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Comparison of immune response in beagles fed propolis
concentrate and propolis/wet food mixture

Hyejean Cho*

Division of Emerging Virus & Vector Research, Korea National Institute of Health, Korea Disease Control and Prevention Agency, Cheongju

28159, Korea

This study aimed to assess and compare the immune response in beagle dogs following the oral

administration of a 5% propolis liquid concentrate and a 1:1 mixture of propolis and wet pet food.

To assess the immune response, cell counting kit assays, cytokine enzyme-linked immunosorbent

assay for TNF-alpha, IFN-gamma, and IL-1 beta, and flow cytometry were conducted. Propolis was

administered at a concentration of 5% and a dosage of 20 g, with the beagles monitored over 8 weeks.
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Three beagles served as controls, while four beagles each were assigned to the propolis-only group
and the propolis and feed mixture group. The results demonstrated that, regardless of its form, prop-
olis enhanced immune responses in beagles. These findings suggest that administering of a mixture

of propolis and wet pet food may increase the palatability of propolis for beagle dogs while maintain-
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ing its immune-enhancing effects.

Propolis, Beagle, Immune response, Cytokine, Safety
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2 AdoAe 5% 5%9 ZREYA 55AZ ofmtu|A
(Seoul, South Korea)Z2H&E IFwo} AM&olAT}. g =
SH2 579 I HAE 7HE A2M §Ho & ARA
o] iz A& HEstinh Alw oA Atme SliolA 71
A & & J= AEQ! Cesar Wet Dog Food (Mars, Inc.,
McLean, VA, USA)E F+4sto] AHE-5HTH

2 ARG fJsto] 7~2071€93 9 vZA 115(EA 7% 4
A 455 FY 4¥5E ddA(Raon Bio Animal, Inc.,
Yongin, Korea) 278 +Y4stt}. s HIZ2HA5E tART,
mEHlolg| A, IR Hio|HA Fof gt 4 WAl HE 5t
I FASE vh Ao, B e 7~13 kgol Atk Al
A Aol 712 AAFZAL AHAL A Bt 5 L &

- X-ray AARE AAIRE A, EOHE of4fo] ElEA] ekttt
BE 5E A2 Aedtta 5= A9 &2 f193(ACUC)Y]

£Q1(SNU-190102-2)<& 1o} 2335} ct.

25(23~25C) % F=(50

+10‘V)7} vxlﬂfﬂ A7t A e AR AR
o, Alo|Ag w2 174 wigstArt. AoA7t AdE &

2 ASAL AgRPoR 1247 712 AT Azt 5
o

[e))]
=
01:94%} 171 M BE HAF FSI9T, AP

a4 e

2 AYE fI5to] 358 A€ Ul dxa 7 458

e 27 AEES XY F 3 Lo HFHL FHIIY
o AYES 55 T2 EYA GdERo 55 2 E
2 29} A8 HAAFE (Cesar Wet Dog Food (Mars, Inc.,

A, USAE 1:1 HEE vist T2 EA/AIE &
3 Bojo g FRSHIch 27 Aol 47 2Ee At
D2EYA/ALRE TFES F 857t 2A wjd 139 20 g¥
BUS A7kl B Fostgion, B AR R {2 L &
of 85 Fof FHES X Foto] EA 5kt

McLean,

HIZ279] i gEs T2 EAQ} X2 EA/AIR S9E
9] A+ Fof ARl 04}, 5o 4521 9 85310 12417 5<%
A4 &, AW AEstdtt AFE BHY] ¥ 23 mL
Holglon FMA|FE EDTA (Ethylenediaminetetraacetic

acid)7t A2ld FEO| A #4442 53t PBMCE &
2]517] 918l Ficoll-Paque PLUS (GE Healthcare, Illinois,
USA) 5 mLE 15 mL FEo| 353t 2.5 mLe] Nt &
A3t 9] PBSE &£&otd, Ficoll- Paque = Qo] MH3] 4l0]
A B2 ZAAHA gt 11 % 2000 rpm (400~500 g)
oA 30&3t YHEEE X5t FAA LT} Ficoll T
L E okt Y4EY &, PBMCYE = & RALAHA &
Hell, PBMC= 5 mLe] PBSO] #-2F o2, 1500 rpm (255 g)

oA 1527+ AAE= st AHsHAT 45A2 AASHL, &
A5 PBMCE RPMI-1640 ¥iZ|(Thermo Fisher Scientific,
Massachusetts, USA)2} 10% FBS (PAN Biotech, Germany),
1% P/S (penicillin/streptomycin, Thermo Fisher Scien-
tific, Massachusetts, USA)2} &3}s}o] vjos}3ict.

E2l5 PBMCEF Media (RPMI-1640, 10% FBS, 1% P/S)&
E3tolo] 4|5 96well plate (SPL Life science company,
Pocheon, Gyeonggi-do, Korea)oll Z+ well @ 100 ulL¥
seedingdtitt. g2, T2EA dE Fojgt U T2 EF
A/ AR £ Tt PBMCOl| 2+ TAZS] F41& X=5t
71 98, = 10 ng/mL9] canine interleukin-2 (R&D sys-
tems company, Minneapolis, Minnesota, USA)2} BA|X &
Al ZA=2E Y9l 5% 50 ng/mLY LPS, lipopolysaccharides
(Sigma-Aldrich, St. Louis, MO, USA)S 100 uL® Z} wello]
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viQF &, D-PLUS CCK Cell viability assay kit (Dongin
biotech company, Seoul, Korea)E ©]-&3sto] Al5% T2&E
Zof et CCK Aok HiFE A=t 1:109] HIEE M7t &
Z Ho], 4A7F B 37T CO 3FHE 55 AFHlolH
oA F7I2 8iget F Microplate reader (Thermo Fisher
Scientific company, Massachusetts, USA)OIA] &34%= 450
nmZ mitogen (IL-2, LPS)2.& A}=3t PBMC A|E 9] ZAl%
I AEES S5

8= PBMCE Mitogen (IL-2, LPS)2.& A= &, Algt
ELISA 7]1E(R&D systems company Minneapolis, Min-
nesota, USA)E o]&5}o] Afo]E7}Ql TNF-alpha (Canine
TNF-alpha Quantikine ELISA Kit), IL-1beta (Canine IL-1
beta DuoSet ELISA), IFN-gamma (Canine IFN-gamma
Quantikine ELISA Kit)Z ARAIY] T2 EZo| ugt 42 =
3t 2 Al E7RQ19] #H] AJFE 1125ke], TNF-alpha
2} IL-1betats mitogen A= & 24A|17F & AL AASHS o
A5k, IFN-gamma®] 3% A= & 48A]7F Tof A3 AlZH
S $48FUHO Carroll 5, 2015; Nawaz 5 2017). 3%
AEAL 1.5 mL FEO| &A ot AZ AA7 IV BREES
AIAsE7] 913 1800 rpm (360 g)olAl 1087t LAl &2idt
ARSI

l

o

LREYA Fof A7 Fof 43 T 9 83 Fof] JFH3t H|F
9] FYof|A 1x10° cell/mL o422 £&|H PBMCE Me-
dia (RPMI-1640, 10% FBS, 1% P/S)e} &350 2 mLA FH]
5t9itt. PBS2F YA1E2](1200 rpm, 58)S o]-&3) 2812] AH
A4S AX 2, 2L PBSE 3]45l0] 1x10° cell/mL
9] =w & 97 Fe receptor g FA(CD16/CD32)
A2l F(4T, 108), PBSE AlH B2 AXch £HIg FAB
cell marker-CD21antibody/Tcell marker-CD3 antibody)
£ Y1 G5 {lollA 3087 ¥ESAIZ] F, PBSE Al&sto] &
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A A ok FAE AASHAT. HFHCZ FACS Buffer
(enzynomics, Daejeon, Korea)® HESH JA A= FACS
Calibur (BD Biosciences, California, USA)E AF&-5fo] B4
steict.

AE5 3 mLo] €N = PBMC £ & &
A Ao B 5 FHt %’é—‘i—ﬂﬂ(Centnfuge 5427R,
Eppendorf, Germany)® 3000 rpmolAl 5E7F ¥4 £
sto] Hajg g3 AeA EA7|(BasyLyte PLUS REF2121
NA/K/Cl ANALYZER; Medica, USA)E 0]&3] &% Na', K,

Cl =5 S4st=t AR&= A

EAATEAL SPSS version 25 (SPSS Statistics, IBM,
USA, 2009)8 AH&3ste] 35t on, & Aol d2 2E
tolH: P+ BREAE 7| 1F 7+ Xpoli= Stu-
dent’s t-test® HA3}G 1 1F Alo]ofl A §-9)4F(P<0.05)0]
A FRAAS FRIskT

o)

_I::r

rﬁéihlr LREYA O Fojf U ZTREYA /AR Y
Fol9] 7+ Hl2a 9] Edof|A £2]3 PBMCE Mitogen (IL-
2, LPO)E A=oto] vigrst ok 4% dn S4159 A
£, FoE A& dolle tiRwolA 1.05+0.71, ZE2EF]
2 &= FojFo] 1.0840.09, ZR2ET|A/ALR E3F FojFo]
1.14+0.228 TF Afolo] BASHH 02 Fou|gh 2fo]7t 1%
L LREYAE Fofoly] AFTA] 473 HAS W ot
52 gix70] 0.91+0.0999 W, T2 EA TE T
14240253, TREIA /AR S FoJFo] 1.44+
Alol:,l.4 73J,]~_ q]_lz_q-ﬂr H]_u_gg){g EH 57;]]61-14 (e}
FolulstAl F7Fet Zlo] ERI=gict. stA|vt e EeA o
Folat TRELA/ALR G Folit Alo]of foju]gt 2t

DREYAQ} IR EA/AE THES T Al
257 854 S o, thxwte] ¥+t 54152 0.83+0.21
2 57449 By, T2 EA OE Fojio] 1.49+0.16, Z2F
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ga/Atm S Folfo] 1.5840.149] 2E Bk 454 & E7 Fol(516.87+24.88)°14 &3] £l Al EHIF
o FdoH izt = é_%i Aolole BARFH R fofu] o] Z7FSglct. vl2H o] @A £2)d PBMCE Mitogen
g Aok HAAIN, L2 EL|A T Fojga TREA/AF (IL-2, LPOE A5 F 4T [FN-gammas HfiZEo] =
= &g Folt ol fofvigt Aol = {ITKTable 1). 2EA0 REL EHE FIRT £ 4F 7, 8F F
ol 170.30460.89, 174.11447.29, 198.25+61.38% #-J1|
S Ato] glo] A=A Aol TREA BF Foi2

g2y & AEE Ho|A £2§ PBMCE Mitogen
(IL-2, LPS)¥ & vjofst A& Mo g ELISAS AlA|5}9] 200 - —m—Control —e—Propolisonly —e— Propolis+wet pet food
TNF-alpha, IL-1beta ¥ IFN-gamma +&2 243 231+=
Fig. 13} 2t} T2 EdAQL g EA /AR TTES & /’4”
5t7] olid B2 TNF-alpha #2 150.67+52.79%1, & P
ZEYA TF Fo{0] 152.62464.48, T2 EIA/AR &
TE Fojito] 151.22428.112 SHH ] Al IF Atol9] 2}
ol BARA §ol4o] YT e Ee Aot Xz Feln/A) : : :
2 3FE Eoj2 AR 42 39 TNF-alpha ZHe 27 Weeks post Feeding Propolis
€ 166.17+£61.0993, TEEL)A THE FolF2 25842+ i s s i i
7031, ZREA /AR 23 Fo2 264.76+16.058 57
Hold), thage] ws) £ ¥ Hol EAHoR §
ool AUt Fof 8F &, 29| TNF-alpha HH[FF
179.84+63.41% Fof o} Fof 45 Fof vlsf {24 gl
© AolE AR Y, ZREA g R 261.67+
34.06, Z2EYA/AtR T FojF2 288.21+20.65% HE
ol Hs) F-24d AA G5 A BolF . IL-1beta ¥
Al ZR2EYACL TR EAM /AR SRS Folohy] dit &
of 45 &, 8F & LT HlR2ToA 379.454£84.21, 394.14%
78.16, 391.43+85.61= A7k 724 }lo] FAI= . 1

of ¥tef} LR Fe|A o FojiE Fo] Ao 341.65+25.95
2 gz} vjsa Bl g, Bolg Aldel 4% T
498.23+56.10, ZEEA/AR ZES Folotll 457 F=
523.10£29.02% oA A &H]Fo] A5ttt Fo 85 ° Weeks post Feeding Propolis ¢
FO%& [L-1beta 2H[FE H22(391.43£85.0)% M A H= Evaluation of cytokine levels in beagle dogs after admini-
o, TZEA dE FoJ(484.74+£61.55) E TR EZA/AL stration of propolis concentrate using ELISA kits.

By

fo
INFa

8

o

2

401
INF-y (pg/ml)

o

Weeks post Féeding Propolis

—&—Control —e— Propolisonly —e— Propolis+wet pet food

Assessment of lymphocyte proliferation in peripheral blood mononuclear cells of beagle dogs following administration of
propolis concentrate, using a cell counting viability assay

Group/week
Item Control Propolis only Propolist+wet pet food
0 4 8 0 4 8 0 4 8

CCK 1.05+0.71  0.91+0.09  0.83+0.21 1.08+0.09  1.42+0.25 1.49+0.16 1.14+0.22  1.44+0.18 1.58+0.14
CCK, Cell counting kit.
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D2E2|A 52U T2 E2|AQ HAAZ E32 £0{0| T2 H|S
o X%Oﬂ 150.77410.50°1%13L, Fof 45 & 268.31£56.03,
Fo] 83 3] 283.67+42.99% 924 YA Eu]Fo] Z7)5t
4 AT £ AQlth E o2 ARl TREIL/ AR ETE

EojF e Bof AJZ Aol 142.42+64.13°0 2 22T H]5=3
o, BolE AFelal 4375 BI5HAE 261.08+49.76°0.2 &
71833, 8% A3 Foll= 29754427582 F7Feto] 794

ol BH|2o] Aol HolZrkFig. 1).

DREYA TR EUA /AR TPES Folgt HZd9 &
Hof| A E2]3t PBMCY B cell#} T cell?] X =2 Flow
cytometry HJH‘Q Eoto] BrKgt A3} ti2etw} F 7HA|9] A
A, 5o AH 2% B celld} T cell2) B]&0] EA5H2Q1 -9
/g glo] vl==gt 75‘ F9E 7ML FAIE L Qs A0 Hol, 4
A e W= BaE A ckFig. 2).

—&—Propolis enly —e—Propolis+wet pet food —e— Control
7
6
5
8
04
Qo
<3
¥
LF
4
0
0 4 8
Weeks post Feeding Propolis
—&— Control —e—Propolis only —e—Propolis+wet pet food
18
16
14
o2
[=]
Qo
=5 B i
¥
L}
4
2
0
0 4 8
Weeks post Feeding Propolis

Analysis of B Cell and T Cell populations in beagle dogs
after propolis concentrate administration using flow cytometry
and cell sorting ratios.
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146.86+2.20, EEE'M o= E 04401 147 65%1. 63 L2E
g2/ kR T Bl 142,09+ 1.022 &30} A5 &
Ofu|gt o]z} gISlTt. Fo 85 Fol e x-S 146.67+0.54,
A HE FolF2 144.09+0.74, ZR2EIA/AR &
ool 145.61+0.902.2 FTAZA} #97]%(P<0.05)
Toh=s 23E Bork A¥de] %5 K B A= o
o] B0 0FA}0]| 4.28+0.14, TRET|A dE FojFo]
0.14, Z2EA/AR T8 Fo2 4.34+0.39%
AZstaL 43210 S BF KT B 3= g2
°] 451+0.27, ZEEIYA = Folio] 4493£0.17, &
A/ A R T9 FojFo] 4.13+0.222 FAsHH oz {9

E
e nﬁﬁ
_E

ﬂl}ﬂ O 4 S B dfo oot
2 5
mlm |+

u]gt Zpoli= Holz] kgt Fof STX}Oﬂ 49 @3 K 3
&+ FAE 27 38840347, TREIA thE FojF
2 432+0.29, ZREEA/ALRE E£F FofF2 4.36£0.132

& Atololl g-ojm|gh Rpoli= A=A Aokrt. Had #+3
~£7l sl £5E E%5 Cl' 2 B3
o, TREYA G Foly, TR EUA/ALRE T FoFo &
A& 115.71+£1.09, 115.16+1.44, 1 0 3
Fol 4330l = TLRL SAHE 118.79+1.12,
117.68+1.04, 114.32+1.269] g& Holn FASH O R {
ofulgh Zol7t gleg HAFUT Fof A% 8 & upA|ut &
o M= txwo] 115.61+1.28, ZEEIA = Foj7o]
116.4740.98, Z2EZe| A /AR 23 FofFo] 115.82+£2.01
o] o & A AT §Y7IE(P<0.05)& 2= Aol & B3
tHTable 2).

QFA}o] 9l 71,

H 7 B2 A0 5% TR Za A 2oyl U3t
sZoo] Hl279] 71348 &ol7] 98] A FAARE 1

HEE 4e BUBL AT FolBe v, A4 Tt %Al
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Comparison of electrolyte levels of beagle dog among the control, propolis concentrate, and propolis/wet feed administrated

groups
Group/week
Item Control Propolis only Propolis+wet pet food
0 4 8 0 4 8 0 4 8

Na  144.51£3.55 146.86+2.20 146.67+0.54 144.54£2.05 147.65£1.63 144.09+0.74 140.41£1.45 142.09+1.02 145.61+0.90
K 4.28+0.14 4.51+0.27 3.88+0.34 4.45+0.14  4.93+0.17  4.32+0.29 4.34+0.39  4.13+0.22  4.36+0.13
Cl  115.71%1.09 118.79+1.12 115.61+1.28 115.16+1.44 117.68+1.04 116.47+0.98 117.46+.0.36 114.32+1.26 115.82+2.01

TE= WY W8-S Fofstal vl #4517 fls =] A} 7]E Al ARt ZREYA 5EHAS E3sto] H]
el DREAA /AR EF 249 7182 ol U JA 55T TS et |
Folato] v € ‘i‘oﬂ/ﬂ Fol A, 5o 43 S A 853 Fo & FAREEY ¥R {AIE B3l J¥E CCK, Flow cy-
225t PBMCZ Flow cytometry® B celld} T cell?] 2% & tometry, ELISA R E é%i Ao A Fol4 Q= WY 34 4
£ HEE Altoto] AT HlE= FAE 0] B4 W AH FE Atk F71E g @ o 4 7], 29 +4F

L AL gorsieith. 5Y3E PBMCE mitogen (LPS, IL-2) & SQ15k= Asjd AARIME FE, AAL 5 TeEAy o
o g A=t vjFet thZ WA CCK (Cell Counting Kit) — EEHA/Ag TFE Fo= Qg ol o] gla= &elst
assays &9l AlZ2] At &S SAste] tixtof Hlsj & At ZE2EAVE MR AL Q= FAT, TS e, W RE
LBl —Eroq T TREEYA/ALR 29 FolTE FoE 762 WY HRES ST ASA AT Sttt =2
AZSHL 4, 8F & Fou|eHA F4] Aurt dscte AS & & & Eutolle TR E AT XA e}t J A E A5t
ol %l&’iﬂ} £2]% PBMCE mitogen, LPSE A= 49 HIAXAH Y] bttt SHS SAHIAA Adat A ost

BAIZZS} A A -2 A WY A& A=4], TNF-alpha, = g3} Yok EJ_QO']E]'(SfOI‘CHlJ—]' Biagi, 2022; Zamar-
[L-beta®t 22 BF/ APIEZIR] #H|E fEotH, IL-2 A= renho G, 2023). T3, TR TR E A0 AP NEE U

2 THIZ &3 £419] IFN-gammadt 32 4§ HIES & B3A, = 7ol %}%5137— %o, ol Fofl HE P
Zoithe 71E AFES Fasto] =g PBMCOIA Al kA gHtol#A Atk A SO alEP(Yosri 5, 2021). o|A ¥ &
Ao E7FQ19] Bu|FFS ELISAR &334 tH(Jin 5, 2006; Wu SHA7} st TZETAE FOJSHEol A A7 HE 4]
5. 2016; Portmann, 2024). 71 A3, G5H--S 4ot Eolu FAF A=A T2 & ‘%ﬁﬂe S 4 = U

2 A Ee} TH A £8] 5= TNF- alpha7t =& 9F 37} A7) Basitt. & doi FEE 22 &0l 4
Fol T fovlstA #HFo] Fkete AL FRASHAL, ol FE Fojad 9 A gt rradte vl figh &
¥% ko] FEHASS uidtti(Leal 5, 2013; O'Carroll ~ 2EFA ARG §-84L BRlghe 7| 2422 &89 5 US
5. 2015). 2L Al B9 ASfote 9TE TAES o Zolth

AN 2] BAsE FHEA vrol# A Y E SYAE AA
o] 29 9439l [FN-gammas TEEZIYA thEf @ T2 Eg)
2/AF R S8 Foldt B FolE AR o] F EH|Fo] f-ou

=

SHA| S7Fsted, TAIZESF NKA| 22| B/dek= Qs8] vfol2f2 24 B AFollA 27) Z2ERA A, &, 5% Z2EYL 559
dolut FYoll et Hoi7t ZH U etk (Reichler I ZREAA/AIR EFE(ZEEL AT AH i &
, 2020). HEC], A AzZofA ErlEe fd5o] A W Al AARRS 101 HE EFE)S vlSde] 44 Fofsto] Bl &

A,
>,
oo
)
o
L =
-
Hm

E AVESE 934 WL SAG: [-Tbeta G4 BRBelA A% Fak AG 2 7Y 23 L I
o xpEes YR Kol A F wulgo] RelulsA 7 AL B4 ol

3 A HAATGL, o]t Fholt U5 AT F ALAE  o]RE Fals]

9] tf-go] &s] o]Fo AL 5= 9u|ettH(Lopez-Garcia o]7} glo] AR i A2 FX| = o] vH|Z o419l ek
and Castro-Manrreza, 2021). % A4 & 7b4 & 818k o] SHwqch. v 271e] Faol4 Eela PBMCOIH TNE-

o} Jo
N
o 4
)
ol
i)
o
E
ofl
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alpha, IFN-gamma, IL-1beta 5 HYg Z7%

o] A A EZIRIE ] FoH|sHA Fke wH] =
o] 5%9] ZEEYUA FEFH d= Fo] B OHd
oA FAALRY] £3F Fof Aok FUsHA Qhdst
go] SE = AL LAtk whebA, Alg %’%*]‘ioﬂ
EAE T Foge "‘1 718/8& =ol& Aol FF
A0 AvHE A7 B AF AZo] 1A dijte] €
o]},
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