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WE: [ B9 ] PR AT B (Bacillus licheniformis) ZeffFh s SR AL H . [ D5k ] sER4EIRAH
UL, RN R RR A 90 B, BENLIS S M JEXT R (N) . BN (H) RO i+ R 2E AT B 41 (H+B).
N A H AR R, H+B 40 MR R AR+ 1A ZEAFFER 1 000 mg/kg, H Z1H1 H+B 4IBH 5 T 2=
T EE AT PN ORI, 35 30 d JE DUE AR B T BREE ORI M K A7 TR (CORT) & i, IS s fE hil/E e AR
M, RGBS DREAE, [ 455 ] H 4A H+B 4009 1 AR B S AR B0 35 =
F N4 (P<0.01), H+B 4 B ECT HA (P<0.01), B FIREEHEL TR . HAW FIRPRIER RN, 40
ML AR/, B AL R B L IR SR B A AT B A2 A, T HAB A1 LRSS H R B . i K
CORT & i : WIWI (12 h #1 3 d), H 4L CORT K FH & B THE (P<0.01), A 10 d 546 F e,
H+B 41" CORT /K F-EBAMBHRNAAS, HASEE, EhEHAETIER/KT, K5 30d M5 N4AXR
FEF (P>0.05), [ 458 ] AR AP R b A ZE AR B P LS AR R R SO b A B B BR s 453, A A
HERFHIEH AR

KHEIR): MIAHAEAT IR P0G A% W BMR, I B o
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Effect of Bacillus licheniformis on the Heat Stress to Adrenal
Gland Structure and Plasma CORT
Content in Male Rabbits

HAN Yu', ZHANG Liyong’, ZHANG Fumei’

(1. Laboratory Animal Center, Hebei North University, Zhangjiakou 075000, China;
2. College of Animal Science and Technology, Hebei North University, Zhangjiakou 075000, China)

Abstract: [ Purpose] To study the mechanism of Bacillus licheniformis for alleviating heat stress in
male rabbits. [ Method ] Ninety male rabbits of similar age and good body condition were selected
and randomly divided into normal temperature control group (N), heat stress group (H) and heat
stress+B. licheniformis group (H+B). Group N and group H were fed with basic diets. Group H+B
was fed with a basic diet+B. licheniformis 1 000 mg/kg. Group H and group H+B were given heat
stress stimulation to simulate hot summer temperature. The test period was 30 days. The adrenal in-

dex and content of CORT in the plasma of each group were measured. After the test, sections were
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made and the changes in adrenal gland structure were observed by light and electron microscopes.

[ Results | Adrenal weight and adrenal index in group H and group H+B were extremely signific-

antly higher than those in group N (P<0.01). Group H+B was extremely significantly lower than the
group H (P<0.01). Observation of adrenal gland structure showed that in group H, the thickness of the

adrenal capsule was reduced, the diameter of the cell mass was reduced, and the structure of the ad-

renal cortex and medulla was severely damaged. Adrenal gland structure in group H+B was obvi-

ously improved. The plasma CORT content showed that at the beginning of the experiment (12 hours

and 3 days), the CORT level in group H increased significantly (P<0.01), but began to decrease after

10 days. Although the CORT level of group H+B also increased at the beginning, it increased slowly

and reached the normal level in the middle and late stages, and there was no significant difference
from group N at the 30th day of the test (P>0.05). [ Conclusion ] The addition of B. licheniformis to

the diet can alleviate the damage caused by heat stress stimuli to male rabbits and help maintain their

normal reproductive function.

Keywords: Bacillus licheniformis; heat stress; male rabbits; adrenal gland; plasma CORT
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TEFIRAE , 18 h0Je B RS Y aEaE e RS
i SRR S22 R A U, 15 AL
feAii s, FE AT RESZ I A= FE T RE™ . IRE B
W, IR HAEIOLR 2 e HEE, FE AL
P, B EIREIEERLGOMER], I
Ji i (cortisol, CORT) 42 #44 I # AS AT al it 114 384
RO P, W B RRES R S IR K-
AL, A BT G2 i 2 S IR YOS R AL
il AR RIS S SRR R A= A

WA ZEHIFT B (Bacillus licheniformis) J&—
AT, ARSI YIHAGIE A R A, A
FRIGGE, W RCESPAT, BsRIHILIhRE, fE
HEAE AN R AT s P e g B AR, O
WA, 4@ S AL Sy U, XSS IRESY
JeB s HOAR ZEFLAT TR T SR RN U A R S5 R
P A BEHER I FEZ BINE 2 b
(lipopolysaccharide, LPS) N5, FIFHiA 2546
PG AT S i H e Iy, 385l R T AL fE
W E S IHE R LA . PR AT 5E
R TS ST P S I i b A 2 FELAT B AT R
A PN S R A IR, 2 ks 2 B R
KGR BIEAETCA IR, R WA EHA ZF AT
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SN RARGE o AT S0 i 7 FRRTRORR 2 S i R
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KRR TR BRI — PR EOR S

1 MREEZ%

1.1 R
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1.2.1 PS5

TEEUAE IS AT . RO R ZE L R R A R
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ANEE 10 Ho WEIEXIRA (N 41), %4 H
20 ) FNHR L P M AR 2R AT IR 2 (H+B 4H). N 41
F1H 241 1) W L A AR R, HA+BZH AR AR Sy Ll 4
LA ZEFOAFT T 1 000 me/kg (i A B 72 0 5 11
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1.2.2 1AFRE

MR ABCREMYOK, R4 H IR e
A WPLAE IR . B IR N 4128 20~25 C;
H 201 H+B 2403 20 B AR AL . 12:00—
16: 00 ¥t & 45 1 7 32~35 °C, 10:00—12: 00 Fl
16: 00—22: 00 i B 45 il 75 28~30 °C, 22:00—
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10: 00 Y B FHIAE 25~27 °C o 4% 2H HoAh i 32 31 45
AAIE], BN 50%~55%., A 7 d 5% R IE
A 30 d.

1.3 EfebR
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2 HBRETH
2.1 HOAREE AR BN RN 2 G IR AR U

2m

M 1 AT, ORI (H) B B R A
R EON B TR IR (N)(P<0.01); T
B+ K FAT R AH HHB) R W FHEK T HA
(P<0.01), AT N4,
2.2 MUK BT B SR A R IR L
afilAl
221 FhAGRE LIRASIERIFIAEL

HIE 1 AT SEEE PR, NI (H) FRA
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1 HRFAFEITREM AR S ERIEHAIR N
Tab. 1 The effect of Bacillus licheniformis on the adrenal
index of heat-stressed male rabbits

A 5 kg B LT g B LR
group weight adrenal weight adrenal index
N 4.41+0.04 Aa 0.55+0.02 Cc 0.13+0.01 Cc
H 4.00+0.10 Bb 0.85+0.02 Aa 0.21+0.01 Aa
H+B 4.06+0.12 Bb 0.64+0.02 Bb 0.16+0.01 Bb

Vs NCHIRATRRZL, H. AR, H+B. 8 eI 5 AT B 4
FFIAFE NG FBER R 2 57 B3 (P<0.05), AFKE FRERRZ 7]
W3 (P<0.01); TIE.

Note: N. normal temperature control group, H. heat stress group, H+B.
heat stress+B. licheniformis group; the data with different lowercase
letters in same column show significant differences (P<0.05), the data
with different capital letters in same column show extremely significant
differences (P<0.01); the same as below.

B A ZE AT TR 2H (H+B) 24 (104.30+12.30) um,
HIRXTEZE (N) 4 (146.90+15.81) um., FI&] 2 AL
N4, H+B 41 H 410 5 53 4i i A 5 A2 5
7 (20.70+2.91) ., (16.302.58) F1 (13.30+1.34) pm;
N ZH 40 it AT E 3~9 AT R 248 it 1 240 B 2R 4 A
SEBEM R, BT, YR, 0 A
REE, MBI ERIEIR; HHBA S
H UM LG, 40 P SO 2l e 4, (ARG T
N 4l; HAhRAdhamsL, s
W, MmT stk ik H+B 413 H 417
BT, HeEAdRRR; NP FRRE TZ AR S
BRAT 7 PG, BRI R, RS, 4i
ffL 28 2 (B AT DL AE I SR M AE ;. HAB A H 4140
2R AN, H AL S90S 48 HB 4139 .
2.2.2 B FR R R TR RS A (AL

HH L 3 mIAT: R TR IRAL (N) A S R R
FRAORA 400, MOAZIR, e i, RS
B, ARG, BATIEW, SRR R(R
TR, Ak, WG, M AR T
Wi, HFEEHE; Mo & K i i s
W, mRIERE N Kk, AR, A
W (H 4H) B E R B BUACIRAT A SRS, 5w
iz, HmBBERRE, SRR DN
B, ST ZURTEMT, I R K, AL,
BRI/ D B TG, A A A A 2 s IR T
TET PALJBE 1) B KRNV, A Bl 3R R 45 4
o AN A ZF FLA R 2 (H+B) 5 H 4 AH
W, RRSSIE N %, ARk, B
MR Z, e fRAEX 8>, T BIEHE R
VBB, TR PN ST RN S € 5T ) A%
E57/ 28
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Note: N. normal temperature control group, H. heat stress group, H+B. heat stress+Bacillus licheniformis group; the same as below.

1 ARTUEMARE LRFREERNZEN (HE, 400%)

Fig. 1 Observation of changes in adrenal gland thickness of male rabbits under light microscope

N
TE: kIS 0 EIRESUN AR .

Note: The arrow points to the cell mass in the adrenal gland tissue.
B2 ERETURMLRS LREANMEEAEREN (HE, 400x)

Fig. 2 Observation of changes in cell cluster diameter in adrenal gland tissue of male rabbits under light microscope

N (2 000x)

H (2 500%)

H+B (3 000%)

El3 BRETHA%RE EREBRFRREEEEL

Fig. 3 Changes of fascicular zone cells in the adrenal cortex of male rabbits under electron microscope

P 4 T R IR BB 2 (N) IE % 40 e o
WA KEBON R SRR, m/RIE A
WARKIR, MK, Y@ miys]; K
B (H 2H) B A A% I 0 s, YR, 4
R TORL S O G HE A RAS , ELK BRI A
AR AT E 4 (H+B) 5 HAMIL, FER
GRRFORAIXT R L, FURLHEZS FHXT A D, Bk
A A B S K o

2.3 Hb A ZF FUAT B0 RO A S i 2 CORT
KB 5

HE% 2 T PO 12 h 3 d I, BRI
21 (H) 45 48 0 38+ K 25 F0FT B 41 (H+B) I 3¢
CORT %t 34 b 2 15 T IR IR AL (N)(P<0.01),
{0 H+B 413 H 41 LT+ 2%12; 10 d B, H+B 410
HAHEIW TS 2 3046, HB 480
F N4l (P>0.05), i HAUK BB E ST N 4
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N (15 000x%)
T @SR B R A A2 R
Note: The arrow points to the adrenal medulla cell mitochondria.
E4 BIETHARS ERRBERMMZER AT

Fig.4 Mitochondrial changes of adrenal medullary cells of male rabbits under electron microscope

L IR Lk E x

H+B (2 000%)

*® 2 WRFEFENANHMARMIZ CORT KFHIFM

Tab. 2 Effect of B. licheniformis on plasma CORT levels in heat stressed male rabbits nmol/L
Yl AL FRR 7] time of treatment
group Oh 12h 3d 10d 20d 30d
N 150.29+29.24 Aa 152.99+28.56 Bb 150.72+28.56 Bb 150.26+29.98 Bc 149.57+27.56 Bb 151.64+27.84 Ab

H 143.42+19.53 Aa
H+B 136.35+£27.92 Aa

310.44+52.82 Aa
356.01£110.39 Aa

528.92+57.70 Aa
425.22+106.28 Aa

457.16+£54.97 Aa
350.19+57.86 ABb

272.63+41.64 Aa
193.77+23.75 ABb

208.35+32.08 Aa
160.04+12.54 Ab

i H+B 2 (P<0.05), (HEFAN AT W T F% .
3 1Wig

3.1 MU TR TR AR SR o S b R R A
Y 2R S5 K () 5 )

B RS YN R N AR, AR
SRR AR XA DR, Y B a2 BN
FGRES, T Ei—AR R — L BR R Bl (HPA
) THRETE S MR PepF s, HOw e S
HOF E ARG kAR . FEREPIR A
I AN B A 53 1 K SR R 1) B TR R L
{GIIE by N BN 1 2 r AT N 1 T SO = 11 4 1 O
ZUE . WA SIS IR R IE T
KWMLK, AR RS —Z i
%, 50 30d 0, FARE ERRBTEAE FIRS
B R, U TS, TN PEALE R
Bl EEFE A, AR T ELAR IR 5 B A )
N RO AR s AR B, R BT Ok A
D, RETEA BT RSk, SOk RIA B bRk, T
PN S D I IR B AN o A LR, R AR
B N IR i % (adreno-cortico-trop-
ic-hormone, ACTH) /& Hill i & I 5 40 Jfd fr 2

ACTH (1 F AR B R s A, X2
I U R I 2 R A SO B S 3R B A RN 43
HAEEMEHY, XNERECWI R %
AT LA R BN ACTH A e, HAW
PR R 20 K R s TR0 R AL e (AR R A X
JERIEN . BT & B HPA B R 2ok
N 3 AT S, B HPA Bl E Ay
WK I HEBT N O, A B B (R B
TS XL = AT F R ™ A58 I BIOW -
TESE T RPN TR A G L BREsFa3s it

AL I R B VABRER . NS . R
I RN AR 5 28 [ Wi R 5 R A O, AR
FEH B R LU K AR PR AL, RN TR
PRI, X AR T R B I EL
K CORT LB FREMIRIN . X AR 2 P EFI N e
RN AL, S JIREAR, B 5
SR, WMEAMZM, KR, HE R
K, XATRERE AN BT A e FEALRE T B
BT, BEAh, ARWFIEIR K LR 2
G B R AT MR A AR A, B R R R
W HEAIRAS, 2R ARRI K . B L BRI A AR
b2 5 ) LS W i 2 2 4 1, o B FA 0 I
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g Al

B bR B TSR 43 WA M R T Z R AL
NN E R, RBRE LR s Wb
i DA E N B B VA b G EE R S
AT, A HAE FR AN T R LR R R
Jit CORT #4215 XESCAE s . B HN 3
6 F1 12 d i, IfiL¥E CORT KV 5 35 & T %) 1
20, AR ZEFRAT B T I R R B S,
CORT /K5 X TCI B 22 5 0 ARBFFESE R S
RIS FARHGEE A — B, RPN
FER IR (12 h #1 3 d) CORT /KF- R B8 % T
B, EM 10 d J5 % CORT SHIFUR R, B
3 30 d I TR TR AN AN P A ZE AT B
2, (H HCERR SR B BRI . AT IR A
W TN S B ACTH 23 &2, SRS
JR K2 S5 5r CORT MR £, XS IR R i i
IUARAZAE S Wb 45 5, (AT A RR AR 1 Xof A 384 5
EFR S S 0, B D R A AL 4G ) 1 E

W, 4P IBIHAREREAK, CORT il , ML
BIARE T PR, HLAERIPLEEE . IS AT 5T
W EBL: PN T FEOF A RSO A,
AR T IR 5 BREE R 2, S AR B T RER

PN D Ao /N AR T T RN B P 2 (U S|
&, BAEIRIW (0~3 d) CORT KA FREIE,
A EJE MK SEAUFT T A R AR G b & A VE T, Hp
JE A (10 d) CORT /KSF-FF 4R FR%, =i 20d J5
B TIEY, SWEMNBEHEZESAEE. XN
U 2R KT v 0 — A U I b A ZE AT 1 7 2% A il
NN IR . S5 RN . FERh SR IR L
e, M SRR R 1 7E B FE R I AT 10~20 d
BOFFLR AN, ARSI WUROR . RS2 A )
RIS EE R . HRR R BN K AT T
AT AR A AN BT S R e AR FEAILRE T R DL L
R R AR S5 IR S5 A B 0, R, A 2F
FELRF TRT 19 7 FF X S R I ZR N G AR A M
Pk FR Gl K S A BB AR

4 ZEig

PN T S EA A RS ERRES T, 1
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