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1. Introduction
Diabetes is a chronic, heterogeneous metabolic disease 

characterized by a complex pathogenesis. It is defined by 
elevated blood glucose levels, or hyperglycemia, due to 
irregularities in insulin secretion, insulin action, or both. 
Hyperglycemia presents in multiple types with diverse 
manifestations, leading to metabolic dysfunctions of car- 
bohydrates, fats, and proteins [1]. Diabetic kidney disease 
(DKD) is a microvascular complication of diabetes and 
a primary contributor to end-stage renal disease (ESRD), 
as- sociated with rising morbidity levels and death rates 
[2]. It is marked with enhance deterioration of renal func-
tion [3]. Diabetic nephropathy has been identified as 
one of the high adverse reaction, affecting 20% to 40% 
of people with diabetes, predominantly those with type 
2 diabetes mellitus [4]. The primary etiologies of kidney 
disease progression in diabetic kidney disease (DKD) are 
glomerular microangiopathy and prolonged diabetes du- 
ration, both of which significantly increase disease and 
death risk in Type II diabetes mellitus (T2DM) [5]. The 

disease develops silently, deteriorates, and results in irre- 
versible harm [4]. The pathogenesis of disease frequently 
correlates with alterations in the structure and function of 
renal cells due to persistent hyperglycemia, the activation 
of metabolic pathways associated with redox imbalance, 
and the inflammatory response [6]. Early detection and 
treatment are critical in diabetic nephropathy. The urine 
albumin creatinine ratio (ACR) and estimated glomerular 
filtration rate (eGFR) are the two primary indicators used 
to identify diabetic kidney disease (DKD) [7]. Numerous 
studies on the ACR value have demonstrated that not all 
DKD patients exhibit increased levels in the initial phases 
of the disease, suggesting that ACR is inadequately sensi- 
tive to function as an indicator for the early stages of DKD 
[8,9]. The estimated glomerular filtration rate (eGFR) 
based on serum creatinine (SCr) can only be verified when 
the eGFR value is less than 60 mL/min/1.73 m², indicating 
that about fifty percent of renal function has already been 
lost [10]. Tubulo-interstitial damage, characterized by 
complex structural changes such as glomerular and tubular 
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hypertrophy, is linked to all types of chronic kidney disease 
(CKD), including diabetic nephropathy (DN) [5]. Tubular 
involvement occurs before glomerular involvement, as 
evidenced by the presence of numerous tubular proteins 
and enzymes prior to the onset of microalbuminuria and 
a rise in serum creatinine SCr [11]. Neutrophil gelatinase- 
associated lipocalin (NGAL) is a 25 kDa structural tubu- 
lar marker that belongs to the lipocalin superfamily and is 
significantly elevated in the blood of patients within hours 
following ischemia-reperfusion injury [12]. NGAL func- 
tions as a binder and transporter of small hydrophobic mo- 
lecules, as well as a factor of innate antibacterial responses 
[13]. Neutrophil gelatinase-associated lipocalin (NGAL), 
a 25 kDa protein synthesized by damaged nephron epi- 
thelia, is a highly promising biomarker for renal epithelial 
injury. Unlike serum creatinine and urinary output, which 
measure kidney function, NGAL is particularly induced in 
injured nephrons and then released into the bloodstream 
and urine, allowing for easy measurement [14].

Moreover, NGAL has been shown to enhance ne- 
phrogenesis and to aid in the transformation of mesen- 
chymal cells into renal epithelial cells. In kidney tubules, 
the synthesis of NGAL increases in response to various 
harmful stimuli, such as ischemia–reperfusion injury, 
si- gnifying the protein's crucial role in tubular regene-
ration and repair [15]. Kidney injury molecule-1 (KIM-
1), a type I transmembrane glycoprotein, is significantly 
synthe- sized at the apical membranes of proximal tubu-
lar epi- thelial cells during tissue regeneration following 
toxic or ischemic acute kidney injury, as well as during the 
dediffe- rentiation of tubular epithelial cells [10]. The CB1 
receptor enhance death of cell, oxidative and damage, and 
inflammation through the activation of p38-MAPK [16]. 
The CB1 cannabinoid receptor, a polypeptide comprising 
four hundred seventy-three amino acids, is expressed from 
CNR1 gene, which is part of the G protein-associated 
receptor suppressor family in chromosome six [17]. This 
gene exhibits many variations identified in distinct popu-
lation groupings.  The new research has identified a rela-
tionship between CNR1 gene polymorphisms and diabetic 
nephropathy with metabolic syndrome [18]. This study 
aimed to investigate presence of SNPs Rs1776966256 and 
Rs1049353 in CB1 gene of Iraqi samples with Type 2 Dia-
betic Mellitus with and without chronic kidney disease.

2. Materials and methods
2.1. Study design

A cross-sectional study was conducted on patients 
who had attended Baghdad Teaching Hospital and Ghazi 
al-Hariri Surgical Specialties Hospital Kidney Diseases 
and Transplantation Center. The study was carried out on 
one hundred twenty control and patients with age from 35 
to 80 years, already-diagnosed T2DM patients collected 
from the Hospital During the period from December 2024 
to March 2025. The study included three groups divided to 
Group1: forty patients with type 2 diabetes with chronic 
kidney disease, Group 2: forty patients type 2 diabetes, 
Control group forty patient not receiving any medica-
tion and did not have a history of any chronic or acute 
disease and his- tory of diabetes were selected with age 
between (35-80) years old. Diagnosis of diabetic kidney 
disease was established by a broad in scope, many ques-
tion to patient, medical evaluation, biochemical investiga-
tion, and Anthropometric measurements, including height, 

weight, and body mass index (BMI), were recorded. Blood 
samples were collected to measure kidney test, lipid pro-
file, (eGFR), sugar test.

2.2. Sample collection
Approximately 2 ml of venous blood was drawn from 

each participant and collected into an ethylene diamine te-
traacetic acid (EDTA) tube for DNA extraction fol- lowing 
the standard protocol. Conventional polymerase chain 
reaction (PCR) was intensify DNA sequence efficiently 
of small sample volume. The amplified products were 
sequenced using the Sanger method to assess the frequen-
cy of cannabinoid gene poly- morphisms, and the resulting 
sequences were submitted to NCBI for accession num-
bers. The remaining 5 ml of blood was collected to obtain 
serum. Serum levels of neutrophil gelatinase-associated 
lipocalin (NGAL) and kidney injury molecule-1 (KIM-1) 
were subsequently detect using ELISA techniques.

2.3. Ethical statement
Verbal informed consent from patients was obtained in 

order to take sample. The study designe, participant data, 
and permission form were examined and approved by the 
local ethics committee. The study objectives were descri-
bed to all volunteers.

2.4. DNA extraction and gene genotyping
Specimens were collected by drawing 1.5 ml blood 

sample kept at -80°C. Variations in the CNR1 gene were 
identified using conventional polymerase chain reaction 
(PCR) to amplify regions containing single-nucleo- tide 
polymorphisms (SNPs). The amplified fragments were 
separated by electrophoresis on a 2% agarose gel stained 
with ethidium bromide to determine genotype patterns for 
both polymorphic sites. PCR products and primers from 
this study were subjected to Sanger DNA sequencing to 
identify any polymorphisms. Newly discovered variations 
were submitted and recorded in the NCBI database.

2.5. Statistical analysis
Data was analyzed using IBM SPSS Statistics (Version 

23, IBM Corp., Armonk, NY, USA). Continuous variables 
(KIM and NGL levels) were expressed as mean ± standard 
error (SE).  A one-way analysis of variance (ANOVA) was

performed to assess the chemical overall differences 
KIM and NGL levels across different genotypes within 
and between groups (CKD, DM, and Control). Following 
ANOVA,   Tukey’s Honest Significant Difference (HSD) to 
determine pairwise differences between genotypes.

3. Result
3.1. Genetic analysis

Genomic DNA was extracted from diabetic melli-
tus (DM) patients, both with and without chronic kidney 
disease (CKD), as well as from healthy controls. The 
concentration of the extracted DNA ranged from 10 to 22 
ng/μL. As shown in Figure 1, distinct DNA bands of ap-
proximately 667 base pairs were obtained following PCR 
amplification and electrophoresis on agarose gel. Selected 
samples were sequenced using the Sanger method, revea-
ling several novel variations that were sub- sequently re-
gistered in the NCBI database.

The results revealed that many samples with high ge- 
netic variation were submitted to the National Center for 
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22.5% in the DM with CKD group, while it was 0% in 
both the DM without CKD and control groups. The ho-
mozygous GG genotype frequency was 67.5% in the DM 
with CKD group and 100% in the DM without CKD and 
control groups. The G allele frequency in the DM with 
CKD group (79%) was lower than in the DM without CKD 
and control groups, whereas the mutant A allele appeared 
more frequently in the DM with CKD group (21%), with 
a significant p-value. 

For the CNR1 cannabinoid gene, a new genetic poly- 
morphism was identified at position 4,217 (G>A). The 
heterozygous GA genotype frequency in the DM with 
CKD group was 70%, significantly higher than the 30% 
observed in the DM without CKD(Table 3). The AA geno-
type frequency was 17.5% in the DM with CKD group, 
compared to 60% in the DM without CKD group. The G 
allele frequency was higher in the DM with CKD group 
(48%) than in the DM without CKD group (25%) and was 
absent in the control group (0%). Conversely, the mutant 
A allele was most frequent in the control group (100%), 
compared to 52% in the DM with CKD group and 75% 
in the DM without CKD group. These differences were 
highly significant (p< 0.01).

The results demonstrated a strong association between 
the sense (G>A) mutation and diabetes mellitus (DM) with 
and without chronic kidney disease (CKD). The A allele 
was identified as a risk factor linked to disease occurrence, 
with patients carrying the GA genotype showing a higher 
susceptibility to disease development (Figure 2).

The genetic polymorphism showing a new variation 
at position 3,998 (G>A) revealed that the heterozygous 
GA genotype frequency in the DM with CKD group was 
82.5%, slightly higher than 80% in the DM without CKD 
group, with no significant difference between groups 
(Table 4). The GG genotype frequency in the DM with 
CKD group was 17.5%, similar to 20% in the DM without 
CKD group and higher than 7.5% in the control group. 
The G allele frequency was comparable between the DM 
with CKD group (59%) and the DM without CKD group 
(60%), and slightly higher than in controls (54%). The mu-
tant A allele appeared more frequently in the DM without 
CKD group (60%) compared to 41% in the CKD group 
and 46% in controls. These differences were not statisti-
cally significant.

The genetic polymorphism showing a new variation at 
position 4,350 (G>A) revealed that the heterozygous GA 
genotype frequency in the DM with CKD group was 75%, 

Biotechnology Information (NCBI) and assigned new ac- 
cession numbers, including BankIt2957847 CNR1_IQ_6 
(PV650357), CNR1_IQ_7 (PV650358), CNR1_IQ_9 
(PV650359), CNR1_IQ_11 (PV650360), CNR1_IQ_12 
(PV650361), CNR1_IQ_15 (PV650362), CNR1_IQ_19 
(PV650363), CNR1_IQ_20 (PV650364), CNR1_IQ_21 
(PV650365), CNR1_IQ_23 (PV650366), CNR1_IQ_24 
(PV650367), CNR1_IQ_25 (PV650368), CNR1_IQ_26 
(PV650369), CNR1_IQ_27 (PV650370), CNR1_IQ_28 
(PV650371), CNR1_IQ_29 (PV650372), CNR1_IQ_33 
(PV650373), and CNR1_IQ_34 (PV650374).

3.2. Genotype distribution and allele frequency of 
rs1049353 in different groups

The results of the CNR1 cannabinoid gene polymor-
phism SNP at position 4,053, presented in Table 1, showed 
a nonsense substitution. The heterozygous GA genotype 
frequency was high for DM with CKD group (30%) in 
accordance with DM without CKD group (10%) and the 
control group (25%), although the differences were not 
statistically significant. The homozygous GG genotype 
frequency was 70% in the DM with CKD group, 90% 
in the DM without CKD group, and 75% in the control 
group. The frequency of the G allele was 85% in the DM 
with CKD group, 95% in the DM without CKD group, and 
84% in controls. 

The rs773947953 SNP of the CNR1 cannabinoid gene, 
located at position 4,027, results in a missense substitution 
(Serine > Phenylalanine, S>F). As shown in Table 2, the 
AA genotype was present in 10% of the DM with CKD 
group, a higher than in the DM without CKD and control 
groups. The heterozygous GA genotype frequency was 

Fig. 1. Results of amplification of the cannabinoid receptor (CNR1) 
gene from human samples. PCR products were separated by agarose 
gel electrophoresis and stained with ethidium bromide. M represents 
the 100 bp DNA ladder marker.

Genotype Frequency
Genotype/ (G>A)

rs1049353: 
CKD

No. (%)
DM 

No. (%)
Control 

No. (%) Chi-Square P-value

GG 28 (70%) 36 (90.0%) 33 (75%)
5.289 0.071 NSGA 12(30%) 4 (10.0%) 7 (25%)

AA 0 (0.00%) 0 (0.00%) 0 (0.00%)
Total 40 40 40

Allele Frequency
G 68(85%) 76 (95%) 73 (84%)

4.71 0.054 NS
A 12 (15%) 4 (5%) 7 (16%)

Total 80 80 80
NS: Non-Significant.

Table 1. Genotype distribution and allele frequency of (G>A) rs1049353:4,053 in different groups.
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which was lower than the 90% observed in the DM wit-
hout CKD group (Table 5). The GG genotype frequency 

was 25% in the DM with CKD group, compared to 10% in 
the DM without CKD group and 0% in the control group. 
The G allele frequency was higher in the DM with CKD 
group (63%) than in the DM without CKD group (55%) 
and the control group (50%). Conversely, the mutant A 
allele was more frequent in the control group (50%) than 
in the DM with CKD (37%) and DM without CKD groups 
(45%). These differences were not statistically significant.

Additionally, a new variation located at position 
4,148 (G>A) showed that the heterozygous GA genotype 
frequency in the DM with CKD group was 87.5%, which 
was higher than the 70.0% observed in the DM without 
CKD group (Table 6). The GG genotype frequency in the 
DM with CKD group was 12.5%, compared to 30% in the 
DM without CKD group. The mutant A allele appeared 
more frequently in the control group (46%) than in the DM 
with CKD (44%) and DM without CKD groups (35%). 
These differences were not statistically significant.

   For the CNR1 cannabinoid gene, the genetic polymor-
phism showed a new variation at position 4,337 (G>A). 
The heterozygous GA genotype frequency in the DM with 
CKD group was 67.5%, which was lower than 100% in 
the DM without CKD group, with a significant difference 
between the groups (Table 7). The GG genotype frequency 
was 32.5% in the DM with CKD group and 0% in the DM 
without CKD group. The G allele frequency was higher 
in the DM with CKD group (66%) compared to the DM 

without CKD group (50%) and the control group (54%). 
Conversely, the mutant A allele was more frequent in the 
DM without CKD group (50%) than in the DM with CKD 
group (34%). These differences were statistically signifi-
cant.

For the variation located at 4,171 (G>A) with a mis- 
sense mutation, the heterozygous GA genotype frequency 
in the DM with CKD group was 75%, higher than 60% in 
the DM without CKD group and 45% in the control group, 

Fig. 2. Nucleotide variations (G>A) at position 4,217, rs2481890897 
at 4,224. (A) SNP location – Red Arrow. (B) Wild nucleotide – Blue 
Arrow.

Table 2. Genotype distribution and allele frequency of (G>A)4,027 rs773947953 in different groups.

Genotype Frequency
Genotype/ (G>A)
4,027 rs773947953

DM with CKD
No. (%)

DM
No. (%)

Control
No. (%) Chi-Square P-value

GG 27 (67.5%) 40 (100%) 40 (100%)
29.159 0.000**GA 9 (22.5%) 0 (0.00%) 0 (0.00%)

AA 4 (10.0%) 0 (0.00%) 0 (0.00%)
Total 40 40 40

Allele Frequency
G 63 (79%) 80 (100%) 80 (100%)

36.59 0.000**
A 17 (21%) 0 (0%) 0 (0%)

Total 80 80 80
**(P<0.01)

Table 3. Genotype distribution and allele frequency of (G>A) 4,217 in different groups.

Genotype Frequency
Genotype/ (G>A) 4,217 DM with CKD

No. (%)
DM

No. (%)
Control

No. (%) Chi-Square P-value

GG 5 (12.5%) 4 (10.0%) 0 (0.00%)
55.434 0.000**GA 28 (70.0%) 12 (30.0%) 0 (0.00%)

AA 7 (17.5%) 24 (60.0%) 40 (100%)

Total 40
40

40

Allele Frequency
G 38 (48%) 20 (25%) 0 (0%)

49.342 0.000**
A 42 (52%) 60 (75%) 80 (100%)

Total 80 80 80
**(P<0.01)
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with no significant difference between groups (Table 8). 
The GG genotype frequency in the DM with CKD group 
was 25%, which was lower than 40% in the DM without 
CKD group and 55% in the control group. The G allele 
frequency was 62.5% in the DM with CKD group, lower 
than 70% in the DM group and controls. 

Additionally, a new variation located at 4,009 (G>A) 
showed that the heterozygous GA genotype frequency in 
the DM with CKD group was 82.5%, slightly higher than 
80% in the DM without CKD group, with no significant 
difference between groups (Table 9). The GG genotype 
frequency was 17.5% in the DM with CKD group, 20% 
in the DM without CKD group, and 17.5% in the control 
group. The G allele frequency was similar among the 
DM with CKD (59%), DM without CKD (60%), and the 

control groups (59%). The mutant A allele frequency was 
also similar between the DM with CKD and control groups 
(41%) and slightly lower in the DM without CKD group 
(40%) variation was missense mutation.

3.3. Correlation of serum KIM 1, NGAL and genotype 
distribution of (G>A) at 4,027 rs773947953 for CNR 
gen in different groups

The results in Table 10 indicate the relationship 
between the (G>A) missense mutation at position 4,027 
(rs773947953) and the levels of NGAL and KIM-1. In the 
DM with CKD group, individuals with the GG genotype 
showed the highest levels of NGAL (1214.29 ± 62.1) and 
KIM-1 (354.77 ± 20.1), while those with the AA genotype 
had lower levels of NGAL (656.01 ± 21.1) and KIM-1 

Table 4. Genotype distribution and allele frequency of (G>A)3,998 in different groups.

Genotype Frequency
Genotype/ (G>A)

3,998
CKD

No. (%)
DM

No. (%)
Control
No. (%) Chi-Square P-value

GG 7 (17.50%) 8 (20.0%) 3 (7.5%)
2.604 0.272 

NSGA 33 (82.5%) 32 (80.0%) 37 (92.5%)
AA 0 (0.00%) 0 (0.00%) 0 (0.00%)

Total 40 40 40
Allele Frequency

G 47 (59%) 48 (60%) 43 (54%)
0.7161 0.397 

NSA 33 (41%) 32 (60%) 37 (46%)
Total 80 80 80

NS: Non-Significant.

Table 5. Genotype distribution and allele frequency of ( G>A): 4,350 in different groups.

Genotype Frequency
Genotype/

(G>A): 4,350
CKD

No. (%)
DM

No. (%)
Control
No. (%) Chi-Square P-value

GG 10 (25.0%) 4 (10.0%) 0 (0.00%)
8.881 0.012*GA 30 (75.0%) 36 (90.0%) 40 (100%)

AA 0 (0.00%) 0 (0.00%) 0 (0.00%)
Total 40 40 40

Allele Frequency
G 50 (63%) 44 (55%) 40 (50%)

2.5684 0.1090 
NSA 30 (37%) 36 (45%) 40 (50%)

Total 80 80 80
* (P≤0.05), NS: Non-Significant.

Table 6. Genotype distribution and allele frequency of (G>A)4,148 in different groups.

Genotype Frequency
Genotype/ (G>A)

4,148
 DM with CKD

No. (%)
DM

No. (%)
Control
No. (%) Chi-Square P-value

GG 5 (12.5%) 12 (30.0%) 3 (7%)
8.04 0.01*GA 35 (87.5%) 28 (70.0%) 37 (93%)

AA 0 (0.00%) 0 (0.00%) 0 (0.00%)
Total 40 40 40

Allele Frequency
G 45 (56%) 52 (65%) 43 (54%)

2.297 0.1296 
NSA 35 (44%) 28 (35%) 37 (46%)

Total 80 80 80
* (P≤0.05),



106

NAGAL and KIM-1 in type 2 diabetes.                                                                                                                                                                       Cell. Mol. Biol. 2025, 71(10): 101-110

(248.53 ± 16.1). In the DM without CKD group, the GA 
genotype exhibited higher levels of NGAL (767.19 ± 36.6) 
and KIM-1 (233.57 ± 32.6), whereas the GG genotype 
showed lower levels of NGAL (361.23 ± 20.4) and KIM- 
1 (105.57 ± 22.1). In the control group, the GG genotype 
corresponded to NGAL levels of 171.08 ± 12.2 and KIM- 
1 levels of 70.96 ± 8.7. The presence of the G allele was 
associated with disease manifestation and higher levels of 
NGAL and KIM-1.

The rs2481890897 SNP of the CNR1 cannabinoid gene, 
located at position 4,224, showed that the heterozygous 
GA genotype in the DM with CKD group had mean KIM- 
1 and NGAL levels of 371.18 ± 1.96 and 1226.07 ± 2.48, 
respectively, which were significantly higher than those 

in the DM without CKD group. There was a statistically 
significant association between rs2481890897 and serum 
levels of KIM-1 and NGAL. The GG genotype frequen- 
cy in the DM with CKD group had a mean KIM-1 level 
of 337.79 ± 4.94, which was also higher than the means 
for the DM without CKD and control groups (103.71 ± 
3.94 and 74.49 ± 1.66, respectively). Similarly, the NGAL 
mean in the DM with CKD group with the GG genotype 
was 1021.73 ± 4.49, exceeding that of the DM without 
CKD and control groups (371.28 ± 6.1 and 169.83 ± 0.87, 
respectively) (Table 11).

For CNR1 cannabinoid gene, the genetic polymor- 
phism showed new variation located 4,217(G>A), the he-
terozygous for the G allele GA genotype in DM with CKD 

Table 7. Genotype distribution and allele frequency of G>A 4,337 in different groups

Genotype Frequency
Genotype/

(G>A): 4,337
CKD

No. (%)
DM

No. (%)
Control
No. (%) Chi-Square P-value

GG 13 (32.5%) 0 (0.00%) 3 (5%)
15.68 0.00**GA 27 (67.5%) 40 (100%) 37 (95%)

AA 0 (0.00%) 0 (0.00%) 0 (0.00%)
Total 40 40 40

Allele Frequency
G 53 (66%) 40 (50%) 43 (54%)

5.112 0.029*
A 27 (34%) 40 (50%) 37 (46%)

Total 80 80 80
*(P≤0.05), **(P≤0.01)

Table 8. Genotype distribution and allele frequency of (G>A): 4,171 in different groups.

Genotype Frequency

Genotype/ (G>A): 4,171 CKD
No. (%)

DM
No. (%)

Control
No. (%) Chi-Square P-value

GG 10 (25.0%) 16 (40.0%) 22 (55%)
5.211 0.07 NSGA 30 (75.0%) 24 (60.0%) 18 (45%)

AA 0 (0.00%) 0 (0.00%) 0 (0.00%)
Total 40 40 40

Allele Frequency
G 50 (62.5%) 56 (70%) 62 (77%)

4.282 0.052 
NSA 30 (37.5%) 24 (30%) 18 (23)

Total 80 80 80
NS: Non-Significant.

Genotype Frequency
G Genotype/ (G>A) 

4,009
CKD

No. (%)
DM

No. (%)
Control
No. (%) Chi-Square P-value

GG 7 (17.5%) 8 (20.0%) 7 (17.5%)
0.769 0.68 NSGA 33 (82.5%) 32 (80.0%) 33 (82.5%)

AA 0 (0.00%) 0 (0.00%) 0 (0.00%)
Total 40 40 40

Allele Frequency
G 47 (59%) 48 (60%) 47 (59%)

0.038 0.897 
NSA 33 (41%) 32 (40%) 33 (41%)

Total 80 80 80
NS: Non-Significant.

Table 9. Genotype distribution and allele frequency of (G>A) 4,009 in different groups.
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group according to the Table 12 have mean and SD for 
KIM1 (349.15±2.27) while NGAL (1146.11±4.11) higher 
than GA genotype in DM without CKD group respecti- 
vely (113.3±3.26), (365.12±7.68) there is statistically 
significant between new variation 4,217 and serum pro-
teins (KIM1 and NGAL), the recessive type for GG geno-
type frequency in DM with CKD group have KIM mean 
(356.87±2.66) higher than KIM mean for DM wit- hout 
CKD (99.66±2.98), while NGAL mean for DM with CKD 
(935.28±5.26) was higher than NGAL mean for DM wit- 
hout CKD (363.62±3.52), The homozygous for A allele 
AA genotype in DM with CKD have mean (361.46±3.08) 
for KIM and NGAL (1111.72±4.98) higher than AA geno- 
type for DM without CKD and control group.

For the CNR1 cannabinoid gene, a new genetic poly- 
morphism was identified at position 4,148 (G>A). In the 
DM with CKD group, individuals with the heterozygous 
GA genotype had mean and SD values for KIM-1 of 
325.19 ± 3.1 and for NGAL of 1091.68 ± 5.16, which were 

significantly higher than those with the GA genotype in the 
DM without CKD group (107.92 ± 2.63 for KIM-1 and 
359.07 ± 3.65 for NGAL). There was a statistically signi- 
ficant association between the 4,148 (G>A) variation and 
serum levels of KIM-1 and NGAL. Additionally, the re- 
cessive GG genotype in the DM with CKD group showed 
higher mean values of KIM-1 (293.97 ± 1.12) and NGAL 
(788.66 ± 4.28) compared to the DM without CKD group 
(KIM-1: 100.08 ± 2.41; NGAL: 366.27 ± 4.92) (Table 13).

For the CNR1 cannabinoid gene, a new genetic poly- 
morphism was identified at position 4,337 (G>A). In the 
DM with CKD group, individuals with the heterozygous 
GA genotype for the G allele exhibited mean ± SD va-
lues of KIM-1 (364.4 ± 2.07) and NGAL (973.17 ± 5.51), 
which were significantly higher than those with the same 
genotype in the DM without CKD group (KIM-1: 104.12 
± 2.48; NGAL: 362.9 ± 1.79). There was a statistically 
significant association between the 4,337 (G>A) variant 
and serum levels of KIM-1 and NGAL. Additionally, the 

Group Genotype KIM (mean ± SE) NGAL (mean ± SE)

DM with CKD
GG 354.77 ± 20.1 1214.29 ± 62.1
GA 233.57 ± 32.6 767.19 ± 36.6
AA 248.53 ± 16.12 656.02 ± 21.1

DM
GG 105.57 ± 22.1 361.23 ± 20.4
GA - -
AA - -

Control
GG 70.96 ± 8.7 171.08 ± 12.2
GA - -
AA - -

P. Value 0.0000*** 0.000*

Table 10. Correlation of serum KIM 1, NGAL and genotype distribution of (G>A) at 4,027 rs773947953.

In the DM with CKD group, individuals with the GG genotype have significantly higher levels of KIM 
and NGAL compared to the GA and AA genotypes. The DM without CKD and control groups show 
lower KIM and NGAL levels for the GG genotype compared to DM with CKD. The p-values indicate 
strong statistical significance for differences in KIM and NGAL levels among groups and genotypes

Group Genotype KIM NGL

DM with CKD
GG 337.79±4.94a 1021.73±4.49a
GA 371.18±1.96b 1226.07±2.48c

DM
GG 103.71±3.94e 371.28±6.1e
GA 97.95±3.89d 339.92±1.18d

Control GG 74.49±1.66d 169.83±0.87d
P. Value 0.0000*** 0.0000***

Table 11. Correlation of serum KIM 1, NGAL and genotype distribution of (G>A),4,224 rs2481890897 
for CNR gen in different groups:

Table 12. Correlation of serum KIM 1, NGAL and genotype distribution of (G>A) at 4,217.

Group Genotype KIM NGL

 DM with CKD
GG 356.87±2.66a 935.28±5.26a
GA 349.15±2.27a 1146.11±4.11a
AA 361.46±3.08a 1111.72±4.98b

DM GG 99.66±2.98d 363.62±3.52d
GA 113.3±3.26c 365.12±7.68c
AA 108.55±2.08c 355.33±7.44c

Control AA 76.41±4.09c 171.51±4.84c
P. Value 0.0000*** 0.0000***
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recessive GG genotype frequency in the DM with CKD 
group showed higher mean KIM-1 (350.05 ± 4.47) and 
NGAL (1148.07 ± 8.65) levels compared to the DM wit-
hout CKD group (KIM-1: 105.2 ± 1.08; NGAL: 358.51 ± 
2.91) (Table 14).

4. Discussion 
The endocannabinoid system has numerous clinical 

conditions. Verifiable information about the correlation 
between the cannabinoid system and itch; this study deter-
mines genetic variants in the endocannabinoid receptor 1 
(CNR1) gene with diabetic nephropathy. The rs1049553 
variant for CNR1 gene in hemodialysis patients and heal-
thy controls. Significant association in pa t i en t s  with and 
without UP, even after excluding individuals with diabetes 
and dyslipidemia [19]. The most common G to A tran-
sition in rs1049353, involving the A and G alleles, has 
been strongly associated with type 2 diabetes mellitus, 
both with and without kidney failure. Doris et al. (2019) 
[20] demonstrated that this transition is linked to higher 
body mass index and increased waist circumference. Our 
study highlights the impact of specific variant within the 
CNR1 gene, particularly rs1049353, on the development 
of kidney disease in patients with Type 2 Diabetes Melli-
tus. In addition, [21] shows the effect of lead, cadmium 
and arsenic in a population that had been directly exposed 
to these metals. Significant relationships were also found 
between the CNR1 rs1049353 gene variants and the lead 
exposure marker. Statistically significant differences were 
seen between T2DM individuals with diabetic nephropa-
thy (DN) and those without.

The rs10493353 variant in CNR1 gene with Diabetic 
nephropathy in Type 2 Diabetic Mellitus patients, and the 
A allele decreases the risk of DN in T2DM patients. Some 
environmental conditions affect the gene. The rs10493353 
G/A variant was independent marker of DN in T2DM pa-
tients. The blockade of CNR1 can be used for treatment 
of Diabetic nephropathy in Type 2 Diabetic Mellitus pa-
tients. The study provides information on the rs10493353 

(G/A) variant in the progression of DN. Reportedly, the 
rs10493353 (also called G1359A) is involved in the me-
chanism of metabolic syndromes. The [22] indicates that 
patients with the AA genotype decrease BMI, blood pres-
sure, and insulin resistance. The A allele of the CNR1 gene 
protect of diabetic nephropathy with type 2 diabetes mel-
litus. The risk factors of diabetic nephropathy (DN) can 
protective function of the A allele in the progression of 
DN, as the A allele diminishes the risk of DN. Some envi-
ronmental factors can effect of genes for DN. The blockade 
of CNR1 can be used for treatment of Diabetic nephropa-
thy in Type 2 diabetic mellitus patients [18].

Cannabinoid receptor-1(CNR1) gene polymorphism 
effect the diabetic nephropathy (DN) in patients with type 
2 diabetes mellitus (T2DM). It has been confirmed that 
CNR1 plays an important role in kidneys, predicted that 
patients with the result of the rs1776965150 show that 
genetic polymorphism the A allele frequency with non- 
significant difference CNR1 genetic variants, specifically 
the rs750464422 polymorphisms, were correlated with 
the development of diabetic nephropathy (DN), whereas 
the rs1776965150 polymorphisms showed no association 
with DN [23].

The CB1R have a broad role of renal diseases. In meta-
bolic syndrome, obesity and diabetes, CB1R inhibition not 
only enhance metabolic parameters, but also play a direct 
role in the protection of renal function, since a large pro-
portion of CKD patients suffer from metabolic syndrome 
and obesity, recent studies hi- ghlighted that CB1R also 
promotes renal fibrosis in non- metabolic nephropathies 
and that its inhibition diminishes the development of renal 
fibrosis [24].

Hyperglycemia and activation of the renin-angiotensin 
system are thought to be the two main drivers of this patho-
logy. We have recently shown that selective blockade of 
peripheral cannabinoid receptor-1 (CB1R) delayed and 
diminished the onset of type 2 diabetes, involved CB1R 
activation in glomerular, and suggested that antagonism 
of peripheral CB1R may serve as a novel, effective, and 

Table 13. Correlation of serum KIM 1, NGAL and genotype distribution of (G>A) at 4,148.

Group Genotype KIM NGL

 DM with CKD
GA 325.19±3.1a 1091.68±5.16a
GG 293.97±1.12a 788.66±4.28b

DM
GA 107.92±2.63c 359.07±3.65c
GG 100.08±2.41c 366.27±4.92c

Control
GA 72.01±2.54d 170.33±3.41d
GG 58.03±2.98d 180.32±3.72d

P. Value 0.0000*** 0.0000***

Group Genotype KIM NGL

 DM with CKD
GG 350.05±4.47a 1148.07±8.65b
GA 364.4±2.07a 973.17±5.51a

DM
GG 105.2±1.08d 358.51±2.91e
GA 104.12±2.48e 362.9±1.79e

Control
GG 57.44±3.15c 170.31±3.19d
GA 86.32±2.59c 172.77±1.27d

P. Value 0.0000*** 0.0000***

Table 14. Correlation of serum KIM 1, NGAL and genotype distribution of (G>A) at 4,337.
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rational strategy to prevent and reverse diabetic nephro- 
pathy. Increased CB1R signaling in podocytes contributes 
to the development of diabetic nephropathy and represents 
a common pathway through which both hyperglycemia 
and increased RAS activity exert their deleterious effects, 
highlighting the therapeutic potential of peripheral CB1R 
blockade [25].

Neutrophil gelatinase-associated lipocalin is one of the 
most promising tubular markers for diagnosing acute and 
chronic kidney diseases [26]. NGAL has been documented 
to promote nephrogenesis and to facilitate the transfor- 
mation of mesenchymal cells into renal epithelial cells. 
NGAL synthesis in kidney tubules increases in response 
to several harmful stimuli, including ischemia-reperfusion 
injury, indicating that this protein plays a crucial role in 
tubular regeneration and repair [15].

Neutrophil gelatinase-associated lipocalin (NGAL) is 
a lipoprotein involved in inflammation, the transport of 
small hydrophobic molecules, and the regulation and pres- 
ervation of iron. NGAL levels in blood and urine increase 
within two hours following acute kidney injury (AKI). 
It serves as a more sensitive biomarker than traditional 
renal indicators such as serum creatinine and blood urea 
nitrogen, allowing for earlier detection of kidney damage. 
Additionally, treatment with diuretics does not affect 
NGAL levels in either urine or blood [27].

Study by Dawood et al (2023) [28] examined at T2DM 
affects circulating levels of increase in NGAL in diabe- 
tic patients Starting 2-4 hours after a kidney injury, ele- 
vated NGAL levels can be seen in plasma and urine, due 
to changes in glomerular filtration, tubular reabsorption, 
and also via increased secretion in tubular epithelial cells. 
When the proximal tubule is injured by tubular necrosis, 
filtered NGAL can leave tubular reabsorption and be se- 
creted in urine. High serum NGAL and high filtered satu- 
rated tubular capacity lead to increased urinary and serum 
NGAL. Kidney damage detected by serum creatinine, but 
is delayed in response to renal injury is usually late and 
the degree of injury may be underestimated. creatinine is 
a marker of glomerular filtration not specific to injury in 
other areas of the nephron. Kidney damage (KIM-1) is a 
substantial increase in cells of the proximal tubules. KIM-
1 is lost in the lumen. Some studies have revealed that 
shed KIM-1 can be used as a blood biomarker for kidney 
damage [29].

The immunoglobulin superfamily protein known as 
kidney injury molecule (KIM)-1, or T cell immunoglobu- 
lin mucin domains (TIM)-1, is significantly elevated in the 
proximal tubule of an injured or diseased kidney; KIM- 
1 expression appears early in the course of the disease, 
and blood KIM-1 levels predict the progression of DKD 
to end-stage kidney disease (ESKD) independent of the 
urinary albumin-to-creatinine ratio (ACR), hemoglobin 
A1C, and estimated glomerular filtration rate (eGFR) [30]. 
Numerous studies have improved them as markers and in- 
dicators of injury in chronic renal disease [4].

This study highlights a significant association between 
specific polymorphisms in the CNR1 gene and the pre- 
valence of chronic kidney disease among patients with 
type 2 diabetes mellitus. The identified genetic variations, 
particularly those correlated with altered levels of serum 
biomarkers NGAL and KIM-1, underscore the potential 
role of the endocannabinoid system in the progression of 
diabetic nephropathy. These findings contribute valuable 

insights into the genetic factors influencing kidney injury 
and may pave the way for improved risk stratification and 
personalized therapeutic approaches in diabetic kidney 
disease. Further research with larger populations is war- 
ranted to validate these associations and explore their cli- 
nical applications.
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