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Evaluation of the Effects of Lactobacillus murinus ZNL-13 on Cyclophosphamide-

Induced Immunosuppression in Dogs
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Abstract: Cyclophosphamide (CTX) is a widely used chemotherapeutic agent for treating canine
tumors; however, its potent immunosuppressive effects can impair immune function and disrupt gut
microbiota homeostasis, increasing the risk of secondary complications. Lactobacillus murinus (L.
murinus) has been reported to modulate immune cell activity and protect the gastrointestinal tract,
highlighting its potential as a functional food additive. In this study, a probiotic strain with optimal
characteristics, L. murinus ZN1.-13, was isolated from the fresh feces of healthy dogs. The aim was

to evaluate the effects of this canine-derived strain on CTX-induced immunosuppression and gut
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microbiota dysbiosis in dogs. Serum immune parameters and fecal 16S rRNA sequencing were used
for analysis. Results showed that prophylactic administration of L. murinus ZNL-13 significantly
improved CTX-induced reductions in white blood cells and lymphocytes (P<C0.05) , alleviated liver
and kidney injury, reduced oxidative stress (P<C0.05), and enhanced intestinal barrier function by
lowering serum levels of DAO and D-lactic acid (P<C0.01). In addition, L. murinus ZNL-13
mitigated the CTX-induced decline in serum IgG and key immune cytokines (P<Z0.05) , increased
the abundance of beneficial gut bacteria, and restored microbial homeostasis. Meanwhile, the levels
of beneficial bacteria such as Blautia_A, Holdemanella, and Peptacetobacter were increased,
contributing to the restoration of gut microbiota homeostasis. In conclusion, L. murinus ZNL-13
and gut Dbarrier

effectively counteracts CTX-induced immunosuppression, oxidative stress,

dysfunction, offering a promising strategy for the development of novel functional food additives to

support immune health in dogs.
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Table 1 Clinical Symptom Scoring Scale
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Table 2 Clinical symptom scores in each group of dogs after CTX administration (x=s;)
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Fig. 1 Effects of L. murinus ZNL-13 on CTX-induced body weight reduction in dogs

FRELHF BE ZNL-13 3f K I % # 45 #5 B9 5 My
LR 27 AT LB Ml s e 1 AL AR R A £ AR
Ao MR RELFF# ZNL-13 % CTX Il ¥ 2 1 5
M, L3 T 25 AL I H AR AR . W 2R, 5 C 4
Lo, CTX ZH P 200 A 5 bk E0 200 i 5 o o 400 it 2
e 3 B AR (P<<0. 001 3% P<<0.000 1), B AL AT 5
ZNL-13 T fn) v 2 00 Wb ) 22 i e %5, H 5 CTX A
FEAE i 1 22 55 (P<<0.05) .
2.3 RIFFEZNL-13X R £ IEHREIZ M0

O A SCHR G | 20 IE e 23 %8 JHF VB i B4 A o
I AR 2 30 DL B i 5 0 1) S 3 A8 Ak (8 AR BF 5 adE — b
BT WFLAT B ZNL-13 X B0 0 Bt i i i 5 3 fig

2.2

PR R VR . 25 R 3 s, CTX 4 1M i
F A (TP) KR T C A M LM 4 (P<<0.05),
CTX Nz R 2 5% % Mg (ALT) 36 7% B 2% 7+ &
(P<C0.05) , LM 4 & & & TR % (P<<0.05) .
HhLRITA&ARAS LB (AST) G =4 H B
FVE2E R (P>0.05) HCTX AR FiF#aS, M4
T X0 ARG B R AR R H AR
T = AR FE A (BUN) FALEF (Cr) /K-, 5 C 414
H, CTX 41 BUN, Cr 3 5% T & 8 %, i BUEL AT
ZNL-13 i kb B £: F%& ik BUN . Cr i K F-, H CrKF
FEAE I PR 25 55 (P<<0.05) .



1114 HOMoB OB ¥ M 57 %
. . I | _
o o201 =
et =N
< 10- S =
= T 1.5 2
58 §§ E
5= = 1.0 =
= 5 s i
STy = Tov
a = 0.5 _E‘_
0- 0.0-
C CTX LM C CTX LM C CIX LM
2151 Group 415 Group 415 Group

% P<C0.05; *%% P<0.001; **t+ P<0.000 1
B2 RIMEZNL-13% CTX SE X In & M2 1L 59 2

Fig. 2 [Effects of L. murinus ZNL-13 on CTX-induced hematological changes in dogs
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Fig.3 [Effects of L. murinus ZNL-13 on CTX-induced changes in blood biochemical parameters in dogs
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Fig.5 Effects of L. murinus ZNL-13 on CTX-induced intestinal functional injury in dogs
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Fig. 6 Effects of L. murinus ZNL-13 on CTX-induced changes in immunoglobulins and immune factors in dogs
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