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Immunological Responses of Honeyhee Propolis in Beagle Dogs

Heejin Ham*
College of Liberal Arts, Anyang University, Anyang 14028, Republic of Korea

m The objective of this study was to determine the immunological effect of honeybee propolis in
beagle dogs based on peripheral mononuclear cell proliferation assay, cytokine assay, and
T cell/B cell ratio. Total ten beagle dogs were assigned to this experiment. To investigate the
immunological effect of honeybee propolis in beagle dogs, we performed oral administration of
propolis (5%) for 8 weeks. Among ten beagle dogs, three beagle dogs were randomly allocated
to the control group which were fed only regular fodder, and another three dogs were assigned
as the treatment group which were fed regular fodder and 10 g of propolis (5%). The other four
dogs were assigned as treatment group which were fed regular fodder and 40g of propolis (5%).
After 8 weeks of administration of propolis, there were significant change in PBMC proliferation
and cytokine density. There was no significant change in T cell and B cell ratio. This study
showed that oral consumption of honeybee propolis cause immunological effects in beagle
dogs.

GG Honeybee propolis, Beagle dogs, Lymphocyte, Cytokine, Immunological response

N B I Qlth(Kang, 2019). 12202 befores S0l= pro

9]' city’E 9JH|5k= polise] @4 1% propolis (Heo et al.,
ol o, Gl AE 2 2015)= A} 71e ) FHtel s e 1A (Kim er
S-S Edol AFSE  al, 2019), FEHA 22|31 AASHAQ AE S Qg
o R e G4 T oF o tefet Aol ARSE L QLo W (Lilian ef al., 2012),
122 424 91 °2™ (Chung et al., AEF 20 et §7H(Kim et al., 2022) % At =W
2010), polyphenol, flavonoid, phenolic acid, ester, phenolic HhelsE 22t 5/ ohe Aol Watao], o A+
aldehyde, ketone, wax, =4, 2H2, H[EFQ, v|d|& 5o] & ANA= 253 M9 A EA| (Kang, 2019)2 AHE-H Tt
5]0] 91T (Son, 2003), B49] Gl BAS P AT, = Bwo] maEalso] tis) AA Aol o] WL
W7o 557] B 4dly] Ad cuf, 9E|o] HEREA o  SolslTa, R Ea| s k2ol H|Z oA Rolgh
FIgA A=, e FF A=, 4F Al T4, w80l FoiE ZHAle] HAREE-E 7150t tixatdt Tl
A4, 718% 49 Aw R WA HxAlek g2 ALY of e 2|30 Zfo]F B7FSkaLA} SFAT

T2 E2] 2 (propolis)= AEE©
S5t7] {5l EHlsk= =214
of BHO| o gAaet

24 24z AAGYE

w2 rlol
I} r]°1'

ri 401.
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o
|ok

otr]obA (Seoul, Korea)
Hog A2 HPSHHA
7 (beagle dogs) (Kang, 2019;
Nam et al., 2018)= s =2 222193 (IACUC, Institu-
tional Animal Care and Use Committee)°l| 4] 5 QIFQF O
(SNU-190102-2), Raon Bio Animal, Inc. (Yongin, Gyeong-
gi-do, Korea)ol|A] tA”Im{Hlo]2]A mpEHfo|g A A2
wiEtole 2o Higt WAl HES et 12~36704E &, 7~
10kg A5 AdsEZ FFEUTH HE2 Xoray, 2=
uf, Gl HAF A3t B SEHS gelskal ARgshlth

AHFE ARE7-2 25°C, humidity 50%, 12 hrs 2

5712 AL, 194214 cageo] 4-§3HA00, Sl
5 W Se A AR E Fofehdr

2,30t 59 TEEYA 20 100 FolFoR &
ThE 4mtelE 5% ZREA F59 40g GOl o g 247
a5kt 370 2252 Bl2elAl sk o ¥ 5L Azt
DR Eg|s EZ2HY g2 AL Eostgon Eo] A,

T "o
Bo] 4% 7, Fol 85 Fol 22 Bl At

=

[e)
24

2, LEHMHCHHME (peripheral blood

mononuclear cells, PBMCs)2| S4ls 17}

Z2EEX F5A BT T & 0F, 45, 857kl &
Z}F 12A)7F2] A 4] § 24-guage needles AHE-5H jugular
veino| Al HEstA L, PBMC E2E $138] 5 mLo] E
T FYe O] PBSE 3% thx AlZ2E w5t 9
s 2= 712715 F45te =2
Ficoll-Paque PLUS density gradient media (GE Healthcare
company, Illinois, USA) 15 mL7} ©7! 50 mL FE <
of 2A2HA HYFi MEo] H3 50 mL FEE ¢
A2 (2,000 rpm/30min) St 2] AlE washing
= 95 M=z PBS §4o] &% FH=Z HA A=
(1,500 rpm/15 min)otal, &2]% PBMC+= Roswell Park
Memorial Institute-1640 medium (RPMI-1640 medium)

Ficoll gradient of

(Thermo Fisher Scientific company, Massachusetts, USA)
I} 20% fetal bovine serum (FBS) (PAN biotech company,
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Germany) °f| &35l F%1

H|Z 7 2] P Ao A E2]%H PBMCE 96 well plates (SPL
Life science company, Pocheon, Gyeonggi-do, Korea)°ll 4]
©1, 200 uL. RPMI-16407} 200 pL. 20% FBS “12]1 10 ng/
mL recombinant canine IL-2 (interleukin-2) protein (R&D
systems company, Yongin, Gyeonggi-do, Korea)¥ 7|
CO; incubator (37°C, 5% humidity)°A 1547+ HiF=]
et 2~3Y 7HH 0 & 100 pLO] A= H 2|1 Af
22 200 uL RPMI-16407} 200 pL. 20% FBS, recombinant
canine IL-2 (10 ng/mL) €H=-5 100 pLA FolF3ltt. &
A2 AlFH wirdol @t D-Plus CCK Cell viability
assay kit (Donginbio company, Seoul, Korea)2 =75}
450 nm 9] SF ol A SHelstFT

Q]
=

= (e}
AEHE

TEAEXEH (mitogen) A5 LWt

F35h 2 7] @AoflA 2] PBMCE 96 well plate
of|A] 200 uL. RPMI-16407F 200 pL 20% FBS 2312<] &
©]5%1L, recombinant canine IL-2 (10 ng/mL), lipopoly-
saccharides (LPS) (50 ng/mL, Sigma-Aldrich, St. Louis, MO,
USA)E A=A CO; incubator (37°C, 5% humility)ll
A BiFSHAT. 24413 &, AdSdle E2 tha AR
(7,500 rpm/10 min) 3} A7kt

Recombinant canine IL-2 (10 ng/mL), LPS (50 ng/mL)=
24 A7t B A=A A SRR PBMC A5l Al canine

tumor necrosis factor-alpha (TNF-alpha), interleukin-1 beta

o
T

H AT O
=)

22t

(IL-1 beta) L8] L interferon-gamma (IFN-gamma) S
quantikine colorimetric sandwich ELISA kit (R&D systems
company, Yongin, Gyeonggi-do, Korea)& ©]-85t] 35

A5 o] o] nfet ZAsholnt

4, B cell@} T celle] &% L7}

ZZ2EYA 90,4, 85 F HZ 7S] A 10°
cell/mL ©[/F 2 & F2]H PBMC AlZE PBSE 2% A4
St & AA1E2] (1,200 rpm/5 min)5Fe] THE 100 uL2] PBS
1ol E-F-AIF T, 50 L= unstained A2 F11, U 7]
50 uL+= B cell marker?]l CD21 antibody®} T cell marker
¢l CD3 antibodyE 1 E5 F1olA REEAIA AASHA
th. PBSE tHA] 21 |23 & 29, paraformaldehyde (PFA)
solution (Sigma Aldrich, St. Louis, USA)S Eo] 1087F
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TAA7) 1 pPBSE 21 A A3 o2 PRSE ol H-GA]7
g e ol Al Bt Th3 FACS Calibur (BD Biosciences,
California, USA)Z AMg-5to] B7}stict.

5. 84 24

2 AgelN Qe A AL B+ BERAE 17
steict, A4t 29t Aol i 57 2.4
version 25 (SPSS, IBM, New York, USA)E 0]-8-5}o]
Student t-testS A A (P <0.05)5F Tt

2 o

1. YXSoHCIsH M| X (PBMC) 4l 7t Hat

D2 EYAS FolohA] g2 tjxdo] Hu4 &
L 0Fx }Oﬂ 1.0240 0601 T 10g9 ZREYAEE
O™ 40 g0 I
1.34+0. 2701°*E‘r T2 EZg A Fol 45310
o] JEF FA4]%5-80.80+0.169]12 10 g T # ]

0.97+0.06, 40 g T A2 1.29+£0.07% 052}
A5 Fod e Aole fsinh 87k 2
73£0.13%1 ¥FH 10 g Fo] HA O] YE T FAGE
1.11+0.130] 17, 40 g T AR 2.03+0.19= 05, 45
2}o] ZA1 5ol Hlof vJ“ U= 2ol & Hof thxtof H]
aff mltogenoﬂ 2E RS I S50 o A AS &9l
o 5 AATH(Table 1).

Mo 1o 4
o]N rlo

=4

2. IZEEXZIEH (mitogen) A5 Zat

27 % TNF-alphat= ZEEZF A Fo 0529 g Z
©] 81.02+4.00°13L 10 g& TS AHx]o] 85.81+
106101902, 40 g¢& T A=]o] 73.72+£10.79=,
94 &= Zole AR T 454 0= x2S
83.88+£7.31°10E ¥HH 10 g T AR 67.54+23.48

0]11 40 g o] A7 162.31 £31.37% 40 g F-oJ7o)| A
TNF-alpha A84te] -9 Sl 2Fol & H It Fof 8572k
of ET-2 121.70+31.0991, 10 g T2 12839+
11.1791 ¥, 40 g FT-E 286.44+30.61 2 40 g T
oA 214 Q= 2to]E HATH(Table 2, Fig. 1).

Table 1. Evaluation of mitogen-induced lymphoproliferation in peripheral blood mononuclear cells (PBMC) of beagle species dogs after
feeding honeybee propolis concentration solution by cholecystokinin viability assay kit

Control group dogs

10 g treatment group dogs

40 g treatment group dogs

Item
0 week 4 weeks 8 weeks 0 week 4 weeks 8 weeks 0 week 4 weeks 8 weeks
.. 1.02+ 0.80+ 0.73+ 1.16+ 097+ 111+ 134+ 129+ 203+
Cholecystokinin (CCK) 0.06 0.16 0.13 0.06 0.13 027 0.07 0.19

*Cholecystokinin is also used as an abbreviation CCK, and chole means ‘bile’, cysto means ‘sac’, and kinin means ‘movement’. In other words, it means

‘moving the gallbladder sac (the gallbladder)’.

Table 2. Cytokine levels of beagle species dogs after feeding honeybee propolis concentration solution by quantikine colorimetric sand-

wich ELISA kit

Control group dogs 10 g treatment group dogs 40 g treatment group dogs
Items
0 week 4 weeks 8 weeks 0 week 4 weeks 8 weeks 0 week 4 weeks 8 weeks
TNF-aloh 81.02x 83.88 & 12170+ 85.81% 6754+ 12839+ 7372+ 16231+ 28644+
-alpha 4.00 731 31.09 10.61 2348 11.17 10.79 3137 30.61
IL-1-beta 526.13% 456.15+ 656.88 570.37x 533.19% 683.71% 44450 £ 747.79 £ 1182.88 =
84.53 46.70 109.29 135.84 11.06 69.84 80.74 104.58 155.29
IFN-eamma 6798 79.66 £ 8293+ 72.88 % 63.69 + 7939+ 5895+ 7631+ 8752+
€ 18.78 12.07 12.37 17.82 17.12 27.73 5.08 14.53 15.49

*TNF-alpha = canine tumor necrosis factor-alpha
*IL-1-beta = interleukin-1-beta
*IFN-gamma = interferon-gamma
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Fig. 1. Cytokine levels of beagle species dogs after feeding honeybee propolis concentration solution by quantikine colorimetric sandwich

ELISA kit.

Forward scattering (FSC) and
side scattering (S5C)

Flow cytometry by fluorescein
isothiocyanate (FITC) and phycoethrin (PE)

Chromatogram by fluorescein
isothiocyanate (FITC) and phycoethrin (PE)
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Fig. 2. Flow cytometry on B cell and T cell of beagle species dogs after feeding honeybee propolis concentration solution by fluorescein

isothiocyanate (FITC) and phycoethrin (PE).

IL-1-betat= 0FA}0] ThE0] 526.13+84.53°]% 2™
10 g T30 570.37 £ 135.840] 11, 40 g F-0J1-0] 444.50 =
80.74%11L, 1o/ Sli= el7t glaleh. & A Fo
42 O] 22 456.15+£46.70°]103L, 10 g FoJot2
533.19£11.06, 40 g T2 747.79+104.52, 40 g T
oA IL-1-beta 4] F-014d Q= AlolE Hlch &
2ET A Fo] gFA}o] th212] 3] 656.88 +109.29,
10 g T2 683.71£69.84, 40 g T2 1182.88 +
155292, HA] 40 g Tl 4] IL-1-beta AJ4H2] F-2]4
A= ZFolE K th(Table 2, Fig. 1).

IFN-gamma 57 23} Z2E2A o 052t o
Z0] 271 67.98+£18.78, 10 g Fo910] 72.88 +£17.82,
40 g T2 58.95+£5.0801 30}, Fof 4F210] A=
tfRte] 79.66.+£12.07, 10 g F9w0] 63.69+17.12,40¢g
FoT2 76.31 £14.530| et Fof mpz|eRel 872te] of
2 82.93+12.37,10 g T2 79.39£27.73,40 ¢ &
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o]
AR

o2 87.52+15.49t}. IFN-gamma AJ4t2] 5214
+ 2ol Al 7HA] 7ol A 25 glITH(Table 2, Fig. 1).

3. B cellz} T celle] £% ZAu}
5

Flow cytometry -
51 B cell T cell®] H-&©]
SHA fr A= o] A4 ol A=

tH(Fig. 2).
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2~ofl thisf| AA] 7ol A o] A Huk-g-S Zleh=
9L, At FEEON T FEE 5 W2 Aol =
o (Nam er al.. 19183191 §-2]8 S40] 919171, 2ol
o7, BASAE QoI 5 sl o
23t 524 {5k “*i?—;‘!" THEA| I (PBMC), Al 2
ZZ1E4 (mitogen) =, HIZ} cytokine (TNF-alpha, IL-
1-beta, IFN-gamma) &=, B cellZ} T cell&] EEXEE =
w2} H L 2SI HlE Tl tisiA B o] ZeEe
2 7 el tigh =1 BHale AZolH, MAA Q1 Aol A
FA T 22 Ed A Aedito s Ao 48ch= A
= Heslaar Tz Eds A7 10 g A7 o® 5t
I, FHETL 40 ¢ Folv-& AHEREe = HiAIsH=
g, o] oln] S HIZ 7ol tigt FAtize] 1%L

el o A% el

—_7

=
Ae 4 FEE9 ol =4 AdollA 4 =
= 2|t 15 mg/kg®] -8F = HIZ 7ol £ (Nam et al.,
1918)3F 7, B4F %%5—4 obg/d =/ AR elA o] H
= 7ol thet —Eroq (2 g/kg/day, 4 weeks, p.o.) (Nam et
al., 1918) 12|31 WM =/ Aol 9] H|Z 7] tigt &=
o] 88375 mg/kg, p.o.) (Nam et al., 1918) 5= <=2
shaict.

TGN L (PBMC)= B AIZE, T A|E, NK A3
(Natural Killer cells), 72 A= 0] glojA] HAA 9]
AHARI HHg-& dov]l= WA A EEo|th(Jalal and
Ahmad, 2015). | ZEEZZEZ (mitogen)= Concana-
valin A (Con A), polyhydroxyalkanoate (PHA) ZL&] 1l LPS
5o Aom Hro] et F o] uf -g7)of dets
o S Hl222] DNA P B Al #4842 op7lsh= &4
oltt. Con A+ Y&l jack bean (Canavalia ensiformis)©ll <]
ii%]— lectin (E}—’,\—ﬂ—% 7:1%1— 1:]-HH21)0] 7 PHAh u]/xﬂ =
Alzzo] A= d7tad HA EdolaE FAolH
EEelEy HFA o ve f=A HrlES SAAAIA &

o
. ol
oy

o

olitslet s, B 8714 H71ER BoE 4 gl AR
344 Bxlolw, LpsE I oA o QHo] 4Rz ™
A o] Rt SgA= fE Lok 2 geohA it

o O O —/\o
o= = = Ut

o] L2 Ea| A7t pBMCY] WY 758 ¥
= J&S 5h= A2 Toll-like receptor (TLR)2} 2
AN pgAloll YIS vA HEA T A |

o

tlo rlo of

Aok ] =8-S Tl AiA o R QoA SolR H
QA B3-S go]5lA| 517] Tj=°]|th(Rezzan and Seyda,
2018). o] Aol A= 852kl 40 g FofTto] izl
Hl ol mitogen©ll A=¢ll et H A FA150] {27k 2fo]
HAed Z2EZa A7} oA PBMC S415 9
OCFé— a1zt = A2 o 4= 9L TH(Tables 1,2, Fig. 1).
H Ao A= A EZFQI S 2 TNF-alpha, IL-1-beta,
77} =45ttt TNF-alpha®] 8 95t
S WA Az 2 A FEddo=z 2-gsAL Al
Frgtth SFIARIAE AFHHE S
A F437] ghgollA IEETE TNF-alphas= F2 A
27t S48t A EHE= T A2, NK AlE SoflA]
T BEHETH(Liu er al., 1994). 2 Ao 4539} 84}
ofl 40 g Foito] thxtol vl -2l = Aol B
=t (Table 2, Fig. 1), ©]+= T2 E| 10| o5 FA1H 9
I 77} @obA] TNF-alpha BH|OE FFS v]3d Aoz
BRIt} IL-1-betat= AEA AL EFFI (pro-inflammatory
cytokine) 22 ZFAoIL} &7fe] gt AF g2 8 X
A QIAtoltt. IL-1-betar= THESH M Z 2R AJ4tE] =T
1% FlTet AN 227} tj 24 o]t} (Lopez-Castejon
and Brough, 2011). IL-1-betat= 452} 852} 40 g £
o] ti 2ol vl fofm|gt Aol & B oW o] TNF-
alpha®} P71 2 2 Ee| Ao Ofaf FAH Tle]
F3Fo 2 HRIth IFN-gammat WAL Z/J3tof 7]o]
Sh=dl NK A|l22 2 T AlZ25E 2H|EI, T A2z 9
g A-g A urgo] i sk Ao R dHA ok
(Baumjohann and Ansel, 2013). ©|51 Ao A= T2 E2]
2 ol o 24t Hof] IFN-gamma AJ412 F-oJmgh 2}
o7} =] et
T AlZE T EolAQl A&
Zoll sholi, B AlZE+=
2 AQurgolA R=HE
FAE TrEol Tt 7] HoA O] T cell} B cell Hl-E-
3:1 B 4:1 A oA 5217} ==t (Galler et al.,
2017) o] AFA L 8014 2}o] glo] AAF Helo] &

A E= 2 g = Al

ol AFE Foto] ZREYAV AAAAE 2ES
4 Qlthe Zo] ERIEgIeh 2 EajAr} et o]
N 25 B4t E & ke A £3F B 15t (Byng
et al., 2015). °]o| = T2EA A= ZHE APO|EFIQIS
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