diet (Envigo, UK.)E& A3Al0] sto] &2 F&3] 339t &

o
2 AFSA9] x7L conventional systemo=2 22+2°C, 19 &

122]7H2 200-300 Lux2 Z%sta, 12X7He RE We xpehstel
o ¥ Age gidsE SEAEed €Y SAzANE
DJUARB2023-019)& Wo} §2g21zAj0] 9Astel Agstsict

%2 7’42(Control), HAAA
£ fESL FRSE Foote UYAAZ(CTX), HYAA 2, 7]
g0t 7tu] FuAs Fojshe APFF(CTX+PDS), 2at 7ha] Ay
WIS Fojste AP T(CTX+CSS), A=l 7tu] AuAt-g £ofsh
+ APHCTX+PPS)o8 FRSIPCD], 2t 1F2 844 A9z
HigshITt 13U SEAZ7I1E AR £, HAAA] 222 A
ZrE Q5] HAAAAQ cyclophosphamide (CTX: Sigma-Aldrich,
USA)E 50 mg/kgo 2 MY A|&Lat 3gAte] 57 U FAls
Aot CTX FAPT £2%Y %, 1497t PDS, CSS, PPSE 200
mg/kgo 2 1Y 13], oA 10A]9] 5ol stRAHFig. 1).

Day 0 Day 7 Day 10 Day 24

" RPN Oral administration
Animal acclimatization

PDS, CSS, PPS 200 mg/kg

1 1 Sacrifice

I.P. Injection

Cyclophosphamide 50 mg/kg

Fig. 1. The experimental scheme used in this study.
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YE52e 98] Mol AFS AL 3% isoflurane
(HANA PHARM, Korea)E Atgsto] ohFstict. oty &, A% A
dye 5] 529 FAS AIstY 1 ZA| EDTA tube (Becton
Dickinson, U.S.A.)Q} microcentrifuge tubeo] Uo] B¥s}gict.

5. 9ol AlZ 5 BA
EDTA tubed] HME oY= HA
ADVIA 2120i (Siemens, Germany)E ©0]835}o] ui&L(white
blood cell), 3% (Neutrophil), "= (lymphocyte), HsHL
=

BAjstott,

2 hematology system

(monocyte) 3

6. upol on}# A

Microcentrifuge tubeo] H#E|o]l= oS Ak.ofA 30
=7t SIAI7] §, 3000 rpme2 108 3O A E2st RS
Hastgo Bast @42 MILLIPLEX® multiplex assays kit
(Millipore, U.S.A.)e} Luminex 200 System (Luminex, U.S.A.)
£ o] 85lo] HAZFZEYA (immunoglubulin A; IgA), HIZ=2
EUG (Ig6), HAFZEIM (IgM), AEJHE-y (interferon gam-
ma; IFN-y), QIE§31-2 (interleukin-2; IL-2), <QIH&{EZI-4
(IL-4), AEFII-6 (L-6), ALF-10 (L-10). FYBAIA-a

(tumor necrosis factor alpha; TNF-a) $£&2 2519t}

7. 34 &4
A A= SPSS Statistics Version 21.0 (IBM, U.S.A)2
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0] 235}0] meantstandard deviation® 2 UeRJ9ion, 1E71H9]
EAA §9]dL2 one-way analysis of variance (ANOVA)E A}
£3t0] BA519tt. o] & Tukey's HSD test: 53 {o4zF
0.052 AAste] §942 ALE FAsiIew, p<0.05 p<0.01
U p<0.0019] 37Hx] OI2FO2 Lol H7lakgic,

2

e AA A3 g0 529 AF v gAw
Control &2 26.90+1.49 goflA] 30.52+2.35 gog U EROoH,
24Ut 3.62 g9 AF 377 U=} T2 AAAAR|Q] CTX
£ Eost HAYA IE(CTX)L 27.13+1.28 gollA] 23.93+1.78 g
©2 320 g9 AF 47t Uegch WA 2o A=gol
7ta] Aoits Fojgt 2 F(CTX+PDS)2 0.35 g 371, =3} 7io]
RWA o] TF(CTX+CSS) 258 g 24, Suj 7o) uar =

J2(CTX+PPS)e 1.45 g 3717} UergthFig. 2).

Body weight gain (g)

Control X 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 Carriére gami-saengmaeksan 200 mg/kg treated
immunosuppression mice, CTX+CSS; Chaenomeles sinensis Koehne
gami-saengmaeksan 200 mg/kg treated immunosuppression mice,
CTX+PPS; Ayrus pyrifolia Nakai gami-saengmaeksan 200 mg/kg treated
immunosuppression mice.

Wy =2 stolst ZHiul, Control 18 2.47+0.11x10°
cells/uL2 UERFD CTX 188 1.57+0.15%10° cells/pL2 LE}
U CTXZ 0l3] WaL 27} Qojdog 7tAastch. CTX+PDS
388 1.73+0.15x10°  cells/pL,  CTX+CSS
1.65£0.12x10° cells/pL, CTX+PPS 182 1.85+0.11x10° cells/
pLE ey, JfE-aotet HlE Zhojgt AU Fofgt 104
CTX g vlal 3o 37171 Uebdth(Fig. 3A). 12]1 &
Zz31 22 8915t A, Control 182 63.60+£3.60%2 e}
CTX 182 34.1242.54%2 UER} CTXZ Q5 533 271 &
ooz 7tAslc}. CTX+PDS 152 43.43+6.15%, CTX+CSS
1822 34.96+3.34%, CTX+PPS 122 46.31+5.69%=2 L Eh},

]

=2 O
aAs52

ME5otet HlE 7hojgt AJWALE Sofdt T FoJA CTX
Hls) 59AQl Z717F UEhtHFig. 3B). ®£§ Bt &
Adl, Control 182 44.86+2.83%=2 UERI® CTX
21.70£1.99%2 UEN} CTXZ 98] AL 27} Sojxloz
sttt CTX+PDS 182 33.94+3.54%, CTX+CSS
26.38+2.88%, CTX+PPS 122 34.68+4.57%% L}ENL,
of, &3, ZH|E 7lujgt PUWAS Fojdt 2FoA CTX
Hlo) felAQl 5717t UepgtHFig. 3C). oiX|gog &
stolst Ax}, Control 128 4.20+0.19%2 UERGE CTX
2 2.67+0.26%2 LUER} CTXZ Q5] ©al 271 Qojxoz 7}
Astgich. CTX+PDS 182 2.98+0.18%, CTX+CSS 122
2.81+0.20%, CTX+PPS 182 3.35+0.23%2 UER}, 7j¥3of
oF EHlE Ztujgt UWARS Fojdt 2AFoA CTX ZE0 H|3] &
Al Z717t Y thFig. 3D).
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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. 83 Y HY22Ed 55

3 U HAIEEUA 252 ERIg A1, Control 1§
259.93+13.12 ng/mL=2 Yeptun CTX 152 166.20+14.21
ng/mL& UER} CTXZ Q3] X U HIF2EHA 5271 &
olFoz ZtAs5tyth CTX+PDS 182 203.74+14.41 ng/mL,
CTX+CSS 1182 190.26+23.78 ng/mL, CTX+PPS 1&2
221.81£19.86 ng/mL& UER}, 7f55oret FHIE 7Holgh AW
A Folgt 2 CTX g0 H|3] /oA 577t UEr:
HFig. 4A). 2] HAIFZEHUGC £52 &gt Za}, Control
88  199.91+6.75 ng/mLz YERgr CTX
102.53+4.90 ng/mL2 Ueh} CTX=Z Qs &4 Y HAadZI==d
G =57} Qo|foz 7tAastch. CTX+PDS 182 127.94+5.62
ng/mL, CTX+CSS 182 108.86+6.74 ng/mL, CTX+PPS 1§
2 150.00£9.49 ng/mLZ UER}, 7jE-5otet EHlE 7to|gt Ay
WA gt IFAA CTX 230 vlsl fAQ 57171 Ue
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Control 152 508.73+30.80 ng/mLz e}y CTX 1§
283.36+£25.72 ng/mL2 UEh} CTXZ Qs @A Y HyI=2
aM ®:27 {9FHozr  ZAsHUct. CTX+PDS 1
326.91+28.23 ng/mL, CTX+CSS 1§ 281.48+22.78 ng/mL,
CTX+PPS 152 351.63+35.26 ng/mL=z UEN}, 78450t &
HiS Zojgt AMARS £oigh IFoA CTX g0 vlsi {oA
ol 37171 Uersth(Fig. 4C).
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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. B U AOIEIRI 5%

R U APlEIY 52 9% Auh, CTX 1§2 CTX2
Qs 48 U QEHE-y (interferon gamma; IFN-y), {31
-2 (interleukin-2; IL-2), Q1€ &71-4 (IL-4), AE{FZ1-6 (IL-6),
QIE|#71-10 (IL-10), £YHA}QAt-o (tumor necrosis factor
alpha; TNF-a) 5%=7} Control 1-59] |3 §Aoz 7FAGHE
o 22y Jig4oret EHlE Chulgt AWAE: g 1EolA
CTX ZFo Yol L& A|EIRIO fFo] foXoz FIstY
od, RatE 7Hojgt WA IFN-y, IL-4, IL-6 $&EA T 59
A 5717t Yebdth(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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7] 1) AriRble] chRet asol ot A7t AWElw 9ok
B ojo] & AR @olats AwWel AUl MARY 352
Jhlgh A28 2Tee ALsn, oF wdzel XY 52
29 Sofsto] WG FA0] jd lA: FFL HlEL L Y

ShaAt st

HaAdg AdA|517] Y3 FARH cyclophosphamide (CTX):
ZoF x| 20 AFREL 3totH| 2, H]Eo|A NZAIHS QEslo] F
4 9 oy WMy, Ans, Al A% SO Az ALgdt
1819 33 CTX: ©d Az 29 wazzid
(immunoglobulin) AdZ ZAAIA AU U 715Z AsHAII=
wArge opletnl, olae Baig meo] W 54 & Wt
371 9%t WY ox] 2d Azto] ARHFT. ojHo] d1E
820] Adto] wEW, CTXR Qs Hdo] Aol 58 @

o

A a7t Yergth 22 AR S Fhojgh et 3

T Fot 2§ F JhESotet SHlE stujst AWt fo 25
Ae 19 JAE Rt 22 vsl foHd AFe F7Pt
Uephden, wuts Zhojgt Fuik £of 2§2 AFol A 57t
stgloy {od2 YA ofotth(Fig. 2). ol2igt Aub= ARt
¥& 7hojst WA 3F0] CTXZ Qs F4d AF2 oAl 57t

TXE AU A AE 49 Bei22Ed AYS 2

E3 C = ZAES
N7l $ALgol gloul, B AN o ARSI §U
Sl 9 AR 29 AAZ2E AL WY S JEd A
@20l uish 2R Z4st Uehdt NUARL Fulg
358 37 Soigt 1§ 3 /h%3ole SIS sl AUy 1§

S SEg UFZ Hs) WA, 257, PuI,

o] @l A 29 golxel A7} Uehton(Fig. 3),
G M I 2% goldos Z7HZcHFig. 4).
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37 471K FRE Uro] o] digt JEE AFstL B A=
Agste] g Sold FAE w2A YIE 5 A =dF: 9
sto St} 471K T MZ 5, £& T MZ(helper T cell; Th
cell= BHE £ Q& Ao]EFRIS] F{o] wat Thl, Th2,
Thl7, Treg 502 ThA] UHY, o2 T tigt X3 Y
U2 ggttP’. Thl AlzE Z2 AEHE-v(FN-y), 82
Z1-2(IL-2), SLFIARIA-o(TNF-a)5-& A34ste] A= U Hiolg]
29} utga]oto] ZAgo] gt Bs WY yh-2 Idsi, Th2 A
+ QIEF30-4(IL-4), IL-5, IL-6, IL-105-S A3/dsto] MEa &
2 7185 AAYL Y9 4% ¢ Mol AN, 9y 7%
o £a3% A4S IdYshs AIEFISEL CTXo] 23] wdo]
AAEAZo] o)A AL =3 selgon, ¥ A
oAM= oldel s3I FYUsHA CTXZ sl A W IFN-v,
IL-2, IL-4, IL-6, IL-10, TNF-a SE7} §o|¥oa 7ZAislct.
J2ju}t FjEoret S ZHogt WA fof 25 WY dA|
S SEg g H|5] BE APO|EIRIC £Fo] fojFoz F
7tstion, »ats sojgh WAL [FN-y, IL-4, IL-6 =8 &
9J&Ql Z717t UEhdtHFig. 5). o9t Z2 Zite ARAAIAE 7t
ojgh Awat 352 WY J5S 2ESHe T NZ9 B AZE =&
2/43tAl7]d, Thl ¥ Th2 Alx WY i3S F7HAZ 4 80|
SIE it
= 2SS FEME o, /|E5ol, 2o, EuiS Zfojgt A
WA 352 cyclophosphamide2 QI3 4" A5S F7HIHL
o, Z4A" Y Y dY AE £, 1Y A A|EFI E WY
28 BAE f=ste] AW WY 7152 S7RIE £ 8ol
[o]

) k. ol HARAS Jtuld WA 350] o
42 FAL A A5 ABY AA2A A JFsTL Uet
Yo, ® 47 2ug uigoz 54 A7 Ot YW o

B AT AU@BTAYNEY) AAWPIE APRLALY
‘(2021370A00-2123-BD02)' 2] x40 9]sto] o]Zoj%Fl ZHUUL].
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