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  Abstract 
 

Background: Diabetes mellitus (DM) is a prevalent non-communicable disease with profound impacts on health and 

productivity globally. With the majority of diabetic patients facing debilitating complications, urgent measures are 

warranted, particularly in low- and middle-income countries where the disease burden is high. In recent years, 

nanotechnology has emerged as a promising avenue in medicine, with selenium nanoparticles garnering attention for 

their potential therapeutic applications. Selenium, an essential micronutrient, exhibits significant antioxidant prop-

erties and plays a crucial role in various physiological processes. Notably, selenium deficiency exacerbates oxidative 

stress, a hallmark of diabetes, further compromising pancreatic function and exacerbating diabetic complications.  

Aim: This study investigates the therapeutic potential of selenium nanoparticles in alleviating diabetic complica-

tions, particularly nephropathy, in experimental rat models of type 1 diabetes.  
Methods: The research conducted at the A. Natishvili Institute of Morphology, Tbilisi State University, utilized se-

lenium nanoparticles synthesized through advanced nanomilling techniques. Experimental rats were induced with 

type 1 diabetes and subsequently treated with selenium nanoparticles, insulin, or a combination of both. Biochemi-

cal analyses revealed significant improvements in renal function parameters, including blood urea nitrogen, creati-

nine, and albumin levels, following treatment with selenium nanoparticles, both alone and in combination with 

insulin  
Results: Morphological examinations corroborated these findings, demonstrating reduced inflammatory infiltration 

and preservation of renal architecture in treated groups compared to untreated diabetic rats. Notably, combined 

therapy with selenium nanoparticles and insulin exhibited superior efficacy in mitigating renal edema and preserv-

ing renal function compared to monotherapy with either agent. 

Conclusions: These results underscore the potential of selenium nanoparticles as a therapeutic adjunct in the man-

agement of diabetic complications, particularly nephropathy. Further research and clinical trials are warranted to 

elucidate the mechanisms underlying the protective effects of selenium nanoparticles and optimize their clinical 

utility in diabetic care. (TCM-GMJ June 2024; 9 (1):P28-P35)  
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  Introduction 
iabetes mellitus (DM) is considered as one of  the 
most common non-communicable diseases. Ac-
cording to the suggestion of  the World Health 
Organization, diabetes mellitus ranks fifth to 

sixth among the causes of  death in developed countries 
and ninth to tenth in developing countries [1] DM is cer-
tain to be one of  the most important health problems in 
the 21st century. The majority of  diabetic patients are liv-
ing with serious complications that leads to decreased 
work ability and productivity. Premature death due to dia-
betes is one of  the causes of  loss of  stable family income. 

D 
In low- and middle- income countries, where almost 75% 
of  people affected with diabetes live, introduction of  ur-
gent and decisive measures against this disease is required 
[2][3]. 

In recent years, nanotechnologies occupy an important 
place. The nanomaterial application paved its way to biol-
ogy and medicine and is becoming increasingly popular. 
As for the diabetes mellitus selenium nanoparticles are 
noteworthy to emphasize in this regard. Selenium is an 
essential microelement in  human  body.  Organic  forms  
of  selenium  are  present as  selenomethionine and sele-
nocysteine and inorganic forms such as selenite and sele-
nate, respectively. Selenium was found to be present in 
selenium containing proteins, among which glutathione 
peroxidase (GPX), thyroid reductase (TR) and selenophos-
phate synthetase (SPS) are of  great importance [4]–[7]. The 
recent studies highlighted a positive effect of  selenium on 
various organ systems. Selenium nanoparticles have strong 
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antioxidant, antimicrobial, anticarcinogenic properties, and 
are characterized with good tissue bioavailability and less 
toxicity, they can be administered orally [8]–[19] 

Selenium deficiency decreases the number of  antioxi-
dants glutathione peroxidase (GPx) and consequently 
leads to an increase in oxidative stress [20]–[25]. Hypergly-
cemia is also associated with enhanced oxidative stress - 
due to an increase in superoxide radicals (O2-) and other 
reactive oxygen species (ROS). In addition, the activity of  
such antioxidants as: superoxide dismutase (SOD), glutathi-
one peroxidase (GPC) and catalase are decreased, in their 
turn, reducing antioxidative protection. Selenium (Se), and 
namely, selenocysteine, is an important component of  an-
tioxidant enzymes, such as glutathione peroxidase (GPx). 
Glutathione (GSH) is one of  the most potent antioxidants. 
A biological function of  GPx is to protect the body 
against oxidative stress. After interaction with free radicals 
glutathione (GSH) reverts to its oxidized form (GSSG) 
[4]–[7], [26]. Pancreas is extremely vulnerable to selenium 
deficiency. Selenium deficiency proved to affect the struc-
ture and function of  pancreas [27]. It should be empha-
sized that pancreatic beta cells are one of  the least provid-
ed cells in terms of  their antioxidant activity. Hydrogen 
Peroxide (H2O2) activity leads to decrease of  catalase and 
glutathione peroxidase activities. Selenium therapy reduces 
creatinine, urea and albuminuria levels as well as diabetic 
nephropathy edema results [28][29], and has a positive ef-
fect on diabetic wound healing. Selenium-enriched diet has 
not only antioxidative effect but is also involved in the pro-
tection of  renal tubulointerstinum [30][29] and is effective 
at renal failure and end stage renal disease [31]– [33]. 

The GPX1 level in beta cells is small compared to other 
tissues, for example, its amount reaches only 

1% compared to hepatocytes. Therefore, beta cells are 
very sensitive to the effects of  hyperglycemia and inflam-
matory mediators (cytokines) [34]–[39]. Actually, problem 
of  treating diabetes mellitus still remains relevant, since no 
experimental studies on diabetic rats using relatively high 
doses of  selenium metallic nanoparticle suspension have 
been conducted. Implementation of  the current study will 
allow to develop another effective, affordable and safe 
method of  combined treatment for diabetes complication 

 

 Methods 

The research was conducted on the basis of  A. 
Natishvili Institute of  Morphology of  Tbilisi State 

University. Protocol of  this research has been accepted 
bioethically. 

Selenium nanoparticles were obtained by laboratory Na-
nomill (DECO-PBM-V-0.4L, China) and a high-frequency 
ultrasonic homogenizer - Ultrasonic Processor FS-1800N 
(China) [40]. Biochemical blood tests were performed us-
ing HumaLyzer Primus REF 18200 - semiautomatic pho-
tometer (Human Diagnostics, Germany) and a thermo-
stat /incubator HUMACUBE (Human Diagnostics, Ger-
many). 

For conducting the morphological studies of  animal 
organs, tissue sections were cut on the microtome 

- Leica RM2235 (Leica Biosystems, USA), and observa-
tion was performed using a light microscope - Leica 
DM2500 (Leica Biosystems, USA). 

Type 1 diabetes was induced in rats by using strepto-
zotocin (STZ, Zanosar). The drug was purchased from 
Adooq BioScience LLC, USA)  https://www.adooq.com/
streptozotocin-zanosar.html. Monitoring of  blood glucose 
levels was performed with a glucometer (One Touch Se-
lect, Switzerland). In the treatment which combined 10% 
selenium nanoparticles suspension with insulin, long-
acting insulin (Novo Nordisk) was used. Administration 
was carried out by insulin syringe subcutaneously. 

8-12-week-old albino rats were randomly divided into 4 
groups: 10 rats per group (2 females and 8 males). Female 
rats were nulliparous and non-pregnant. 

Type 1 diabetes was induced in rats by using strepto-
zotocin (STZ, Zanosar). Diabetes mellitus was induced in 
rats according to the guidelines and pursuing our own 
modification (STZ 30 mg/kg). (Furman, B.L. 2015. Strep-
tozotocin-induced diabetic models in mice and rats) [41]. 
After confirmation of  diabetes mellitus, the rats were not 
administered any medications and/or studying suspension 
for 10 days; Administration of  10% selenium nanoparti-
cles suspension or insulin was started only after 10 days 
and lasted for two weeks. Insulin was administered daily 
taking into account body weight and blood glucose levels. 
Rats had free access to both food and water throughout 
the experiment. 

of  Groups 
Group I - DM+Se - 10 rats with diabetes mellitus, taking 

only 10% selenium nanoparticles suspension. Group II - 
DM+Se+Ins- 10 rats with diabetes mellitus, taking 10% 
selenium nanoparticles suspension and insulin injection. 

Group III - DM+Ins- rats with diabetes mellitus, receiv-
ing only insulin injection 

Group IV- DM- rats with diabetes mellitus, not receiving 
any treatment 

At the start of  the experiment (10 days), blood glucose 
control was carried out every other day, while 

after ten days, starting appropriate treatment, the blood 
glucose level was measured every day, based on the results 
obtained, insulin injection dose was determined. 

After completion of  the studies, rats had limited access 
to food for 24 hours (with free access to water) 

and their euthanasia was performed using CO2, flow 
rate - 5 L/min in an individual euthanasia chamber/cage.  
Upon  completion  of   the  experiment,  blood  collection  
was performed  via  cardiac puncture. Blood tubes were 
centrifuged at 3000 rpm for 15 min. The obtained plasma 
was frozen(stored) in a refrigerator at -20°C. Subsequently, 
plasma was used to determine the blood biochemical pa-
rameters: Blood Urea Nitrogen (BUN), Creatinine 
(CREA), Albumin (ALB), 

 
Results and discussion 

The biochemical studies conducted after mono- and 
combined treatment with 10% suspension of  selenium 
nanoparticles in diabetic rats. (See Table 1) 

https://www.adooq.com/streptozotocin-zanosar.html
https://www.adooq.com/streptozotocin-zanosar.html
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Morphological findings of  Kidney obtained after mono- 
and combined treatment with 10% suspension of  selenium 
nanoparticles and insulin in diabetic rats. 

DM: rats 
Marked inflammatory infiltration and interstitial swelling 

were reflected. The renal glomerulus was wrinkled due to 
compression of  the swollen renal interstitium (Fig. 1,2 A, B, 
C), "sludged" erythrocytes were visualized in the glomerular 
capillaries (Fig. 1C). Hemosiderin accumulation was visible in 
the ducts, the capillaries were dilated (Fig. 1 A, B, C). Protein 
components were seen in the interstitium of  the kidney (Fig. 
3). 

rats with only 
injection 

The renal tubules became swollen; the lumens are open. 
The lining epithelium was slightly swollen as well; the renal 
tubules are normal; no capillary stasis was revealed (Fig. 4). 

DM+Se: rats with only 10% 
suspension 

No inflammatory infiltration or necrosis, swelling of  tu-
bules  or  interstitium  were  expressed,  renal  glomeruli  -
Bowman's capsule was normal, tubular lumens were not dilat-
ed (Fig. 5), protein substances were not visible in the interstiti-
um (Fig. 5, 6). 

rats 
of  10% suspension and insulin Inflam-
matory infiltration or necrosis were not expressed in the kid-
neys. The structure of  tubules and Bowman's capsule was 
preserved (Fig. 7). No swelling was observed in the kidneys 
by Fluorescence microscopy; protein substances were not 
accumulated in the interstitium (Fig. 8). 

According to our study conducted in diabetic rats, the in-
crease in creatinine (Table 1) coincided with an inflammatory 
infiltration in the kidneys - severe swelling of  Bowman's cap-
sules and collecting ducts, wrinkling of  glomerulus due to the 
compression of  swollen interstitium, sludged erythrocytes 
seen in the glomerular capillaries of  the kidney, hemosiderin 
massive  visualization  in  the  ducts,  dilated  capillaries,  ex-
pressed glomerulopathy (Fig. 1, 2, 3). Creatinine is known to 
be excreted via the kidneys along with urea.  The urea cycle is 

one of  the ways nitrogen is excreted from the body. The urea 
cycle describes the way how ammonia, alpha-nitrogen, aspar-
tate and bicarbonate are converted into urea. Ammonia is 
toxic, while urea is relatively inert, soluble in water and readily 
excreted in the urine [42]– [46] As a result of  the histological 
examination of  the kidneys in diabetic rats, the changes dis-
cussed  
above  indicate increased serum urea caused by damage and 
dysfunction of  kidney cells. Similar changes are indicating to 
the classic manifestation of  diabetes mellitus [47]–[49] After 
mono and combined treatment with 10% selenium nanoparti-
cles suspension and insulin, serum urea and creatinine levels 
were normalized (Table 1; P>0.05). Histological examination 
showed no swelling in renal tubulo- interstitium, the glomeru-
li and Bowman's capsule were normal, tubular lumens were 
not dilated, and no inflammatory infiltration was revealed 
(Fig. 7, 8). The obtained results are consistent with the litera-
ture data,  where selenium/selenium nanoparticles  showed 
profound effect in normalizing/reducing serum urine and 
creatinine levels and consequently, diabetic nephropathy that 
might be explained by reducing oxidative stress and inflam-
matory infiltration via intaking selenium nanoparticles [28]–
[30], [50]–[53] 

According to our study results, a decrease in albumin con-
centration was revealed in diabetic rats. Albumin is the most 
abundant protein found in plasma, determining its osmotic 
pressure, albumin synthesis takes place in hepatocytes, and 
thereby, the changes (decrease) in its amount can be regarded 
as hepatocyte damage indicators [54]. It should be noted that 
albumin has antioxidant properties and participates in the 
neutralization of  free radicals, the level of  which increases at 
various chronic diseases [55]–[59] Therefore, supposedly, albu-
min low levels, in addition to damage to hepatocytes, indicate 
its impaired ability to detoxify free radicals [55], [60]–[62]. It 
should be noted that decreasing the serum albumin level as a 
result of  hepatocyte damage is considered as a typical bio-
chemical change developed during diabetes mellitus [47], [51], 
[52], [63]–[66]. The reason for the decrease in serum albumin 
levels might be considered not only hepatocyte damage and 
thereby, decrease in its synthesis, but enhanced transition to 

Table  1.  Biochemical  study  of   diabetic  rats  after  mono  and  combined  treatment  with  selenium nanoparticles. 
VS group. 

rats with only 10%  
rats are with a of  and 

injection. 
rats are with only. 

DM rats do not any treatment 
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the tubulointestitium. Investigation of  the kidney function and 
structure using fluorescence microscope clearly showed the 
particles  of  protein entering the kidney interstitium, corre-
sponding to the impaired renal filtration function. Kidney dis-
eases, including diabetic nephropathy is characterized by pro-
teinuria and increased number of  inflammatory mediators [67]
– [70] thus damaging the basal membrane of  renal tubules and 
moving protein into the peritubular space, in turn increasing 
tubulointerstinal damage [71]–[74]  Decreased serum albumin 
levels in diabetic rats was seen. After treatment with a 10% sele-
nium nanoparticles suspension   mono and in combination with 
insulin therapy - albumin concentration increased during mono-
therapy and completely normalized with combined treatment 

with insulin and SeNPs (Table 1). This was confirmed by im-
munofluorescence microscopy data, showing a reduction in 
renal edema/swelling and absence of  protein components in 
the renal interstitium (Fig. 7, 8). 

 

Conclusions 
1.   Monotherapy with a 10% selenium nanoparticles suspen-

sion compared with insulin monotherapy resulted in a reduction 
in renal edema in diabetic rats; 

2.   Combined treatment with a 10% selenium nanoparti-
cles suspension and insulin prevents the development of  kid-
ney edema in diabetic rats; 

 

Figure 1. DM rats, kidney. H&E. (X400). A: Renal ducts with large amounts of  hemosiderin (arrow). B: Markedly wrinkled renal glomerulus 
(arrow), markedly dilated capillaries. C: Capillaries are dilated, glomeruli are constricted, erythrocyte stasis is seen. 

Figure 2. DM rats, kidney. H&E. A: Collecting tubules are markedly swollen (X200). B: Interstitial edema is marked (X400). C: Renal cortex. 
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Figure 3. DM rats, kidney (X400). Fluorescence microscope, protein accumulation in the interstitium (arrow) 

Figure 4. Treatment of  diabetic rats by injecting only insulin. Kidney H&E. A: (X200). The lining epithelium of  the collecting ducts is slightly 
swollen B: (X400) Cortical substance of  the kidney shows a normal Bowman's capsule, the lining epithelium of  the proximal convoluted tubule is 

slightly swollen. 

Figure 5. DMrats, mono treatment with 10% SeNPs suspension, Kidneys. H&E. (X200). A: Renal cortex, proximal and distal convoluted 
tubules. Inflammatory infiltration, edema is not expressed. B: Renal glomeruli (white arrow) proximal and distal convoluted tubules (red arrow) 
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Figure 6. DM rats, mono-treatment with 10% SeNPs suspension, kidneys. H&E. (X200) Fluorescence microscope shows that swelling is not seen 
in the kidneys, protein substances are not accumulated in the interstitium. 

Figure7. DM rats, combined treatment with 10% SeNPs suspension and insulin, kidney. H&E. A: (X200). Renal cortex, proximal and distal 
convoluted tubules (red arrow), renal glomerulus (white arrow), distal convoluted tubules slightly dilated. B: (X400) Normal proximal convoluted tubules. 
C: (X200) Normal renal collecting ducts, no marked edema or inflammatory infiltration. D: (X400) Normal Bowman's capsules (white arrow) 

Figure8. DM rats, combined treatment with 10% SeNPs suspension and insulin, kidney (X400). Can be seen 
by fluorescence microscope that there is no swelling in the kidneys, protein substances are not accumulated in the 
interstitium. 
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