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Dynamic changes of cyclophosphamide-induced liver injury in mice
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Abstract: Cyclophosphamide (CPA) is one of the most commonly used alkylating agents in the treatment of
malignant cancer. CPA is metabolized by cytochrome P450 enzymes into 4-hydroxycyclophosphamide in vivo
which can exhibit anti-tumor activity. Metabolic activation of CPA can cause adverse reactions such as myelosup-
pression, cystitis, and liver injury. The aim of this study was to evaluate the dynamic changes of hepatic injury
induced by CPA in mice. Male BALB/c mice were injected CPA (200 mg - kg?) intraperitoneally. Both serum and
liver samples were collected at 0, 2, 6, 12 and 24 hours after dosing. The animal experiment protocol was approved
by the Institutional Animal Care and Use Committee at Sun Yat-sen University. The results showed that hepato-
toxicity was observed at 2 hours after CPA dosing, and the most serious liver injury was measured at 12 hours. The
level of serum aspartate aminotransferase (AST), alanine aminotransferase (ALT) and malondialdehyde (MDA)
was significantly increased, glutathione (GSH) level was significantly decreased, hepatocyte edema and vacuolar
degeneration were widely observed in liver tissue, and began to recover 24 hours after dosing. In addition, due to
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oxidative stress damage caused by CPA, nuclear factor-erythroid 2-related factor 2 (NRF2) signaling pathway
was activated and the mRNA and protein expression of its downstream targets such as quinine oxidoreductase 1
(NQO1), heme oxygenase-1 (HO-1), glutamate-cysteine ligase catalytic subunit (GCLC) and glutamate cysteine
modifier subunit (GCLM) were up-regulated, which alleviated oxidative stress injury. In a summary, this study
demonstrate the dynamic change of CPA-induced liver injury and the NRF2-mediated protective mechanisms,

providing new insights into the CPA-induced liver injury.
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Figure 1 The metabolic pathway of cyclophosphamide!
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Table 1  The primer sequence of real-time PCR

Gene Species Primer sequence

Gapdh Mouse Forward 5-~AGGTCGGTGTGAACGGATTTG-3'
Reverse 5-GGGGTCGTTGATGGCAACA-3'

Nrf2 ~ Mouse Forward 5-CTTTAGTCAGCGACAGAAGGAC-3'
Reverse 5'-AGGCATCTTGTTTGGGAATGTG-3'

Keapl Mouse Forward 5-TCGAAGGCATCCACCCTAAG-3'
Reverse 5-CTCGAACCACGCTGTCAATCT-3'

Ho-1 Mouse Forward 5-AAGCCGAGAATGCTGAGTTCA-3'
Reverse 5-GCCGTGTAGATATGGTACAAGGA-3'

Gelm  Mouse Forward 5-CTTCGCCTCCGATTGAAGATG-3'
Reverse 5-AAAGGCAGTCAAATCTGGTGG-3'

Gclc  Mouse Forward 5-CTACCACGCAGTCAAGGACC-3'
Reverse 5-CCTCCATTCAGTAACAACTGGAC-3'

Ngol Mouse Forward 5-GGAGTGACGGCAAACATGACT-3'
Reverse 5-TCGATGCACAACTGGGTGAAC-3'
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Figure 2 Representative HE-stained liver sections at 0 to 24 h after 200 mg- kg cyclophosphamide (CPA) challenge (n = 6, X % s). Hepatic

vacuolation of fat type was indicated with arrow
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Figure 3 Serum alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) activities at 0 to 24 h after 200 mg - kg*
CPA challenge (n = 6, x % s). “P<0.01, “"P<0.001, *"P<0.000 1
vs0h
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Figure 4 Total liver and mitochondrial glutathione (GSH) levels
at 0 to 24 h after 200 mg - kg™ CPA challenge (n = 6, X + ). "P<
0.05, "P<0.01, "P<0.000 1vs 0 h
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Figure 5 Total liver malondialdehyde (MDA) levels at 0 to 24 h
after 200 mg- kg CPA challenge (n = 6, X  s). “P<0.05, “P<0.01,
"P<0.001vs0h
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Figure 6 Q-PCR analysis of Nrf2, Keap-1, Nqol, Ho-1, Gclc,
Gclm mRNA expression in CPA-treated mice liver after CPA chal-
lenge (n = 6, X = 5). “P<0.05, “P<0.01, "*P<0.001, *P<0.000 1 vs
Oh
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Figure 7 Dynamic regulation of NRF2 signaling pathway was
involved in CPA-induced liver injury. (A) Western blot analysis of
total NRF2, nuclear NRF2, HO-1, NQO1, GCLC, GCLM, p-actin,
Lamin B protein expression in CPA-treated mice liver after CPA
challenge. (B) Densitometric analysis of western blots and normal-
ized to f-actin. n =6, x £s. "P <0.05, “P < 0.01 vs 0 h
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