
Accepted Manuscript

Upregulation of aquaporin 3 expression by diterpenoids in Euphorbia pekinensis is
associated with activation of the NF-κB signaling pathway in the co-culture system of
HT-29 and RAW 264.7 cells

Hongli Yu, Lian Liu, Kuilong Wang, Hao Wu, Wei Wang, Xingde Zhang, Guojing Cui,
Xiaobing Cui, Jianyu Huang

PII: S0300-9084(17)30286-9

DOI: 10.1016/j.biochi.2017.11.006

Reference: BIOCHI 5314

To appear in: Biochimie

Received Date: 18 August 2017

Accepted Date: 6 November 2017

Please cite this article as: H. Yu, L. Liu, K. Wang, H. Wu, W. Wang, X. Zhang, G. Cui, X. Cui, J. Huang,
Upregulation of aquaporin 3 expression by diterpenoids in Euphorbia pekinensis is associated with
activation of the NF-κB signaling pathway in the co-culture system of HT-29 and RAW 264.7 cells,
Biochimie (2017), doi: 10.1016/j.biochi.2017.11.006.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.biochi.2017.11.006


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Upregulation of aquaporin 3 expression by diterpenoids in 

Euphorbia pekinensis is associated with activation of the NF-κB 

signaling pathway in the co-culture system of HT-29 and RAW 

264.7 cells 

Hongli Yu1,2,3,4,†,*, Lian Liu1,†, Kuilong Wang1,†, Hao Wu1,2,3,4,*, Wei Wang1, Xingde Zhang1,4,5, 

Guojing Cui5, Xiaobing Cui1,4, Jianyu Huang1 

1 School of pharmacy, Nanjing University of Chinese Medicine, Nanjing 210023, China; 

gyhliulian@163.com (L.L.); wjwkl@126.com (K.W.); zhonglixunta349@163.com (W.W.); 

xingde2293@126.com (X.Z.); xiaobingcui@163.com (X.C.); 18260028133@163.com (J.H.) 
2 Jiangsu Key Laboratory of Chinese Medicine Processing, Nanjing University of Chinese Medicine, 

Nanjing 210023, China 
3 Engineering Center of State Ministry of Education for Standardization of Chinese Medicine 

Processing, Nanjing 210023, China 
4 State Key Laboratory Cultivation Base for TCM Quality and Efficacy, Nanjing University of Chinese 

Medicine, Nanjing 210023, China 
5 Yancheng Traditional Chinese Medicine Hospital Affiliated to Nanjing University of Chinese 

Medicine, Yancheng 224000, China; cuiguojing333@126.com (G.C.) 

* Correspondence: whao5795@163.com (H.W.); yuhongli76@126.com (H.Y.); Tel.: 

+86-025-8679-8281(H.Y.) 
†  These authors contributed equally to this work. 

Abstract: This study was designed to evaluate the toxic effects of diterpenoids separated 

from the roots of Euphorbia pekinensis, a type of widely used traditional Chinese medicine. 

This herb has intestinal toxicity associated with its complex diterpenoids. In this study, the 

diterpenoids (pekinenin A, pekinenin C, pekinenin F, pekinenin G, yuexiandajisu A, 

(-)-(1S)-15-hydroxy-18-carboxycembrene) elevated the expression of interleukin 1 beta and 

tumor necrosis factor alpha in a dose-dependent manner at doses of 6.25, 12.5, and 25 μM in 

RAW264.7 monocultures. Pekinenin C increased the expression of phosphorylated IκB and 

phosphorylated p65 in RAW264.7 monocultures, indicating that it stimulated a substantial 

inflammatory response and activated the nuclear factor kappa-light-chain-enhancer of 

activated B cells (NF-κB) signaling pathway. A co-culture model of RAW 264.7 mouse 

macrophage cells and HT-29 human intestinal epithelial cells was established to study the 

correlation between inflammation and aquaporin (AQP) expression and to evaluate the 

toxicity of different diterpenoids from E. pekinensis. Pekinenin C (6.25, 12.5, and 25 μM) 

increased AQP3 mRNA and protein expression of HT-29 cells in the co-culture system in a 

dose-dependent manner but not in HT-29 monocultures. AQP3 mRNA and protein 

expression peaked at 2 and 3 h of HT-29 cells in the co-culture system, respectively. In 

contrast, their expression peaked more slowly in the monoculture system. After the specific 

NF-κB inhibitor BAY11-7082 (5, 10, and 20 μM) was added to the co-culture system, the 

release of cytokines and increased AQP3 expression caused by pekinenin C were inhibited. 

Comparisons of the representative monomeric compound pekinenin C, diterpenoid 

monomer mixtures, and total diterpenoids from E. pekinensis showed that the monomer 

mixtures had the most toxicity. In conclusion, this study demonstrated that E. pekinensis 

induces inflammation and increases the expression of AQP3, causing disorders of water 

metabolism, which may lead to gastrointestinal side effects such as diarrhea. 
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