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Abstract :

Background: The prolidase enzyme plays a vital role in collagen metabolism, a process that is disrupted
in various pathological conditions, including type 2 diabetes mellitus (T2DM). T2DM is a widespread meta-
bolic disorder, particularly after the age of 35, caused either by impaired insulin secretion from pancreatic beta
cells or by insulin resistance.

Objective: Evaluates the activity of the prolidase enzyme in type 2 diabetes, which plays a role in colla-
gen formation, and variables associated with its levels in T2D.

Method/Analysis This study included 90 individuals, comprising 60 individuals with type 2 diabetes and
30 healthy people, with a mean age range from 30 to 70 years for both patients and healthy controls. After
collecting the data, prolidase activity was assessed, along with biochemical parameters of the type 2 diabetes
patients.

Results: Activity of prolidase among type 2 diabetes subjects was measured. It was revealed that prolidase
activity was decreased in type 2 diabetes patients compared to healthy individuals (P = <0.001). Increased
inflammatory markers such as C-reactive protein (CRP) and tumor necrosis factor alpha (7NF-a) were ob-
served (P = <0.0001). Increase in glucose and glycated hemoglobin levels (P=<0.0001), with a mild decrease
in electrolytes (Mg+2, Cat+2) (P=<0.0001), kidney function tests (urea, creatinine, uric acid) (P=<0.0001),
with an increase in lipid profile (cholesterol, 2TRI, LDL, VLDL) (P=<0.0001) except for a decrease in HDL
(P=<0.0001), and body mass index (BMI) (P=0.0006). This suggests that both prolidase and inflammatory
markers are linked to type 2 diabetes.

Keywords: diabetes mellitus, type 2 diabetes, clinical variables.
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Introduction :

The Prolidase enzyme is vital in the
process of collagen reconfiguration. It
1s classified as cytoplasmic xopepti-
dase and has been isolated from mul-
tiple sources, including human eryth-
rocytes. Its function is characterized
by its primary role in the final phase
of collagen degradation. Its activi-
ty was discovered about 75 years ago
[1],[2]. Prolidase is characterized by
a wide prevalence in human tissue, it
may show particularly high activity in
kidneys, red blood cells and intestinal
mucosa, while its activity is relative-
ly lower in plasma and liver [3]. The
most important and active pillar with
which proleydase enzyme reacts is
Kleisin-Prolin. This enzyme belongs
to the group of biphetydase-based
methaloptydases such as Zn? *, Mg?
*, Ca? " and Co? *. These cationics are
essential auxiliaries for its catalytic ac-
tivity [4],[5]. Human prolidase are a
dual-symmetric enzyme consisting of
two long chains, each containing 493
amino acids, where the total molecular
weight of the enzyme is 54548 daltons,
and the molecular weight of each se-
ries 1s estimated to be about 48 daltons.

According to some studies, the enzyme
is believed to have a role in regulating
peptide hormones, and the decrease or
absence of its activity has been associ-
ated with a rare disease known as pro-
leydiz deficiency PD [6],[7].
Prolidase enzyme deficiency is a
rare genetic disorder resulting from
mutations in the PEPD gene, charac-
terized by loss of prolidase enzyme ac-
tivity. This condition leads to elevated
levels of proline and hydroxyproline,
resulting in impaired collagen produc-
tion [8]. A deficiency in the activity of
this enzyme causes impaired break-
down of collagen and proteins contain-
ing proline. These mutations lead to
impaired wound healing and contribute
to the appearance of characteristic skin
symptoms. Mental retardation has also
been observed in some people suffering
from prolidase deficiency. This is due
to high levels of proline, a compound
that can negatively affect the functions
of glutamatergic neurons in the central
nervous system [9],[10].Diabetes is a
highly common endocrine conditions,
affecting more than 170 million people
worldwide. This disease is character-
ized by inadequate insulin production
, In some cases the hormone insulin
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produced by the pancreas is ineffective.
Diabetes is known as the “silent kill-
er”’ because it is often discovered when
health complications appear. Common
problems faced by people with diabe-
tes include failure to adhere to neces-
sary care, such as a healthy diet and
insulin, as well as a lack of knowledge
about the disease and a lack of physi-
cal activity [11],[12]. In othe hand the
Diabetes mellitus type 2 is the predom-
inant form, representing 96% of dia-
betes among adults, and is commonly
associated with genetic factors and life-
style. The development of this disease
1s mainly a major factor: the first is the
inability of beta cells in the pancreas to
secrete insulin effectively, and the sec-
ond is the lack of a good response of
insulin-sensitive tissue to it [13],[14].
Chronic metabolic disorder is consid-
ered to cause high blood glucose lev-
els. This condition is mainly due to
insulin resistance and poor glucose
tolerance, as well as the potential for
insulin production shortages in some
cases [15]. Type 2 diabetes begins with
progressive development, with high
blood sugar only observed after large
meals. Unlike type 1 diabetes, where
the function of pancreatic cells deteri-

orates further, the high level of blood
sugar becomes more pronounced as the
disease progresses in type 2. Studies
suggest that about 40% of individuals
with glucose intolerance can lose the
mass of pancreatic cells, and this per-
centage increases to about 60% when
type 2 diabetes is clinically diagnosed
[16]. Drug selection is a critical ele-
ment. Priority should be given to drugs
that contribute to increased insulin sen-
sitivity and support weight loss efforts.
These drugs help improve the body’s
response to insulin, enhancing blood
sugar level control. Conversely, the
use of drugs that increase insulin levels
in the body and promote weight gain
should be reduced, as these factors can
exacerbate the patient’s state of health
[17]. Therefore, this study aims to eval-
uate the activity of prolidase in T2DM
patients and investigate its association
with biochemical parameters .

Materials and Methods:

The study included (90) serum sam-
ples collected from external laborato-
ries from Samarra and Tikrit districts,
(60) samples of males and females
with type 2 diabetes, aged between 30-
70 years, and (30) samples of healthy
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individuals as a control group, aged be-
tween 30-70 years. Blood was collect-
ed from the vein using a 5 ml capped
syringe, and the blood was placed in
tubes containing a gel tube, which fa-
cilitates the process of serum isolation.
It was separated by a centrifuge at 3000
degrees Celsius for 10-15 minutes,
then the serum was isolated and placed
in tubes divided into two samples to
ensure preservation, and the two sam-
ples were preserved at a temperature of

(-20) until use.
Biochemical tests:Prolidase

zyme interacts with binary peptide

cn-

(kleisin-proline) as an enzyme substrate
core substance [18], amino acid-pro-
line and claycine editors freely, mea-
sured by the amount of brulin emanci-
pated by logne after its interaction with
nanhydrin t 515nm wavelength based
on proline as standard material.

Its level has been calculated accord-
ing to the following formula[19] :

ProlidasActivity(U/L )= Abs test-Abcontrol/Abs ofstandard x 2. 4 x (S)

The study involved measuring sev-
eral variable,including TNF (Tumor
Necrosis Factor Alpha), CRP (C-Re-
active Protein) from Elabscience in
the ELISA System reader from Human
Source Germany[20] while biochemi-
cal parameters including glucose, urea,
creatinine, uric acid, calcium, magne-
sium, and lipid profile were assessed
using commercial kits from Linear
Chemicals (Spain) via ELISA System
Reader.

Ethical Ethical
approval was obtained from the rel-

Considerations:

evant institutional review board. In-
formed consent was obtained from all

participants prior to sample collection.

Statistical analysis: SPSS was used
to determine differences in biochemi-
cal parameters between T2D patients
and the healthy contro group, using
those F test at a statistically significant
level (P <0.0001) ROC curve analysis
was employed to evaluate the diagnos-
tic performance of these parameters in
serum to differentiate between patients
and the control group. Prolidase levels
and the studied biochemical param-
eters were also determined, with the
area under the curve (AUC) assessed.
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Results and discussion :

Table 1 shows a significant de-
crease in prolidase activity in T2DM
patients compared to healthy con-
trols (P<0.001). The findings of this
research confirm the hypothesis that
prolidase deficiency is associated with

metabolic imbalance in T2DM. The re-
duced enzyme activity indicates possi-
ble defective collagen turnover in dia-
betic patients, which may be the cause
of complications such as impaired
wound healing.

Table 1:
levels of biochemical parameters in serum of patients with type 2 diabetes.

Control Patients

Variables n=30 n=60 P-value

(Mean = SD) (Mean = SD)
Age (vears) 40.2 £10.03 55.63+12.8 0.0002
BMI (kg/m?) 25.7+1.35 27.83+2.76 0.0006
prolidase(U/L ) 143.4249.99+ 98.2458.84+ <0.001
CRP (pg/mlL) 8.21+0.68 13.83+3.36 <0.0001
TNF (pg/mL 80.04+20.86 121.03+28.98 <0.0001
Gluguse (mg/dl ) 115.51+6.34 196.1+23.24 <0.0001
HbAlc 5.1+0.33 7.83%1.25 <0.0001
Urea(mg/dl ) 22.93+1.59 38.42+8.63 <0.0001
Creatinin(mg/dl ) 0.3+0.03 0.92+0.6 <0.0001
uric acid (mg/dl ) 4.05+1.18 6.28+0.54 <0.0001
mg(mg/dl ) 2.06+0.04 1.11£0.05 <0.0001
Ca(mg/dl ) 10.67+0.34 8.21+0.33 <0.0001
CHOLE(mg/dl ) 200.46+9.19 227.19+10.7 <0.0001
2 TRI(mg/dl ) 193.24+6.77 223.4149.4 <0.0001
3HDL(mg/dl) 47.27+12.96 21.71£1.75 <0.0001
VLDL(mg/dl ) 38.64+1.35 44.68+1.88 <0.0001
LDL(mg/dl ) 114.53+14.83 160.79+£9.17 <0.0001
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The ruslt shows that the BMI in-
creased in body mass index of peo-
ple with type 2 diabetes compared to
healthy controls in (27.83 + 2.76vs
25.7%1.35,P = 0.0006 ) as in Table (1)
Obesity is a significant contributor to
the rising incidence of type 2 diabetes,
which is a chronic condition in which
the body suffers from a deficiency in
producing insulin sufficiently or the
inability to use it effectively, causing
high blood glucose levels [21]. Type 2
diabetes is characterized by a decrease
in insulin secretion from the beta cells
in the pancreas, along with resistance
in the body’s cells to insulin, which
leads to an increase in fatty acid levels.
These processes lead to a reduction in
the ability to transport glucose to mus-
cle cells, in addition to an increase in the
breakdown of fats and the production
of glucose in the liver [22]. According
to studies that indicate that obesity oc-
curs at a higher mass rate in the mid-
dle of life (50-40), and in all parts of
the world, men are more susceptible to
obesity than type 2 diabetics as a result
of smoking rates, fat distribution, and
food choices as a result of which men
tend to store fat in the abdominal area.
In contrast, according to studies, wom-

en usually store a larger amount of fat
under the skin [23],[24] .

Prolidase enzyme : A significant de-
crease in prolidase levels was observed
in type 2 diabetic patients compared to
healthy individuals as in tabe (1) (98.24
+ 58.84 vs. 143.42 £ 49.9, P < 0.001).
This enzyme deficiency is consistent
with previous findings, indicating dif-
ferential effects of diabetes on proli-
dase activity. Prolidase 1s an important
enzyme in collagen metabolism and
plays a crucial role in wound healing.
Impaired prolidase activity can lead to
wound healing problems, which im-
pacts the patient’s overall well-being.
[10], [25]. Prolidase deficiency is a rare
genetic disorder caused by mutations
in the PEPD gene, resulting in a loss of
function of the prolidase enzyme. This
deficiency can lead to serious health
complications, including skin and
musculoskeletal problems. If left un-
diagnosed or untreated, it can increase
the risk of chronic, difficult-to-treat

skin ulcers [8].
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A decrease in the enzyme is associ-
ated with decreased collagen, and dia-
betes also affects collagen structure and
metabolism in multiple ways, leading
to various consequences. Among the
mechanisms causing these changes
are elevated blood sugar levels, rise in
advanced glycation products, and in-
creased oxidative stress [26]. Research
indicates that type I collagen levels de-
cline almost linearly with age, in both
sexes. Studies also indicate a decrease
in collagen production and synthesis in
response to the aging process [27] .

Inflammatory factors: Both tumor
necrosis factor alpha (TNF-a) and C-re-
active protein (CRP) levels were high-
er in individuals with T2D compared to
healthy controls (p<0.0001) as in tabe
(1). This is consistent with this study

[28],[29] . Tumor necrosis factor alpha
(a-TNF) 1s key factor within stimulat-
ing tissue inflammation and thereby
increasing the risk of type 2 diabetes.
This factor plays an important role in
the etiology of tissue insulin insensi-
tivity, a condition considered a primary
risk factor for disease developmen. In
addition, impaired beta cell function in
the pancreatic islets is correlated with
elevated TNF-o. production in fatty tis-
sue. Studies indicate that elevated lev-
els of this factor in fatty tissue is close-
ly correlated with obesity-induced
insulin resistance, leading to the devel-
opment[30]. C-reactive protein (CRP)
1s an important biomarker stimulated
by pro-inflammatory cytokines from
fat cells, the liver produces. CRP levels
are naturally low in healthy individu-
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als, but chronically elevated in patients
with type 2 diabetes, demonstrating a
correlation between blood sugar and
elevated inflammatory markers [31].
CRP plays a crucial role in various in-
flammatory processes. Furthermore,
exacerbated inflammation, mediated
by increased CRP levels, is associated
with decreased beta cell function in pa-
tients with type 2 diabetes, negatively
impacting blood sugar control [32].

High levels of
glucose and HbAlc were found in di-

Blood sugar tests :

abetic individuals with the condition
versus healthy controls at a probability
value (p<0.0001) as in tabe (1). High
levels of glycated hemoglobin (HbAc)
indicate poor blood glucose control.
It has been observed that a greater
number of diabetic patients have high
levels of HbAlIc. This is partly due to
inadequate dietary practices, lack of
appropriate diets, and lack of exercise.
Some studies have confirmed a posi-
tive association between better blood
glucose management and improved
HbAlc, reflecting the importance of
lower HbAlc levels and better glyce-
mic control[33]. Elevated plasma glu-
cose levels stimulate insulin secretion.
The combination of hyperinsulinemia

and hyperglycemia contributes to (1)
accelerated glucose uptake by visceral
tissues, such as the intestine and liver,
as well as peripheral tissues, especially
muscle, and (2) inhibition of endoge-
nous glucose production, particularly
within the body [34]. Elevated blood
glucose levels result in insulin resis-
tance, a key feature of type 2 diabetes.
This condition has two main aspects:
increased insulin resistance in both
skeletal muscle and liver, and impaired
pancreatic beta cell function. Accord-
ing to this study, increased insulin resis-
tance begins early in the development
of type 2 diabetes and is temporarily
compensated for by increased insulin
secretion from beta cells [35].
Kidney function: we observed an
increase in urea, creatinine, and uric
acid in type 2 diabetes patients com-
pared to the control group at a proba-
bility (p<0.0001) as in tabe (1). This 1s
consistent with studies [36] suggesting
that uncontrolled diabetes leads to el-
evated blood glucose levels, which in
turn leads to elevated serum creatinine
and urea levels. These biomarkers are
important for diagnosing any kidney
dysfunction, while urea production is
affected by many factors such as liv-
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er performance, protein intake, and
protein degradation rate. Serum cre-
atinine 1s a more reliable indicator for
estimating glomerular filtration rate,
which clearly reflects kidney function.
Measuring serum creatinine and urea
contributes to the early detection of di-
abetes-related kidney disease, helping
prevent serious complications. Kid-
ney disorders resulting from diabetes
are known as diabetic nephropathy
[37] , Urea levels increased with age,
with the lowest levels in the 30-49 age
group. Creatinine levels also recorded
a noticeable increase, especially in the
age group over 60 years [38]. Studies
indicate that increased serum blood
uric acid levels may increase probabil-
ity of type 2 diabetes. Data show high
uric acid levels account for about a
quarter of diabetes cases levels. These
findings corroborate earlier studies.
Some research in the 1980s suggested
a link relationship between circulating
uric acid levels as well as an increased
probability of developing diabetes mel-
litus. At the time, it was hypothesized
that hyperuricemia might be a result
of insulin resistance. However, recent
evidence suggests implying that uric
acid plays a part in the progression of

the disease. “Elevated uric acid levels
are associated with increased oxidative
stress and tumor necrosis facto produc-
tion, both of which are involved in the
development of type 2 diabetes [39],
Also, there is observed an increase in
uric acid levels among men because
the hormone estrogen enhances the
secretion of uric acid, while its levels
increase in women after menopause,
which contributes leading to higher
uric acid levels in diabetics with ad-
vancing asge [40].

Electrolytes (Mg, Ca™): We ob-
served lower magnesium and calcium
levels between type 2 diabetes pa-
tients and controls at a probability val-
ue (P<0.0001) as in tabe (1). This is
consistent with studies indicating that
magnesium (Mg) is an essential ele-
ment in the body, playing an important
role in insulin regulation activity and
glucose absorption by insulin, in addi-
tion to its effect on vascular tone [41].
Low intracellular magnesium concen-
trations can lead to a defect in tyrosine
kinase activity.Magnesium is heavily
involved in regulating insulin signal-
ing resulting in an impaired insulin
response after binding to its receptors,
further impairing the insulin response
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in diabetics [42],[43] .Evidence sug-
gests that low magnesium intake and
increased urinary loss are major factors
that may be a factore to magnesium
depletionin the context of type 2 dia-
betes, especially those who struggle to
control blood glucose levels [44]. Di-
abetes-related hyperglycemia can lead
to decreased calcium rates efflux from
cells. Increased calcium entry and de-
creased calcium exit result in a per-
sistently elevated cytoplasmic calcium
level. Studies have shown that calcium
concentrations in patients with type 2
diabetes, whether they have compli-
cations or not, are significantly lower
than in healthy controls [45]. Some
studies have also observed a significant
decrease in serum prolidase levels in
patients suffering from osteoporosis, a
calcium deficiency disease, which can
implies diminished collagen regenera-
tion [1].

Lipid profile we observed an in-
crease in lipid levels, except high-den-
sity lipoprotein (HDL), between type
2 diabetes patients and controls at a
probability (P<0.0001)as in tabe (1).
Diabetes™is associated with elevated
blood cholesterol levels, which accel-
erate the development of atheroscle-

rosis, a major long-term complica-
tion of diabetest this ruslt agrees with
Murwan et.al [46] indicate that ele-
vated low-density lipoprotein (LDL)
in diabetic patients enhance LDL re-
ceptor expression, leading to elevat-
ed LDL cholesterol levels. Elevated
triglyceride levels, resulting from in-
creased production of very-low-den-
sity lipoprotein (VLDL), also increase
plasma triglyceride levels. During the
exchange process by cholesterol ester
transfer protein (CETP), HDL cho-
lesterol levels decrease, resulting in
diminished glucose metabolism and,
consequently, “elevated glycemia. In
diabetes, tissues are unable to utilize
blood glucose, increasing its plasma
concentration. Additionally, fatty acids
stored in adipose tissue are used as an
energy source, leading to the accumu-
lation of excess fatty acids in the liver
and their conversion to triglycerides
[47] . In other hand that lipid profile
levels tend to rise with age in both sex-
es. the data from the current the study
shows that women with diabetes aged
45 or older are at increased risk of lipid
disorders versus men. The data show
higher LDL cholesterol levels along
with triglyceride levels, with a sig-
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nificant decrease in HDL cholesterol
concentrations, especially among old-
er adults. Studies also found that high
total cholesterol and high triglycerides
co-occur almost equally, highlighting
that women are more prone to devel-
oping high LDL cholesterol compared
to men in in general , some studies in-
dicate that all types of lipid disorders
are significantly more common among

women with diabetes [49] . [48]. The
study also included Receiver Operat-
ing Characteristic (ROC) curve anal-
ysis for the evaluated parameters, as
illustrated in Table 2 and Figures 1 to
10. These analyses were performed to
assess the diagnostic performance and
discriminative ability of each parame-
ter in distinguishing between the stud-
ied groups.

Table: (2) AUC, cut off points , sensitivity analysis, and specificity

for biochemical parameters via ROC analysis in patients versus controls.

parameter Cut off sensitivity Speciﬁc.ity +PV -PV AUC
analysis analysis

CRP >9.022 80 100 100 50 0.888

INF >86.002 80.00 75.00 95.2 37.5 0.870
Glucose >125.156 100 100 100 100 1
Urea >25.359 100 100 100 100 1

Creatinine >0.344 96 100 100 80 0.99

uric acid >5.482 88 100 100 57.1 0.97
mg <1.217 100 100 100 100 1
Ca <8.964 100 100 100 100 1

CHOLE >209.152 96 100 100 80 0.98
2TRI >200.793 100 100 100 100 1
3HDL <24.24 100 100 100 100 1
VLDL >40.1586 100 100 100 100 1
LDL >137.7638 100 100 100 100 1
HbAlc >5.6 100 100 100 100 1
BMI >26.5118 72.00 80.00 947 1364 0.784
AGE >45 76.00 80.00 95.0 140.0 0.824

As illustrated in Figures 1 to 10, Re-
ceiver Operating Characteristic (ROC)

curve analysis indicated excellent diag-
nostic performance for most biochem-
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ical and clinical parameters. Of signif-
icance, CRP (0.888), TNF-a (0.870),
creatinine (0.990), uric acid (0.970),
total cholesterol (0.980), BMI (0.784),
age (0.824), and HbAlc (1.000) had

ability. Other parameters like glucose,
triglycerides (TRI), HDL, VLDL, and
LDL presented high values of AUC,
further supporting their potential utili-
ty as diagnostic markers for the disease

high Area Under the Curve (AUC) in question.
values, indicating good discriminative
CRP THE
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Fig.1. ROC analysis of CRP
in disease and control groups

Fig.2. ROC analysis of TNF-a
in disease and control.
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Conclusions

In conclusion, the study demonstrat-
ed significantly decreased prolidase
activity in type 2 diabetes patients,
together with increased inflammato-
ry markers and impaired biochemical
parameters. The findings suggest the
potential role of prolidase and related
biochemical markers in the early diag-
nosis and follow-up of T2DM compli-
cation.
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