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JBCPP.2020.0475 - DecisionRevise with Major Modifications
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Journal of Basic and Clinical Physiology and Pharmacology
<onbehalfof@manuscriptcentral.com>

Thu, Dec 31, 2020 at
2:30 PM

Reply-To: jbcpp.editorial@degruyter.com
To: andang-m@ff.unair.ac.id
Cc: scientificicph@ff.unair.ac.id

31-Dec-2020

Dear Dr. Miatmoko:

Thank you again for submitting your manuscript ID JBCPP.2020.0475 entitled "Animal model of liver disease in mice
induced with n-nitrosodiethylamine" to Journal of Basic and Clinical Physiology and Pharmacology (JBCPP). Your
manuscript has been reviewed and requires major modifications prior to acceptance. The comments of the
reviewer(s) are included at the bottom of this letter.

I invite you to respond to the reviewer(s)' comments and revise your manuscript.

To revise your manuscript, log into https://mc.manuscriptcentral.com/jbcpp and enter your Author Center, where you
will find your manuscript title listed under "Manuscripts Awaiting Revision".  Under "Actions", click on "Create a
Revision".  Your manuscript number has been appended to denote a revision.

You may also click the below link to start the revision process (or continue the process if you have already started
your revision) for your manuscript. If you use the below link you will not be required to login to ScholarOne
Manuscripts.

PLEASE MAKE SURE TO CONFIRM YOUR CHOICE ON THE WEB PAGE AFTER CLICKING ON THE LINK

https://mc.manuscriptcentral.com/jbcpp?URL_MASK=a08bc28c2100405a86a28e736ae4f7d9

The revised paper needs to be submitted within 6 weeks from now.

When submitting your revised manuscript, you should also respond to the comments made by the reviewer(s). Please
add
1. a point-by-point reply to the reviewers' comments
2. and/or a rebuttal against each point that is being raised

You will be able to respond to the comments made by the reviewer(s) under File Upload - File Designation - Author's
Response to Reviewer/Editor Critique. Reply to the reviewer(s)' comments is mandatory; all revised manuscripts
without reply will be sent back to the author.

You will be unable to make your revision on the originally submitted version of the manuscript. Instead, revise your
manuscript and save it on your computer. Please send in a clear corrected version of your manuscript according to
the reviewers as well as a format in which you highlight the changes to your manuscript within the document by using
underlined or colored text.

Once the revised manuscript is prepared, you can upload it and submit it through your Author Center.

Your original files are available to you when you upload your revised manuscript. You may delete these files or keep
them. Please pay attention to the order of your uploaded files; the first one is the reply to the reviewer(s)' comments,
followed by the revised manuscript, and, if applicable, Tables and Figures, and Supplementary Material. If you decide
to keep the original files, these must be the last ones in the order of your uploaded files.

Once again, thank you for submitting your manuscript to JBCPP. I look forward to receiving your revision.

Kind regards
Dr. Suciati Suciati
Guest Editor, Journal of Basic and Clinical Physiology and Pharmacology

Reviewer(s)' Comments to Author:

https://mc.manuscriptcentral.com/jbcpp
https://mc.manuscriptcentral.com/jbcpp?URL_MASK=a08bc28c2100405a86a28e736ae4f7d9
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Reviewer: 1

Comments to the Author
The research describes the modeling for NDEA induced liver injury. The method and result have been described
sufficiently. However, the model has been described elsewhere, e.g. doi: 10.1515/intox-2015-0001. It is important to
make a good note in the manuscript about the novel finding in the study. The authors must focus on the liver disease
if it is what they aim for. Following are the notes:
1.      What is the new finding filling the gap in the field. Reports are showing the success of the model in other
studies.
2.      It is important to redefine the focus. In the title, it is written as liver disease, which varies in types. The
background of the study implies the aim is liver cancer disease. The result showed many organ profiles. The histology
data showed liver and spleen. This scrambled data and inconsistency should be adjusted to prevent confusion.
3.      In the table 1 caption, the author should put the number of the sample (n) as the number of animal in 1 group,
not all group. Further, the author should add the information of the value presentation of the result, whether it is mean
± SD or mean ± SEM, or else.  For the normal group results, the result should be added by SEM or SD value
compared to the NDEA group.
4.      It is also important to include the Error/ Deviation bar for the Normal group line in figure 1 and the statistical
mark for the comparison to the normal group. It is assumed that the normal group line was made by the mean of
some samples.
5.      The author explains about cancer-related cachexia represented by the weight loss data. This is irrelevant since
there is no evidence of cancer formation in the present finding.
6.       It is not stated elsewhere whether the method is purposively made as short term induction. It should be defined
whether the term of treatment should be in purpose to describe the targeted features in the model.
7.      Decrease of mice organ is possible because NDEA is also able to induce tumors in various organs such as the
lungs, liver, esophagus, kidneys, stomach, intestines, and nervous system. This explanation is somehow made
confusing. Again, there is no evidence of cancer occurring in the model. The author should make a logical explanation
regarding the change in organ weight.
8.      There is no relevance in featuring non-liver organ’s weight. There is no correlative explanation of why it is done.

Reviewer: 2

Comments to the Author
Cohesion between sentences not good enough. Please proofread this paper.
Please look at figure 2, "The visual observation of normal liver (B) and the liver after NDEA induction (B) of mice." Is it
true?
NDEA is well known to induce hepatotoxicity in the preclinic study, is it any different valuable information to strengthen
this study?
There is a very weak to relate between weight loss and hepatocarcinogens.
There is very lack of evidence in this result study that NDEA induced hepatocarcinogens, pathology anatomy in
surrounding tissue assessment must be provided to support this statement, not only morphology and he evaluation.
Give a logical explanation about the length of NDEA intervention that can produce a carcinogenic cell.
How many replications in this study?

For news highlights from this journal and other publications, see our new service Science Discoveries at
http://sciencediscoveries.degruyter.com/

http://sciencediscoveries.degruyter.com/
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JBCPP.2020.0475.R1 - DecisionAccept
1 message

Journal of Basic and Clinical Physiology and Pharmacology
<onbehalfof@manuscriptcentral.com>

Mon, Mar 8, 2021 at
7:10 PM

Reply-To: jbcpp.editorial@degruyter.com
To: andang-m@ff.unair.ac.id
Cc: scientificicph@ff.unair.ac.id

08-Mar-2021

Dear Dr. Miatmoko:

I would like to thank you for submitting your manuscript entitled "N-nitrosodiethylamine induces inflammation of liver
in mice"  to Journal of Basic and Clinical Physiology and Pharmacology (JBCPP). Your manuscript has been
reviewed, and it is a pleasure to accept it for publication in JBCPP.

We require publication charges to cover our editorial and production expenses.The publication charges are 3.500.000
IDR or 250 USD or 1025 MYR for the accepted article. You are required to process with publication charges upon
acceptance of your article (no later than 5 days after acceptance letter). Please upload proof of payment through the
following link: http://bit.ly/39bcHl2
Payment should be made to the following account:
Account number: 9883030300000065
 Account name: Universitas Airlangga
Bank Name: BNI
or
Bank Account Name: Tutik Sri Wahyuni_ICPHS_2020
Account Number: 1420018261668
Bank Name: Mandiri
Swift Code: BMRllDJA

The JBCPP production office will contact you for proofreading in the near future. Your article will be published ahead
of print as soon as possible, and assigned to an online issue at a later time.

Thank you for your fine contribution. On behalf of the Editors of Journal of Basic and Clinical Physiology and
Pharmacology we look forward to your continued contributions to the Journal.

Kind regards
Dr. Suciati Suciati
Guest Editor, Journal of Basic and Clinical Physiology and Pharmacology

For news highlights from this journal and other publications, see our new service Science Discoveries at
http://sciencediscoveries.degruyter.com/

http://bit.ly/39bcHl2
http://sciencediscoveries.degruyter.com/
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Abstract:

Objectives: For designing early treatment for liver cancer, it is important 
to prepare an animal model to evaluate cancer prevention treatment by 
using inflammation disease. The hepatocarcinogenic N-
Nitrosodiethylamine (NDEA) has been reportedly able to produce free 
radicals that cause liver inflammation leading to liver carcinoma. This 
study aimed to evaluate the inflammation  disease model of mice 
induced with hepatocarcinogenic NDEA for 5 weeks induction. 
Methods: The BALB-c mice were induced with NDEA 25mg/kg of body 
weight once a week for five weeks intraperitonially and it was then 
evaluated for the body weight during study periods. The mice were then 
sacrificed and excised for evaluating their organs including physical and 
morphological appearances and histopathology evaluations. 
Results: The results showed a significant decrease of body weight of 
mice after 5 times induction of 25 mg NDEA/kgBW per week 
intraperitonially. Different morphological appearances and weight of mice 
organs specifically for liver and spleen had also been observed. The 
histopathology examination showed that there were hepatic lipidosis and 
steatohepatitis observed in liver and spleen, respectively that might 
indicate the hepatocellular injury. 
Conclusions: It can be concluded that inducing mice with NDEA 
intraperitonially resulted in fatty liver disease leading to progress of 
cancer disease. 
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Dear Editor, 
Many thanks for the email. We really appreciate all comments to improve our manuscript. Below 
are the answers addressed for the reviewer’s comment. 

Reviewer: 1
Comments to the Author

The research describes the modeling for NDEA induced liver injury. The method and 
result have been described sufficiently. However, the model has been described elsewhere, 
e.g. doi: 10.1515/intox-2015-0001. It is important to make a good note in the manuscript 
about the novel finding in the study. The authors must focus on the liver disease if it is what 
they aim for. Following are the notes:

1. What is the new finding filling the gap in the field. Reports are showing the success of the 
model in other studies.
Answer: 
In this study, we proposed the use of NDEA for making an animal model with liver 
inflammation disease, which is purposed as the model for an early stage of liver cancer 
development. The reports on the use of NDEA for making liver inflammation itself are limited. 
For the future study, we would like to have some models for the treatment, including preventive 
and curative actions. The cancer models itself has been reported by induction of NDEA at a dose 
of 25 mg/Kg BW for 8 weeks, while the preventive mode is still a limited study.

We have revised the title into: “N-Nitrosodiethylamine induces liver inflammation in mice”

We have revised and added some sentences I page 1 line 6-10 as the following:
“For designing early treatment for liver cancer, it is important to prepare an animal model to evaluate 
cancer prevention treatment by using inflammation disease. The hepatocarcinogenic N-
Nitrosodiethylamine (NDEA) has been reportedly able to produce free radicals that cause liver 
inflammation leading to liver carcinoma. This study aimed to evaluate the inflammation  disease model of 
mice induced with hepatocarcinogenic NDEA for 5 weeks induction”

2. It is important to redefine the focus. In the title, it is written as liver disease, which varies 
in types. The background of the study implies the aim is liver cancer disease. The result 
showed many organ profiles. The histology data showed liver and spleen. This scrambled 
data and inconsistency should be adjusted to prevent confusion.
Answer:
In this study, we proposed the use of NDEA for making an animal model with liver 
inflammation disease, which is purposed as the model for an early stage of liver cancer 
progression. So, we focused on liver and spleen as the target organs reflecting the inflammation 
model induced by NDEA intraperitoneal injection. However, we would like to show other organs 
to see whether there are any physical changes, which non-different morphologies were visually 
observed after the observation for lungs, heart, and kidney. 

We have revised the title into: “N-Nitrosodiethylamine induces liver inflammation in mice”

We have revised and added some sentences I page 1 line 6-10 as the following:
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“For designing early treatment for liver cancer, it is important to prepare an animal model to evaluate 
cancer prevention treatment by using inflammation disease. The hepatocarcinogenic N-
Nitrosodiethylamine (NDEA) has been reportedly able to produce free radicals that cause liver 
inflammation leading to liver carcinoma. This study aimed to evaluate the inflammation  disease model of 
mice induced with hepatocarcinogenic NDEA for 5 weeks induction”

We have revised and added some sentences into the background in line 27-50 as the following:
“The cancer progression includes initiation, inflammation, and cancer progression. Inflammation 
is a predisposing factor in cancer development and promotes the stage of tumorigenesis. 
Inflammation promotes the incidence of tumour initiation, growth, development, and metastasis 
[6]. Inflamation is considered as an important factor during cancer progression. Local 
inflammation in liver may be driven by infiltrating immune cells such as monocyte / 
macrophages, T lymphocytes, and neutrophils. Thus, inflammation is also caused by 
nonparenchymal cells such as kupffer cells, dendritic cells, liver sinusoidal cell, and hepatic 
stellate cells [7].
In cancer treatment, the early stage of cancer progression should determine the success of 
therapy. Inflammation in liver could highly lead to liver carcinoma. Chronic liver inflammation 
damages hepatic epithelial cells, including hepatocytes and biliaryepithelial cells. Because liver 
has a high regenerative capacity, this damage induces substantial cell proliferation. 
Simultaneously, inflammation induces reactive oxygen species (ROS) and deoxyribonucleic acid 
(DNA) damage, increasing the frequency of genomic DNA mutations. When the high rate of cell 
proliferation is coupled with DNA mutation, the incidence of malignant transformation increases. 
Further, chronic inflammation induces changes in the hepatic immune system, allowing cancer 
cells to easily evade immune surveillance. In most cases, chronic liver inflammation and the 
resultant cirrhotic microenvironment promote the initiation and progression of HCC and CCA 
[8].

Local inflammation in hepatic tissue is driven by infiltrating immune cells 
(monocytes/macrophages, T lymphocytes, and neutrophils) and also by resident liver 
nonparenchymal cells [Kupffer cells, dendritic cells, liver sinusoidal cells, and hepatic stellate 
cells (HSCs)]. In a complex organ such as the liver, different cell types can secrete diverse 
cytokines/chemokines, and the resulting cocktail constitutes a “secretome” that leads to 
immunomodulation that manifests as an acute or chronic inflammatory response. Chronic 
inflammation acts as a favorable preneoplastic setting [7].

The acute inflammatory response occurs immediately or in minutes, hours, or days 
following injury. Normally, this is a physiologically beneficial response that helps in clearing 
injured hepatocytes and leads to wound healing. When this process fails, an overdrive of immune 
cells occurs that perpetuates as chronic inflammation [9]. As the name suggests, chronic 
inflammation is a prolonged progressive process lasting for months that tilts the homeostasis 
more toward damage than toward healing. In liver, chronic inflammation eventually sets the 
stage for progression toward cirrhosis and eventually to HCC.”

We have also added sentences in line 52-54 as the following:
“Preventive care could be highly help the disease into good prognosis and reducing the mortality 
rate.  Moreover, the key success for cancer therapeutic highly depends on the early stage of 
cancer progression. The mice is often used for animal model, especially for cancer research [11].”

We have also added sentences in line 68-69 as the following:
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“NDEA is known to induce damage to the liver. It is useful in the treatment of cancer since the 
early stages of cancer development are an essential stage in determining the success of therapy”

3. In the table 1 caption, the author should put the number of the sample (n) as the number 
of animal in 1 group, not all group. Further, the author should add the information of the 
value presentation of the result, whether it is mean ± SD or mean ± SEM, or else.  For the 
normal group results, the result should be added by SEM or SD value compared to the 
NDEA group.
Answer:
Many thanks for the comments. We have added the sampel number in each figure or table 
legends, as the following:
Figure 1: The mean of normal mice body weights (n=3) compared to mice induced with NDEA 
at a dose of 25mg/kg intraperitonially once a week for 5 times and mice were then sacrificed at 
day 31 (n = 7). **P<0.05..
Figure 2: The physical appearances of mice organs including heart, lungs, liver, spleen, and 
kidneys from normal group treated with normal saline (n=3) and the NDEA-induced mice at a 
dose of 25 mg NDEA/kgBW once a week for 5 times, n=7, (A). The visual observation of 
normal liver (B) and the liver after NDEA induction (C) of mice. 
Table 1. Evaluation of mice organ weights in the control group (n=3) to the NDEA-induced 
group with a dose of 25mg / kg 5 times then mice were sacrificed and excised for evaluating 
their organ (n = 7).

We have also added the “Organ weights (mean ± SD)” in the column title of Table 1.

In line 91, we have revised the sentence as the following: 
“The results were presented as the mean ± SD”

4. It is also important to include the Error/ Deviation bar for the Normal group line in 
figure 1 and the statistical mark for the comparison to the normal group. It is assumed that 
the normal group line was made by the mean of some samples.
Answer: 
We have revised the figure 1 and Table 1 by adding standard deviation of measurement, 
especially for the control or normal group. 
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Figure 1: The mean of normal mice body weights (n=3) compared to mice induced with NDEA 
at a dose of 25mg/kg intraperitonially once a week for 5 times and mice were then sacrificed at 
day 31 (n = 7). **P<0.05.

Table 1. Evaluation of mice organ weights in the control group (n=3) to the NDEA-induced 
group with a dose of 25mg / kg 5 times then mice were sacrificed and excised for evaluating 
their organ (n = 7).

Organ weights (mean ± SD) Organ
Normal After NDEA 

Induction
Heart 0.11 ± 0.01 g 0.08 ± 0.03 g
Lungs 0.20 ± 0.04 g 0.32 ± 0.05 g
Liver 1.86 ± 0.13 g 0.97 ± 0.27 g
Spleen 0.23 ± 0.12 g 0.20 ± 0.12 g
Kidney 0.40 ± 0.05 g 0.25 ± 0.06 g

5. The author explains about cancer-related cachexia represented by the weight loss data. 
This is irrelevant since there is no evidence of cancer formation in the present finding.
Answer: 
According to the previous study, induction of NDEA resulted in lesser food intake of mice than 
the normal group causing the weight losses. We have revised and added discussion about this in 
line 143-147 as the following: 
“It has been reported previously that induction of NDEA for 8 weeks resulted in hepatocellular 
carcinoma as indicated by enlarged hyperchromatic nucleus and scattered mitosis in liver tissue 
[22]. In this study, NDEA was used to produce an animal model for inflammation liver disease 
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as target for preventive cure of naticancer agents. NDEA induction at a dose of 25mg/kgBW for 
5 weeks showed that there were significant weight losses as shown in (Figure 1). In the previous 
study, administration of NDEA reduces the body weights in which the mice become lesser in 
food intake [23]. The weight loss observed during NDEA induction in mice is probably due to 
decreased liver function and nutritional deficiencies which may be due to reduced food intake 
[24]. However, in this study, there was no evaluation of food consumed by the mice during the 
experiments..”

[22] S. A. Ali, N. A. Ibrahim, M. M. D. Mohammed, S. El-hawary, and E. A. Refaat, “The potential chemo 
preventive effect of ursolic acid isolated from Paulownia tomentosa , against N-diethylnitrosamine : initiated 
and promoted hepatocarcinogenesis,” Heliyon, vol. 5, no. November 2018, p. e01769, 2019.

[23] N. S. Thomas, K. George, S. Arivalagan, V. Mani, A. I. Siddique, and N. Namasivayam, “The in vivo 
antineoplastic and therapeutic efficacy of troxerutin on rat preneoplastic liver: biochemical, histological and 
cellular aspects,” Eur. J. Nutr., vol. 56, no. 7, pp. 2353–2366, 2016.

[24] V. Rajesh and P. Perumal, “Chemopreventive and antioxidant activity by Smilax zeylanica leaf extract 
against N-nitrosodiethylamine induced hepatocarcinogenesis in wistar albino rats,” Orient. Pharm. Exp. 
Med., vol. 14, no. 2, pp. 111–126, 2014.

6. It is not stated elsewhere whether the method is purposively made as short term 
induction. It should be defined whether the term of treatment should be in purpose to 
describe the targeted features in the model.
Answer: 
In this study, the short term induction refers to shorter periods of NDEA induction, which was 5 
weeks, than the previous study that stated 8 weeks induction of NDEA produced liver cancer. 
According to this comment, we have revised the definition of short term by changing “short 
term: with “after 5 weeks”, as the following: 
Page 1 Line 9: “induced with hepatocarcinogenic NDEA for 5 weeks induction”
Line 69-70: “Thus, this study aimed to evaluate the liver disease model observed in mice induced 
with hepatocarcinogenic NDEA for 5 weeks intraperitonal injection.”
Line 145-146: “NDEA induction at a dose of 25mg/kgBW for 5 weeks showed that there were 
significant weight losses as shown in (Figure 1).”
Line 162-163: “However, in this study, instead of malignancies, hepatic lipidosis and 
steatohepatitis were  observed in mice liver and spleen after 5 weeks induction of NDEA”
Line 170: “stage of liver disease after 5 weeks induction of NDEA.”
Line 172: “Induction of NDEA in mice for 5 weeks” 

7. Decrease of mice organ is possible because NDEA is also able to induce tumors in various 
organs such as the lungs, liver, esophagus, kidneys, stomach, intestines, and nervous system. 
This explanation is somehow made confusing. Again, there is no evidence of cancer 
occurring in the model. The author should make a logical explanation regarding the 
change in organ weight.
Answer: 
Thank you for the comment. In this study, there were no significant different of organ weights of 
heart, lungs, kidney, and spleen between control and NDEA induction group, however, after 
NDEA induction, the liver weight was significantly decreased. 
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We have revised by deleting those statements in the discussion section, and revised the 
discussion in line 152-156 as the following: 

”NDEA administration causes liver degeneration as evidenced by a significant reduction in 
liver weight index [25]. This relative liver weight assessment can be used as an evaluation in 
diagnosing liver disease characterized by changes in liver size. Liver weight loss generally 
reflects loss of function associated with atrophy or hepatocellular injury [26]. However, in this 
study, the mice induced with NDEA showed no differences in the lymph weight compared to 
control group.”
[25] G. Mittal, A. P. S. Brar, and G. Soni, “Impact of hypercholesterolemia on toxicity of N-nitrosodiethylamine: 

Biochemical and histopathological effects,” Pharmacol. Reports, vol. 58, no. 3, pp. 413–419, 2006.

[26] R. C. Cattley and J. M. Cullen, Liver and Gall Bladder. 2013. Chapter 45: Liver and Gall Bladder. In W.M. 
Haschek, C.G.Rousseaux, M.A. Wallig, B.Bolon, R. Ochoa & B.M. Wahler (Eds). Haschek & Rouseaux's 
Handbook of Toxicology Pathology (3rd). Boston: Academic Press

8. There is no relevance in featuring non-liver organ’s weight. There is no correlative 
explanation of why it is done.
Answer:
In this study, we excised all organs from the mice of the control and NDEA-induced groups to 
compare whether there were changes in physical appearances and organ weights, which may 
could be used for analyzing the effect of NDEA inducing inflammation to mice organs. It  
because of the ability of NDEA for inducing tumors in various organs such as the lungs, liver, 
esophagus, kidneys, stomach, intestines, and nervous system. However, there was significant 
different in liver visual appearance and liver weight as well as confirmed by histology 
evaluation. . 

We have revised and added sentences in line 150-155 in the paragraph as the following: 
“Based on the weight data for each organ shown in Table 1, it was known that the weight of liver 
organs in the treatment group decreased compared to control group. NDEA administration 
causes liver degeneration as evidenced by a significant reduction in liver weight index [25]. This 
relative liver weight assessment can be used as an evaluation in diagnosing liver disease 
characterized by changes in liver size. Liver weight loss generally reflects loss of function 
associated with atrophy or hepatocellular injury [26]. However, in this study, the mice induced 
with NDEA showed no differences in the lymph weight compared to control group”
[25] G. Mittal, A. P. S. Brar, and G. Soni, “Impact of hypercholesterolemia on toxicity of N-nitrosodiethylamine: 

Biochemical and histopathological effects,” Pharmacol. Reports, vol. 58, no. 3, pp. 413–419, 2006.

[26] R. C. Cattley and J. M. Cullen, Liver and Gall Bladder. 2013. Chapter 45: Liver and Gall Bladder. In W.M. 
Haschek, C.G.Rousseaux, M.A. Wallig, B.Bolon, R. Ochoa & B.M. Wahler (Eds). Haschek & Rouseaux's 
Handbook of Toxicology Pathology (3rd). Boston: Academic Press

Reviewer: 2
Comments to the Author
1. Cohesion between sentences not good enough. Please proofread this paper.
Answer: 
We have proofread the manuscript. 
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2. Please look at figure 2, "The visual observation of normal liver (B) and the liver after 
NDEA induction (B) of mice." Is it true?

Answer: 
We have revised the figure legend as the following: 
“Figure 2: The physical appearances of mice organs including heart, lungs, liver, spleen, and 
kidneys from normal group treated with normal saline (n=3) and the NDEA-induced mice at a 
dose of 25 mg NDEA/kgBW once a week for 5 times, n=7, (A). The visual observation of 
normal liver (B) and the liver after NDEA induction (C) of mice.”
 

3. NDEA is well known to induce hepatotoxicity in the preclinic study, is it any different 
valuable information to strengthen this study?

In this study, we proposed the use of NDEA for making an animal model with liver 
inflammation disease, which is purposed as the model for an early stage of liver cancer 
progression. So, we focused on liver and spleen as the target organs reflecting the inflammation 
model induced by NDEA intraperitoneal injection. However, we would like to show other organs 
to see whether there are any physical changes, which non-different morphologies were visually 
observed after the observation for lungs, heart, and kidney. 

We have revised the title into: “N-Nitrosodiethylamine induces liver inflammation in mice”

We have revised and added some sentences I page 1 line 6-10 as the following:
“For designing early treatment for liver cancer, it is important to prepare an animal model to evaluate 
cancer prevention treatment by using inflammation disease. The hepatocarcinogenic N-
Nitrosodiethylamine (NDEA) has been reportedly able to produce free radicals that cause liver 
inflammation leading to liver carcinoma. This study aimed to evaluate the inflammation  disease model of 
mice induced with hepatocarcinogenic NDEA for 5 weeks induction”

We have revised and added some sentences into the background in line 27-50 as the following:
“The cancer progression includes initiation, inflammation, and cancer progression. Inflammation 
is a predisposing factor in cancer development and promotes the stage of tumorigenesis. 
Inflammation promotes the incidence of tumour initiation, growth, development, and metastasis 
[6]. Inflamation is considered as an important factor during cancer progression. Local 
inflammation in liver may be driven by infiltrating immune cells such as monocyte / 
macrophages, T lymphocytes, and neutrophils. Thus, inflammation is also caused by 
nonparenchymal cells such as kupffer cells, dendritic cells, liver sinusoidal cell, and hepatic 
stellate cells [7].
In cancer treatment, the early stage of cancer progression should determine the success of 
therapy. Inflammation in liver could highly lead to liver carcinoma. Chronic liver inflammation 
damages hepatic epithelial cells, including hepatocytes and biliaryepithelial cells. Because liver 
has a high regenerative capacity, this damage induces substantial cell proliferation. 
Simultaneously, inflammation induces reactive oxygen species (ROS) and deoxyribonucleic acid 
(DNA) damage, increasing the frequency of genomic DNA mutations. When the high rate of cell 
proliferation is coupled with DNA mutation, the incidence of malignant transformation increases. 
Further, chronic inflammation induces changes in the hepatic immune system, allowing cancer 
cells to easily evade immune surveillance. In most cases, chronic liver inflammation and the 
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resultant cirrhotic microenvironment promote the initiation and progression of HCC and CCA 
[8].
Local inflammation in hepatic tissue is driven by infiltrating immune cells 
(monocytes/macrophages, T lymphocytes, and neutrophils) and also by resident liver 
nonparenchymal cells [Kupffer cells, dendritic cells, liver sinusoidal cells, and hepatic stellate 
cells (HSCs)]. In a complex organ such as the liver, different cell types can secrete diverse 
cytokines/chemokines, and the resulting cocktail constitutes a “secretome” that leads to 
immunomodulation that manifests as an acute or chronic inflammatory response. Chronic 
inflammation acts as a favorable preneoplastic setting [7].
The acute inflammatory response occurs immediately or in minutes, hours, or days following 
injury. Normally, this is a physiologically beneficial response that helps in clearing injured 
hepatocytes and leads to wound healing. When this process fails, an overdrive of immune cells 
occurs that perpetuates as chronic inflammation [9]. As the name suggests, chronic inflammation 
is a prolonged progressive process lasting for months that tilts the homeostasis more toward 
damage than toward healing. In liver, chronic inflammation eventually sets the stage for 
progression toward cirrhosis and eventually to HCC.”

We have also added sentences in line 52-54 as the following:
“Preventive care could be highly help the disease into good prognosis and reducing the mortality 
rate.  Moreover, the key success for cancer therapeutic highly depends on the early stage of 
cancer progression. The mice is often used for animal model, especially for cancer research [11].”

We have also added sentences in line 68-69 as the following:
“NDEA is known to induce damage to the liver. It is useful in the treatment of cancer since the 
early stages of cancer development are an essential stage in determining the success of therapy”

4. There is a very weak to relate between weight loss and hepatocarcinogens.
Answer: 
According to the previous study, induction of NDEA resulted in lesser food intake of mice than 
the normal group causing the weight losses. We have revised and added discussion about this in 
line 143-149 as the following: 

“It has been reported previously that induction of NDEA for 8 weeks resulted in 
hepatocellular carcinoma as indicated by enlarged hyperchromatic nucleus and scattered mitosis 
in liver tissue [22]. In this study, NDEA was used to produce an animal model for inflammation 
liver disease as target for preventive cure of naticancer agents. NDEA induction at a dose of 
25mg/kgBW for 5 weeks showed that there were significant weight losses as shown in (Figure 1). 
In the previous study, administration of NDEA reduces the body weights in which the mice 
become lesser in food intake [23]. The weight loss observed during NDEA induction in mice is 
probably due to decreased liver function and nutritional deficiencies which may be due to 
reduced food intake [24]. However, in this study, there was no evaluation of food consumed by 
the mice during the experiments.”
[22] S. A. Ali, N. A. Ibrahim, M. M. D. Mohammed, S. El-hawary, and E. A. Refaat, “The potential chemo 

preventive effect of ursolic acid isolated from Paulownia tomentosa , against N-diethylnitrosamine : initiated 
and promoted hepatocarcinogenesis,” Heliyon, vol. 5, no. November 2018, p. e01769, 2019.

[23] N. S. Thomas, K. George, S. Arivalagan, V. Mani, A. I. Siddique, and N. Namasivayam, “The in vivo 
antineoplastic and therapeutic efficacy of troxerutin on rat preneoplastic liver: biochemical, histological and 

Page 9 of 31

https://mc.manuscriptcentral.com/jbcpp

Journal of Basic and Clinical Physiology and Pharmacology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Review Only

cellular aspects,” Eur. J. Nutr., vol. 56, no. 7, pp. 2353–2366, 2016.
[24] V. Rajesh and P. Perumal, “Chemopreventive and antioxidant activity by Smilax zeylanica leaf extract 

against N-nitrosodiethylamine induced hepatocarcinogenesis in wistar albino rats,” Orient. Pharm. Exp. 
Med., vol. 14, no. 2, pp. 111–126, 2014.

5. There is very lack of evidence in this result study that NDEA induced 
hepatocarcinogens, pathology anatomy in surrounding tissue assessment must be 
provided to support this statement, not only morphology and the evaluation.

Answer: 
In this study, we have evaluated the histopathology evaluations by haematoxylin-eosin staining 
for liver and spleen tissues. According to the results as shown in Figure 3, the normal liver and 
spleen have regular architecture and cellular integrity with no fibrosis. After induction of NDEA, 
there were no malignancies observed in liver on spleen tissues in mice; however, there were 
single large fat droplets, alongside nuclei dislocation to the cell periphery, seems to be 
macrovesicular steatosis. According to these results, there were lipidosis in liver and 
steatohepatitis observed for spleen tissue. 

Figure 3: The histopathology photomicrographs of mice liver and spleen tissues stained with 
hematoxylin-eosin taken from specimens of normal mice and mice intraperitonially injected with 
NDEA at a dose of 25 mg NDEA/kgBW once a week for 5 times. Scale bar= 100 μm. 
6. Give a logical explanation about the length of NDEA intervention that can produce a 

carcinogenic cell. How many replications in this study?
Answer: 
According to the previous study, the induction of NDEA for 8 weeks resulted in hepatocellular 
carcinoma indicated by enlarged hyperchromatic nucleus of hepatocytes in liver tissue and 
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scattered mitosis [22]. However, to produce an animal model for an early stage of cancer or 
preventive cure of cancer, in this study, NDEA was induced for 5 weeks and as indicated by the 
weight loss, the inflammation process has occurred. 
We have added some discussion in line 143-145 as the following: 
“It has been reported previously that induction of NDEA for 8 weeks resulted in hepatocellular 
carcinoma as indicated by enlarged hyperchromatic nucleus and scattered mitosis in liver tissue 
[22]. In this study, NDEA was used to produce an animal model for inflammation liver disease 
as target for preventive cure of naticancer agents.”
 In this study, there were 7 mice in NDEA induction group and 3 mice for the control group. 

[22] S. A. Ali, N. A. Ibrahim, M. M. D. Mohammed, S. El-hawary, and E. A. Refaat, “The 
potential chemo preventive effect of ursolic acid isolated from Paulownia tomentosa , 
against N-diethylnitrosamine : initiated and promoted hepatocarcinogenesis,” Heliyon vol. 
5, no. May, 2019.
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DE GRUYTER Journal Abbreviation. Year; short doi

DM. Cahyani1, A. Miatmoko1,*, BS. Hariawan1, KE. Purwantari2, R. Sari1 

N-nitrosodiethylamine induces inflammation of liver in mice 
1 DOI: https://doi.org/xxxxx/xxxxxxxxxx
2 Received: Month Day, Year; Accepted: Month Day, Year
3
4 Abstract
5
6 Objectives: For designing early treatment for liver cancer, it is important to prepare an animal model to evaluate cancer 
7 prevention treatment by using inflammation disease. The hepatocarcinogenic N-Nitrosodiethylamine (NDEA) has been 
8 reportedly able to produce free radicals that cause liver inflammation leading to liver carcinoma. This study aimed to evaluate 
9 the inflammation  disease model of mice induced with hepatocarcinogenic NDEA for 5 weeks induction.

10 Methods: The BALB-c mice were induced with NDEA 25mg/kg of body weight once a week for five weeks intraperitonially and it 
11 was then evaluated for the body weight during study periods. The mice were then sacrificed and excised for evaluating their 
12 organs including physical and morphological appearances and histopathology evaluations.
13 Results: The results showed a significant decrease of body weight of mice after 5 times induction of 25 mg NDEA/kgBW per 
14 week intraperitonially. Different morphological appearances and weight of mice organs specifically for liver and spleen had also 
15 been observed. The histopathology examination showed that there were hepatic lipidosis and steatohepatitis observed in liver 
16 and spleen, respectively that might indicate the hepatocellular injury.
17 Conclusions: It can be concluded that inducing mice with NDEA intraperitonially resulted in fatty liver disease leading to 
18 progress of cancer disease.
19
20 Keywords: inflammation; liver; mice; n-nitrosodiethylamine

21 Introduction

22 Cancer is the world's leading health problem and the second leading cause of death in United States [1]. Cancer continues to 

23 increase worldwide, primary liver cancer is the leading cause of cancer with case about 841,000 new patients and causing 

24 782,000 deaths in 2018 [2], [3]. There are two types of liver cancer, first Hepatocellular carcinoma (HCC) which causes 75% of 

25 all liver cancer cases and Intrahepatic Cholangiocarcinoma (ICC) which causes 12-15% of incidence [4]. HCC comes from 

26 hepatocytes, in which it is caused due to oxidative stress, inflammation, and is based on liver disease. On the other hand, ICC 

27 appears on cholangiocyte which is an intrahepatic bile duct [4], [5]. The cancer progression includes initiation, inflammation, 

28 and cancer progression. Inflammation is a predisposing factor in cancer development and promotes the stage of tumorigenesis. 

29 Inflammation promotes the incidence of tumour initiation, growth, development, and metastasis [6]. Inflamation is considered 

30 as an important factor during cancer progression. Local inflammation in liver may be driven by infiltrating immune cells such 

31 as monocyte / macrophages, T lymphocytes, and neutrophils. Thus, inflammation is also caused by nonparenchymal cells such 

32 as kupffer cells, dendritic cells, liver sinusoidal cell, and hepatic stellate cells [7].

33 In cancer treatment, the early stage of cancer progression should determine the success of therapy. Inflammation in liver could 

34 highly lead to liver carcinoma. Chronic liver inflammation damages hepatic epithelial cells, including hepatocytes and 

35 biliaryepithelial cells. Because liver has a high regenerative capacity, this damage induces substantial cell proliferation. 

36 Simultaneously, inflammation induces reactive oxygen species (ROS) and deoxyribonucleic acid (DNA) damage, increasing the 

37 frequency of genomic DNA mutations. When the high rate of cell proliferation is coupled with DNA mutation, the incidence of 

38 malignant transformation increases. Further, chronic inflammation induces changes in the hepatic immune system, allowing 

*Corresponding author(s): A Miatmoko, Department of Pharmaceutical Sciences, Faculty of Pharmacy, Universitas Airlangga, Surabaya, 
Indonesia, 60115, Tel: +6231-5933150, E-mail: andang-m@ff.unair.ac.id 
DM Cahyani: Department of Pharmaceutical Sciences, Faculty of Pharmacy, Universitas Airlangga, Surabaya, Indonesia 
BS Hariawan: Department of Pharmaceutical Sciences, Faculty of Pharmacy, Universitas Airlangga, Surabaya, Indonesia
KE Purwantari: Department of Anatomy and Histology, Faculty of Medicine, Universitas Airlangga, Surabaya, Indonesia
R Sari: Department of Pharmaceutical Sciences, Faculty of Pharmacy, Universitas Airlangga, Surabaya, Indonesia

Page 12 of 31

https://mc.manuscriptcentral.com/jbcpp

Journal of Basic and Clinical Physiology and Pharmacology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

mailto:andang-m@ff.unair.ac.id


For Review Only

39 cancer cells to easily evade immune surveillance. In most cases, chronic liver inflammation and the resultant cirrhotic microenvironment promote 

40 the initiation and progression of HCC and CCA [8].

41 Local inflammation in hepatic tissue is driven by infiltrating immune cells (monocytes/macrophages, T lymphocytes, 

42 and neutrophils) and also by resident liver nonparenchymal cells [Kupffer cells, dendritic cells, liver sinusoidal cells, and 

43 hepatic stellate cells (HSCs)]. In a complex organ such as the liver, different cell types can secrete diverse 

44 cytokines/chemokines, and the resulting cocktail constitutes a “secretome” that leads to immunomodulation that manifests as 

45 an acute or chronic inflammatory response. Chronic inflammation acts as a favorable preneoplastic setting [7].

46 The acute inflammatory response occurs immediately or in minutes, hours, or days following injury. Normally, this is a 

47 physiologically beneficial response that helps in clearing injured hepatocytes and leads to wound healing. When this process 

48 fails, an overdrive of immune cells occurs that perpetuates as chronic inflammation [9]. As the name suggests, chronic 

49 inflammation is a prolonged progressive process lasting for months that tilts the homeostasis more toward damage than toward 

50 healing. In liver, chronic inflammation eventually sets the stage for progression toward cirrhosis and eventually to HCC.

51 Making animal models provides a great opportunity to study a disease as well as designing strategies for the treatment, 

52 whether it is preventive or curative actions [10]. Preventive care could highly help the disease into good prognosis and reducing 

53 the mortality rate.  Moreover, the key success for cancer therapeutic highly depends on the early stage of cancer progression. 

54 The mice are often used for animal model, especially for cancer research [11]. This is because animals, especially rodents, have 

55 biological similarities both genetically and physiologically to humans. Therefore, the use of mice as experimental animal models 

56 is very suitable to identify the dangers caused by a xenobiotic or study the pathogenesis of a disease [12], [13].

57 The most common animal models of cancer are xenograft models [14]. However, the animals models using the xenograft 

58 model has a weakness, such as it can harm the immune system so it cannot represent cancer that occurs naturally in humans 

59 [11]. Another method of using mice as the inflammation disease model is the induction of hepatocarcinogen. Chemically, 

60 hepatocarcinogen can cause changes in the DNA structures and instability including N-Nitrosodiethylamine (NDEA), aflatoxine, 

61 carbon tetrachloride, dimethylnitrosamine, and thioacetamide. Inducing hepatocarcinogens using NDEA is a commonly used 

62 method for producing HCC animal model (11,12).  

63 In liver, NDEA can induce progressive, proliferative, and mutagenic metabolism of tumors, so it can cause a wide variety 

64 of tumors in all animal models by intraperitoneal injection for about 8 weeks or more [17]. NDEA can produce pro-mutagenic 

65 products namely O6-ethyl deoxy guanosine and O4 and O6-ethyl dioxy thymidine in the liver which are responsible for its 

66 carcinogenic effects [18]. NDEA, which is a chemical hepatocarcinogen, is also known to induce the Transforming Growth 

67 Factor Alpha (TGF-α) expression, which is closely involved in hepatocarcinogenesis and transformation in humans and animals 

68 [19]. NDEA is known to induce damage to the liver. It is useful in the treatment of cancer since the early stages of cancer 

69 development are an essential stage in determining the success of therapy. Thus, this study aimed to evaluate the liver disease 

70 model observed in mice induced with hepatocarcinogenic NDEA for 5 weeks intraperitonal injection.

71 Materials and methods

72 Materials 
73
74 N-Nitrosodiethylamine was purchased from Sigma-Aldrich (Tokyo, Japan). Normal saline was the product of PT. Widathra 

75 Bhakti (Pasuruan, Indonesia). This study used male Balb/c mice aged 6 weeks obtained from the animal laboratory, Faculty of 

76 Pharmacy, Universitas Airlangga.
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77 Induction of NDEA in mice 
78
79 All of the experimental procedures using animals had been approved by the Ethics Commission of Faculty of Veterinary, 

80 Universitas Airlangga. The mice were induced for liver disease by using NDEA diluted in normal saline. Mice were given NDEA 

81 intraperitonially at a dose of 25 mg/kgBW. The NDEA injection was given 5 times every 7 days for 5 weeks. The disease 

82 progress induced by NDEA was evaluated by weighing the mice body weight every week.

83 Preparation of mice organs 
84
85 At the end of NDEA induction, the mice were then sacrificed and excised for evaluating their organs (heart, lungs, liver, spleen, 

86 and kidneys) including physical and morphological appearances. The organs including liver and spleen were excised and stored 

87 at -20˚C for further analysis. The organs were evaluated for the weight and morphological appearances. Moreover, the 

88 histopathology evaluations were also performed by haematoxylin-eosin staining for liver and spleen tissues. 

89 Data Analysis 
90
91 The results were presented as the mean ± SD. To determine the significant differences between data, a statistical analysis was 

92 carried out using the Oneway Analysis of Variance (ANOVA) method which was followed with the Honestly Significant Difference 

93 (HSD) post hoc test. The difference was statistically significant if the p value was <0.05.

94

95 Results

96 Body weight evaluation of mice induced with NDEA
97
98 To evaluate the results of NDEA induction, the mice induced by NDEA 25mg/kg per week were weighed every week and 

99 compared with mice injected with normal saline used as the control. The presence of weight loss in mice induced by 

100 hepatocarcinogens is one of parameters for cancer progress. The evaluation results of mice body weight can be seen in Figure 1. 

101 The NDEA-induced mice experienced weight loss while normal mice gained weight continuously. The results showed that there 

102 was a significant weight loss on the 29th day after 5 times NDEA induction. On the 31st day, the mice were then sacrificed and 

103 excised for evaluating their organs including physical and morphological appearances.
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104

105 Figure 1: The mean of normal mice body weights (n=3) compared to mice induced with NDEA at a dose of 25mg/kg intraperitonially once a week for 5 times and mice were then 
106 sacrificed at day 31 (n = 7). **P<0.05.
107

108 Physical appearances of mice organs 
109
110 Based on observation of excised organs shown in Figure 2A-C, there were differences between organs specifically for liver and 

111 spleen of mice induced with normal saline and with NDEA for 5 weeks. In the control group, the morphological appearances of 

112 liver were shiny and bright red (Figure 2A). However, mice induced with NDEA had liver appearances with nodules and 

113 discoloration (Figure 2C). This suggests that NDEA induction for 5 weeks affects the liver cells, causes liver damage, and 

114 changes the external morphology of the liver of mice.

115

Page 15 of 31

https://mc.manuscriptcentral.com/jbcpp

Journal of Basic and Clinical Physiology and Pharmacology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Review Only

116 Figure 2: The physical appearances of mice organs including heart, lungs, liver, spleen, and kidneys from normal group treated with normal saline (n=3) and the NDEA-induced 
117 mice at a dose of 25 mg NDEA/kgBW once a week for 5 times, n=7, (A). The visual observation of normal liver (B) and the liver after NDEA induction (C) of mice. 
118

119 Evaluation Weight of Mice Organ 

120 The organ weights of mice in the control and NDEA-induction groups were evaluated to determine whether there were any 

121 significant differences on the physical weight during the induction. As it can be seen in Table 1, the liver in mice induced with 

122 NDEA was significantly relatively smaller than the control group (P<0.01), while the spleen were slightly smaller but no 

123 significant differences was observed (P >0.05).

124 Table 1. Evaluation of mice organ weights in the control group (n=3) to the NDEA-induced group with a dose of 25mg / kg 5 times then mice were sacrificed and excised for 
125 evaluating their organ (n = 7).
126

Organ weights (mean ± SD) 
Organ

Control After NDEA Induction

Heart 0.11 ± 0.01 g 0.08 ± 0.03 g
Lungs 0.20 ± 0.04 g 0.32 ± 0.05 g
Liver 1.86 ± 0.13 g 0.97 ± 0.27 g
Spleen 0.23 ± 0.12 g 0.20 ± 0.12 g
Kidneys 0.40 ± 0.05 g 0.25 ± 0.06 g 

127
128
129 Histopathological evaluations of liver tissue
130
131 According to the results as shown in Figure 3, the normal liver and spleen had regular architecture and cellular integrity with 

132 no fibrosis. After induction of NDEA, there were no malignancies observed in liver on spleen tissues in mice; however, there 

133 were single large fat droplets, alongside nuclei dislocation to the cell periphery that seemed to be macrovesicular steatosis. 

134 According to these results, there were lipidosis in liver and steatohepatitis observed for spleen tissue. 

135
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136 Figure 3: The histopathology photomicrographs of mice liver and spleen tissues stained with hematoxylin-eosin taken from specimens of normal mice and mice intraperitonially 
137 injected with NDEA at a dose of 25 mg NDEA/kgBW once a week for 5 times. Scale bar= 100 μm. 

138 Discussion 

139 Making the ideal of animal models of liver disease with pathological analogous to liver disease in humans, especially for HCC 

140 cancer formation model both pathologically and biochemically is a challenge for researchers [20]. NDEA is a compound that is 

141 generally known to be mutagenic, teratogenic, and carcinogenic. Recent study reports that the use of NDEA as a 

142 hepatocarcinogen is known to have a strong ability and is able to induce primary liver cancer such as HCC which is at various 

143 stages of liver cirrhosis, besides that it can greatly simulate the histopathological evolution of clinical liver cancer [21].

144 It has been reported previously that induction of NDEA for 8 weeks resulted in hepatocellular carcinoma as indicated by 

145 enlarged hyperchromatic nucleus and scattered mitosis in liver tissue [22]. In this study, NDEA was used to produce an animal 

146 model for inflammation liver disease as target for preventive cure of naticancer agents. NDEA induction at a dose of 

147 25mg/kgBW for 5 weeks showed that there were significant weight losses as shown in (Figure 1). In the previous study, 

148 administration of NDEA reduces the body weights in which the mice become lesser in food intake [23]. The weight loss observed 

149 during NDEA induction in mice is probably due to decreased liver function and nutritional deficiencies which may be due to 

150 reduced food intake [24]. However, in this study, there was no evaluation of food consumed by the mice during the experiments.  

151 Based on the weight data for each organ shown in Table 1, it was known that the weight of liver organs in the treatment 

152 group decreased compared to control group. NDEA administration causes liver degeneration as evidenced by a significant 

153 reduction in liver weight index [25]. This relative liver weight assessment can be used as an evaluation in diagnosing liver 

154 disease characterized by changes in liver size. Liver weight loss generally reflects loss of function associated with atrophy or 

155 hepatocellular injury [26]. However, in this study, the mice induced with NDEA showed no differences in the lymph weight 

156 compared to control group. 

157 NDEA induction for 5 weeks affects liver cells, causes liver damage, and changes the external morphology of the liver of 

158 mice. Previous studies report NDEA induction in mice causes a change in the structure of the liver in mice which is 

159 characterized by a reduction in size, discoloration, bleeding, scarring, and formation of nodule-like structures [27]. This is 

160 because NDEA is a toxic agent against the liver that can cause liver fibrosis [27], [28]. Fibrosis is formation of excess connective 

161 tissue, causing hardening and scar formation, in which about 20% of cancer cases are associated with chronic inflammation 

162 due to fibrosis, as found in liver cancer [29]. However, in this study, instead of malignancies, hepatic lipidosis and 

163 steatohepatitis were  observed in mice liver and spleen after 5 weeks induction of NDEA. This indicates that the disease 

164 progress is still in the early stage of liver cancer diseases. It has been known that hepatic lipidosis is an early manisfestation of 

165 some other underlying conditions related to cancer, pancreatitis, and other liver problems [30]. Another study reports that rats 

166 induced with NDEA will show the appearance of hepatocellular carcinoma with enlarged hyperchromatic nuclei and scattered 

167 mitosis after 8 weeks of NDEA induction [22]. This early disease stage can be used for exploring preventive therapy of some 

168 drug compounds, such as for comparing the efficacy of drug delivery system. Lipid peroxidation and oxidative stress are 

169 dangerous to cells resulting in liver injury, which leads to liver fibrosis and cirrhosis or cancer. However, further biochemical 

170 investigation is required to definitely score the stage of liver disease after 5 weeks induction of NDEA. 

171 Conclusion
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172 Induction of NDEA in mice for 5 weeks results in hepatic lipidosis or fatty liver and steatohepatitis confirmed as the liver 

173 inflammation which may indicate the early stage of liver cancer disease, thus providing the potential use of NDEA for making 

174 animal models for the preventive cure of liver disease. 

175 Acknowledgement

176 The author would like to thank to Alphania Rahniayu from Faculty of Medicine, Universitas Airlangga for her kind helps during 

177 the histopathology evaluation. This study was supported by a Preliminary Research on Excellence in Higher Education 

178 Institutions (Penelitian Dasar Unggulan Perguruan Tinggi, PDUPT) Grant Number AMD/E1/KP.PTNBH/2020 and 

179 710/UN3/14/PT/2020 provided by the Ministry of Research and Technology-National Research and Innovation Agency of 

180 Republic of Indonesia. 

181 References

182 [1] Siegel RL, Miller KD, Jemal A. Cancer statistics. Cancer J Clin 2020; 70(1):7–30.

183 [2] Bray F, Ferlay J, Soerjomataram I., Siegel RL, Torre LA, Jemal A. Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality 

184 worldwide for 36 cancers in 185 countries.  Cancer J Clin 2018;68(6):394–424.

185 [3] Dasgupta P, Henshaw C, Youlden DR, Clark PJ, Aitken JF, Baade PD. Global trends in incidence rates of primary adult liver cancers: a systematic 

186 review and meta-analysis. Front. Oncol 2020;10(2):1–17.

187 [4] Petrick JL, McGlynn KA. The changing epidemiology of primary liver cancer. Curr Epidemiol Reports 2019;6(2):104–111.

188 [5] Ambade A, Mandrekar P. Oxidative stress and inflammation: essential partners in alcoholic liver disease. Int J Hepatol 2012;2012:1–9.

189 [6] Greten FR, Grivennikov SI. Inflammation and cancer: triggers, mechanisms, and consequences. Immunity 2019;51(1): 27–41.

190 [7] Gayatri R, Rastogi A, Trehanpati N, Sen B, Khosla R, Sarin SK. From cirrhosis to hepatocellular carcinoma: new molecular insights on inflammation 

191 and cellular senescence. Liver Cancer 2012;2( 3–4):367–383.

192 [8] Yang YM, Kim SY, Seki E. Inflammation and liver cancer: molecular mechanisms and therapeutic targets. Semin Liver Dis 2019;39(1):26–42.

193 [9] Mueller K. Inflammation’s yin-yang. Science 2013;339(6116):155.

194 [10] Navale AM. Animal models of cancer : a review. Int J Pharm Sci Res 2014;4(1):19–28.

195 [11] Cekanova M,  Rathore K. Animal models and therapeutic molecular targets of cancer: utility and limitations. Drug Des Devel Ther 2014;8(11):1911–

196 1922.

197 [12] Khan AQ, Siveen KS, Prabhu KS, Kuttikrishnan S, Akhtar S, Shanmugakonar M, Al-Naemi HA, Haris M, Uddin S. Role of animal research in human 

198 malignancies, in Azmi A, Mohammad RM, editors. Animal models in cancer drug discovery. New York:Academic Press,; 2019 pp. 1–29.

199 [13] Ishida K, Tomita H, Nakashima T, Hirata A, Tanaka T, Shibata T, Hara A. Current mouse models of oral squamous cell carcinoma: Genetic and 

200 chemically induced models. Oral Oncol 2017;73:16–20.

201 [14] Ruggeri BA, Camp F, Miknyoczki S. Animal models of disease: pre-clinical animal models of cancer and their applications and utility in drug discovery. 

202 Biochem Pharmacol 2014;87(1):150–161.

203 [15] De Minicis S, Kisseleva T, Francis H, Baroni GS, Benedetti A, Brenner D, Alvaro D, Alpini G, Marzioni M. Liver carcinogenesis: rodent models of 

204 hepatocarcinoma and cholangiocarcinoma.  Dig Liver Dis 2013;45(6):450–459.

205 [16] He L, Tian DA, Li PY, He XX. Mouse models of liver cancer: progress and recommendations. Oncotarget 2015;6(27): 23306–23322.

206 [17] Velu P, Vijayalakshmi A, Iyappan P, Indumathi D. Evaluation of antioxidant and stabilizing lipid peroxidation nature of Solanum xanthocarpum leaves in 

207 experimentally diethylnitrosamine induced hepatocellular carcinogenesis. Biomed Pharmacother 2016;84:430–437.

208 [18] Sivaramakrishnan V, Shilpa PNM, Praveen Kumar VR, Niranjali Devaraj S. Attenuation of N-nitrosodiethylamine-induced hepatocellular carcinogenesis 

209 by a novel flavonol-Morin.  Chem Biol Interact 2008;171(1): 79–88.

210 [19] Kagawa M, Sano T, Ishibashi N. An acyclic retinoid , NIK-333 , inhibits N -diethylnitrosamine-induced rat hepatocarcinogenesis through suppression of 

211 TGF- a expression and cell proliferation. Carcinogenesis 2004;25(6):979–985.

212 [20] Santos NP, Colaço AA, Oliveira P A. Animal models as a tool in hepatocellular carcinoma research: A Review. Tumor Biol 2017;39(3): 

213 1010428317695923 

214 [21] Liu Y, Yin T, Feng Y, Cona MM, Huang G, Liu J, Song S, Jiang Y, Xia Q, Swinnen JV, Bormans G, Himmelreich U, Oyen R, Ni Y. Mammalian models 

215 of chemically induced primary malignancies exploitable for imaging-based preclinical theragnostic research. Quant Imaging Med Surg 2015;5(5):708–

216 729.

217 [22] Ali SA, Ibrahim NA, Mohammed MMD, El-hawary S, Refaat EA. The potential chemo preventive effect of ursolic acid isolated from Paulownia 

218 tomentosa , against N-diethylnitrosamine : initiated and promoted hepatocarcinogenesis. Heliyon 2019;5(11): e01769.

219 [23] Thomas NS. George K, Arivalagan S, Mani V, Siddique AI, Namasivayam N. The in vivo antineoplastic and therapeutic efficacy of troxerutin on rat 

220 preneoplastic liver: biochemical, histological and cellular aspects. Eur. J. Nutr 2016;56(7):2353–2366.

Page 18 of 31

https://mc.manuscriptcentral.com/jbcpp

Journal of Basic and Clinical Physiology and Pharmacology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Review Only

221 [24] Rajesh V, Perumal P. Chemopreventive and antioxidant activity by Smilax zeylanica leaf extract against N-nitrosodiethylamine induced 

222 hepatocarcinogenesis in wistar albino rats. Orient Pharm Exp Med 2014;14(2):111–126.

223 [25] Mittal G, Brar APS, Soni G. Impact of hypercholesterolemia on toxicity of N-nitrosodiethylamine: Biochemical and histopathological effects. Pharmacol 

224 Reports 2006;58(3):413–419.

225 [26] Cattley RC, Cullen JM. Liver and gall bladder. In: Haschek WM, Rousseaux CG, Wallig MA, Bolon B, Ochoa R, Wahler BM, editors. . Haschek & 

226 Rouseaux's handbook of toxicology pathology (3rd). Boston: Academic Press; 2013

227 [27] Latief U, Husain H, Mukherjee D, Ahmad R. Hepatoprotective efficacy of gallic acid during Nitrosodiethylamine-induced liver inflammation in Wistar 

228 rats,” J Basic Appl Zool 2016;76:31–41.

229 [28] Wills PJ, Suresh V, Arun M, Asha VV. Antiangiogenic effect of Lygodium flexuosum against N-nitrosodiethylamine-induced hepatotoxicity in rats. Chem 

230 Biol Interact 2016;164(1–2):25–38.

231 [29] Chandler C, Liu T, Buckanovich R, Coffman LG. The double edge sword of fibrosis in cancer. Transl Res 2019;209:55–67.

232 [30] Brunt EM, Tiniakos DG. Histopathology of nonalcoholic fatty liver disease. World J Gastroenterol 2010;16(42):5286–5296.

233
234

Page 19 of 31

https://mc.manuscriptcentral.com/jbcpp

Journal of Basic and Clinical Physiology and Pharmacology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Review Only

 

Figure 1: The mean of normal mice body weights (n=3) compared to mice induced with NDEA at a dose of 
25mg/kg intraperitonially once a week for 5 times and mice were then sacrificed at day 31 (n = 7). 

**P<0.05. 
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Figure 2: The physical appearances of mice organs including heart, lungs, liver, spleen, and kidneys from 
normal group treated with normal saline (n=3) and the NDEA-induced mice at a dose of 25 mg NDEA/kgBW 

once a week for 5 times, n=7, (A). The visual observation of normal liver (B) and the liver after NDEA 
induction (C) of mice. 
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Figure 3: The histopathology photomicrographs of mice liver and spleen tissues stained with hematoxylin-
eosin taken from specimens of normal mice and mice intraperitonially injected with NDEA at a dose of 25 mg 

NDEA/kgBW once a week for 5 times. Scale bar= 100 μm. 
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Table 1. Evaluation of mice organ weights in the control group (n=3) to the NDEA-induced group with a dose of 25mg / kg 5 times then mice were sacrificed and 
excised for evaluating their organ (n = 7).

Organ weights (mean ± SD) 
Organ

Control After NDEA Induction

Heart 0.11 ± 0.01 g 0.08 ± 0.03 g
Lungs 0.20 ± 0.04 g 0.32 ± 0.05 g
Liver 1.86 ± 0.13 g 0.97 ± 0.27 g
Spleen 0.23 ± 0.12 g 0.20 ± 0.12 g
Kidneys 0.40 ± 0.05 g 0.25 ± 0.06 g 

Page 31 of 31

https://mc.manuscriptcentral.com/jbcpp

Journal of Basic and Clinical Physiology and Pharmacology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Review Only

Strictlyadhere to the given format.
Statements on Informed consent and Ethical approval may be removed if not applicable.

Acknowledgments

The author would like to thank to Alphania Rahniayu from Faculty of Medicine, Universitas Airlangga for her 
kind helps during the histopathology evaluation. 

Research funding

This study was supported by a Preliminary Research on Excellence in Higher Education Institutions (Penelitian 
Dasar Unggulan Perguruan Tinggi, PDUPT) Grant Number AMD/E1/KP.PTNBH/2020 and 
710/UN3/14/PT/2020 provided by the Ministry of Research and Technology-National Research and Innovation 
Agency of Republic of Indonesia.

Author contributions

All authors have accepted responsibility for the entire content of this manuscript and approved its submission.

Competing interests

Authors state no conflict of interest.

Informed consent

Not applicable.

Ethical approval

The study protocol was approved by the Animal Care and Use Committee of the Faculty of Veterinary, 

Airlangga University with an Ethical Clearance No. 2.KE.022.02.2020.

Page 32 of 31

https://mc.manuscriptcentral.com/jbcpp

Journal of Basic and Clinical Physiology and Pharmacology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Dear Editor,  

Many thanks for the email. We really appreciate all comments to improve our manuscript. Below 

are the answers addressed for the reviewer’s comment.  

 

Reviewer: 1 

Comments to the Author 

 

The research describes the modeling for NDEA induced liver injury. The method and 

result have been described sufficiently. However, the model has been described elsewhere, 

e.g. doi: 10.1515/intox-2015-0001. It is important to make a good note in the manuscript 

about the novel finding in the study. The authors must focus on the liver disease if it is what 

they aim for. Following are the notes: 

 

1. What is the new finding filling the gap in the field. Reports are showing the success of the 

model in other studies. 

Answer:  

In this study, we proposed the use of NDEA for making an animal model with liver 

inflammation disease, which is purposed as the model for an early stage of liver cancer 

development. The reports on the use of NDEA for making liver inflammation itself are limited. 

For the future study, we would like to have some models for the treatment, including preventive 

and curative actions. The cancer models itself has been reported by induction of NDEA at a dose 

of 25 mg/Kg BW for 8 weeks, while the preventive mode is still a limited study. 

 

We have revised the title into: “N-Nitrosodiethylamine induces liver inflammation in mice” 

 

We have revised and added some sentences I page 1 line 6-10 as the following: 

“For designing early treatment for liver cancer, it is important to prepare an animal model to evaluate 

cancer prevention treatment by using inflammation disease. The hepatocarcinogenic N-

Nitrosodiethylamine (NDEA) has been reportedly able to produce free radicals that cause liver 

inflammation leading to liver carcinoma. This study aimed to evaluate the inflammation  disease model of 

mice induced with hepatocarcinogenic NDEA for 5 weeks induction” 

 

2. It is important to redefine the focus. In the title, it is written as liver disease, which varies 

in types. The background of the study implies the aim is liver cancer disease. The result 

showed many organ profiles. The histology data showed liver and spleen. This scrambled 

data and inconsistency should be adjusted to prevent confusion. 

Answer: 

In this study, we proposed the use of NDEA for making an animal model with liver 

inflammation disease, which is purposed as the model for an early stage of liver cancer 

progression. So, we focused on liver and spleen as the target organs reflecting the inflammation 

model induced by NDEA intraperitoneal injection. However, we would like to show other organs 

to see whether there are any physical changes, which non-different morphologies were visually 

observed after the observation for lungs, heart, and kidney.  

 

We have revised the title into: “N-Nitrosodiethylamine induces liver inflammation in mice” 

 

We have revised and added some sentences I page 1 line 6-10 as the following: 



“For designing early treatment for liver cancer, it is important to prepare an animal model to evaluate 

cancer prevention treatment by using inflammation disease. The hepatocarcinogenic N-

Nitrosodiethylamine (NDEA) has been reportedly able to produce free radicals that cause liver 

inflammation leading to liver carcinoma. This study aimed to evaluate the inflammation  disease model of 

mice induced with hepatocarcinogenic NDEA for 5 weeks induction” 

 

We have revised and added some sentences into the background in line 27-50 as the following: 

“The cancer progression includes initiation, inflammation, and cancer progression. Inflammation 

is a predisposing factor in cancer development and promotes the stage of tumorigenesis. 

Inflammation promotes the incidence of tumour initiation, growth, development, and metastasis 

[6]. Inflamation is considered as an important factor during cancer progression. Local 

inflammation in liver may be driven by infiltrating immune cells such as monocyte / 

macrophages, T lymphocytes, and neutrophils. Thus, inflammation is also caused by 

nonparenchymal cells such as kupffer cells, dendritic cells, liver sinusoidal cell, and hepatic 

stellate cells [7]. 

In cancer treatment, the early stage of cancer progression should determine the success of 

therapy. Inflammation in liver could highly lead to liver carcinoma. Chronic liver inflammation 

damages hepatic epithelial cells, including hepatocytes and biliaryepithelial cells. Because liver 

has a high regenerative capacity, this damage induces substantial cell proliferation. 

Simultaneously, inflammation induces reactive oxygen species (ROS) and deoxyribonucleic acid 

(DNA) damage, increasing the frequency of genomic DNA mutations. When the high rate of cell 

proliferation is coupled with DNA mutation, the incidence of malignant transformation increases. 

Further, chronic inflammation induces changes in the hepatic immune system, allowing cancer 

cells to easily evade immune surveillance. In most cases, chronic liver inflammation and the 

resultant cirrhotic microenvironment promote the initiation and progression of HCC and CCA 

[8]. 

Local inflammation in hepatic tissue is driven by infiltrating immune cells 

(monocytes/macrophages, T lymphocytes, and neutrophils) and also by resident liver 

nonparenchymal cells [Kupffer cells, dendritic cells, liver sinusoidal cells, and hepatic stellate 

cells (HSCs)]. In a complex organ such as the liver, different cell types can secrete diverse 

cytokines/chemokines, and the resulting cocktail constitutes a “secretome” that leads to 

immunomodulation that manifests as an acute or chronic inflammatory response. Chronic 

inflammation acts as a favorable preneoplastic setting [7]. 

The acute inflammatory response occurs immediately or in minutes, hours, or days 

following injury. Normally, this is a physiologically beneficial response that helps in clearing 

injured hepatocytes and leads to wound healing. When this process fails, an overdrive of immune 

cells occurs that perpetuates as chronic inflammation [9]. As the name suggests, chronic 

inflammation is a prolonged progressive process lasting for months that tilts the homeostasis 

more toward damage than toward healing. In liver, chronic inflammation eventually sets the 

stage for progression toward cirrhosis and eventually to HCC.” 

 

We have also added sentences in line 52-54 as the following: 

“Preventive care could be highly help the disease into good prognosis and reducing the mortality 

rate.  Moreover, the key success for cancer therapeutic highly depends on the early stage of 

cancer progression. The mice is often used for animal model, especially for cancer research [11].” 

 

We have also added sentences in line 68-69 as the following: 



“NDEA is known to induce damage to the liver. It is useful in the treatment of cancer since the 

early stages of cancer development are an essential stage in determining the success of therapy” 

 

 

3. In the table 1 caption, the author should put the number of the sample (n) as the number 

of animal in 1 group, not all group. Further, the author should add the information of the 

value presentation of the result, whether it is mean ± SD or mean ± SEM, or else.  For the 

normal group results, the result should be added by SEM or SD value compared to the 

NDEA group. 

Answer: 

Many thanks for the comments. We have added the sampel number in each figure or table 

legends, as the following: 

Figure 1: The mean of normal mice body weights (n=3) compared to mice induced with NDEA 

at a dose of 25mg/kg intraperitonially once a week for 5 times and mice were then sacrificed at 

day 31 (n = 7). **P<0.05.. 

Figure 2: The physical appearances of mice organs including heart, lungs, liver, spleen, and 

kidneys from normal group treated with normal saline (n=3) and the NDEA-induced mice at a 

dose of 25 mg NDEA/kgBW once a week for 5 times, n=7, (A). The visual observation of 

normal liver (B) and the liver after NDEA induction (C) of mice.  

Table 1. Evaluation of mice organ weights in the control group (n=3) to the NDEA-induced 

group with a dose of 25mg / kg 5 times then mice were sacrificed and excised for evaluating 

their organ (n = 7). 

 

We have also added the “Organ weights (mean ± SD)” in the column title of Table 1. 

 

In line 91, we have revised the sentence as the following:  

“The results were presented as the mean ± SD” 

 

4. It is also important to include the Error/ Deviation bar for the Normal group line in 

figure 1 and the statistical mark for the comparison to the normal group. It is assumed that 

the normal group line was made by the mean of some samples. 

Answer:  

We have revised the figure 1 and Table 1 by adding standard deviation of measurement, 

especially for the control or normal group.  



 
Figure 1: The mean of normal mice body weights (n=3) compared to mice induced with NDEA 

at a dose of 25mg/kg intraperitonially once a week for 5 times and mice were then sacrificed at 

day 31 (n = 7). **P<0.05. 

 

 

Table 1. Evaluation of mice organ weights in the control group (n=3) to the NDEA-induced 

group with a dose of 25mg / kg 5 times then mice were sacrificed and excised for evaluating 

their organ (n = 7). 

 

Organ 

 

Organ weights (mean ± SD)  

Normal 
After NDEA 

Induction 

Heart 0.11 ± 0.01 g 0.08 ± 0.03 g 

Lungs 0.20 ± 0.04 g 0.32 ± 0.05 g 

Liver 1.86 ± 0.13 g 0.97 ± 0.27 g 

Spleen 0.23 ± 0.12 g 0.20 ± 0.12 g 

Kidney 0.40 ± 0.05 g 0.25 ± 0.06 g 

 

 

5. The author explains about cancer-related cachexia represented by the weight loss data. 

This is irrelevant since there is no evidence of cancer formation in the present finding. 

Answer:  

According to the previous study, induction of NDEA resulted in lesser food intake of mice than 

the normal group causing the weight losses. We have revised and added discussion about this in 

line 143-147 as the following:  

“It has been reported previously that induction of NDEA for 8 weeks resulted in hepatocellular 

carcinoma as indicated by enlarged hyperchromatic nucleus and scattered mitosis in liver tissue 

[22]. In this study, NDEA was used to produce an animal model for inflammation liver disease 



as target for preventive cure of naticancer agents. NDEA induction at a dose of 25mg/kgBW for 

5 weeks showed that there were significant weight losses as shown in (Figure 1). In the previous 

study, administration of NDEA reduces the body weights in which the mice become lesser in 

food intake [23]. The weight loss observed during NDEA induction in mice is probably due to 

decreased liver function and nutritional deficiencies which may be due to reduced food intake 

[24]. However, in this study, there was no evaluation of food consumed by the mice during the 

experiments..” 

  
[22] S. A. Ali, N. A. Ibrahim, M. M. D. Mohammed, S. El-hawary, and E. A. Refaat, “The potential chemo 

preventive effect of ursolic acid isolated from Paulownia tomentosa , against N-diethylnitrosamine : initiated 

and promoted hepatocarcinogenesis,” Heliyon, vol. 5, no. November 2018, p. e01769, 2019. 

[23] N. S. Thomas, K. George, S. Arivalagan, V. Mani, A. I. Siddique, and N. Namasivayam, “The in vivo 

antineoplastic and therapeutic efficacy of troxerutin on rat preneoplastic liver: biochemical, histological and 

cellular aspects,” Eur. J. Nutr., vol. 56, no. 7, pp. 2353–2366, 2016. 

[24] V. Rajesh and P. Perumal, “Chemopreventive and antioxidant activity by Smilax zeylanica leaf extract 

against N-nitrosodiethylamine induced hepatocarcinogenesis in wistar albino rats,” Orient. Pharm. Exp. 

Med., vol. 14, no. 2, pp. 111–126, 2014. 

 

 

6. It is not stated elsewhere whether the method is purposively made as short term 

induction. It should be defined whether the term of treatment should be in purpose to 

describe the targeted features in the model. 

Answer:  

In this study, the short term induction refers to shorter periods of NDEA induction, which was 5 

weeks, than the previous study that stated 8 weeks induction of NDEA produced liver cancer. 

According to this comment, we have revised the definition of short term by changing “short 

term: with “after 5 weeks”, as the following:  

Page 1 Line 9: “induced with hepatocarcinogenic NDEA for 5 weeks induction” 

Line 69-70: “Thus, this study aimed to evaluate the liver disease model observed in mice induced 

with hepatocarcinogenic NDEA for 5 weeks intraperitonal injection.” 

Line 145-146: “NDEA induction at a dose of 25mg/kgBW for 5 weeks showed that there were 

significant weight losses as shown in (Figure 1).” 

Line 162-163: “However, in this study, instead of malignancies, hepatic lipidosis and 

steatohepatitis were  observed in mice liver and spleen after 5 weeks induction of NDEA” 

Line 170: “stage of liver disease after 5 weeks induction of NDEA.” 

Line 172: “Induction of NDEA in mice for 5 weeks”  

 

 

7. Decrease of mice organ is possible because NDEA is also able to induce tumors in various 

organs such as the lungs, liver, esophagus, kidneys, stomach, intestines, and nervous system. 

This explanation is somehow made confusing. Again, there is no evidence of cancer 

occurring in the model. The author should make a logical explanation regarding the 

change in organ weight. 

Answer:  

Thank you for the comment. In this study, there were no significant different of organ weights of 

heart, lungs, kidney, and spleen between control and NDEA induction group, however, after 

NDEA induction, the liver weight was significantly decreased.  



We have revised by deleting those statements in the discussion section, and revised the 

discussion in line 152-156 as the following:  

”NDEA administration causes liver degeneration as evidenced by a significant reduction in 

liver weight index [25]. This relative liver weight assessment can be used as an evaluation in 

diagnosing liver disease characterized by changes in liver size. Liver weight loss generally 

reflects loss of function associated with atrophy or hepatocellular injury [26]. However, in this 

study, the mice induced with NDEA showed no differences in the lymph weight compared to 

control group.” 
[25] G. Mittal, A. P. S. Brar, and G. Soni, “Impact of hypercholesterolemia on toxicity of N-nitrosodiethylamine: 

Biochemical and histopathological effects,” Pharmacol. Reports, vol. 58, no. 3, pp. 413–419, 2006. 

[26] R. C. Cattley and J. M. Cullen, Liver and Gall Bladder. 2013. Chapter 45: Liver and Gall Bladder. In W.M. 

Haschek, C.G.Rousseaux, M.A. Wallig, B.Bolon, R. Ochoa & B.M. Wahler (Eds). Haschek & Rouseaux's 

Handbook of Toxicology Pathology (3rd). Boston: Academic Press 

 

8. There is no relevance in featuring non-liver organ’s weight. There is no correlative 

explanation of why it is done. 

Answer: 

In this study, we excised all organs from the mice of the control and NDEA-induced groups to 

compare whether there were changes in physical appearances and organ weights, which may 

could be used for analyzing the effect of NDEA inducing inflammation to mice organs. It  

because of the ability of NDEA for inducing tumors in various organs such as the lungs, liver, 

esophagus, kidneys, stomach, intestines, and nervous system. However, there was significant 

different in liver visual appearance and liver weight as well as confirmed by histology 

evaluation. .  

 

We have revised and added sentences in line 150-155 in the paragraph as the following:  

“Based on the weight data for each organ shown in Table 1, it was known that the weight of liver 

organs in the treatment group decreased compared to control group. NDEA administration 

causes liver degeneration as evidenced by a significant reduction in liver weight index [25]. This 

relative liver weight assessment can be used as an evaluation in diagnosing liver disease 

characterized by changes in liver size. Liver weight loss generally reflects loss of function 

associated with atrophy or hepatocellular injury [26]. However, in this study, the mice induced 

with NDEA showed no differences in the lymph weight compared to control group” 
[25] G. Mittal, A. P. S. Brar, and G. Soni, “Impact of hypercholesterolemia on toxicity of N-nitrosodiethylamine: 

Biochemical and histopathological effects,” Pharmacol. Reports, vol. 58, no. 3, pp. 413–419, 2006. 

[26] R. C. Cattley and J. M. Cullen, Liver and Gall Bladder. 2013. Chapter 45: Liver and Gall Bladder. In W.M. 

Haschek, C.G.Rousseaux, M.A. Wallig, B.Bolon, R. Ochoa & B.M. Wahler (Eds). Haschek & Rouseaux's 

Handbook of Toxicology Pathology (3rd). Boston: Academic Press 

 

Reviewer: 2 

Comments to the Author 

1. Cohesion between sentences not good enough. Please proofread this paper. 

Answer:  

We have proofread the manuscript.  

 



2. Please look at figure 2, "The visual observation of normal liver (B) and the liver after 

NDEA induction (B) of mice." Is it true? 

Answer:  

We have revised the figure legend as the following:  

“Figure 2: The physical appearances of mice organs including heart, lungs, liver, spleen, and 

kidneys from normal group treated with normal saline (n=3) and the NDEA-induced mice at a 

dose of 25 mg NDEA/kgBW once a week for 5 times, n=7, (A). The visual observation of 

normal liver (B) and the liver after NDEA induction (C) of mice.” 

  

 

3. NDEA is well known to induce hepatotoxicity in the preclinic study, is it any different 

valuable information to strengthen this study? 

In this study, we proposed the use of NDEA for making an animal model with liver 

inflammation disease, which is purposed as the model for an early stage of liver cancer 

progression. So, we focused on liver and spleen as the target organs reflecting the inflammation 

model induced by NDEA intraperitoneal injection. However, we would like to show other organs 

to see whether there are any physical changes, which non-different morphologies were visually 

observed after the observation for lungs, heart, and kidney.  

 

We have revised the title into: “N-Nitrosodiethylamine induces liver inflammation in mice” 

 

We have revised and added some sentences I page 1 line 6-10 as the following: 

“For designing early treatment for liver cancer, it is important to prepare an animal model to evaluate 

cancer prevention treatment by using inflammation disease. The hepatocarcinogenic N-

Nitrosodiethylamine (NDEA) has been reportedly able to produce free radicals that cause liver 

inflammation leading to liver carcinoma. This study aimed to evaluate the inflammation  disease model of 

mice induced with hepatocarcinogenic NDEA for 5 weeks induction” 

 

We have revised and added some sentences into the background in line 27-50 as the following: 

“The cancer progression includes initiation, inflammation, and cancer progression. Inflammation 

is a predisposing factor in cancer development and promotes the stage of tumorigenesis. 

Inflammation promotes the incidence of tumour initiation, growth, development, and metastasis 

[6]. Inflamation is considered as an important factor during cancer progression. Local 

inflammation in liver may be driven by infiltrating immune cells such as monocyte / 

macrophages, T lymphocytes, and neutrophils. Thus, inflammation is also caused by 

nonparenchymal cells such as kupffer cells, dendritic cells, liver sinusoidal cell, and hepatic 

stellate cells [7]. 

In cancer treatment, the early stage of cancer progression should determine the success of 

therapy. Inflammation in liver could highly lead to liver carcinoma. Chronic liver inflammation 

damages hepatic epithelial cells, including hepatocytes and biliaryepithelial cells. Because liver 

has a high regenerative capacity, this damage induces substantial cell proliferation. 

Simultaneously, inflammation induces reactive oxygen species (ROS) and deoxyribonucleic acid 

(DNA) damage, increasing the frequency of genomic DNA mutations. When the high rate of cell 

proliferation is coupled with DNA mutation, the incidence of malignant transformation increases. 

Further, chronic inflammation induces changes in the hepatic immune system, allowing cancer 

cells to easily evade immune surveillance. In most cases, chronic liver inflammation and the 



resultant cirrhotic microenvironment promote the initiation and progression of HCC and CCA 

[8]. 

Local inflammation in hepatic tissue is driven by infiltrating immune cells 

(monocytes/macrophages, T lymphocytes, and neutrophils) and also by resident liver 

nonparenchymal cells [Kupffer cells, dendritic cells, liver sinusoidal cells, and hepatic stellate 

cells (HSCs)]. In a complex organ such as the liver, different cell types can secrete diverse 

cytokines/chemokines, and the resulting cocktail constitutes a “secretome” that leads to 

immunomodulation that manifests as an acute or chronic inflammatory response. Chronic 

inflammation acts as a favorable preneoplastic setting [7]. 

The acute inflammatory response occurs immediately or in minutes, hours, or days following 

injury. Normally, this is a physiologically beneficial response that helps in clearing injured 

hepatocytes and leads to wound healing. When this process fails, an overdrive of immune cells 

occurs that perpetuates as chronic inflammation [9]. As the name suggests, chronic inflammation 

is a prolonged progressive process lasting for months that tilts the homeostasis more toward 

damage than toward healing. In liver, chronic inflammation eventually sets the stage for 

progression toward cirrhosis and eventually to HCC.” 

 

We have also added sentences in line 52-54 as the following: 

“Preventive care could be highly help the disease into good prognosis and reducing the mortality 

rate.  Moreover, the key success for cancer therapeutic highly depends on the early stage of 

cancer progression. The mice is often used for animal model, especially for cancer research [11].” 

 

We have also added sentences in line 68-69 as the following: 

“NDEA is known to induce damage to the liver. It is useful in the treatment of cancer since the 

early stages of cancer development are an essential stage in determining the success of therapy” 

 

 

4. There is a very weak to relate between weight loss and hepatocarcinogens. 

Answer:  

According to the previous study, induction of NDEA resulted in lesser food intake of mice than 

the normal group causing the weight losses. We have revised and added discussion about this in 

line 143-149 as the following:  

“It has been reported previously that induction of NDEA for 8 weeks resulted in 

hepatocellular carcinoma as indicated by enlarged hyperchromatic nucleus and scattered mitosis 

in liver tissue [22]. In this study, NDEA was used to produce an animal model for inflammation 

liver disease as target for preventive cure of naticancer agents. NDEA induction at a dose of 

25mg/kgBW for 5 weeks showed that there were significant weight losses as shown in (Figure 1). 

In the previous study, administration of NDEA reduces the body weights in which the mice 

become lesser in food intake [23]. The weight loss observed during NDEA induction in mice is 

probably due to decreased liver function and nutritional deficiencies which may be due to 

reduced food intake [24]. However, in this study, there was no evaluation of food consumed by 

the mice during the experiments.”  
[22] S. A. Ali, N. A. Ibrahim, M. M. D. Mohammed, S. El-hawary, and E. A. Refaat, “The potential chemo 

preventive effect of ursolic acid isolated from Paulownia tomentosa , against N-diethylnitrosamine : initiated 

and promoted hepatocarcinogenesis,” Heliyon, vol. 5, no. November 2018, p. e01769, 2019. 

[23] N. S. Thomas, K. George, S. Arivalagan, V. Mani, A. I. Siddique, and N. Namasivayam, “The in vivo 

antineoplastic and therapeutic efficacy of troxerutin on rat preneoplastic liver: biochemical, histological and 



cellular aspects,” Eur. J. Nutr., vol. 56, no. 7, pp. 2353–2366, 2016. 

[24] V. Rajesh and P. Perumal, “Chemopreventive and antioxidant activity by Smilax zeylanica leaf extract 

against N-nitrosodiethylamine induced hepatocarcinogenesis in wistar albino rats,” Orient. Pharm. Exp. 

Med., vol. 14, no. 2, pp. 111–126, 2014. 

 

5. There is very lack of evidence in this result study that NDEA induced 

hepatocarcinogens, pathology anatomy in surrounding tissue assessment must be 

provided to support this statement, not only morphology and the evaluation. 

Answer:  

In this study, we have evaluated the histopathology evaluations by haematoxylin-eosin staining 

for liver and spleen tissues. According to the results as shown in Figure 3, the normal liver and 

spleen have regular architecture and cellular integrity with no fibrosis. After induction of NDEA, 

there were no malignancies observed in liver on spleen tissues in mice; however, there were 

single large fat droplets, alongside nuclei dislocation to the cell periphery, seems to be 

macrovesicular steatosis. According to these results, there were lipidosis in liver and 

steatohepatitis observed for spleen tissue.  

 

 
Figure 3: The histopathology photomicrographs of mice liver and spleen tissues stained with 

hematoxylin-eosin taken from specimens of normal mice and mice intraperitonially injected with 

NDEA at a dose of 25 mg NDEA/kgBW once a week for 5 times. Scale bar= 100 μm.  

6. Give a logical explanation about the length of NDEA intervention that can produce a 

carcinogenic cell. How many replications in this study? 

Answer:  

According to the previous study, the induction of NDEA for 8 weeks resulted in hepatocellular 

carcinoma indicated by enlarged hyperchromatic nucleus of hepatocytes in liver tissue and 



scattered mitosis [22]. However, to produce an animal model for an early stage of cancer or 

preventive cure of cancer, in this study, NDEA was induced for 5 weeks and as indicated by the 

weight loss, the inflammation process has occurred.  

We have added some discussion in line 143-145 as the following:  

“It has been reported previously that induction of NDEA for 8 weeks resulted in hepatocellular 

carcinoma as indicated by enlarged hyperchromatic nucleus and scattered mitosis in liver tissue 

[22]. In this study, NDEA was used to produce an animal model for inflammation liver disease 

as target for preventive cure of naticancer agents.” 

 In this study, there were 7 mice in NDEA induction group and 3 mice for the control group.  

 

[22] S. A. Ali, N. A. Ibrahim, M. M. D. Mohammed, S. El-hawary, and E. A. Refaat, “The 

potential chemo preventive effect of ursolic acid isolated from Paulownia tomentosa , 

against N-diethylnitrosamine : initiated and promoted hepatocarcinogenesis,” Heliyon vol. 

5, no. May, 2019. 
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