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Abstract
Background/Aims: Gestational Diabetes Mellitus (GDM) is a common complication during 
pregnancy, defined as diabetes diagnosed in the second or third trimester, often asympto-
matic. This study investigates the therapeutic potential of olive leaf extracts and stem cells 
in mitigating GDM-induced complications, particularly focusing on renal function, oxidative 
stress, and pancreatic cell regeneration. Methods: Measurements were made in gravid female 
rats with or without intraperitoneal administration of Streptozotocin (35 mg/kg body weight). 
Biochemical analyses were conducted to evaluate renal function markers (urea, uric acid, cre-
atinine) and oxidative stress parameters (malondialdehyde, glutathione, and superoxide dis-
mutase levels). Histopathological and immunohistopathological evaluations of kidney tissues 
were performed using hematoxylin and eosin staining and specific markers (p53, Insulin, and 
PCNA) to assess cellular changes. Results: The diabetic group exhibited significantly elevated 
levels of urea, uric acid, and creatinine (p<0.01) compared to the control group. Treatment 
with stem cells and olive leaf extracts significantly reduced these levels. Malondialdehyde 
levels were elevated in the diabetic group (p<0.01) but showed marked improvement in the 
treatment groups. Additionally, glutathione and superoxide dismutase activities were dimin-
ished in the diabetic rats (p<0.05) but increased following treatment. Histopathological and 
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immunohistopathological analyses revealed cellular regeneration and improved tissue mor-
phology in the treatment groups compared to the diabetic group. Conclusion: Stem cells and 
olive leaf extracts exhibit significant therapeutic potential in ameliorating renal dysfunction, 
oxidative stress, and tissue damage associated with GDM, highlighting their role in enhancing 
pancreatic cell regeneration.

Introduction

Hyperglycemia and poor metabolism of proteins, fats, and carbohydrates are hallmarks 
of diabetes mellitus (DM), a chronic metabolic illness. It currently affects 382 million individ-
uals, and by 2035, that figure may rise to 592 million (Martiniakova et al., 2024). One major 
issue affecting public health worldwide is diabetes (Liu et al., 2021). By 2045, there will like-
ly be over 783.2 million diabetic patients worldwide, up from 536.6 million in 2021 (Du et 
al., 2022). One of the main clinical risk factors for a few conditions, such as retinopathy, poor 
blood flow, cardiovascular and renal illness, is hyperglycemia in people with type 2 diabetes 
mellitus (T2DM) (Huang et al., 2024; Ríos et al., 2015). The most prevalent causes of T2DM 
pathophysiology are believed to be disruptions in insulin secretion, sensitivity to tissue in-
sulin effects, or both (Chaudhury et al., 2017). Type 2 diabetes mellitus (T2DM) is predomi-
nantly characterized by tissue insulin resistance, ultimately progressing to a complete loss 
of secretory activity in pancreatic cells. It is crucial to address these global health challenges 
by identifying more efficacious treatments and state-of-the-art preventive measures. Nota-
bly, there is a growing demand from patients for the utilization of natural products, driven 
by the adverse effects associated with oral hypoglycemic medications and insulin (Archana 
& Sudheesh, 2024; Mir, 2024). Gestational diabetes mellitus (GDM), a prevalent complica-
tion occurring during pregnancy, is characterized by the American Diabetes Association as 
diabetes that manifests not in the early stages but rather in the second or third trimester 
(Maor-Sagie et al., 2024). As we strive for advancements in therapeutic strategies, the explo-
ration of innovative approaches becomes paramount in mitigating the impact of T2DM and 
GDM on public health. To meet the fetus’s energy needs, moms go through a few metabolic 
changes during pregnancy (Marshall et al., 2022). To provide the fetus with more glucose, 
resistance to insulin increases. A normoglycemic condition is therefore maintained because 
of pancreatic beta cells compensating for the increased glucose demand. On the other hand, 
women with GDM experience deficiencies in the responsiveness of their beta cells, which re-
sults in inadequate insulin secretion and hyperglycemia (Eng et al., 2024). Previous research 
has shown that inflammation resolution failure may be the cause of diabetes and its related 
consequences (Alharbi, 2024). Because normal functioning parenchyma is packed with ex-
tracellular matrix (ECM) and the kidneys’ capacity for regeneration and repair is disordered, 
the development of renal fibrosis also implies a failure of resolution (Yin et al., 2024). Dia-
betic nephropathy (DN), a hazardous consequence of diabetes mellitus, is the primary cause 
of end-stage renal disease with a fatality rate of 30–40%. (Varra et al., 2024). Renal fibrosis 
and increasing renal dysfunction are the hallmarks of diabetic kidney disease (DN) (Wet-
zel et al., 2020). Considering that the present treatments, like blood pressure and glycemic 
management, may only partially slow the progression of DN, a novel therapeutic approach 
to battle DN is critically needed. Many anti-obesity and anti-diabetic medications, including 
rimonabant, sibutramine, and orlistat, have been produced. Numerous alternatives are put 
out considering their grave negative effects (Rahman et al., 2022).

 Owing to the extensive botanical richness and diversity of plant species endowed by 
nature, medicinal plants constitute a significant reservoir of global economic value (Ciocan 
et al., 2023; Shukla et al., 2021). Alkaloids, flavonoids, tannins, terpenoids, and phenolics 
emerge as prominent chemical constituents exerting specific physiological effects on the 
human body, underpinning the medicinal properties of plants (El-Beltagi & Badawi, 2013). 
These compounds exhibit potential anti-inflammatory, hypocholesterolemic, antihyperten-
sive, hypoglycemic, and antioxidant attributes.

© 2024 The Author(s). Published by 
Cell Physiol Biochem Press GmbH&Co. KG
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The olive tree (Olea europaea) stands out as a preeminent botanical entity employed 
in the treatment of diabetes. Across European and Mediterranean regions, the leaves of 
the olive tree (Olea europaea L.) have enjoyed a longstanding tradition as natural remedies 
(Wainstein et al., 2012). Rich in various potentially advantageous components, these leaves 
have been incorporated into the human diet in the form of extracts, powders, and herbal 
teas (Ronca et al., 2024; Wainstein et al., 2012). The biological activity of byproduct extracts 
from the olive tree can be ascribed to phenolic and antioxidant elements, notably tyrosol, 
hydroxytyrosol, oleuropeinaglycone, and oleuropein (Mir-Cerdà et al., 2024; Totaro et al., 
2024). Olive and oil production emanates from the Mediterranean species Olea europaea L. 
(Oleaceae). Traditional applications of olive leaves encompass the treatment of flatulence, 
diarrhea, and diabetes, with their phenolic content being pivotal to their medicinal efficacy 
(Gonçalves et al., 2024).

The physiological impact on the human body is evident, with alkaloids, flavonoids, tan-
nins, terpenoids, and phenolics emerging as the most noteworthy constituents (Ronca et al., 
2024). These compounds exhibit diverse properties, including anti-inflammatory, hypocho-
lesterolemic, antihypertensive, hypoglycemic, and antioxidant effects (Pandey et al., 2024). 
In investigations involving alloxan and streptozotocin-induced diabetic rats, the Olive Leaf 
Extract (OLE) and its active components—oleuropein, hydroxytyrosol, apigenin, luteolin, 
and luteolin-7-O-glucoside—have been explored for their potential as diabetes-preventive 
agents (Acar-Tek & Ağagündüz, 2020; Soliman et al., 2019). Previous research has probed 
the impact of oleuropein on glucose absorption in muscle cells and its potential to enhance 
insulin sensitivity (Hadrich et al., 2016). Oleuropein, notably found in olive leaves, has been 
associated with various pharmacological benefits, such as reduced risk of coronary heart 
disease (Fitó et al., 2008), anti-inflammatory (Laaboudi, Ghanam, Ghoumari, et al., 2016), 
antitumor, anti-proliferative (Ghanam et al., 2015), antidiabetic (Bouallagui et al., 2011), 
antibacterial, and antifungal properties (Medina et al., 2006). These effects, supported by 
numerous studies, are often attributed to the antioxidant characteristics of polyphenols, in-
cluding oleuropein, which has been linked to improved glucose metabolism and normalized 
cardiovascular indicators. Thus, olive leaf extract emerges as a promising candidate for man-
aging diabetes and mitigating associated cardiovascular complications.

 Olive leaf extracts are recognized for their pharmacological properties, particularly in 
relation to antidiabetic and anti-obesity effects (Medina et al., 2006). The initial discovery 
of Mesenchymal Stem Cells (MSCs), a subset of pluripotent stem cells, was credited to Frie-
denStein et al. (Friedenstein et al., 1966; Wu et al., 2016). The term “mesenchymal” denotes 
cells originating in the embryonic stage. Initially known as bone marrow stromal cells or fi-
broblast colony-forming units, “mesenchymal stem cells” possess the ability to differentiate 
into various mesodermal tissues (Caplan, 1991).

The differentiation potential of mesenchymal stem cells (MSCs) is influenced by the cul-
tural environment, amplification conditions, and the origin of the stem cells. The induction 
of differentiation can be facilitated by specific hormones, growth factors, or differentiation 
agents (Almalki & Agrawal, 2016). This process is intricately regulated by a dynamic inter-
play between genetic and epigenetic factors. Epigenetic elements include histone modifi-
cation, DNA methylation, and altered expression of non-coding RNA, while genetic factors 
involve specific transcription factors and signaling molecules (Yang et al., 2021).

Stem cells are primarily characterized by their ability to undergo multi-differentiation 
and self-renewal, originating from various sources. Furthermore, MSCs contribute to tissue 
regeneration by secreting cytokines and growth factors, thereby attracting other cells to the 
site of injury (Guillamat-Prats, 2021). Notably, mesenchymal stem cells exhibit anti-inflam-
matory properties, promote angiogenesis and re-epithelialization, and play a role in immune 
modulation, collectively contributing to their therapeutic potential (Yu et al., 2023).

Recent research has been done on MSCs in the treatment of DM. Although it has dem-
onstrated its attractive qualities to enhance renal function and prevent fibrosis in animal 
models, the underlying mechanisms are still unknown (Yamashita & Kramann, 2024).
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Materials and Methods

Animal
Eight- to nine-week-old female albino rats, weighing between 150 and 170 g, were obtained from 

VACSERA Co., Egypt. The rats were individually housed in a temperature-controlled environment at 25°C, 
maintaining a 12-hour light-dark cycle (Kumar et al., 2016). The light-dark cycle was structured to consist 
of 12 hours of light exposure for the control group and 18 hours of light followed by 4 hours of darkness for 
the gestational diabetes mellitus (GDM) group—a condition known to be associated with oxidative stress 
(Abdel-Reheim et al., 2014). Stringent ethical and welfare standards were observed, as sanctioned by the 
Institutional Animal Care and Use Committee (IACUC) at Fayoum University, Egypt, in accordance with the 
guidelines set forth by the National Institute of Health (NIH).

Olive Leaf Extract (OLE) Preparation
The Olive Leaf Extract (OLE) was methodically synthesized from samples of olive tree leaves, follow-

ing the procedures delineated by Giacometti et al. (Giacometti et al., 2018)The resulting dry residue was 
precisely quantified and subsequently dissolved in water. The resultant solution was then stored at -20°C, 
awaiting utilization as a therapeutic agent.

Isolation and Characterization of Mesenchymal Stem Cells from Bone Marrow (BM-MSCs)
Mesenchymal stem cells (BM-MSCs) were obtained from the bone marrow of four-week-old rats fol-

lowing established protocols. Briefly, the rats were euthanized in accordance with ethical guidelines, and 
their femurs and tibiae were extracted and thoroughly cleaned to eliminate extraneous muscle and connec-
tive tissue. Subsequent to rinsing, the bone marrow was cultured in a low-glucose DMEM solution supple-
mented with 10% fetal bovine serum (FBS, Invitrogen Australia Pty Ltd., Mount Waverley, Victoria, Aus-
tralia), and 1% penicillin/streptomycin. Following epiphysis removal, the bone marrow was incubated in 
a humidified environment with 5% CO2 at 37°C. The culture medium was renewed biweekly until cells 
reached an approximate confluence of 80%. BM-MSCs from the third and fourth passages were utilized for 
all experiments.BM-MSCs in their third passage underwent a meticulous series of procedures, including 
washing, purification, and characterization based on specific cell markers assessed using a flow cytometer. 
To ensure the exclusive examination of viable cells, forward and side scatter measurements were employed 
to exclude deceased cells and debris. Each sample underwent gating to encompass over 10, 000 events (El-
Sayed et al., 2023; Wang Ying-hui, 2014).

Experimental Design
The experimental protocol encompassed the utilization of 50 gravid female rats subjected to investiga-

tion through vaginal smear examination to ascertain the phases of the estrous cycle. Rats displaying devia-
tions from the typical 4-day estrous cycle pattern were excluded from the study. Subsequently, the remaining 
rats were randomly allocated into five groups, each comprising ten individuals: The normal pregnant group. 
The gestationally diabetic rats, denoted as “GD,” underwent a singular intraperitoneal (ip) administration of 
Streptozotocin (STZ) at a concentration of 35 mg/kg body weight on day 0. Evaluation of blood glucose lev-
els occurred 72 hours post-STZ administration to identify rats manifesting stable hyperglycemia [50]. The 
gestationally diabetic assembly treated with mesenchymal stem cells, designated as “GD + MSCs,” involved 
the injection of (1x106) bone marrow-derived mesenchymal stem cells (BM-MSCs) suspended in 500 µL 
phosphate-buffered saline (PBS) via caudal vein administration in pregnant rats. The group of pregnant 
individuals with diabetes subjected to olive leaf extract intervention, hereinafter referred to as “GD + OLE,” 
received a dose of 200 mg extract per kilogram of body weight.The gestationally diabetic group treated with 
mesenchymal stem cells and olive leaf extract (referred to as “GD + OLE + MSCs”).

Blood Sample Collection
On the 21st day of the experiment, blood samples were obtained through jugular plexus veins and 

cardiac puncture for subsequent biochemical analyses. Serum was collected using standard tubes, whereas 
plasma was acquired using tubes containing heparin. Coagulation in the standard tubes was allowed to 
proceed for 30 minutes. Subsequently, both types of tubes underwent centrifugation at 2500 rpm for 12 
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minutes at a temperature of -4°C. The resultant serum and plasma were then carefully transferred to micro-
centrifuge tubes and stored at -80°C for subsequent analyses.

Oxidative stress Assesment. The quantification of Malondialdehyde (MDA) in biological specimens, as 
elucidated by reference (Harting et al., 2008), relies on its interaction with thiobarbituric acid (TBA), result-
ing in the formation of a pink-hued complex that is amenable to photometric measurement. Superoxide 
dismutase (SOD) Enzyme Activity Assessment (U/mg Wet Tissue): Superoxide dismutase (SOD) activity 
was quantified in hepatic homogenate employing the protocol outlined by (Furman, 2015). Quantification 
of Reduced Glutathione (GSH) (mmol/g Wet Tissue): The determination of reduced glutathione (GSH) activ-
ity was conducted in accordance with the methodology presented by (Ruiz-Larrea et al., 1994), utilizing a 
commercially available kit procured from Bio-diagnostics Company Egypt.

Renal Functions Assessment. The determination of serum urea concentration was conducted in ac-
cordance with the protocol outlined by (Marklund & Marklund, 1974).The level of serum creatinine was 
assessed using the methodology elucidated by (Beutler et al., 1963). The determination of serum uric acid 
level was carried out in accordance with the procedure outlined by (Q. Li et al., 2011).

Histopathological Investigation
Paraffin sections of kidney tissue 4–5 μm thickness were obtained and stained using hematoxylin and 

eosin (Suvarna et al., 2018). The stained sections were meticulously examined for circulatory disturbances, 
inflammation, degenerations, apoptosis, necrosis, and any other pathological changes present in the exam-
ined tissues.

Immunohistochemical Investigation
The tissue sections underwent microwave treatment, and a two-step immunostaining procedure was 

implemented to validate the presence of antigens within the tissues. Initially, the primary antibody was 
conjugated to the respective antigen, followed by visualization utilizing a biotin-streptavidin (BSA) system 
(Hirsch et al., 2002). Hematoxylin was employed for counterstaining, and the permanent preparation uti-
lized diamethylbenzidine (DAB). Paraffin slices, with a thickness of five microns (Biogenex, Fremont, CA, 
USA), were affixed to positively charged glass slides. Subsequently, the paraffin sections underwent sequen-
tial immersion in Xylene overnight and a series of ethanol concentrations (50%, 75%, 95%, and 100%). 
Slides were dried post-buffer removal. A singular drop of primary monoclonal antibodies targeting insulin, 
PCNA, and P53 antigens with heightened sensitivity was administered onto the sections. After a 60-minute 
incubation, slides were rinsed for 5 minutes in PBS. Two drops of DAKO EnVision were applied for 20 min-
utes, followed by PBS rinsing. Diaminobenzidine (DAB) chromogen was applied for 10–20 minutes until 
achieving a desirable brown color, and slides were washed to eliminate excess DAB. Mayer’s hematoxylin 
(Hx) facilitated nuclear counterstaining, with sections placed in Hx solution for 3–5 minutes, washed in 
tap water, and differentiated in acid-alcohol before a final tap water wash. Air-dried slides were mounted 
with Canada balsam. For myeloperoxidase immunohistochemistry, antigen extraction involved applying 
heat to the slides in a pressure cooker containing Tris-buffered saline with 0.075% Tween-20 (pH 7.6) 
for 10 minutes (Suvarna et al., 2018). The samples then underwent a 20-minute incubation in 0.3% v/v 
H2O2 in methanol at room temperature to inhibit endogenous peroxidase activity (Hsu et al., 1981). The 
sections were incubated at room temperature for 30 minutes with a polyclonal rabbit anti-human myelo-
peroxidase antibody (diluted 1:1500) and subsequently stained. Immunostaining was conducted using an 
avidin-biotin-horseradish peroxidase system (Vector Laboratories, Burlingame, CA) with 3-amino-9-ethyl 
carbazole as the chromogen for myeloperoxidase and diaminobenzidine for CD68 (Kirkegaard and Perry 
Laboratories, Gaithersburg, MD).

Statistical analysis
The data underwent analysis through SPSS Statistics 23.0. Descriptive statistics were employed for 

data summarization. Paired t-tests facilitated two-group comparisons, while the ANOVA test was applied for 
comparing multiple groups in the case of normally distributed data. Conversely, related sample Wilcoxon 
signed-rank tests were utilized for non-normally distributed data.
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Results

The Effect of OLE , BM-MSC and their combination on renal functions markers
The diabetic rats exhibited a significant elevation (p < 0.05) in the renal function, includ-

ing urea, uric acid, and creatinine compared to the control groups . Conversely, the diabetic 
group subjected to interventions involving the administration of olive oil, stem cells, or a 
combination thereof demonstrated a significant reduction in these parameters, indicating a 
mitigating effect on renal function (Table 1 & Fig. 1).

The Effect of OLE , BM-MSC and their combination on renal oxidative markers
A significant statistically increase (p < 0.05) were noted in malondialdehyde levels with-

in the group treated by STZ alone. In contrast, the administration of a combined treatment 
comprising olive extract and stem cells led to a considerable reduction in malondialdehyde 
levels in diabetic rats. Furthermore, a comparative analysis between the diabetic rats and 
the control group unveiled a noteworthy decrease in renal glutathione (GSH) and superoxide 
dismutase (SOD) levels among the diabetic rats. The assessment of GSH and SOD activity was 
conducted post-treatment and juxtaposed against the diabetes group for evaluation (Table 
2 & Fig. 2).

Table 1. Effects of olive leaf extract (OLE), mesenchymal stem cells (MSC) and their combination on kidney 
functions of gestational diabetic rats. Each value depicted signifies the mean of five records with a standard 
error of measurement. The use of identical letters (a, b, c, d, e) to represent groups signifies their lack of 
statistically significant variance. Conversely, different letters signify a significant variation

Table 2. Effects of OLE, BM-MSC and their combination on renal oxidative markers of gestational diabetic 
rats. Each value depicted signifies the mean of five records with a standard error of measurement. The use 
of identical letters (a, b, c, d, e) to represent groups signifies their lack of statistically significant variance. 
Conversely, different letters signify a significant variation

 

Fig. 1. Effects of olive leaf extract (OLE), mesenchymal stem cells (MSC) and their 
combination on kidney functions of gestational diabetic rats.
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Histopathological and Immunohistochemical assesments of renal sections
The histological structures of the filtering units of the kidney (renal corpuscles) are cru-

cial for this function. The renal corpuscles are located only in the kidney cortex, with about 
1 million per kidney with variation due to race. This unique filtration barrier contains three 
histological structures: the capillary endothelium of the glomeruli, specialized cells called 
podocytes, and the fused basement membranes of both of these cells (Fig.3A). This filtra-
tion barrier allows for the filtration of small molecules such as water, ions, creatinine and 
glucose, and small proteins (less than 90 kDa). This structure must prevent the filtration of 
large proteins present in the blood, such as albumin and immunoglobulins. No pathologic 
lesions could be recorded in any of the control sections. Pathologic data obtained by routine 
HE staining, showed that rat’s kidney of diabetic group suffered obvious pathological chang-
es characterized by glomerular atrophy, extension of the renal glomerulus capsular space, 
serious renal tubular epithelial cells degeneration and necrosis, abundant protein exudation 
in the renal tubular lumen and occasional hyaline casts formation, beside renal perivascular, 
interstitial, lymphocytic aggregations, edema and hemorrhage (Fig.3B). In group GD+MSCs 
showed pathological changes of milder degrees, although glomerular atrophy, renal perivas-
cular, interstitial round cells aggregation, edema and hemorrhage tubular epithelial cells de-
generation and necrosis with focal cystic tubular dilatation were also sporadically observed 
(Fig.3C). Sections from kidney of diabetic rats treated OLE and OLE +MSCs revealed the ap-

Fig. 2. Effects of OLE, BM-MSC and their combination on renal oxidative markers of 
gestational diabetic rats.

Fig. 3. (A-E).  Photomicrographs of 
the kidney tissue of control pregnant 
rats and treated groups stained with 
Hematoxylin and eosin. A (control 
group): Normal renal glomerular (red 
arrow) and tubular structures (green 
arrow). B (GD group): Renal tubular 
epithelial cells degeneration and 
necrosis (yellow arrow) and abundant 
protein exudation in the renal tubular 
lumen (green asterisk), perivascular, 
interstitial, lymphocytic aggregations 
(red asterisk). C (GD+MSCs group): 
Normal renal glomerular (red arrow) 
and tubular structures (green arrow), 
but necrosis with focal cystic tubular 
dilatation (green asterisk).D&E 
(GD+OLE&GD+OLE+MSCs groups): Normal nephron units (red and green arrows) with 
no obvious light microscopic pathologic changes. H&E X 400.
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parently normal histo-morphology of nephron unites with a keeping normal feature of glom-
eruli, tubules, papillae, pelvis, vasculature and stroma (Figs.3D&E).

Immune stained examined renal tissue sections for P53 revealed weak positive cyto-
plasmic reactivity in a few bowmen capsular cells of the control rats (Fig.4A). A weak to 
moderate staining reaction was detected in some tubular epithelia and glomerular tuft endo-
thelial respectively in the diabetic rats (Fig.4B). An absolute negative stain-ability was seen 
in the 3 treatment groups post diabetes (Figs.4C, D&E).

Immunohistochemical investigation of renal tissue showed that the PCNA was distrib-
uted randomly throughout a variable number of the tubules of the kidney in the diabetic 
and treatment groups with a higher rate of compensatory proliferation in the diabetic ones 
(Fig.5B), while few PCNA- weak positive cells were found in the renal tubular epithelium in 
the control rats (Fig.5A). The renal glomerular endothelium was negatively reacted in all ex-
perimental animals; however, a few Bowmen’s partial and visceral cells were weakly reactive 
in the three treatment groups post diabetes (Figs.5C, D&E).

Fig. 4. (A-E). Photomicrographs of 
kidney tissue of control pregnant 
rats and treated groups immune-
stained with the apoptotic marker 
P53 showing: A (Control group); 
weak positive cytoplasmic reactivity 
in a few bowmen capsular cells 
(red arrow). B(GD group); a weak 
to moderate staining reaction is 
detectable  in some tubular epithelia 
and glomerular tuft endothelial 
respectively in the diabetic rats (red 
arrows).C,D&E(GD+MSCs, GD+OLE 
&GD+OLE+MSCs groups);An absolute 
negative satiability was seen in these 
groups (yellow arrows). X 400

Fig. 5. (A-E). Photomicrographs of 
kidney tissue of control pregnant 
rats and treated groups immune-
stained with the Proliferating cell 
nuclear antigen (PCNA) showing, 
A (control group);A few PCNA- 
weak positive cells are seen in 
the renal tubular epithelium 
were noted in the control, B, 
C,D&E (GD, GD+MSCs, GD+OLE 
&GD+OLE+MSCs groups ) showed 
a variable number positive  cells  
in renal tubules of the diabetic and 
treatment groups with a higher 
rate of compensatory proliferation 
in the diabetic ones (red arrows). 
The renal glomerular endothelium 
appears negatively reacted in all 
experimental animals (yellow 
arrows) .X 400.
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Discussion

Primary Findings
There exist three distinct forms of diabetes mellitus (DM): Type 1, characterized by 

autoimmune-mediated destruction of pancreatic cells; Type 2, marked by cell failure and 
insulin resistance in peripheral tissues; and Type 3, recognized as gestational diabetes mel-
litus (GDM) (Childs et al., 2017). DM is a complex and severe multifactorial disorder, where 
hyperglycemia, a prominent feature of GDM, ensues from diminished insulin action, produc-
tion, or a combination thereof, posing a potential threat to maternal health (Elgazzaz et al., 
2024). DM has the capacity to inflict substantial damage on various tissues, especially those 
within the reproductive system. Gestational diabetes mellitus (GDM), a perilous complica-
tion of pregnancy, arises due to an aberration in glucose metabolism throughout gestation 
(Goodman, 2023).

Over the last two decades, there has been a consistent upward trend in the incidence 
and prevalence of diabetes mellitus (DM), affecting an estimated 387 million individuals 
globally (Zheng et al., 2021). At present, oral hypoglycemic medications have emerged as 
the predominant therapeutic modality for managing diabetes mellitus, in addition to insulin. 
However, the clinical utilization of these medications is linked to adverse effects, including 
acute hypoglycemia, lactic acidosis, peripheral edema, and gastrointestinal discomfort (Aziz 
et al., 2015).

In the current investigation, untreated diabetic rats demonstrated a significant reduc-
tion in levels of glutathione (GSH) and superoxide dismutase (SOD), coupled with a substan-
tial increase in levels of creatinine, blood urea nitrogen (BUN), uric acid, and malondialde-
hyde (MDA). Furthermore, histopathological examinations of the kidney unveiled various 
alterations, consistent with findings from previous experimental diabetes research (Akter 
et al., 2021).

The present study demonstrates a pronounced decline in renal function in untreated di-
abetic rats, substantiated by elevated levels of serum creatinine, blood urea nitrogen (BUN), 
and uric acid, along with observable histological changes. Blood urea nitrogen (BUN) is a 
derivative of protein breakdown, with approximately 90% of the generated urea being ex-
creted by the kidneys (Hebi et al., 2017). In the meantime, creatinine is a waste product that 
is produced when muscles contract and utilize creatinine. As a common indicator of glomer-
ular function, creatinine is measured (D’Elia & Weinrauch, 2024). Dehydration, antidiuretic 
medications, and nutrition can all raise BUN levels, whereas creatinine is more specific to the 
kidneys because renal injury is the only important factor that raises blood creatinine levels 
(Carswell & O’Neil, 2024). Furthermore, the kidney is the only organ through which creati-
nine is eliminated. As a result, renal impairment results in the kidney’s inability to effectively 
eliminate urea and creatinine, which builds up in the blood. Consequently, renal injury will 
be indicated by elevated blood urea and creatinine levels (Aktas et al., 2023). During the 
metabolic process, dietary protein undergoes conversion into urea and creatinine, both of 
which are exclusively excreted by the kidneys. Elevated concentrations of blood glucose in 
individuals diagnosed with diabetes can have adverse effects on renal vasculature, leading to 
the onset of renal failure and concurrent increases in blood urea and creatinine levels. Con-
sequently, the assessment of blood urea and creatinine concentrations serves as a valuable 
metric for evaluating renal health. The illustrated results in Fig. 2 detail the analysis of urea, 
creatinine, and uric acid levels in the kidneys of rats induced with diabetes. Substantially 
elevated levels of urea, creatinine, and uric acid were observed in rats induced with diabetes 
using streptozotocin (STZ), in comparison to the negative control (NC) group. Treatment 
with 200 mg doses of olive leaf extract (OLE), stem cells, and their combination exhibited a 
significant mitigation in creatinine and urea levels, respectively (Dollah et al., 2013).
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Contextualizing Findings
The present findings are in concordance with the observations made by Abdel Aziz et al. 

in 2014, wherein a substantial reduction in plasma concentrations of urea and creatinine, as 
well as arterial blood pressure values, were documented after mesenchymal stem cell (MSC) 
injection. Additionally, their investigation disclosed a noteworthy augmentation in the per-
centage of body weight gain and a partial amelioration in the histological presentation of 
renal parenchyma (Abdel Aziz et al., 2014). In the course of our inquiry, we have reaffirmed 
the impact of MSCs on the kidneys of diabetic rats. Specifically, kidney transplantation with 
MSCs exhibited a marked alleviation of renal dysfunction and structural impairment, con-
comitant with a diminution in localized inflammation and fibrosis within the renal tissue 
(Zhang et al., 2020).

Significantly, our study unveiled that the early administration of MSCs in diabetic rats 
led to a substantial reduction in renal cytokine levels and macrophage infiltration. This inter-
vention impeded nephrocyte death and alleviated renal impairment, thereby averting glo-
merular abnormalities and kidney failure (Sun et al., 2018). An additional pivotal aspect is 
immunoregulation, encompassing anti-inflammatory, antiapoptotic, and antioxidant effects 
(Lin et al., 2021). MSCs present a highly promising prospect for the comprehensive therapy 
of diabetic nephropathy (DN).

Olive leaf extract (OLE) emerges as a pivotal agent, demonstrating a pronounced and 
efficacious influence on the restoration of creatinine and urea levels in the kidneys. This 
restorative effect potentially contributes to the reinstatement of antioxidant properties and 
the mitigation of oxidative stress, thereby preserving the integrity of renal blood vessels. 
Previous research has substantiated that OLE possesses the capacity to restore renal func-
tion and holds promise as a therapeutic agent (Dollah et al., 2013).

In accordance with the findings of this investigation, it becomes apparent that the ad-
ministration of olive leaf extract to diabetic rats resulted in a significant reduction in elevated 
levels of blood creatinine, blood urea nitrogen (BUN), and uric acid. Al-Janabi et al. demon-
strated that the use of olive leaf extract elevated urea and creatinine levels induced by strep-
tozotocin (STZ) in diabetic rats. Moreover, in comparison to their diabetic counterparts, the 
administration of olive leaf extract to diabetic rats induced modifications in pancreatic β-cell 
regeneration (Al-Janabi et al., 2013). In male rats with STZ-induced diabetes, Laaboudi et al. 
showed that oral treatment with extracts from olive fruits and leaves increased HDL-C levels 
and decreased blood levels of creatinine, urea, and uric acid (Al-Attar & Alsalmi, 2019). In 
our current investigation, rats treated with STZ exhibited significantly reduced renal gluta-
thione (GSH) and superoxide dismutase (SOD) levels but elevated malondialdehyde (MDA) 
levels. These results unequivocally illustrate that STZ induces oxidative damage in rats with 
experimental diabetes. Hyperglycemia-induced oxidative stress is closely associated with di-
abetic complications, overwhelming the body’s natural antioxidant defense system through 
glucose autoxidation, nonenzymatic glycosylation of macromolecules, and reactive oxygen 
species (ROS) production (Laaboudi, Ghanam, Aissam, et al., 2016). Elevated glucose levels, 
indicative of poor glycemic control, can lead to oxidative damage. Clinical data highlights the 
strong link between oxidative stress and diabetes mellitus (DM), resulting in a reduction in 
antioxidant defense systems or an increase in free radical generation (Ademiluyi & Oboh, 
2012). Cells employ enzymatic or non-enzymatic processes to protect essential functions 
against free radicals, utilizing antioxidant enzymes such as catalase (CAT), SOD, and gluta-
thione peroxidase (GPx). Glutathione (GSH), a potent non-enzymatic antioxidant, serves as a 
biomarker for cellular redox imbalance.

This investigation assesses the influence of olive leaf extract (OLE), mesenchymal stem 
cells (MSC), and their synergistic effects on indicators of oxidative stress and lipid peroxida-
tion in homogenized rat kidney samples. In the diabetic control group, glutathione (GSH) 
levels and catalase (CAT) activities exhibited a statistically significant decrease compared 
to those observed in the non-diabetic control (NC) group. Increased lipid peroxidation re-
sponse is correlated with heightened oxidative stress (Much et al., 2014), with endogenous 
antioxidants like CAT and SOD acting to scavenge superoxide anions and other free radicals. 
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OLE demonstrated an elevation in SOD levels, suggesting its potential to alleviate oxidative 
stress and promote the body’s free radical elimination. Crocetin, observed to enhance insu-
lin-sensitizing effects and endogenous antioxidant enzymes, substantially reduced ROS.

Microscopic examination of kidney tissues in healthy rats from the negative control 
group met normal histological criteria. Conversely, animals treated with MSCs and OLE ex-
hibited nearly normal and active criteria, with defensive mononuclear cells infiltrating from 
periglomerular cells in the kidneys or portal regions in the liver. The kidneys of these treated 
animals displayed less tubular degeneration, cast formation, glomerular hypercellularity, 
and mononuclear cell aggregation. Additionally, the kidneys exhibited flattened uroepithe-
lium, dilated medullary tubules with moderate degeneration, and glomerular hypercellu-
larity. These observed alterations suggest that MSCs and OLE partially mitigate the toxicity 
induced by STZ. Microscopic analysis of diabetic rats treated with OLE alone revealed some 
modification, with most cortical and medullary tubules displaying nearly normal uroepithe-
lium and fewer cellular glomeruli.

Implications
The present investigation unequivocally establishes a notable decrease in structural ab-

normalities within the kidneys of diabetic rats subjected to combined treatment with mes-
enchymal stem cells (MSCs) and olive leaf extract. Stem cells procured from bone marrow 
play a pivotal role in tissue repair and regeneration across diverse organs, including the kid-
neys (Cornacchia et al., 2001; Gupta et al., 2022). Considering the mesenchymal lineage of 
nephrons and the indispensable involvement of stromal cells in nephron and collecting duct 
development, MSCs emerge as highly promising candidates for facilitating renal repair (L. Li 
et al., 2007).

While the exact mechanism by which stem cells enhance kidney function remains unde-
termined in this study, both trans-differentiation and fusion were observed, indicating the 
sustained high population of cells following MSC injection throughout the investigation (Le-
onov et al., 2024). These findings highlight a connection between MSCs’ anti-inflammatory 
effects in the diabetic nephropathy (DN) rat model and macrophage regulation, demonstrat-
ing a decrease in infiltrating macrophages in target tissues (Su et al., 2024). Histological 
analysis confirms the capacity of both OLE and MSCs to restore renal tissues, bringing them 
close to normal status. These findings are supported by histopathological examination of 
renal tissue samples from diabetic female rats treated with MSCs and OLE groups (Mansour 
et al., 2023).

Limitations
1. Mechanistic Uncertainty: The exact mechanisms through which MSCs and OLE 

exert their renoprotective effects remain unclear, specifically the roles of trans-
differentiation versus paracrine signaling in MSC-mediated renal repair.

2. Dosage and Safety: Further research is required to determine the optimal dosage 
and long-term safety of OLE to ensure its effective and safe use in clinical set-
tings.

Future Perspectives
1. Molecular Pathways: Future studies should delve into the specific molecular 

pathways involved in the Reno-protective effects of MSCs and OLE.
2. Clinical Translation: It is essential to extend research to larger animal models or 

clinical trials to evaluate the therapeutic efficacy and safety of these treatments 
in humans.
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Conclusion

This study underscores the significant therapeutic potential of Mesenchymal Stem Cells 
(MSCs) and Olive Leaf Extract (OLE) in ameliorating renal dysfunction, oxidative stress, and 
tissue damage associated with Gestational Diabetes Mellitus (GDM). The treatments notably 
improved renal function markers and oxidative stress parameters, as well as histopathologi-
cal indicators of tissue regeneration.
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