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ments were repeated at least three times. 
Differences between the groups were analyzed 
using Student’s t-test. P values less than 0.05 
were considered statistically significant.

Result 

NADH did not result in significant toxicity on 
cell viability 

To test whether NADH result in significant toxic-
ity in IEC-6 cells, CCK8 assay was performed. 
The IEC-6 cells were incubated with NADH at 0, 
100, 200, 300, 400, 500, 600, 700, 800 ug/
ml concentrations for 48 h. The result showed 
that the cell viability was not affected at 1-500 
ug/ml NADH (Supplementary Figure 1), so we 
chose 100 and 200 ug/ml as stimulate dose. 
All the experiments followed this dose.

NADH could inhibit apoptosis and reduce the 
inflammation in IEC-6 cells 

IEC-6 cells treated with or without NADH after 
the 4 Gy RT were used to analyze the percent-
age of apotosis and inflammation. NADH could 
inhibit the IEC-6 cell from apoptosis (Figure 
1A). Western blot data showed that compared 

with the 0 ug/ml NADH cells, the anti-apoptosis 
protein BCL2 in the 100 and 200 ug/ml groups 
was more, the expression of pro-apoptotic 
gene, Bax, was less (Figure 1B). At the same 
time, the inflammation factors (IL-1β, P65 and 
TNFα) in the NADH treated groups also ap- 
peared a corresponding decline in expression 
(Figure 2C). All of them changed in a dose-
dependent manner.

NADH promotes autophagy by suppressing the 
PI3K/AKT pathway

Western blot showed that NADH could inhibit 
the cells from apoptosis, and it is well known 
that autophagy is a self-degradation process, 
which is closely related to apoptosis. The result 
showed that in the group treated with NADH, 
the expression of autophagy protein LC3II 
showed a significant increase (Figure 2A). The 
immunofluorescence assay showed that in  
the cells treated with RT and NADH, the expres-
sion of LC3II, an important marker of autopha-
gy, was significantly increased in a dose-depen-
dent manner. Becline1 was also up-regulated 
(Figure 2A and 2B). Moreover, we found that 
NADH could active autophagy through sup-

Figure 2. NADH can activate autophagy, suppress inflammation and ROS. Autophagy is closely related to apoptosis. 
After RT (4 Gy), cells were treated with 0 ug/ml, 100 ug/ml, 200 ug/ml NADH for 48 h. Immunofluorescence and 
western blot showed that after NADH treated, the marker of autophagy, LC3II (A and B) and Beclin1 (B), were in-
creased. The expression of inflammation factor, IL-1β, P65 and TNFα, were decreased (C). The expression of ROS, 
an influencing factor of inflammation, also decreased compared to the NC group (0 ug/ml) (D).



NADH enhances autophagy and inhibiting inflammation

1717	 Am J Transl Res 2018;10(6):1713-1721

pressing the PI3K/AKT pathway. PI3K/AKT sig-
naling pathway is a classical autophagic path-
way (Figure 3A). The pathway can inhibit the 
activation of autophagy [13, 16]. To our sur-
prise, when we use 3-Methyladenine (3-MA) (an 
inhibitor of autophagy) to stimulate the NADH 
treated group, the autophagy was inhibited, the 
cell apoptosis rate was also reduced, and at 
the same time, the expression of inflammation 
proteins, such as IL-1β, TNFα, P65, were also 
down-regulated (Figure 3B-H). Also the PI3K/
AKT pathway was suppressed. Recently, it has 
been shown that autophagy has emerged as a 
central regulator for maintaining the cell func-
tion through eliminating damaged mitochon-
dria, which leads to the inactivation of inflam-
mation [17]. Previous study has suggested that 
ATP-induced mitochondria dysfunction lead to 

the production of ROS, and ROS is an activator 
of inflammation [18]. In our study, we found 
that in the RT+NADH treated group, the produc-
tion of ROS was less than the RT and 
RT+NADH+3MA group (Supplementary Figure 
2). Taken together, all of these results showed 
that NADH could inhibit the inflammation acti-
vation through promoting the autophagy.

Animal assay showed that NADH could protect 
against the radiation-induced intestinal injury

The animals were divide into 4 groups: mock, 
NADH, RT, RT+NADH. After RT, NADH was oral- 
ly administered to the NADH and NADH+RT 
groups. On the 7th day, we examined the intesti-
nal injury by HE and immunohistochemistry, we 
found that NADH could significantly protect  

Figure 3. In the NADH treated group, 
the inhibition of autophagy restored 
the inflammatory response through the 
PI3K/AKT pathway. In the NADH treat-
ed group, the autophagy was inhibited 
with an inhibitor of autophagy (3-MA), 
the expression of inflammation factors 
were restored, and PI3K/AKT pathway 
was activated compared with the only 
100/200 ug/ml groups (A-C). At the 
same time, with the inhibition of autoph-
agy, cell apoptosis increased (D-H). Data 
are represented as mean ± SD (N = 3). 
*P<0.05; **P<0.01, student’s test.
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the villi height and suppress the intestinal con-
gestion and edema (Figure 4A and 4C) in the 
RT treated cells. To confirm the radioprotective 
effect of NADH in vivo, the weight of all the ani-
mals were recorded. Among the 4 groups, ani-
mals in the RT group showed a serious reduc-
tion in weight, whereas, no obvious body weight 
lose was observed in the other 3 groups (Figure 
4B). Compared with the mock group, NADH 
group had no significant systematic toxicity. In 
the RT and RT+NADH group, NADH led to a 
reduced expression of TNF-α, an increased 
expression of autophagy protein LC3II (Figure 
4C). At the same time, in the RT group, there 
was a C57 mice died at the 5th day. These 
results suggested that NADH is a protective 
factor in radiation-induced injure.

Discussion 

Approximately 50% cancer patients receive 
radiotherapy. Although advances in radiothera-
py have been made with the advancement of 
science and technology, the radiation induced 
damage to normal tissues is still a big issue 
[19]. Early radiation-enteropathy occurs within 
3 months of radiotherapy, which might influ-
ence not only the treatment outcomes, but also 
the living quality of patients. As a result, the RT 
treatment may be discontinued or has to be 
changed [2]. For long-term survival of cancer 
patients, delay the radiation toxicity of the 
intestine is very necessary. In our study, we 
found that NADH can inhibit the inflammation 
activation through promoting the autophagy, 

Figure 4. Animal assay showed that the expression of autophagy and inflammation were negatively correlated. Ani-
mals were divided into 4 groups, 7 days after RT. (A) representative images of intestines of mice. (B) quantification 
of weight gain rate of mice. We found that NADH could significantly suppress the intestinal congestion, edema and 
the loss of weight (A and B). IHC showed that in the RT group, the inflammation factors were over expressed, and au-
tophagy were inhibited compared with the RT+NADH group (C). HE showed that NADH could protect the villi height. 
Compared with the RT group, intestinal mucosal damage was less in the RT+NADH group (C). Data are represented 
as mean ± SD (N = 3). *P<0.05, student’s test.
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Supplementary Figure 1. NADH did not result in significant toxicity on cell viability. CCK8 assay showed that after 48 
h NADH treated, 0-500 ug/ml doses did not affect the cell viability level. Above 500 ug/ml, there was slight inhibi-
tory effect on the IEC-6 cells as the cell viability declined.

Supplementary Figure 2. Autophagy is important to prevent the activation of ROS. Inhibited the autophagy in the 
NADH group, the ROS increased. Data are represented as mean ± SD (N = 3). *P<0.05, student’s test.


