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Effects of Lactobacillus acidophilus HY7032 and Lactobacillus reuteri HY7506
isolated from dog feces on welfare and hair in companion dogs

Hong-Jae Lee', Sang-Won Lee"

College of Veterinary Medicine, Konkuk University, Seoul 05029, Korea

Precise combinations of probiotics can be useful in dog
nutrition, treatment and care. Also, host specificity must
be considered in order to increase the effectiveness of
probiotics. In this study, Lactobacillus acidophilus HY7032
and Lactobacillus reuteri HY7506 were used, which were
isolated from feces of healthy dogs through the verifica-
tion of pH, bile salt tolerance, and antibacterial activity.
In addition, the selected strains were confirmed for acti-
vity in immune cells. Briefly, L. acidophilus HY7032 and
L. reuteri HY7506 enhanced oxidative burst and phago-
cytosis of innate immune cell activities in peripheral blood.
In addition, beagle were administered vancomycin 50 mg
and polymyxin B 100 KU for 7 days, and then 10’ CFU
of L. acidophilus HY7032 and L. reuteri HY7506 were
orally administered for 3 weeks to confirm the effect of
improving hair quality. Also, compared with the placebo
group, the health improvement effect including stool pa-
ttern were confirmed. These results imply that the micro-
flora imbalance caused by antibiotics can be gradually
improved through the intake of probiotics. Through this
study, it was confirmed that L. acidophilus HY7032 and
L. reuteri HY7506 are good probiotics that contribute to
the welfare and health of companion animals and have
the effect of improving hair quality.
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Materials and Methods
pH ¥ bile K&y

739 YAEES =457 Y3 spectrophotometer
(BioTek, Winooski, VT, USA)Z 600 nmo]|4 L&
Z2sto] g§x7) 082 WA wj7lA] de Man-Rogosa-
Sharpe(MRS; Merck, Darmstadt, Germany) brotho]] H{<F
St 7 pH7} 2, 3, 4, 52 ZZE= MRS brothof 500:19]
H&=2 HF5to] ol 5 widstitt. #4579 WEs4
9] 42 bile salt(Sigma-Aldrich, St. Louis, MO, USA)
7} 0.05%, 0.1%, 0.2%, 0.4% A7}= MRS brotho] #=
500:19] HI&E HFsto] s &9 Higsith Y
5, Z} ujFA-S phosphate-buffered saline(PBS; Sigma-
Aldrich)2 @4 3]43}3, 100 xL® MRS agaro] HZ
sto] 7] 2AoNA 37T 36417t wigStAT. Bt
S0 tet #55 S5t BEES ERlskith 4
o AFEE #F9 Lactobacillus acidophilus HY7032
9 Lactobacillus reuteri HY7506-2 SF=+o}FS-2 E (Yongin,
Korea) 2F-E| #|F o} MRS brothol A 35C=E 24A]7F
Bt vigFste] Enlskaitt.

g 58 A

Agar spot test HHHO 2 3 TS A|HSIETH16].
MRS brotho] 315 59t 7]-& & 3 uLS MRS agar(1.5%
w/v agar)o]] Bolxag|1, §7] RALRE 37ToA 244]
7t SoF vjgstgitt 1 & indicator —E_F(I.SIOG CFU/mL;

Salmonella typhimurium, E. coli, Citrobacter freundii,

o

Enterococcus faecium, Staphylococcus aureus, Staphylo-

coccus intermedius, Listeria monocytogenes, Corynebac-
terium auriscarnis, Bacillus circulansyS 127 Z3sk11
Ql+ Trypticase soy agar(TSA, 0.8% w/v)S -Atdo] Hj
FE MRS agar 9o =% &, 37Co] 24A)7F &<t vieF
FEYE SHoE AAE A IHS 57

5
At

bk

g}
539 AL E Oxidative burst AP0 7 3H15}19]
tH17]. 7i9] ZAE31} RPMI1640(Gibco, Waltham, MA,
USA) HiQFHIAIE 1:1 B]E&E 42 100 xL AEI} MRS
brothol| ] 24A|7F vloFst 25 xL AYF(live bacteria) S
AR (12,000 x g, 102)5H0] a2 AATE 25 pL Hf
AFAFE (metabolite)S 1.5 mL tubeo|4] & A2 T 30&8
B9t Aottt BiFHAIE 1:1 HEE 42 100 £L A
Fof| 50 M phorbol-12-myristate-13-acetate(PMA; Sigma-
Aldrich) 25 L2 do]=o] 10 M PMA A3t L&
FAtEToR At FREHES A9 30 pgmL
9] 5L E Z= dihydrorhodaminel23(DHR123; Sigma-
Aldrich) solution 25 pLE 158 =<t A5}tk A&
(250 x g, 5E)sto] FSHS AASHL, pelletZ EolE
3 red blood cell(RBC) lysis buffer(Thermo Fisher Scien-
tific, Waltham, MA, USA) 1 mLE Y1 A4 78
59t ¥ AJF T} FACS(fluorescence activated cell sorting)
buffer(PBS, 1% FBS, 0.1% sodium azide)o] A|&3t &
THA] FACS buffer 0.3 mLE ¥1 Flow cytometry(BD
Biociences, Franklin Lakes, NJ, USA)Z rhodamine 123
9] =A Y339 Wit 3T 3= (MFI, mean fluorescence
intensity) S =459t

GAAE] wa BHS FACSE B9 Belstett.
1.5 mL tubeo] 100 zL9] A&} 100 £Lo] HF 5L o
AAHES Y1 AL T 302 5ok Ast 1 &
LUBEN200 * g Sl 4EAS AALT pellet
£0{331t}. Fluorosphere beads solution(Fluoresbrite car-
boxy YG 1.0 micron microspheres; Polysciences, War-
rington, USA) 100 L& ¥ 308 S9F A5t ¥
AT (250 x g, 58) F 45 AASHL, RBC lysis
buffer | mLE go] QHo] 73 Fob WFSAIZTE. FACS
buffer® A|Z & thA] FACS buffer 0.3 mLE Y31 Flow
cytometryZ beads®] MFIE& &43}3tt.

HISE HX|
24735 o7/1dE A vF 10 S AAT(L. acido-
philus HY7032 + L. reuteri HY7506, n = 5) ¥ )R
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(Control, n = 5)°0.&2 A5}t & ottt FYAE &
o3}7] A& Baseline 2 A73IAth(Fig. 1). 79 59
A A|(Vancomycin 50 mg/Atg] @ Polymyxin B 100
KUm)E A+ Fogt &, AgFo] 353t L. acido-
philus HY7032 D L. reuteri HY7506& Z¥z+ 107 CFU/
ol 2 PBSO| @gsto] A FoIshArH(18]. thEtol
= 59FY 1% Z‘?"r#i AT Folsieleh. A A 7]
7t &S ARt SEE AT RS BRI &
A5HA S5kt “H%l A g 9 B S 7S
sk, miF R 2 ¥ AFet B2 AEE st

. 2 A3 A=Rfgisty 5E2AEL¥3(IACUC)
o] A9 ¥ &2l & WP Ah(F MI: KU17169).
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AIZARE wjd T 13] Colorado State University2] 7j
34 55 H7}H(canine acute pain scale tool)Z} Bristol
Royal Infirmaryo]| 4] 7St Bristol stool chart& 7]&0
2 g7t 9 7]15513ieH19, 20].
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Fig. 1. Schedule for oral administration of antibiotics or
HY7032 and HY 7506 in Beagle dog. For oral administration
of antibiotics, Vancomycin 50 mg/dog and polymyxin B 100
KU/dog were administered for 7 day. After antibiotic admini-
stration was completed, the following process was performed.
The experimental group was orally administered HY7032 and
HY7506 at 107 CFU/dog, respectively, for 3 weeks. The same
amount of distilled water was orally administered to the control

group.
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Table 1. pH tolerance and bile resistance of HY7032, HY7506

Lactobacillus strains

Characteristics
HY7032 HY7506
pH tolerance (CFU/mL)
Control 225 £ 045 x 10 3.16 + 0.28 x 10°
pH 2 121 £ 024 x 10 1.01 £ 0.36 x 10°
pH 3 7.6 £ 031 x 10° 6.68 £ 0.41 x 107
pH 4 1.15 £ 0.12 x 10° 2.15 £ 027 x 10
pH 5 1.92 £ 0.09 x 10° 2.56 £ 0.18 x 10°
Bile resistance (CFU/mL)
Control 225 + 045 x 10° 3.16 = 0.28 x 10°
0.05% 1.64 £ 032 x 10° 249 £ 0.44 x 10
0.1% 9.25 + 0.17 x 10’ 1.08 = 0.19 x 10
0.2% 8.89 + 0.38 x 10° 4.88 + 0.24 x 10’
0.4% 728 £ 021 x 10° 327 + 033 x 10°
=0 E22 & 5 U= LS AT Table 2 HY7032E T} B 953t
of Yepd Bie} o), & 5 BT I S (Salmo-
nella, E. coli, Citrobacter)¥ 713} Ak (Staphylococcus, L. acidophilus HY7032 % L. reuteri HY7506<

Listeria, Corynebacterium, Bacillus)°l| T3t A3t A
o] BAHLE. L. reuteri HY75069] AA|The] 27

o] L. acidophilus HY7032E 0} thEE 7| 32917
W20, L. reuteri HY75062] &+520] L. acidophilus

Table 2. Antimicrobial activities of HY7032 and HY7506

HIANE dsat Z4
=2 " dH Vs dSc=

Inhibition zone (mm)

Indicators of pathogenic bacteria

HY7032 HY7506
Salmonella typhimurium 3.88 £ 0.23 54 + 043
Escherichia coli 32 £ 045 3 +037
Citrobacter freundii 125 + 0.2 3+ 024"
Enterococcus faecium ND ND
Staphylococcus aureus 325 £ 0.76 375 £ 03
Staphylococcus intermedius 5+ 081 3.75 + 0.46
Listeria monocytogenes 325 £ 046 325 £ 0.89
Corynebacterium auriscarnis 295 £ 0.79 325 + 0.21
Bacillus circulans 325 + 0.57 5+ 0817

Values represent the mean £ S.D. (n = 3).

" Significantly different between groups (HY7032 vs. HY7506) (p<0.05).
" Significantly different between groups (HY7032 vs. HY7506) (p<0.01).

ND, not detected.
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sttt 719 HEF Ad Ee HAKRES 42 3
ROS®} 953 of 54 -2 W&5h= DHR 7|&Z A
gttt a5 W2 =4 o B+ 38 A=
2 JSHUAT. FAHHET(PMA)S] MFIgE Aol of
AMFES AES MFIE BlI3Z O, PMARTE= 22
&S LERIAR S5 MFIS S7HAZcHTable 3.
Ao g2 AAFoA L. acidophilus HY70327} L. reuteri
HY7506HT} MFI7} 22 A2 3HlshA}. High(%)s
MFI7} 52 5579 H|&R, AHolA L. acidophilus
HY70327} 57.7%, L. reuteri HY7506°] 55.9%% YEMH}
o dRrEe gEEc 4ddeR Y4E 9 wolk
e alstelnt

At D jAF AHE©] phagocytosisE FHFSH= T4 A
£ RHE FHNIIEA oA¥E 2SS 9] 1
I A = AAFES 42 &, Fluorosphere beads
solutionE #2|5}o] phagocytosiso] 2Jsf| W& =4 3
B9 gt FF F=E S5 PhagocytosisE R
(beads only)¥} B|WSIRE W F B ZF MFI H
High(%)< =0+ Z°] TAEQth(Table 4). 3, F o
o] IUHISE SRR MRS S7H170

Table 3. Oxidative burst activities of HY7032 and HY7506

L. acidophilus HY7032 X L. reuteri HY75069] M=
2 Ao et g 24

L. acidophilus HY7032 2 L. reuteri HY75062] 4%
7t Qg 9 APol vA= TS A Yol fAE
93 ARARE 3% 3714 B AF L BCSE 24
slth. AlS S7HES AT 4.5%, 2T 6.0%= o
239 AF 7ol #Uou, AEER Al BHASS
AgFo] 8.16 kg HFRTF0] 7.8 kgO 2 FH &0 Higt &

2 A, AW 52 JASE BHS
1328 oj= Hit 3.4-3.6, RS W HF 2.8-3.4

Ho] RTLET oA o, fxEe
QAR e o2 APS BPoy |t Aol=
UEA] ghotTh(Fig. 2B).

> Lol
i)
[
rg o
AL

L. acidophilus HY7032 ¥ L. reuteri HY75062] £t
EHOl CHet gek 2M

L. acidophilus HY7032 @ L. reuteri HY75069] 7+
Foi7t vlZ A WA Aol del vlA= FFE RAF

Live bacteria Metabolite
Strains
MFI High (%) MFI High (%)
DHR only 593 + 1.6 0.75 593 + 1.6 0.75
PMA 685 + 65.7 72.1 685 + 65.7° 72.1
HY7032 322 + 1577 57.7 43 + 92" 435
HY7506 280 + 82" 55.9 81.9 + 9.9" 11.9
All the data represents mean + S.D. of triplicate experiments.
* p<0.05 as compared with the DHR only.
™ p<0.01 as compared with the DHR only.
MFL, mean fluorescence intensity; DHR, dihydrorhodamine; PMA, phorbol-myristate-acetate.
Table 4. Phagocytic activities of HY7032 and HY7506
Live bacteria Metabolite
Strains
MFI High (%) MFI High (%)
Beads only 57.7 + 12.7 8.07 577 + 12.7 8.07
HY7032 206 + 41.8 27.1 234 + 323" 22.7
HY7506 260 + 32.7° 29.6 150 + 16.3" 18.7

All the data has been shown as the average of each group and presented with mean values + S.D.

" p<0.05 as compared with the beads only.
™ p<0.01 as compared with the beads only.
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Fig. 2. Effect of HY7032 and HY7506 on the body weight (A) and BCS (B) in beagle dog. The body weight was measured and
recorded for each individual from the start date of antibiotic administration until 3 weeks. The BCS was evaluated and recorded
from the start date of antibiotic administration until 3 weeks by the same observer. All the data has been shown as the average
of each group and presented with mean values + S.D. BCS, body condition scoring.
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Fig. 3. Effect of HY7032 and HY7506 on the pain scale (A) and stool condition (B) in beagle dog. The pain scale and stool
condition were evaluated and recorded on the basis of the canine acute pain scale and Bristol stool chart once a day from the
start date of antibiotic administration. All the data has been shown as the average of each group and presented with mean values

£+ SD. (" p<0.05, ™ p<0.01).
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| week

3 week

Control

HY7032+HY 7506

Fig. 4. Effect of HY7032 and HY7506 on dandruff in Beagle dogs. Photographs of the hair quality were monitored every 1 week.
Control: the oral administration of antibiotics group was treated orally with placebo, HY7032 + HY7506: the oral administration
of antibiotics group was treated orally with HY7032 and HY7506.
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Fig. 5. Effect of HY7032 and HY7506 on hair quality in Beagle dogs. Hair loss (A), sebum weight (B), oil (C) and water (D)
and were measured and recorded three times. All the data has been shown as the average of each group and presented with mean

values £ S.D. (* p<0.05).
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S- X aH(Salmonella, E. coli, Citrobacter)d} 1% FA+
(Staphylococcus, Listeria, Corynebacterium, Bacillus)©]|
o WA oA Qo] BT ol A Amsh 2
§ 2F0] 4EIHRS U AF 9 TBE] o
U PHS B ABS HEHO| 22 & Ao,
o] 4 Alole A RHIE BHHS FollA
HHZﬂOPoq 432 mEHo| Q8 A auts I 4 9l
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7155 &9l ZEHP|REAE T {ogh
AYE AYe Aom A o, 1 F AHd 1Y
7 A= 8% 54 F StuE A HIL AH27].
oEba] 2 AgtoA= 7Y AES ARESte] #F9] A
o ¥ 24 ayE Hrleld #Fol o3 vy =4
L AolQle o ok T A A E3l 71”lst
7] ol #Fet A Aol mAE dFE AR
oH28]. & AFoAl L. acidophilus HY7032 L L. reuteri
HY750601 28} 2577} A== o] ROS FAo] F71s
o MFI gl 71 BoE 28 4 A B
ROSE YT UAES Foln, 4EmRE WUES
AASH= 95 ¥He= 056}‘3}31 3174 Ohjf[29] <+
2O Z nicotinamide adenine dinucleotide phosphate
(NADPH) 4ts} &4 E43HA|Ql PMAE ARESHl=T,
w#FU dAMEEC] PMAS] MFI g S5 84
o= & AZ 24T = AJAH30]. F #F HF
23T EA0 FouRt avs EPARL #59 A
Azl oJsfiAe A oA a5 %qu LFERR
o} E3 XA % L. acidophilus HY7032 L L. reuteri
HY7506°] o3 A3s] E43t=3loH, that 4z 9
A Faol Zrlstan WA vNBY AT A8
(phagocytosisye AR W o] WAUZ F shfol
o, 59| A9 /158 YFIAE o & BE 3T
A olel31], o)e] A7) wEw o] Lol
QYA BT Folg Ao] £F s BE Gh Y
‘go] F7kste] TFAE A3k 4 kAl HuEith
[32]. TS}, Lactobacillus 501 Q5] SAASE 4] A| 20
9I8t Aggregatibacter actinomycetemcomitans®l| TH3F 4]
w AH8ol ol HAHICH3Z) ol Ades L
acidophilus HY7032 L L. reuteri HY75069] A¥= A
A |y F4ol 7199 Aoz AFHt
yol7t, 528ASE 53| L. acidophilus HY7032 2 L.
reuteri HY75062] 5017} A7} Folg 7oA v]%]|
= 9FS AT A Qs AW S88=0l
A]—tﬁ's}o:] 7-‘337,]‘7(—] oz Z]—LH ]/\ﬂ %—T—]—cg ] _L_EHH 7H3:_
HEE 24 Qlol= A&2R1 AR o] 2= &
o] "ojX|= A= UEtth. di2ty} Blaste], 49
A= L. acidophilus HY7032 2 L. reuteri HY7506
o] AFE &3 At AAAEUL, B B SEHSI
o} 7129 A-tollA A%et Bt s=0lA L. acidophilus
o] Fol7} fio] A E JfAste] & A7l 9FE &
okl a7k EIH(34, 35]. & AFolM= HiH A
g 2 E= HAx A9 A= £ Lactobacillus Z2]

=
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L. acidophilus HY7032 X L. reuteri HY75067} A
£ 5o T2 JoAE A 4 rke AZ AR
dRtA o g HHFE "ol At F9oA REZH o
2 E= 949 "o] g8t AR, WHs=Y 4+
o= MY Ex 4AA ol XoAY BT 5= ATH36].
2ol 22 ARl ¥l A, " AA E43, &
Ef A, B Ad, ofEn] mRd 22 ottt &
A3t THE 4= JoH37]. FHEE= g Yo wat &
92 Am MRS Aok otH, ZEHlo] A0 HH =
71 % o9 HhHA 4 QoH38]. wEbAl, L. acidophilus
HY7032 9 L. reuteri HY75069] £oi7} 7§9] m=of u]
A= G ZARSHLE. 1 AF, L. acidophilus HY 7032
A L. reuteri HY75060] &J3 w|x|9] 3} v]59] ol
dastgion, g HidS AAsto] Bd A adE B
Aot & Ao A= L. acidophilus HY7032 L L. reuteri
HY75062] AF|7F DA%} v 59| ¥ AAAZAT, &
S A2 Rz FYuRt Aol Holx] kgt
ot A¥te FrEY dFol ofyet LEHO|QEA
o) A7t Malassezia yeaste} Zo] BHlE29| S715 #&
stk 53 Aty #ok 42 JASH] il Ao
AR ETH39). AARZ L. paracasei® 73T T Al9f|, H]
2 AEAo|1 YA oE [FoH|sHA HaAFth=
H17} QltH40]. o]#gt Bl Z2Hlo] QA0 HH
J} B6 BN, 8E U 7187] BAS BT o UL
RS 4 9w, Altko] Aol weh Fajo] EAfHE
Malassezia yeast 5 59| AAA HES FaAZ
& Qopar sty S5 B, L. acidophilus HY7032
9 L. reuteri HY75062] Malassezia yeast®} 22 o
o et FsAT A FoiE Aol = A
a3, AAY WIAE B4, 127 A7 ° 89
= 1T & Ut
H As A= o) B\ BEE L acidophilus
HY7032 9 L. reuteri HY75069] 4317} 477} Sl
= 719 AU s E4F Y Sl ditt AoE
SRIgE A=, 2d JfAe] et At F7HAR1 A
7} "Qsity. AEXOF, L. acidophilus HY7032 9 L.
reuteri HY7506-> FAA= Qs FW Aol E4F
e ANl E&ol Hal, WY S 2 A
ol B35 Yeto] &5 SoldS el Hhedg =
EHO|QEIAR Z-8E 5 QU3 AARITL
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