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ABSTRACT
Background: Diabetes is not a single disease but 
rather, it is one aspect of metabolic syndrome. 
The pathologic aspects of diabetes involve 
cellular changes that need to be understood. 
Objective: The main objective of this study was 
to explore the role of Ki67 in the liver of diabetic 
rats. Methods: The study methodology involved 
the induction of diabetes in rats using Alloxan 
(120 mg/kg). A total of 20 albino rats were ran-
domly assigned into two groups control group 
(N=10) and diabetes group (n=10). Diabetic 
group received the dose of alloxan, while the 
control group received similar dose of normal 
saline. Glucose level was monitored daily. 
After the end of the experiment (one -month 
period), all animals were terminated. Blood 
samples were taken to measure biochemical 
investigations including glucose, cholesterol, 
and triglycerides. Liver tissue was excised and 
washed with normal saline and fixed in buffered 
formalin (10%). Liver tissue was processed and 
stained by hematoxylin and eosin for routine 
histological examination and also stained by 
immunohistochemistry for Ki67 biomarker. Re-
sults: The results revealed the efficacy of the 
diabetic model. All biochemical investigations 
were significantly higher in the diabetic group 
compared with that of control group (p<0.001). 
Histological studies showed the existence of 
morphological alterations in cells and fatty 
changes in the diabetic group compared with 
the control group. The expression of Ki67 was 
significantly higher in the diabetic group com-
pared with that in the control group (p=0.011).  
Conclusion: Taken together, diabetes has ad-
verse effects on the spleen from a histological 
point of view, and from the expression of Ki67.
Keywords: Diabetes,  Liver histology,  Ki67 

expression, Biochemical markers, Hepatic 
changes.

1.	BACKGROUND
Introduction to Ki67 and its Significance 

in Liver Research
Ki67 is a nuclear protein located at the 

end of the cellular G1, G2, S, and M phases (1). 
Ki67 is a reliable cell proliferation marker 
that is incorporated into the cellular prolif-
erative compartment when the cell begins 
proliferating in the G1 phase and is dissoci-
ated when the cell does not divide, enters 
the state of mitosis, or becomes apoptotic 
(2-4). The liver plays a central role in drug 
and toxin detoxification, bile production, 
protein synthesis, and is an important 
metabolic site (5). The number of liver cells 
proliferating gradually decreases with age 
or under non-illness physiological states 
(6). Most liver cells in slow continuous 
proliferation under chronic liver diseases 
can prevent the loss of liver function by in-
creased cell number (7, 8). Ki67 expression in 
liver tissues can reflect the state of liver cell 
proliferation and provide a useful index for 
reflecting the degree of liver damage, repair, 
and regeneration (9, 10). 

When the liver is injured by a variety 
of factors such as toxic substances and 
chemicals, the liver shows hepatocyte tissue 
damage, mainly manifested by congestion, 
edema, hepatocyte necrosis, ballooning-like 
degeneration, fatty degeneration, inflam-
matory cell infiltration, and the like (11). 
When some systemic diseases such as se-
vere diabetes have higher blood sugar and 
a longer course, the liver will have weak 
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and slow recovery and regeneration ability when 
subjected to various injuries, which is not conducive 
to the improvement of the recovery effect of liver in-
jury and the recovery of liver function, and Ki67 is an 
important marker to understand liver injury regen-
eration (12-14).  Recently, Ki67 has become a focus in 
the study of proliferation and regeneration of various 
parts such as gastric mucosa, bone, ovary, brain, and 
nerves (15). The function of proliferation and regen-
eration of liver cells is an important aspect of liver 
energy metabolism, while Ki67 research in the field 
of liver cells is less reported (16). With the high recur-
rence of diabetes and the enormous changes it brings 
in terms of individual or social aspects, the regulation 
of liver cell metabolism has been gradually considered 
as an important therapeutic direction in the study 
of diabetes (17). Understanding Ki67 in liver cells is 
more conducive to enriching the research horizon in 
diabetes treatment, facilitated by the enhancement 
of liver cell self-regulation (18-20). In this research, 
we focused on the proliferation-relevant factor Ki67 
in the liver of diabetic rats. 

Diabetes and its Impact on Liver Function
Diabetes is a multifactorial group of metabolic dis-

eases characterized by increased blood glucose levels 
(21). The main types of diabetes are type 1 and type 2 
(21). The latest are characterized by a variety of fac-
tors, including insulin resistance and defects in in-
sulin secretion, regulation, and metabolic action (22). 
About 90%–95% of the diagnosed diabetes cases are 
type 2, affecting children, adolescents, and elders (23). 
Biochemically, type 2 diabetes is characterized by im-
paired insulin secretion in response to increased blood 
glucose and hepatic gluconeogenesis, glycogenolysis, 
and lipogenesis (23). These complications contribute to 
an altered lipid metabolism in the liver by increasing 
intracellular free fatty acid flux and hepatic triglyc-
eride and cholesterol accumulation (24, 25). Insulin 
resistance in the liver results in an environment where 
further carbohydrate metabolism, diacylglycerol ac-
cumulation, protein kinase C defects, and the activa-
tion of proinflammatory pathways can be a risk factor 
for hyperglycemia, intrahepatic lipid deposition, and 
hepatic steatosis or nonalcoholic fatty liver disease 
(26). Increased and high levels of blood glucose are an 
important risk factor for diabetes-related liver damage 
(27). Indeed, liver damage from diabetes can occur in 
different ways. One of the most important is the pic-
ture in liver histology (27). 

The pathological picture of the liver in diabetes 
includes vacuolar, hydropic, hyaline, and tubular-
obstructive degenerations, hepatocellular necrosis, 
and micro- and macrogliosis with a picnotic effect 
(28). Lipid accumulation following diabetes, especially 
hyperlipidemia, may lead to many types of liver fibro-
sis (29). Indeed, type 2 diabetes causes fatty liver or 
fatty liver disease due to diabetic macrovesicular liver 
steatosis (30). Furthermore, diabetes-related mecha-
nisms lead to some of the pathogenesis of various liver 
diseases (31). The most common chronic liver disease 

in diabetes patients was classified as alcoholic liver 
disease and analyzed in this group overall to develop 
advanced liver disease and liver-related morbidity and 
mortality (32). However, certain types of diabetes can 
injure the liver more seriously (33). For example, cir-
rhosis of the liver related to type 1 diabetes and hepa-
tocirrhosis related to genetic diseases are among the 
most critical and potentially fatal liver diseases (34). 
With this pressure, the liver should continue to have a 
positive balance of fat metabolism, glucose production 
and metabolism, and lactate and other metabolism 
(35, 36). The liver may take on a more essential role 
in certain physiological states (36). It shows a higher 
degree of amino acid metabolism (37). 

Ki67 Expression in the Liver of Diabetic Rats
Similar to other studies, no Ki67 positivity was 

noticed in normal nondiabetic livers, implying an 
extremely infrequent spontaneous entrance of hepa-
tocyte nuclei into the phase of the cell cycle in healthy 
livers (38). This explains why the values of Ki67 were 
found to be very low or not detected in previous stud-
ies dealing with normal livers (39). However, there are 
some conflicting results indicating a very low ratio 
of Ki67 positivity in the livers of normal chow-fed ro-
dents (40). Some found a significant small percentage 
of Ki67-positive nuclei in the livers of normal mice at 
the age of 12–14 months, while others have reported 
that Ki67 is not constitutively detected in the liver of 
normal nondiabetic controls of various animal experi-
mental models (41). The levels of Ki67 are reported to 
be elevated in some diabetic systemic tissues, includ-
ing the retina, kidney, heart, nerve, and blood vessels, 
exerting underlying reasons for tissue morphological 
and functional change and severe complications (42). 
This increased level of Ki67 gradually elevates with 
the exacerbation of diabetes in various organs (43). 
Marked changes in both transcription and transla-
tion for Ki67 mediate minute-by-minute activities in 
various cellular processes and are essential for mam-
malian development and health (44). 

Data on the diabetic rat models showed varied Ki67 
expression in the livers that increased, decreased, or 
did not change depending on the age of the animal, 
duration of diabetes, type of diet, types of diabetes 
induction in animals, and the severity of diabetes, 
characterized by some degree of liver injury and regen-
eration (45). There was a higher expression of Ki67 in 
the livers of highly diabetic rats subjected to damag-
ing agents or a combination of diabetes induction and 
a high-fat sucrose diet (46). Most of the pathological 
changes in the liver of diabetic rats depend greatly 
on the levels of lipids and the mode of their transport 
as well as acute phase response, oxidative stress, and 
other hepatic risk factors (45). The liver is a site of 
Ki67 formation that may contribute to plasma levels. 
Therefore, research should be undertaken to clarify 
whether plasma levels of Ki67 depend on the extent of 
hepatic Ki67 formation. It would be proper to monitor 
the levels of Ki67 formation in experimental hepatol-
ogy, especially in the organ pathology of diabetes (44) 
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Each association between elevated Ki67 and decreased 
levels of healthy hepatocytes led to more congestion 
in the microvasculature, adipogenesis, nonalcoholic 
fatty liver disease, and nonalcoholic steatohepatitis, 
culminating in a sequence of pathways and berat-
ing high hepatic lipid secretion and reduced glucose 
uptake, along with disrupted mitochondrial electron 
transport chain and hepatocyte breakdown (43). By 
tracking the levels of Ki67, the work on the progres-
sion of diabetic liver disease in both experimental and 
commercial settings would be enhanced (45). Current 
publications on diabetes-related liver studies should 
also be closely involved in analyzing the Ki67 of the 
diabetic liver (46). 

2.	OBJECTIVE
The present study aimed to explore the role of the 

expression of Ki67 diabetes progression in rats with 
induced diabetes type 1. 

3.	MATERIAL AND METHODS
 The method was performed on 20 white male rats 

(Albino) that were divided into two groups namely: 
control group (N =10) and diabetes group (N=10). The 
study was conducted in the animal facility, Depart-
ment of Biology, Yarmouk University, Jordan. The 
institution rules indicate the project has been cleared 
by the IRB.  The animal unit was employed to capture 
the animals. Before testing began, the animals were 
weighed. The weight of every animal was 185±7.3 
gram. For this research a separate location from the 
animal facility was selected and the animals were 
housed in cages there. Before the study started, all the 
rats were subjected to the same treatment in the same 
environment for one week to get them accustomed 
to it. After a fast of 12 hours, rats were given a single 
intraperitoneal dose of alloxan monohydrate (Sigma-
Aldrich) 120 mg/kg.

This made them diabetic. A commercial glucometer 
(Glucocheck, HomeMed (Pty) Ltd) was utilized daily 
to examine the blood glucose levels of the animals to 
remain hyperglycemic (≥200 mg/dl). Every animal 
was terminated at the end of the study that lasted for 
a month.  The liver tissues were taken out and washed 
with normal saline, before being taken formally in a 
10% formalin for a period of 24 hours. After that, the 
tissues were fixed and stained with hematoxylin and 
eosin for routine histological examination. More sam-
ples were made for immunohistochemistry to check 
for the presence, relationship and location of Ki67. 

We have previously detailed these methods (47-50). 
The key steps in our IHC methods are described below.  
We used tissue samples from the liver, processed them, 
cut into pieces and stuck them on charged slide. After 
the sections were deparaffinized, they were trans-
ferred to tap water. Tissue slices were incubated for 
20 min in 1% hydrogen peroxide (H2O2) solution to 
inhibit activity of endogenous peroxidase before the 
immunohistochemical staining. Next, we washed 
the sections with phosphate buffered saline (PBS; pH 

7.2–7.4). Then we blocked the sections with 1% bovine 
serum albumin (BSA) to prevent nonspecific binding. 
Following the washing of the sections in PBS, they 
were placed in a humid chamber for 1 hour in the 
presence of the main monoclonal antibody solution 
(Ki67, 1:100; Santa Cruz Biotechnology). After PBS 
rinses were given, secondary biotinylated antibodies 
were applied for incubation (20 minutes). The sections 
were then subjected for 20 minutes to streptavidin 
conjugated to horseradish peroxidase and washed in 
PBS. Diaminobenzidine (DAB) was used to visualize 
an immunohistochemical signal which turns brown 
upon reaction. The slides were rinsed with running tap 
water to stop the reaction. A counterstain of 30 sec-
onds was done using hematoxylin. The sections were 
dried out and mounted with the appropriate medium. 
The area with stains was analyzed using the Adobe 
Photoshop Software version 7.2 to quantify Ki67 ex-
pression level. Examination of antibody-stained slides 
under microscope used the brown color of biomarker 
and blue counterstain of tissues. We calculated the 
expression ratios by dividing the number of pixels of 
the biomarker color (brown) with the total pixels (sum 
of brown and blue pixels).

Statistical analysis
The statistical analysis was done using SPSS ver-

sion 21.0. The two groups’ outcomes were compared 
using the independent t-test. A P-value of below 0.05 
was statistically considered significant. The levels of 
Ki67 expressed in each group indicated the mean ± and 
standard deviation.

4.	RESULTS
Biochemical investigations
The control group’s glucose level was 94.5±12.25 

mg/dl. However, it was found to be 258±18.98 mg/dl 
(p < 0.001) in the diabetes group, as shown in Table 1. 
The diabetes group’s cholesterol and triglyceride levels 

 

Figure 1. Liver section of the control group, 40X. Normal hepatocytes exist in their 
normal features. 

Figure 2 illustrates the liver tissue of the diabetic group. Morphological changes are 

observed including enlargement of cells and nucleoli. Mitotic activities are also observed 

in the nucleoli of hepatocytes (blue arrow). Fatty changes are also demonstrated (yellow 

arrow).  

 

 

Figure 1. Liver section of the control group, 40X. Normal hepatocytes 
exist in their normal features.

Variable (M±SD) Control 
group

Diabetic 
group P value 

Glucose (mg/dl) 94.5±12.25 258±18.98 <0.001
Cholesterol (mg/dl) 82.4±8.5 169.43±16.7 <0.001
Triglycerides (mg/dl) 94.19±17.91 145.16±18.92 <0.001

Table 1. Biochemical profiles of glucose and lipids in study groups
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were much more than in the control group while the 
mean differences between the two groups were also 
significant at p < 0.001.

Histological findings
As demonstrated in Figure 1, the normal histologi-

cal features of the liver are retained. Normal hepato-
cytes are connected with each other (arrow).

 Figure 2 illustrates the liver tissue of the diabetic 
group. Morphological changes are observed including 
enlargement of cells and nucleoli. Mitotic activities are 
also observed in the nucleoli of hepatocytes (blue arrow). 
Fatty changes are also demonstrated (yellow arrow). 

Immunohistochemistry results of Ki67 staining 
in the study groups

Figure 3 demonstrates the expression of Ki67 in the 
liver of the control group. Slight expression of Ki67 is 
observed. The expression is mainly seen in the cyto-
plasm of hepatocytes (blue arrow).

 Figure 4 shows the immunohistochemistry of Ki67 
in the liver of the diabetic group. The expression of 
Ki67 is demonstrated in the nucleoli of hepatocytes 
(blue arrow).

 Quantitative expression rates of Ki67 in the study 
groups

As demonstrated in Table 2 and Figure 5, the ex-
pression rate of Ki67 in the liver of the control group 
is 6.85%±1.5%, and this was significantly increased in 
the diabetic group 13%±4% (p=0.011).

5.	DISCUSSION
The biochemical, histological, and immunohisto-

chemical results show that control and diabetic dif-
fered significantly, showing the changes in metabo-
lism and cellular environment due to diabetes. These 
findings are consistent with previously reported data 
in the literature and add to our knowledge of diabetes-
related liver changes. 

In the group with diabetes, glucose level was in-
creased significantly (258±18.98 mg/dl) as compared to 
the control group (94.5±12.25 mg/dl p < 0.001). When 
you have diabetes, the amount of glucose in your blood 
is much higher than the healthy range. The cholesterol 
and triglycerides levels of the diabetic group were 
found to be higher and showed significant difference (p 
< 0.001) with the control group. Modifications in lipid 
profiles are associated with a higher risk of NAFLD and 
cardiovascular disease (51).

Histological Findings 
The histological analysis showed noteworthy 

changes in the liver tissue of the diabetic rats. The 
control group did not show any change in hepatocytes, 
while the diabetic group showed hepatocyte enlarge-
ment with nucleolar mitotic activity and fatty change. 
According to earlier studies that focused on the dia-

 

Figure 2. Liver section of the diabetic group, 40X. Enlargement of hepatocytes and 
nucleoli are demonstrated by blue arrow. Fatty changes are demonstrated by yellow 

arrow. 

Immunohistochemistry results of Ki67 staining in the study groups 

Figure (3) demonstrates the expression of Ki67 in the liver of the control group. Slight 

expression of Ki67 is observed. The expression is mainly seen in the cytoplasm of 

hepatocytes (blue arrow). 

Figure 2. Liver section of the diabetic group, 40X. Enlargement of 
hepatocytes and nucleoli are demonstrated by blue arrow. Fatty 
changes are demonstrated by yellow arrow.

 

Figure 3. Immunohistochemistry staining of Ki67 in the liver tissue of the control 
group. Slight expression of Ki67 in the cytoplasm of hepatocytes (blue arrow). 

 

Figure 4 shows the immunohistochemistry of Ki67 in the liver of the diabetic group. The 

expression of Ki67 is demonstrated in the nucleoli of hepatocytes (blue arrow). 

 

Figure 4. Immunohistochemistry of Ki67 in the liver tissue of the diabetic group, 
40X. The expression of Ki67 was intense in the nucleoli of hepatocytes (blue arrow). 

 

Figure 3. Immunohistochemistry staining of Ki67 in the liver tissue 
of the control group. Slight expression of Ki67 in the cytoplasm of 
hepatocytes (blue arrow).

 

Figure 3. Immunohistochemistry staining of Ki67 in the liver tissue of the control 
group. Slight expression of Ki67 in the cytoplasm of hepatocytes (blue arrow). 

 

Figure 4 shows the immunohistochemistry of Ki67 in the liver of the diabetic group. The 

expression of Ki67 is demonstrated in the nucleoli of hepatocytes (blue arrow). 

 

Figure 4. Immunohistochemistry of Ki67 in the liver tissue of the diabetic group, 
40X. The expression of Ki67 was intense in the nucleoli of hepatocytes (blue arrow). 

 

Figure 4. Immunohistochemistry of Ki67 in the liver tissue of the 
diabetic group, 40X. The expression of Ki67 was intense in the 
nucleoli of hepatocytes (blue arrow).

Variable M±SD P value 

Ki67-Control
Ki67-Diabetes 

6.85%±1.5%
13%±4%

0.011

Table 2. The expression rate of Ki67 in Study groups

Quantitative expression rates of Ki67 in the study groups 

As demonstrated in table (2) and figure (5), the expression rate of Ki67 in the liver of the 

control group is 6.85%±1.5%, and this was significantly increased in the diabetic group 

13%±4% (p=0.011). 

Table 2. The expression rate of Ki67 in Study groups 

Variable  M±SD P value  
Ki67-Control 
Ki67-Diabetes  

6.85%±1.5% 
13%±4% 

0.011 

 

 

Figure 5. Quantitative expression of Ki67 in the study groups 

 

5. DISCUSSION 

The biochemical, histological, and immunohistochemical results show that control and 

diabetic differed significantly, showing the changes in metabolism and cellular 

environment due to diabetes. These findings are consistent with previously reported data 

in the literature and add to our knowledge of diabetes-related liver changes.  

Figure 5. Quantitative expression of Ki67 in the study groups
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betic model, the changes in the hepatic histopathology 
occurred due to accumulation of lipids and oxidative 
stress and inflammation (52).

The occurrence of fatty changes (yellow arrow, Fig-
ure 2) indicates steatosis (fatty liver), commonly seen 
in the diabetic liver, occurring due to fat movement 
and insulin resistance (53)

Immunohistochemical Assessment
 Ki67 is a cell proliferative marker; its expression 

provides insight into regenerative and pathological 
responses (11, 38). In this study, Ki67 expression was 
significantly higher in the diabetic group (13%±4%) 
than in control group (6.85%±1.5%, p = 0.011). As dia-
betes damages the liver, there is a consequent increase 
in the proliferation of the hepatocytes. Although these 
regenerative processes can initially compensate for the 
injury and may even stabilize liver function, a long-
term activation of this type may give rise to fibrosis 
and worsening liver dysfunction in the future (54). In 
diabetic groups, Ki67 localized in the nucleolus (Fig-
ure 4) unlike its cytoplasmic expression in the control 
group (Figure 3). It shows altered cellular dynamics 
and stress response in diabetic hepatocytes.

6.	CONCLUSION
The diabetes effect on liver biochemistry, histopa-

thology and cellular profile discussed in detail in these 
results.  When glucose and lipids are high it stresses 
the liver, causing histological changes and increased 
proliferation of liver cells. This means that if we can 
improve the metabolic conditions of a diabetic per-
son, liver damage might not happen. Future research 
should examine therapeutic strategies that prevent 
the progression or halting of diabetes-associated liver 
disease.

•	 Author’s contribution: Every author participated in every 
stage of preparing this article. The initial author conducted 
the final proofreading.

•	 Conflict of interest: None to declare.
•	 Financial support and sponsorship: None.

REFERENCES
1.	 Yang X, Ni H, Lu Z, Zhang J, Zhang Q, Ning S, Qi L, Xiang 

B. Mesenchymal circulating tumor cells and Ki67: their 
mutual correlation and prognostic implications in he-
patocellular carcinoma. BMC cancer. 2023 Jan 5; 23(1): 
10. springer.com

2.	 Huang Z, Zhou PP, Li SS, Li K. Prediction of the Ki-67 
marker index in hepatocellular carcinoma based on 
Dynamic Contrast-Enhanced Ultrasonography with 
Sonazoid. Insights into Imaging. 2022. springer.com

3.	 Wu SY, Liao P, Yan LY, Zhao QY, Xie ZY, Dong J, Sun HT. 
Correlation of MKI67 with prognosis, immune infiltra-
tion, and T cell exhaustion in hepatocellular carcinoma. 
BMC gastroenterology. 2021 Dec; 21: 1-9. springer.com

4.	 Yano K, Choijookhuu N, Ikenoue M, Fidya, Fukaya T, Sato 
K, Lee D, Taniguchi N, Chosa E, Nanashima A, Hishikawa 
Y. Spatiotemporal expression of HMGB2 regulates cell 
proliferation and hepatocyte size during liver regen-

eration. Scientific Reports. 2022 Jul 13; 12(1): 11962. 
nature.com

5.	 Gao Y, Li Y, Song Z, Jin Z et al. Sortilin 1 Promotes Hepa-
tocellular Carcinoma Cell Proliferation and Migration by 
Regulating Immune Cell Infiltration. Journal of Oncol-
ogy. 2022. wiley.com

6.	 Hardwick LJ, Kortum AJ, Constantino-Casas F, Watson 
PJ. Breed-related expression patterns of Ki67, γH2AX, 
and p21 during ageing in the canine liver. Veterinary 
Research Communications. 2021 Feb; 45: 21-30. springer.
com

7.	 Hu ZD, Jiang Y, Sun HM, Wang JW, Zhai LL, Yin ZQ, Yan 
J. KIF11 promotes proliferation of hepatocellular car-
cinoma among patients with liver cancers. BioMed re-
search international. 2021; 2021(1): 2676745. wiley.com

8.	 Jiao Z, Ma Y, Zhang Q, Wang Y, Liu T, Liu X, Piao C, Liu B, 
Wang H. The adipose-derived mesenchymal stem cell 
secretome promotes hepatic regeneration in miniature 
pigs after liver ischaemia-reperfusion combined with 
partial resection. Stem Cell Research & Therapy. 2021 
Dec;12:1-2. springer.com

9.	 Elchaninov AV, Fatkhudinov TK, Vishnyakova PA, Ni-
kitina MP, Lokhonina AV, Makarov AV, Arutyunyan 
IV, Kananykhina EY, Poltavets AS, Butov KR, Baranov 
II. Molecular mechanisms of splenectomy-induced 
hepatocyte proliferation. PloS one. 2020 Jun 12; 15(6): 
e0233767. plos.org

10.	 Moriyama M, Kanda T, Midorikawa Y, Matsumura H, 
Masuzaki R, Nakamura H, Ogawa M, Matsuoka S, Shibata 
T, Yamazaki M, Kuroda K. The proliferation of atypical 
hepatocytes and CDT1 expression in noncancerous tis-
sue are associated with the postoperative recurrence of 
hepatocellular carcinoma. Scientific Reports. 2022 Nov 
28; 12(1): 20508. nature.com

11.	 Hoffmann K, Nagel AJ, Tanabe K, Fuchs J, Dehlke K, 
Ghamarnejad O, Lemekhova A, Mehrabi A. Markers of 
liver regeneration - the role of growth factors and cyto-
kines: a systematic review. BMC surgery. 2020 Dec; 20: 
1-5. springer.com

12.	 Qian Y, Shang Z, Gao Y, Wu H, Kong X. Liver regeneration 
in chronic liver injuries: Basic and clinical applications 
focusing on macrophages and natural killer cells. Cel-
lular and Molecular Gastroenterology and Hepatology. 
2022 Jan 1; 14(5): 971-981. sciencedirect.com

13.	 Huang R, Zhang X, Gracia‐Sancho J, Xie WF. Liver regen-
eration: Cellular origin and molecular mechanisms. Liv-
er International. 2022 Jul; 42(7): 1486-1495. wiley.com

14.	 Rmilah AA, Zhou W, Nyberg SL. Hormonal contribution 
to liver regeneration. Mayo Clinic Proceedings: Innova-
tions, Quality & Outcomes. 2020 Jun 1; 4(3): 315-338. 
sciencedirect.com

15.	 He L, Pu W, Liu X, Zhang Z, Han M, Li YI, Huang X, Han X, 
Li Y, Liu K, Shi M. Proliferation tracing reveals regional 
hepatocyte generation in liver homeostasis and repair. 
Science. 2021 Feb 26; 371(6532): eabc4346. science.org

16.	 Römermann D, Ansari N, Schultz‐Moreira AR, Michael A, 
Marhenke S, Hardtke‐Wolenski M, Longerich T, Manns 
MP, Wedemeyer H, Vogel A, Buitrago‐Molina LE. Absence 
of Atg7 in the liver disturbed hepatic regeneration after 
liver injury. Liver International. 2020 May; 40(5): 1225-



255Mater Sociomed. 2024; 36(4): 250-256 • ORIGINAL PAPER 

Exploring the Role of Ki67 in the Liver of Diabetic Rats

1238. wiley.com
17.	 Li L, Cui L, Lin P, Liu Z, Bao S, Ma X, Nan H, Zhu W, Cen J, 

Mao Y, Ma X. Kupffer-cell-derived IL-6 is repurposed for 
hepatocyte dedifferentiation via activating progenitor 
genes from injury-specific enhancers. Cell Stem Cell. 
2023 Mar 2; 30(3): 283-299. cell.com

18.	 Di-Iacovo N, Pieroni S, Piobbico D, Castelli M, Scopetti D, 
Ferracchiato S, Della-Fazia MA, Servillo G. Liver regener-
ation and immunity: a tale to tell. International Journal 
of Molecular Sciences. 2023 Jan 7; 24(2): 1176. mdpi.com

19.	 Wang S, Wang X, Shan Y, Tan Z, Su Y, Cao Y, Wang S, Dong 
J, Gu J, Wang Y. Region-specific cellular and molecular 
basis of liver regeneration after acute pericentral injury. 
Cell Stem Cell. 2024 Mar 7; 31(3): 341-358. [HTML]

20.	 Gadd VL, Aleksieva N, Forbes SJ. Epithelial plasticity 
during liver injury and regeneration. Cell Stem Cell. 
2020. cell.com

21.	 Banday MZ, Sameer AS, Nissar S. Pathophysiology of 
diabetes: An overview. Avicenna journal of medicine. 
2020 Oct; 10(04): 174-188. thieme-connect.com

22.	 Jwad SM, Al-Fatlawi HY. Types of diabetes and their ef-
fect on the immune system. J Adv Pharm Pract. 2022. 
researchgate.net

23.	 Guerra JV, Dias MM, Brilhante AJ, Terra MF, Garcia-Are-
valo M, Figueira AC. Multifactorial basis and therapeutic 
strategies in metabolism-related diseases. Nutrients. 
2021 Aug 18; 13(8): 2830. mdpi.com

24.	 Regufe VMG, Pinto CMCB, Perez PM. Metabolic syndrome 
in type 2 diabetic patients: A review of current evidence. 
Porto biomedical journal. 2020. lww.com

25.	 Mishra S, Tiwari P, Yadav R, Patel PS. An extensive 
analysis of diseases associated with diabetes. Journal 
of Pharma Insights and Research. 2024 Jun 14; 2(3): 
174-187. jopir.in

26.	 Hayden MR. Overview and new insights into the meta-
bolic syndrome: risk factors and emerging variables in 
the development of type 2 diabetes and cerebrocardio-
vascular disease. Medicina. 2023. mdpi.com

27.	 Redondo MJ, Hagopian WA, Oram R, Steck AK, Vehik K, 
Weedon M, Balasubramanyam A, Dabelea D. The clini-
cal consequences of heterogeneity within and between 
different diabetes types. Diabetologia. 2020 Oct; 63: 
2040-2048. springer.com

28.	 Lagana SM, Kudose S, Iuga AC, Lee MJ, Fazlollahi L, Re-
motti HE, Del Portillo A, De Michele S, de Gonzalez AK, 
Saqi A, Khairallah P. Hepatic pathology in patients dy-
ing of COVID-19: a series of 40 cases including clinical, 
histologic, and virologic data. Modern Pathology. 2020 
Nov; 33(11): 2147-2155. nature.com

29.	 Chowdhury AB, Mehta KJ. Liver biopsy for assessment 
of chronic liver diseases: a synopsis. Clinical and experi-
mental medicine. 2023. springer.com

30.	 Calistri L, Rastrelli V, Nardi C, Maraghelli D, Vidali S, 
Pietragalla M, Colagrande S. Imaging of the chemother-
apy-induced hepatic damage: Yellow liver, blue liver, and 
pseudocirrhosis. World journal of gastroenterology. 
2021 Dec 12; 27(46): 7866. nih.gov

31.	 Rinaldi L, Pafundi PC, Galiero R, Caturano A, Morone MV, 
Silvestri C, Giordano M, Salvatore T, Sasso FC. Mecha-
nisms of non-alcoholic fatty liver disease in the meta-

bolic syndrome. A narrative review. Antioxidants. 2021 
Feb 10; 10(2): 270. mdpi.com

32.	 Cao Z, Wang X, Zeng Z, Yang Z, Lin Y, Sun L, Lu Q, Fan G. 
The improvement of modified Si-Miao granule on he-
patic insulin resistance and glycogen synthesis in type 
2 diabetes mellitus involves the inhibition of TNF-α/
JNK1/IRS-2 pathway: network pharmacology, molecular 
docking, and experimental validation. Chinese Medi-
cine. 2024 Sep 16; 19(1): 128. springer.com

33.	 Bello HR, Mahdi ZK, Lui SK, Nandwana SB, Harri PA, Da-
varpanah AH. Hepatocellular carcinoma with atypical 
imaging features: review of the morphologic hepato-
cellular carcinoma subtypes with radiology‐pathology 
correlation. Journal of Magnetic Resonance Imaging. 
2022 Mar; 55(3): 681-697. [HTML]

34.	 Chornenkyy Y, Mejia-Bautista M, Brucal M, Blanke T, 
Dittmann D, Yeldandi A, Boike JR, Lomasney JW, Nayar 
R, Jennings LJ, Pezhouh MK. Liver Pathology and SARS-
CoV-2 Detection in Formalin-Fixed Tissue of Patients 
With COVID-19: A Single-Institution Experience. Ameri-
can journal of clinical pathology. 2021 Jun 1; 155(6): 
802-814. nih.gov

35.	 Kosmalski M, Śliwińska A, Drzewoski J. Non-Alcoholic 
Fatty Liver Disease or Type 2 Diabetes Mellitus—The 
Chicken or the Egg Dilemma. Biomedicines. 2023. mdpi.
com

36.	 Zhao CL, Rapkiewicz A, Maghsoodi-Deerwester M, Gupta 
M, Cao W, Palaia T, Zhou J, Ram B, Vo D, Rafiee B, Hossein-
Zadeh Z. Pathological findings in the postmortem liver 
of patients with coronavirus disease 2019 (COVID-19). 
Human pathology. 2021 Mar 1; 109:159-168. nih.gov

37.	 Malnick SD, Alin P, Somin M, Neuman MG. Fatty liver 
disease-alcoholic and non-alcoholic: similar but differ-
ent. International Journal of Molecular Sciences. 2022 
Dec 19; 23(24): 16226. mdpi.com

38.	 Sancakli Usta C, Turan G, Hocaoglu M, Bulbul CB, Kılıc K, 
Usta A, Adalı E. Differential expressions of ki-67, bcl-2, 
and apoptosis index in endometrial cells of women with 
and without type II diabetes mellitus and their correla-
tion with clinicopathological variables. Reproductive 
Sciences. 2021 May; 28: 1447-1456. [HTML]

39.	 Broggi G, Lo Giudice A, Di Mauro M, Asmundo MG, Pri-
coco E, Piombino E, Caltabiano R, Morgia G, Russo GI. 
SRSF‐1 and microvessel density immunohistochemical 
analysis by semi‐automated tissue microarray in pros-
tate cancer patients with diabetes (DIAMOND study). 
The Prostate. 2021 Sep; 81(12): 882-892. wiley.com

40.	 Hao Y, Feng Y, Yan X, Chen L, Zhong R, Tang X, Shen W, 
Sun Q, Sun Z, Ren Y, Zhang H. Gut microbiota-testis 
axis: FMT improves systemic and testicular micro-en-
vironment to increase semen quality in type 1 diabetes. 
Molecular Medicine. 2022 Dec; 28(1): 45. springer.com

41.	 Broggi G, Giudice AL, Di Mauro M, Pricoco E, Piombino 
E, Ferro M, Caltabiano R, Morgia G, Russo GI. Insulin 
signaling, androgen receptor and PSMA immunohisto-
chemical analysis by semi-automated tissue microar-
ray in prostate cancer with diabetes (DIAMOND study). 
Translational Research. 2021 Dec 1; 238: 25-35. [HTML]

42.	 McLaughlin PJ, Sassani JW, Diaz D, Zagon IS. Elevated 
opioid growth factor alters the limbus in type 1 diabetic 



 ORIGINAL PAPER • Mater Sociomed. 2024; 36(4): 250-256

Exploring the Role of Ki67 in the Liver of Diabetic Rats

256

rats. Journal of diabetes and clinical research. 2023; 
5(1): 1. nih.gov

43.	 Tuttle CS, Luesken SW, Waaijer ME, Maier AB. Senes-
cence in tissue samples of humans with age-related 
diseases: A systematic review. Ageing Research Reviews. 
2021 Jul 1; 68: 101334. sciencedirect.com

44.	 Raugh A, Jing Y, Bettini ML, Bettini M. The Amphiregu-
lin/EGFR axis has limited contribution in controlling 
autoimmune diabetes. Scientific Reports. 2023. nature.
com

45.	 Nolan GS, Smith OJ, Heavey S, Jell G, Mosahebi A. Histo-
logical analysis of fat grafting with platelet‐rich plasma 
for diabetic foot ulcers—A randomised controlled trial. 
International Wound Journal. 2022 Feb; 19(2): 389-398. 
wiley.com

46.	 Kashani SA, Navabi R, Amini A, Hajinasrollah M, Jenab Y, 
Rabbani S, Nazari A, Pakzad M, Moazenchi M, Atrabi MJ, 
Samsonchi Z. Immunomodulatory potential of human 
clonal mesenchymal stem cells and their extracellular 
vesicle subpopulations in an inflammatory-mediated 
diabetic Rhesus monkey model. Life Sciences. 2023 Sep 
15;329:121950. [HTML].

47.	 Al-Khatib A. Co-expression of iNOS and HSP70 in dia-
betes type 1 makes a rational hypothesis to explain the 
diabetic neuropathy. Eur Sci J. 2013; 9(3): 145-156.

48.	 Al-Khatib A, Laiche F, Alkhatatbeh M, et al. Leaf extract 
of U. pilulifera down-regulates the expression of INOS in 
kidneys of diabetic rats. Eur Sci J. 2014; 10(21): 302-309.

49.	 Raffee LA, Alawneh KZ, Al-Khatib AJ, AlMehaisen LW. 
Overexpression of HSP90 in skin of diabetic rats impacts 
wound healing process. Res J Biol Sci. 2016; 11: 63-66.

50.	 Alsarhan A, Amawi KF, Al-Mazari IS, Hurirah HA, 
Alkhatib AJ. The compound expression of HSP90 
and INOS in the testis of diabetic rats as cellular and 
pathologic adverse effects of diabetes. Anal Cell Pathol 
(Amst). 2020;2020:3906583. Available from: https://doi.
org/10.1155/2020/3906583.

51.	 Duarte JA, Carvalho F, Monteiro R. Lipid metabolism 
dysregulation in diabetes and its hepatic complications. 
Diabetes Metab. 2019; 45(4): 313–325.

52.	 Zhong Z, Sanchez-Lopez E, Karin M. Autophagy, inflam-
mation, and metabolism in adipose tissue remodeling 
and obesity. Annu Rev Nutr. 2020;40:195–221.

53.	 Peterson KR, Cottrell JJ, Salas MA. Hepatic lipid dysregu-
lation in diabetes. Am J Physiol Endocrinol Metab. 2011; 
300(6): E1047–1058.

54.	 Petrick JL, Florio AA, Zeleniuch-Jacquotte A. Hepatic 
regenerative responses and cellular stress: insights into 
liver pathophysiology. J Hepatol. 2022; 76(2): 318–329.


