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Abstract: Streptozotocin (STZ) is a pancreatic beta cells specific cytotoxin that causes direct organ toxicity 

and diabetes. Organ toxicity caused by STZ can affect variety of organs, including the liver. The present study 

discusses the impact of mesenchymal stem cells (MSCs) and placental extract (PE) on the streptozotocin 

damaged livers in rats. The animals in this study were dichotomized into five groups, each with ten rats: group 

I (negative controls) and the other forty rats were given 50 mg/kg STZ for diabetes induction and then divided 

into; group II (positive controls), group III (MSCs treated), group IV (PE treated), and group V (MSCs/PE 

combination treated). Animals were slaughtered after four weeks of therapy, and serum was isolated for ALT, 

AST, and ALP determination. For histopathological analysis, liver tissues were sliced, washed in normal 

saline, and fixed in 10% formalin. When compared to positive controls, the three treated groups showed a 

major improvement in liver function parameters (P<0.05). Histopathological examination showed great 

improvement in the three treated groups where group V revealed the best picture. The present study points to 

the possible effects of PE and MSCs in the treatment of streptozotocin damaged liver in diabetic rats. This 

action could be ascribed to MSCs homing in the liver and the restoration of liver tissues by PE contents of 

growth factors. These actions give a hope for diabetic patients suffering from variety of complications since 

the regeneration effects of MSCs and PE have been expanded to include other damaged tissues. 

Keywords: Mesenchymal stem cells (MSCs); Streptozotocin (STZ); placental extract (PE); Liver diseases; 
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1. INTRODUCTION  

Diabetes mellitus is a common health condition 

with multiple etiologies that is primarily 

characterized by hyperglycemia caused by insulin 

secretion and/or function abnormalities. It's also 

linked to liver complications, including excessive 

liver enzymes, fatty liver disease, cirrhosis, 

hepatocellular carcinoma, and acute liver failure 1, 2. 

Chronic liver disease has become more common in 

the last decade as a result of metabolic syndrome, 

which includes abdominal obesity and insulin 

resistance 3. Insulin resistance is a main cause of type 

2 diabetes mellitus, as it contributes to 

hyperglycemia and oxidative stress, which causes 

liver tissue necrosis 4. 

The liver is primarily responsible for 

maintaining glucose homeostasis. Numerous studies 

have explained that oxidative stress induces diabetes 

mellitus by causing the formation of reactive oxygen 

species (ROS), which are the main cause of cellular 

harm 4-6. As a result, diabetes mellitus is strongly 

linked to liver inflammation, cirrhosis, apoptosis, and 

-cell dysfunction, that contribute to liver 

dysfunction7.  

Streptozotocin (STZ), which has been shown to 

be harmful to pancreatic islet beta cells, has been 

used to cause diabetes mellitus in many animal 

species, and the results usually resemble human 

hyperglycemic non-ketotic DM 8. In experimental 

animals, morphological and functional changes in 

various body organs, including the liver, that 

accompany STZ-induced diabetes are useful to be 

studied 9, 10. 
In regenerative medicine, mesenchymal stem 

cells (MSCs) have been outcropped as a therapeutic 

technique. MSCs can differentiate into various cell 

types from all three germ layers, as well as migrate 

to damaged sites and exert their distinctive 
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immunomodulatory actions, so they became 

attractive therapeutic tools for tissue engineering and 

tissue/organ injury repair 11. Approximately, 321 

MSC-based clinical trials have been completed. 

Nearly half of all MSC-based clinical trials focused 

on bone/cartilage, brain/Nero, and immune-related 

diseases. In addition, there are 16 clinical trials 

involving liver diseases. On the other hand, tissue 

damage and over-activation of inflammatory 

pathways are also present in liver diseases. As a 

result, MSCs could be the best candidate for cell 

therapy of liver diseases 12.  

The placenta contains the genetic material 

required to generate all cell types and is very rich in 

nutrients 13. Placental extract has been commonly 

used in traditional medicine for wound healing and 

as an anti-inflammatory agent. People from many 

countries used placental extract as a drug of 

renovation and vitalization 14.    

Placental extracts have a wide range of 

therapeutic effects, including tissue regeneration, 

wound healing, immunomodulation, anti-

inflammation, and cellular proliferation 15. 

Furthermore, for more than 40 years, human 

placental extract has been used in traditional folk 

medicine, especially in China, to treat liver diseases 

such as chronic hepatitis and liver cirrhosis 16. It had 

the ability to promote liver regeneration while also 

inhibiting inflammatory reactions and hepatocyte 

apoptosis. Hepatocyte growth factor is one of its 

main active ingredients 14. Human placental extract 

is currently permitted for clinical use in several 

countries to treat chronic liver diseases and 

menopausal symptoms 17.  

Placental extract is manufactured by the 

hydrolyzation of placental cells. The final extract 

contains collagen, elastin, laminin, trace elements, 

peptides, cytokines and Polydeoxyribonucleotide 

(PRDN) 18. PE also includes essential and non-

essential amino acids, which in vitro promote 

fibroblast proliferation and collagen formation 19. 

High concentrations of vitamins that promote energy 

production and cellular metabolism, as well as high 

concentrations of growth factors with anti-

inflammatory and reformative properties, are found 

in placental extracts 18. 

 The current research is a part of a study done on 

STZ-induced diabetic rats. In the present part we 

discuss the therapeutic effects of MSCs and PE alone 

or in combination on damaged livers of STZ-induced 

diabetic rats to determine the best therapeutic 

regimen. 

 

 

 

2. METHODS 

2.1. Chemicals: 

2.1.1. Streptozotocin:  

     Obtained from (Sigma Chemical Company) (St 

Louis, Missouri, USA) in the form of lyophilized 

powder, freshly disbanded in 0.1 M citrate buffer (pH 

= 4.5) used at a dose of (50 mg/kg body weight) 

within 15 minutes of dissolution 20. 

2.1.2. Mesenchymal stem cells:  

     20 × 106 cells in Dulbecco’s modified Eagles 

medium (DMEM) were prepared in tissue culture 

laboratory at Genetic Engineering Centre (Al-Azhar 

University) according to the method of Abdel Aziz 

et al. 21 and given in two doses via intravenous 

injection into the tail vein: 

1. First dose (106 cells/ rat) in 0.2 ml DMEM.  

2. After a week, the rats were given the 2nd dose 

of cells (106 cells/ rat) in 0.2 ml DMEM. 

2.1.3. Placental extract:  

     Laennec® is a human placental extract (Japan 

Bio Products Co., LTD, Tokyo, Japan). PE was 

given intravenously via the tail vein on alternating 

days for four weeks at a dosage of 40µl /rat 22, as 

directed by the manufacturer. 

2.2 Experimental design: 

Adult male albino rats weighing 180 ± 20 gm 

were obtained from Al-Nile Company of 

Pharmaceutical Products (Cairo, Egypt). They were 

nourished regular pellet chow (El-Nasr Chemical 

Company, Cairo, Egypt) and allowed to free access 

to water. For acclimatization, the animals were kept 

in the same circumstances for a week before the 

experiment. 

The present study included fifty animals which 

were divided into five groups:  

Group (1): negative control group (vehicle 

only was given to normal rats).  

For induction of diabetes20, the four other 

groups received a single dose of Streptozotocin (50 

mg/kg body weight) dissolved in 0.2 mL citrate 

buffer (pH 4.5). After 72 hours of STZ dose, diabetes 

was verified by a random blood glucose level of >300 

mg/dl 23. 

The other four groups are:  

Group (2): Diabetic rats that have not been 

treated (positive control group). 

Group (3): Diabetic rats treated with MSCs; 

injected twice (106 cells/ rat) in 0.2 ml DMEM with 

a break one week between both doses 24.             

Group (4): Diabetic rats treated with placental 

extract (40µl /rat of PE) on alternating days for 4 

weeks.  
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Group (5): Diabetic rats received a 

combination of MSCs and PE by the same dosage 

protocol (MSCs: 106 cells/ rat) and (PE: 40µl /rat). 

Animals were sacrificed after four weeks of 

treatment; livers were sliced, washed in regular 

saline, and fixed in 10% formalin. 

2.3 Biochemical tests included: 

Serum alanine aminotransferase (ALT), 

aspartate aminotransferase (AST) and alkaline 

phosphatase (ALP) were determined by 

spectrophotometric technique according to the 

manufacturer’s instructions 25. 

2.4 Statistical methods: 

For data analysis, IBM SPSS statistics (V. 26.0, 

IBM Corp., USA, 2019) was used. Data were 

expressed as median and percentiles for quantitative 

non-parametric measures. Wilcoxon Rank Sum test 

was used for comparison between two independent 

groups. The Kruskal-Wallis test was used to compare 

the outcomes of more than two groups. The 

probability of error < 0.05 was considered 

significant, while < 0.01 was highly significant. 

3. RESULTS 

3.1 Table 1. Median (1st quartile - 3rd quartile) of liver function tests in all studied groups. 

Parameter Gp.1 

no=10 

Gp.2 

no=10 

Gp.3  

no=10 

Gp.4  

no=10 

Gp.5 

no=10 

ALT 

 (U/L) 

60.5 

(55.6-67.3) 

120.1a 

(105.2-131.5) 

69.2b 

(60-76.8) 

67.2b 

(62-74.7) 

62.6 b 

(56.9-68.5) 

AST  

(U/L) 

44.2 

(42-46.4) 

80.3a 

(76.1-83.9) 

45b 

(46.1-51.4) 

45b 

(46.2-51.1) 

44.4b 

(45.9-49.4) 

ALP 

(U/L) 

44.1 

(42-46.4) 

190.5 a 

(165-240) 

53.3 b 

(50-58.5) 

50.1 b 

(46-55.5) 

45.5 b 

(43-47.8) 

 a Significant from group 1, b Significant from group 2 (at P value <0.05).  

3.2 Histopathological Investigations: 

3.2.1 Negative control group: 

 

Figure 1. Photomicrograph of liver of group 1 which 

shows typical hepatic parenchyma with preserved lobular 

pattern (blue arrow), central veins (A, red arrow), sinusoids 

(B, red arrow) and hepatic cords arrangement. (yellow 

arrows). Scale bars 40, 20 um. 

3.2.2 Positive control group: 

 

Figure 2. Photomicrograph of liver of group 2 shows 

marked multifocal peri-lobular hepatocyte degenerative 

and necrotic changes (blue arrows, green arrows and stars), 

apoptosis of variable number of hepatocytes (red arrows) 

and vascular dilatation with erythrocytic enlargement in 

the surrounding blood vessel and sinusoids (yellow stars). 

Scale bars 80, 60, 20 um. 

3.2.3 MSCs treated group:    

 

Figure 3. Photomicrograph of liver of MSCs- treated 

diabetic rats showing:  

(A) apparently normal structures with preserved lobular 

pattern (blue arrow), hepatic cords (black arrow) and 

vascular arrangement (red arrow) apart of the few 

degenerated hepatocytes (hydropic degeneration) (white 

arrow).  

(B) hepatocellular necrotic areas, replaced by round cells) 

(lymphocytes and plasma cells (yellow arrow), few 

hepatocytes show degenerative and apoptotic changes 

(white and green arrows). Scale bars 40, 20 um. 
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3.2.4 Placental extract treated group:    

 
Figure 4. Photomicrograph of liver of PE-treated diabetic 

rats showing apparently normal histo-morphological 

features of hepatic parenchyma and stroma with almost 

normal hepatocytes (blue arrow), cord arrangement (black 

arrows) and vascular structures (red and green arrows). 

Scale bars 40, 20 um. 

3.2.5 MSCs/PE Combination treated group:   

 

Figure 5. Photomicrograph of liver of combination treated 

group showing apparently normal hepatic parenchyma 

with regard to hepatocytes, central vein, sinusoids and Von 

Kupffer cells which appears slightly hypertrophied. Scale 

bars 40, 20 um. 

4. DISCUSSION 

     Diabetes-related hepatotoxicity has received 

less attention than other common complications such 

as cardiopathy, retinopathy, and nephropathy 1, 26. 

The aim of this research was to explore how MSCs 

and placental extract could affect the damaged livers 

of STZ-induced diabetic rats. Elevated serum 

aminotransferases (AST, ALT), and ALP activities 

are typical manifestations of liver disease, and have 

been found to be more affected in diabetic patients 

than in the general population 9.  

     Previous human and animal studies used levels 

of ALT, AST, and ALP to determine the hepatic 

effects of DM 27. The present study showed that liver 

enzymes (ALT, AST and ALP) levels were 

significantly increased in group 2 than group 1. This 

effect was similar to the results of other studies that 

found STZ detrimental to liver function 1. 

     The elevated aminotransferases level was 

explained by the cellular damage in the liver caused 

by STZ induction. While ALT can be found in both 

mitochondria and cytosol, the mitochondrial form 

has a low activity and is highly unstable; hence 

almost all detected ALT is cytosolic in origin. 

However, the precise mechanism by which enzymes 

are emitted from the cytosol and mitochondria of 

hepatocytes is not well understood. Experiments 

have shown that minor membrane changes are 

necessary to enable intracellular enzymes to migrate 

into the extracellular space. The presence of very 

large concentration gradient between the hepatocytes 

and the sinusoidal space usually exists for enzymes 

also play a role. Besides, cell damage increases 

permeability causing cytosolic isoenzymes to spill 

into the sinusoids and from there into the peripheral 

blood 9.  

     Rodríguez et al. 28 mentioned that STZ in 

hyperglycemic animals causes a time dependent rise 

in AST, ALT, and ALP levels. Also, it has been 

shown that STZ produces alterations in hepatic 

functions in poorly controlled diabetics 2. Other 

studies have reported hepatocellular dysfunction 

after 1-3 weeks of diabetes induction 9. The changes 

in hepatic function may be attributed to a rise in 

araginase activity and mRNA levels of 

aminotransferases 29. 

     In the current study, histopathological 

examination of liver tissues of positive control group 

revealed a toxic hepato-cellular destructive effect of 

the injected STZ compound, as evidenced by 

multifocal peri-lobular hepatocyte degenerative and 

necrotic changes, apoptosis of a variable number of 

hepatocytes, and vascular dilatation with 

erythrocytic engorgement in the surrounding blood 

vessel and sinusoids.  In certain portal regions, there 

was a minor lymphoplasmacytic reaction. The biliary 

system was the least affected, with only few bile 

ducts and ductules showing proliferative changes 

(Fig. 2).  These outcomes were in line with Al-Ani 

et al. 30 who discovered massive pathological 

changes in the livers of STZ diabetic rats as 

compared to the usual structure observed in the 

negative control.  

     In the present study, MSCs had positive effects 

on the liver tissues of STZ diabetic rats appeared as 

reduction of liver enzymes (table 1). Furthermore, 

histopathological examination of MSCs treated 

group was apparently normal with preserved lobular 

pattern, hepatic cords and vascular structure, as well 

as few degenerated and apoptotic hepatocytes (Fig. 

3). These results were in harmony with the results of 

Yang et al. who reported that MSC transplantation 

could promote partial recovery of liver function and 

alleviate liver inflammation in several animal models 

of liver fibrosis or cirrhosis by direct and indirect 

effects of MSCs on the fate of activated hepatic 
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stellate cells, differentiation of MSCs into 

Hepatocyte-like cells and immunomodulation 

capacity of MSCs 12. 

     Khalil et al. demonstrated that MSCs 

transplantation reduced serum AST and ALT, 

restored liver construction and activity in a rat model 

of CCL4-induced liver fibrosis, reducing CCl4 

toxicity and enhancing liver function 31. Also, Zheng 

et al. 32, Huang et al. 33 and Gilsanz et al. 34 found that 

transplantation of MSC can enhance function of 

liver, hinder hepatocyte apoptosis, and stimulate 

proliferation of hepatocyte in animal models of acute 

liver failure. Moreover, Zhang et al. 35 found that 

transplantation of MSC reduced liver enzymes levels 

when compared with an acute liver damage model. 

Furthermore, MSC transplantation in rats could 

control metabolic disorders in the liver and blood, 

such as an excess of amino acids, bile acids, 

sphingolipids, acylcarnitines, and 

glycerophospholipids which increase proliferation 

and decrease hepatocytes apoptosis 36. 

     In the current study, placental extract treated 

group had significantly lower levels of liver enzymes 

when contrasted to the positive control group (table 

1). Also, Histopathological examination showed 

evidence of cellular regeneration, with typical histo-

morphological features of hepatic parenchyma and 

stroma, as well as normal hepatocytes, cord 

organization, and vascular structures in the majority 

of the examined sections of this group. (Fig. 4). 

These promising results reflect a great improvement 

in the liver condition and make us recommend its 

trial in humans with liver diseases for many reasons; 

First: PE is a mixture of some proteins, growth 

factors, vitamins and trace elements so it could be 

administered safely especially it has been already 

used in many other diseases with almost no reported 

side effects. 18 Second: some researchers reported 

promising actions of PE against immune-mediated 

hepatitis 14. Third: placental extract injection was 

reported to have anti-inflammatory and regenerative 

effects on damaged tissues that could help with 

various liver injuries 19.  

     Similar results were observed in MSCs/PE 

combination treated group, in which liver enzymes 

returned to their normal levels. Furthermore, 

histopathological examination of combination 

treated group showed apparently normal hepatic 

parenchyma with moderate portal aggregation of 

mono-nuclear cells (lymphocytes and macrophages) 

and mild biliary proliferation (Fig. 5). These results 

came in line with our anticipations due to the 

collection of benefits of both MSCs and PE. 

     Naughton et al. 37 and Yamauchi et al. 38 stated 

that placental extract has been used for thousands of 

years in China and in Korea as a therapeutic agent for 

liver renewal especially in traditional folk medicine.  

     Liu et al. found that placental extract of sheep 

had possible therapeutic effects against immune-

mediated hepatitis 14 and Landek et al. reported that 

placental proteins greatly reduced over all serum 

levels of IgG and IgM thyroglobulin-specific 

antibodies in experimental autoimmune thyroiditis 
39.  

     All of the treated groups in this study (MSCs 

treated, PE treated and MSCs/PE combination 

treated groups) showed great improvements in liver 

functions, with liver enzymes returning to normal 

levels (table 1).  Moreover, no significant 

differences between all these groups regarding ALT, 

AST and ALP levels were observed reflecting the 

efficacy of all the used regimens in the treatment of 

liver affection related to diabetes. 

5. CONCLUSIONS 

     This study reported important roles of MSCs 

and placental extract either alone or in combination 

regarding the regeneration and proliferation of liver 

tissue in streptozotocin induced diabetic rats, as 

evidenced by the improved liver enzymes and 

histopathological examination of the liver tissues. 
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     MSCs: Mesenchymal stem cells, PE: Placental 

extract, STZ: Streptozotocin, DM: Diabetes mellitus, 

ROS: Reactive oxygen species, PRDN: 

Polydeoxyribonucleotide, DMEM: Dulbecco’s 

modified Eagles medium, ALT: Alanine 

aminotransferase, AST: Aspartate aminotransferase, 

ALP: Alkaline phosphatase.  
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