
RESEARCH

Acta Parasitologica (2025) 70:83
https://doi.org/10.1007/s11686-025-01016-z

	
 Asmaa M. El-kady
asmaa.elkady@med.svu.edu.eg

	
 Hatem A. Elshabrawy
hatem.elshabrawy@shsu.edu

1	 Department of Medical Parasitology, Faculty of Medicine, 
South Valley University, Qena 83523, Egypt

2	 Department of Clinical Microbiology and Immunology, 
Faculty of Medicine, King Abdulaziz University,  
Jeddah 21589, Saudi Arabia

3	 Special Infectious Agents Unit, King Fahd Medical Research 
Center, King Abdulaziz University, Jeddah  
21589, Saudi Arabia

4	 Department of Biological Sciences, College of Science, 
University of Jeddah, Jeddah 21589, Saudi Arabia

5	 Department of Medical Laboratory Sciences, Faculty of 
Applied Medical Sciences, King Abdulaziz University, 
Jeddah 21589, Saudi Arabia

6	 Department of Epidemiology and Medical Statistics, Faculty 
of Public Health and Health Informatics, Umm Al-Qura 
University, Makkah 21955, Saudi Arabia

7	 Department of Zoology, College of Science, King Saud 
University, Riyadh 11362, Saudi Arabia

8	 Department of Biology, Faculty of Sciences-Scientific 
Departments, Qassim University, Buraidah, Qassim  
52571, Saudi Arabia

9	 Department of Molecular and Cellular Biology, College 
of Osteopathic Medicine, Sam Houston State University, 
Conroe, TX 77304, USA

Abstract
Background  Diabetic nephropathy (DN) is a leading cause of end-stage renal disease (ESRD) among individuals with dia-
betes, highlighting the urgent need for effective therapeutic strategies to combat this condition. Prior research has indicated 
that T. spiralis possesses hypoglycemic properties. In this investigation, we aimed to evaluate the efficacy of T. spiralis anti-
gens, derived from both adult and larval forms, in treating diabetic nephropathy in alloxan-induced diabetic mice (AIDM).
Methods  A total of forty Swiss albino mice were allocated into four groups, each consisting of ten mice. Diabetes was 
induced in three of the groups using alloxan, while one group served as a control without diabetes. Two diabetic groups 
received treatment with either crude larva (CLA) antigen or adult worm antigen (AWA), while one group remained untreated. 
The study assessed various parameters, including fasting blood glucose levels, blood urea, serum creatinine, and serum albu-
min across all groups. Additionally, histopathological examinations of the kidneys were conducted. 
Results  The results indicated that treatment with CLA or AWA antigens led to a significant reduction in blood glucose, serum 
creatinine, and blood urea levels, alongside an increase in serum albumin. Notably, the administration of AWA antigens 
resulted in substantial improvements in renal pathological changes induced by diabetes, as evidenced by hematoxylin and 
eosin staining and Masson trichrome staining, which also demonstrated a reduction in fibrosis. 
Conclusions  The findings suggest that T. spiralis antigens may mitigate renal damage in diabetic mice by alleviating hyper-
glycemia-induced inflammation and oxidative stress, warranting further investigation into their potential role in preventing 
DN in diabetic patients.
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Introduction

Infection with parasitic helminths has been demonstrated 
to influence the progression of various diseases, including 
bacterial, viral, parasitic, and autoimmune conditions; how-
ever, such infections are less common in developed nations 
[1, 2]. The “hygiene hypothesis” posits that the increased 
incidence of autoimmune diseases, such as Type 1 Diabetes 
Mellitus (T1DM) in these countries, may be linked to the 
decline in helminth infections [3]. Supporting this theory, 
numerous studies involving animal models infected with 
helminth parasites have indicated that these infections can 
inhibit the onset of several autoimmune diseases, including 
T1DM [4, 5].

The mechanisms underlying these protective effects of 
helminth infections may involve the direct activation of 
regulatory T (TReg) cells or modifications in the movement 
of autoreactive T cells [3]. Additionally, helminth infec-
tions are known to robustly stimulate T helper 2 (Th2) cell-
mediated immune responses, which include eosinophilia, 
the production of specific cytokines (notably interleukins 
IL-4, IL-5, and IL-13), and the induction of immunoglobu-
lin E (IgE) [6]. Alongside these Th2 responses, regulatory 
immune responses have also been observed following expo-
sure to antigens from parasitic helminths [1, 6].

Trichinella spiralis is a unique parasitic nematode. Its 
life cycle comprises three primary stages: adult worms 
(Ad), newborn larvae (NBL) and muscle larvae (ML) [7]. 
Throughout the progression of trichinella infection, the 
immune system of the host is activated by various anti-
gens, which may either be linked to the parasite’s cuticle 
or be secreted by the parasite itself. This activation prompts 
a transition from an inflammatory immune response to an 
anti-inflammatory one, a shift that has been shown to be 
crucial for the survival of the parasite [8]. The induction of 
this anti-inflammatory regulatory response, which includes 
regulatory T cells (TReg), alternatively activated macro-
phages (AAMs), and regulatory B cells (BReg), influences 
dendritic cells (DCs) and T cells, resulting in the downregu-
lation of adaptive immune responses [8].

In light of the aforementioned findings, T. spiralis infec-
tion has been proposed by various research groups as a 
potential therapeutic approach for conditions such as air-
way diseases [9], inflammatory bowel disorders [10], auto-
immune encephalitis [11], and rheumatoid arthritis [12] and 
Type 1 Diabetes Mellitus (T1DM) [13].

Diabetic nephropathy (DN) represents a prevalent and 
serious consequence of diabetes mellitus, characterized by 
significant morbidity and mortality rates [14]. Research 
indicates that the primary factor contributing to DN is dam-
age to the microvascular endothelium, which can ultimately 
result in end-stage renal disease (ESRD) and renal failure 

[15, 16]. Notable pathological alterations linked to DN 
encompass mesangial hypertrophy, increased thickness of 
the glomerular basement membrane (GBM), accumulation 
of extracellular matrix, and loss of glomerular epithelial 
cells [17]. Additionally, changes within the glomeruli, such 
as apoptosis of mesangial cells and fibrosis, are critical in 
the progression of DN [18]. The adverse impact of diabetes 
on renal function underscores the urgent need for the devel-
opment of novel strategies and pharmacological interven-
tions aimed at protecting the kidneys from the detrimental 
effects of diabetic nephropathy.

Inflammation and oxidative stress associated with hyper-
glycemia in diabetes mellitus are critical factors contrib-
uting to diabetic nephropathy, with antioxidant enzymes 
playing a protective role against its progression [19]. Nota-
bly, research has indicated that mice infected with T. spira-
lis exhibited reduced blood glucose levels [20]. The authors 
proposed that the dynamics of blood glucose levels during 
the infection are related to the development of muscle lar-
vae and the encystment of infected muscle cells [20]. Fur-
thermore, the infected subjects demonstrated significantly 
elevated levels of superoxide dismutase (SOD), glutathi-
one-S-transferase, and peroxidase, alongside an increase in 
antioxidant levels, including Vitamin E [21]. Consequently, 
this study aimed to explore the potential protective effects of 
T. spiralis antigens against diabetic nephropathy in alloxan-
induced diabetic mice (AIDM).

Materials and methods

The present study took place in the department of Medical 
Parasitology, Faculty of Medicine, South Valley Univer-
sity, Qena, Egypt. All animal experiments were conducted 
according to the guidelines of the Declaration of Helsinki. 
The Faculty of Medicine’s Institutional Review Board and 
Ethics Committee at South Valley University, Qena, Egypt, 
approved all animal experiments (Protocol approval num-
ber: SVU-MED-PAR008-4-22-8-425). 

T. spiralis was maintained in Swiss albino mice at the 
Department of Parasitology, Faculty of Medicine, Assiut 
University, Assiut, Egypt. Ten laboratory-bred male Swiss 
albino mice infected with T. spiralis adult worms were 
used to prepare adult worm antigens (AWA), on the 3rd day 
postinfection (dpi), whereas 10 mice were used to prepare 
crude larvae antigens (CLA) on the 49th dpi.

.

Preparation of T. Spiralis crude larva antigen (CLA) 

Muscle tissues from infected mice, which were euthanized 
on the 49th day post-infection, were subjected to artificial 
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digestion to extract larvae, following established meth-
odologies [22]. To prepare CLA, the isolated larvae were 
suspended in phosphate-buffered saline (PBS), then homog-
enized using a Braun S Potter homogenizer. This mixture 
was subsequently sonicated five times in an ice-water bath. 
The resulting homogenate was centrifuged at 3,000  g for 
30 min at 4 °C to obtain the supernatant, which was then 
ultra-centrifuged, aliquoted, and stored at -20 °C.

Preparation of T. Spiralis adult worm antigen (AWA)

On the 3rd day post-infection, ten mice infected with T. 
spiralis were euthanized, and their small intestines were 
removed to isolate the adult worms [23, 24]. For the prepa-
ration of AWA, the adult worms were homogenized. Follow-
ing the centrifugation of the homogenate, the supernatant 
was collected [25, 26], and the protein concentration was 
determined using the Bradford assay.

Animals Experiments

Forty male Swiss albino mice, aged four to six weeks and 
weighing approximately 25 g, were utilized for the study. 
Alloxan was administered intraperitoneally at a dosage of 
80  mg/kg to thirty of the mice to induce diabetes. Mice 
exhibited fasting blood glucose levels of 11.0 mmol/L or 
higher, measured 48 h post-alloxan injection, were classi-
fied as diabetic [27, 28].

The diabetic mice were subsequently divided into three 
groups, each containing ten mice. Two groups received 
intradermal injections over the sternum with either AWA or 
CLA at a dosage of 70 mg/kg [12]. After a two-week inter-
val, both antigens were administered again [12]. The control 
groups, which included both diabetic and nondiabetic mice, 
were injected with saline in an equivalent volume. One 
week after the final treatment, the animals were euthanized, 
and blood and tissue samples were collected for biochemi-
cal analysis and histopathological examination.

Blood Glucose, Serum Albumin and Kidney Function 
Measurement

Blood samples underwent centrifugation at 3,000  rpm to 
facilitate serum separation. The quantification of blood 
glucose (Spinreact, Spain), serum creatinine (Abcam, Cam-
bridge, MA, USA), blood urea (Abcam, Cambridge, MA, 
USA), and serum albumin (Sigma-Aldrich, Darmstadt, Ger-
many) was performed using a Beckman Coulter automated 
chemistry analyzer along with commercial kits.

Antioxidant Enzyme Activity in Kidney Homogenate

The activity of Superoxide dismutase (SOD) was assessed 
following established methodologies. One unit of the 
enzyme was defined as the amount that results in 50% 
inhibition of epinephrine autooxidation [29]. The level of 
Reduced Glutathione (GSH) were measured using the tech-
nique described by Chatuphonprasert et al. [30]. The GSH 
concentrations were expressed in mmol/mg protein or nmol/
mg protein, based on the comparison with the GSH standard 
curve slope [31].

Histological Analyses

Hematoxylin and Eosin (H&E) Staining

The kidneys were extracted from various groups of mice 
and subsequently fixed in 10% formalin. They underwent 
dehydration through a series of increasing alcohol concen-
trations and were ultimately embedded in paraffin to prepare 
H&E stained sections. The assessment of tubular and glo-
merular damage was conducted as previously outlined [32].

Masson Trichrome Staining

To evaluate the extent of fibrosis, Masson’s trichrome (MT) 
staining was performed using the trichrome Gomori One-
Step Aniline Blue Stain kit from Newcomer Supply, located 
in Middleton, WI, USA. Imaging was conducted with a 
Leica microscope (model CH9435 Hee56rbrugg) from 
Leica Microsystems, Switzerland.Scoring of fibrosis results 
by determination of reaction area percent in 10 microscopic 
fields using image J 1.53t, Wayne Rasband and contributors, 
National Institutes of Health, USA.

Statistical Analysis

All data were expressed as mean ± standard deviation (SD). 
The differences between groups were analyzed using one-
way ANOVA and LSD post hoc tests. Differences were con-
sidered statistically significant at p value < 0.05.

Results

Administration of T. Spiralis Antigens Significantly 
Reduced Blood Glucose in AIDM

As illustrated in Fig. 1A, untreated diabetic mice (group II) 
exhibited a significant increase (p < 0.05) in blood glucose 
levels. The administration of T. spiralis antigens (AWA or 
CLA) to these diabetic mice resulted in a significant decrease 
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Our findings showed that the activity of the SOD and GSH 
antioxidant enzymes was reduced in the kidneys of diabetic 
mice when compared to control nondiabetic mice. Never-
theless, treatment with CLA or AWA antigens reinstated 
SOD and GSH enzymes activity, ultimately reaching levels 
comparable to those observed in nondiabetic mice (Fig. 2).

Treatment with CLA or AWA Antigens Protected the 
Kidneys of AIDM against DN

We conducted an examination of the kidneys from various 
groups of mice to assess the protective effects of AWA or 
CLA administration on the kidneys of diabetic mice. Histo-
logical analysis using H&E staining of kidney tissue sections 
from control nondiabetic mice revealed glomeruli exhibit-
ing normal structure, volume, and mesangial matrix, along 
with a clear and patent tubular lumen (Fig. 3A). In contrast, 
kidney tissue sections from untreated diabetic mice showed 
pronounced hyalinization in blood vessels (black arrow, Fig. 

in blood glucose levels (p = 0.002 and 0.006, respectively), 
as shown in Fig. 1A. Furthermore, untreated diabetic mice 
displayed markedly lower serum albumin levels compared 
to control mice, which increased following treatment with 
AWA or CLA, although this change did not reach statistical 
significance (P > 0.05, Fig. 1B).

Additionally, we observed significantly elevated levels of 
serum creatinine and blood urea in untreated diabetic mice 
when compared to control nondiabetic mice. Nevertheless, 
treatment with AWA or CLA led to a significant reduction 
in both serum creatinine (Fig. 1C) and blood urea (Fig. 1D) 
levels in the diabetic mice.

Treatment with AWA or CLA Antigens Increased 
Antioxidant Enzyme Activities in the Kidneys of 
AIDM

Subsequently, we sought to evaluate the protective effects 
of CLA or AWA administration on the kidneys of AIDM. 

Fig. 1  Effect of AWA or CLA treatments on blood glucose (A), serum 
albumin (B), serum creatinine (C), and blood urea (D) of diabetic 
mice. Asterisks (*) indicate statistically significant difference; p < 0.05, 

whereas “ns” indicates non-significant difference when compared to 
diabetic untreated mice group. 
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which was statistically significant when compared to the 
non-diabetic control mice group (Fig. 4B). Conversely, in 
the treated animal groups, there was a notable reduction in 
collagen fibrous tissue deposition, particularly surrounding 
the congested blood vessels (Fig. 4C and D). A comparison 
between the treated and untreated animal groups revealed 
a significant decrease in the fibrosis score, with untreated 
diabetic animals showing 20.6% fibrosis, while the CLA-
treated group exhibited 16.3%, and the AWA-treated group 
demonstrated only 0.76%.  .

Discussion

Recent estimates indicate that approximately 37.3 million 
individuals in the United States are affected by diabetes 
mellitus [33]. DN is recognized as one of the most serious 
complications associated with DM, contributing signifi-
cantly to the morbidity and mortality rates among diabetic 
individuals [14]. Research has demonstrated that trichinel-
losis can lead to reduced blood glucose levels in humans, as 
well as in experimentally infected dogs and mice [34]. This 
reduction is believed to be linked to the glucose consump-
tion by the developing larvae of Trichinella spiralis [20].

Our study sought to determine whether the administra-
tion of T. spiralis antigens could mitigate DN in AIDM, 
and our findings indicated that treatment with AWA and 
CLA antigens provided protection against DN. It has been 
well documented that serum urea and serum creatinine 

3B and 3C) and perivascular fibrosis, with infiltration by 
mononuclear inflammatory cells (star, Fig. 3B and 3C) and 
degenerative changes in renal tubules (blue arrow, Fig. 3C). 
Notably, these pathological changes were mitigated in mice 
treated with AWA and CLA   . Renal sections from CLA-
treated animals also showed hyalinization in blood vessels 
(black arrow, Fig. 3D and 3E) and perivascular fibrosis, with 
infiltration primarily by lymphocytes and eosinophils (star, 
Fig. 3D and 3E), as well as degenerative changes in certain 
renal tubules (blue arrows, Fig. 3D).   On the other hand, we 
recognized better therapeutic potential in AWA treated mice 
group. Renal sections from AWA-treated animals exhibited 
congestion in preglomerular and pretubular blood vessels 
(black arrows, Fig. 3F and blue arrowsFig. 3G) and infiltra-
tion of interstitial tissue by mononuclear inflammatory cells 
(black arrow, Fig.  3G), in comparison to untreated diabetic 
mice. Furthermore, no hyalinization in blood vessels or 
tubular injury was observed in AWA-treated mice group. 

Treatment with CLA or AWA Antigens Significantly 
Reduced Fibrosis in Kidneys of AIDM

We subsequently evaluated the extent of fibrosis across vari-
ous groups of mice by examining MT-stained kidney sec-
tions. The non-diabetic control mice group showed normal 
histological architecture of the renal tubules and glomeruli 
with minimal collagen deposition (Fig. 4A). In contrast, the 
renal tissues of untreated diabetic mice displayed signifi-
cant peritubular collagen deposition, quantified at 20.6%, 

Fig. 2  CLA or AWA administra-
tion restored SOD ans GSH 
enzyme activity in kidneys of 
diabetic mice. Diabetic untreated 
mice showed marked reduc-
tion of SOD and GSH level in 
comparison with normal group. 
Higher levels of SOD and GSH 
were reported in treated animals 
compared to diabetic untreated 
group with no statistical differ-
ence (ns); p > 0.05
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CLA-treated mice compared to diabetic untreated mice. The 
improvement of renal function and the antioxidant enzymes 
activity was aligned with the improvement in DN associated 
renal pathological alterations in AWA or CLA-treated mice.

Histopathological examination of renal tissue of animals, 
in our study, revealed significant pathological alterations in 
kidneys of diabetic mice compared to control mice which 
provide evidence of DN. We detected glomerular (mesangial 
hypercellularity and expansion of glomeruli with reduced 
Bowman’s space and thickened basement membrane) and 

significantly increased in DN mice compared to control 
group [35]. This is consistent with our findings that diabetic 
mice have increased serum urea and serum creatinine and 
reduced serum albumin which confirms DN in these mice. 
Interestingly, AWA or CLA antigenic treatments lowered 
blood glucose levels of diabetic mice and improved the renal 
function as evidenced by reduction in serum blood urea and 
serum creatinine and an increase in serum albumin levels 
compared to diabetic untreated mice. This is consistent with 
increase in renal SOD activity in renal tissues of AWA or 

Fig. 3  CLA or AWA treatments alleviated diabetic nephropathy in dia-
betic mice. (A) Representative image of H&E-stained kidney tissue 
of control nondiabetic mice showing normal hitological structure of 
glomeruli and renal tubules (B) Representative image of H&E-stained 
kidney tissue of diabetic untreated mice showing marked hyalinza-
tion in blood vessels 54and presence of perivascular fibrosis with 
infiltration by few number of mononuclear inflammatory cells (star). 
(C) Representative image of H&E-stained kidney tissue of diabetic 
untreated mice showing marked hyalinzation in blood vessels (black 
arrow) and presence of perivascular fibrosis with infiltration by few 
number of mononuclear inflammatory cells (star) and degenerative 
changes in some renal tubules (blue arrow) (D) Representative image 
of H&E-stained kidney tissue of diabetic mice treated with CLA show-

ing marked hyalinzation in blood vessels (black arrow) and presence 
of perivascular fibrosis with infiltration by inflammatory cells mainly 
lymphocytes and eosinophils (star) and degenerative changes in some 
renal tubules (blue arrow). (E) Representative image of H&E-stained 
kidney tissue of diabetic mice treated with CLA showing marked hya-
linzation in blood vessels [5 4and presence of perivascular fibrosis 
(star). (F) Representative image of H&E-stained kidney tissue of dia-
betic mice treated with AWA showing preglomerular and pretubular 
blood vessels congestion ( black arrows). (G) Representative image of 
H&E-stained kidney tissue of diabetic mice treated with AWA showing 
preglomerular and pretubular blood vessels congestion (blue arrows)
and infiltration of interstitial tissue by mononuclear inflammatory 
cells (black arrow). Magnification is 400X
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auto-antigens and allergens [38]. The second mechanism 
pertains to the function of regulatory T cells, which can sup-
press immune responses not only to infectious agents but 
also to bystander antigens [37]. Helminth parasites, known 
to induce predominantly Th2 and regulatory responses, 
have been demonstrated to affect the progression of autoim-
mune and allergic diseases [2, 39–42]. Numerous experi-
ments conducted on animal models of human autoimmune 
diseases have shown that helminth infections or the admin-
istration of helminth-derived products can either prevent the 
onset or alleviate the symptoms of autoimmune diseases [2, 
43–50].

In the present study, the therapeutic potential of antigens 
derived from T. spiralis adult worm (AWA) in treatment of 
DN was better than that resulted from treatment of diabetic 
mice by antigens derived form T. spiralis muscle larvae 

tubular injuries (tubular dilatation, attenuation, vacuolation, 
and desquamation of tubular epithelial cells with necrotic 
material in the tubular lumen) in renal tissues of diabetic 
mice. Similar results were previously reported in renal tis-
sues of alloxan induced-diabetic rats with DN [36]. The 
treatment of diabetic mice with AWA or CLA ameliorated 
these histopathological alterations and reversed fibrosis as 
shown by reduced collagen deposition in glomeruli, peri-
vascular, and peritubular regions of renal tissues compared 
to diabetic untreated mice..

Several mechanisms have been proposed to elucidate 
the protective effects of infections on autoimmune disor-
ders. The two primary mechanisms are competition and 
immunoregulation [37]. The first mechanism posits that a 
robust immune response against the antigens of infectious 
agents may inhibit responses to “weaker” antigens, such as 

Fig. 4  Treatment with CLA or AWA antigens ameliorated renal fibrosis 
in diabetic mice. (A) Representative image of MT-stained renal tis-
sues of control nondiabetic mice showing showing normal histological 
structure of renal tubules and glomeruli without fibrous connective tis-
sue formation. (B) Representative image of MT-stained renal tissues of 
diabetic untreated mice showing extensive showing pretubular fibrosis 

(star). (C) Representative image of MT-stained renal tissues of CLA-
treated diabetic mice showing perivascular fibrosis (star). (D) Repre-
sentative image of MT-stained renal tissues of AWA-treated diabetic 
mice showing no fibrous connective tissue formation. Magnification 
is 400X
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(CLA). This can be explained by findings reported by pre-
vious studies [51]. The authors investigated the impact of 
T. spiralis infection on the differentiation of CD4 + T cells 
at different stages of infection. Notable increases in Th2 
CD4 + T cells, which express IL-4, as well as Treg cells were 
observed during the early intestinal phase (3–6 days) and the 
NBL migration phase (at day 15). The enhanced production 
of IL-4 correlating with the helminth-induced Th2 suppres-
sion of autoimmune disease [5, 45]. Following the expul-
sion of adult worms from the intestine and the migration of 
newborn larvae to muscle tissue to form encapsulated mus-
cle larvae, the levels of Th1, Th2, and Treg cells returned to 
baseline [51]. The authors concluded that T. spiralis infec-
tion primarily promotes Th2 and Treg responses during the 
initial stages of infection, and that the persistence of these 
cell types requires ongoing stimulation from the presence 
of the worms. Once the adult worms were expelled and the 
muscle larvae encapsulated, there was no observable host 
cellular immune response [51]. Although, both T. spiralis 
adults and larvae trigger Th2 immune response, the adult 
worm is different in its ability to stimulate the production 
of IL-17 which was found to be elevated in the intestines 
of animals experimentally infected with T. spiralis [52, 53].

We have shown that antigens from T. spiralis can miti-
gate diabetic nephropathy (DN) in an animal model of dia-
betes mellitus. The administration of CLA or AWA antigens 
resulted in decreased blood glucose levels, serum urea and 
creatinine and offered protection to mice against renal his-
topathological changes, as indicated by diminished tissue 
damage, reduced collagen deposition, and less fibrosis in the 
renal tissues. These results suggest that T. spiralis antigens 
may represent a promising therapeutic approach for com-
bating DN. The application of autoclaved parasitic antigens 
eliminates the harmful consequences associated with induc-
ing helminthic infections through live parasites. Neverthe-
less, more comprehensive research is required to confirm 
their effectiveness in diabetic patients and to identify the 
specific molecule(s) that contribute to immune modulation.
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