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Abstract

This study was designed to investigate and compare the physiological and
immunological outcomes of Glucovance and Metformin therapy in patients with
type 2 diabetes mellitus (T2DM). The research was carried out between March 4 and
September 4, 2025, at Baghdad Hospital, Medical City, Iraq. A total of 75 male
participants, aged 40—50 years and weighing 65-120 kg, were recruited and divided
into three equal groups: Group 1 (n = 25) received Glucovance for five years, Group
2 (n = 25) received Metformin for five years, and Group 3 (n = 25) served as healthy
controls. The evaluated parameters included fasting glucose (FGS), glycated
hemoglobin (HbAlc), adiponectin (ADP), interleukin-17 (IL-17), interleukin-23
(IL-23), total antioxidant capacity (TAC), and vitamin B12. Blood samples were
collected, stored at —20 °C, and analyzed using ELISA kits. The results revealed no
significant differences between the two drug groups regarding HbAlc, FGS, and
vitamin B12, although both showed significantly higher levels compared to the
controls. ADP concentrations were markedly elevated in the Glucovance group,
while IL-17 levels increased in the Metformin group. The levels of IL-23 were
significantly higher in the Glucovance group compared to both the Metformin and
the control groups. TAC values also differed significantly between the drug-treated
groups, with both exceeding control values. These findings suggest that although
Glucovance and Metformin provide comparable glycemic regulation, they differ in
their immunological and oxidative stress profiles. Both treatments enhance insulin
sensitivity and modulate immune responses, supporting their role in refining
therapeutic strategies for T2DM management.

Keywords: Type 2 Diabetes, Glucovance, Metformin, , Hemoglobin Alc,
Interleukin-17.
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1. Introduction

Diabetes mellitus (DM) is a chronic metabolic disorder defined by persistent
hyperglycemia, which arises from defects in insulin secretion, insulin action, or a combination
of both [1]. Among its several forms, type 2 diabetes mellitus (T2DM) is the most prevalent
and is strongly associated with obesity, sedentary lifestyles, and unhealthy dietary practices.
The condition is primarily characterized by insulin resistance accompanied by relative insulin
deficiency, resulting in wide-ranging metabolic and immunological disturbances. The global
incidence of T2DM continues to rise, posing a major health burden and ranking as one of the
leading causes of morbidity and mortality worldwide [2]. In addition to its impact on glucose
metabolism, T2DM is increasingly recognized for its association with chronic inflammation
and oxidative stress, which further complicate disease progression and outcomes. Despite
advances in therapeutic approaches, glycemic control remains a challenge for many patients.
Metformin, considered the first-line therapy for T2DM, exerts its effects mainly by inhibiting
hepatic glucose production and enhancing insulin sensitivity in peripheral tissues.
Glucovance, a fixed-dose combination of Metformin and glyburide, offers a dual mechanism
by simultaneously improving insulin sensitivity and stimulating insulin secretion. Given these
pharmacological differences, it is important to assess whether the two treatments have distinct
influences on immunological and oxidative markers[3]. This study hypothesis that treatment
with two different antibiotic drugs will have distinct effects on certain physiological and
immunological parameters in patients with type 2 diabetes mellitus.

2. Materials and Methods
2.1.Studied subject

A total of 75 men aged between 40 and 50 years who had type 2 diabetes were enrolled.
They were visiting Baghdad Hospital in the Medical City of Baghdad, Iraq, during the period
from March 4, 2025, to September 4, 2025. This study was approved by the Ethics
Committee of the Department of Biology, College of Science, University of Baghdad,
Baghdad, Irag. Committee number dated CSEC/0525/0063. These men were enrolled in this
study. They were divided into three groups, each group containing 25 men. These totals are as
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follows. The first group is for men who have been taking Glucovance for five years. The
second group includes men who have also been taking Metformin for five years. The third
group consists of healthy people who are not infected. These groups are samples to study the
effect of the two drugs and compare them.

2.2. Collecting blood samples

Five ml of blood was obtained from each participant by venous puncture using disposable
syringes. Then place the samples in a gelatinous tube and leave them to coagulate at room
temperature (approximately 20°C). Next, centrifuge them at 5000 rpm for 10 minutes. This is
to collect the blood serum, which is transferred to a plate tube and then frozen at 20 °C until it
is used for physiological and immunological examination. The following kits were used to
measure the study parameters, which include: adiponectin (Demeditec , Germany ) , fasting
glucose levels (Human , Germany), HblAc (Human , Germany), Interleukin-17 (Cusabio ,
China) , interleukin-23 (Cusabio , China) , Total antioxidant capacity (Shanghai YL Biont ,
China), and Vitamin B12 (Shanghai YL Biont, China).

2.3. Statistical Analysis

The Statistical Analysis System (SAS, 2018) software was employed to evaluate the
effects of the different groups on the study parameters, and the least significant difference
(LSD) test was applied for mean comparisons.

Result and discussion

The data presented in Table 1 indicate a highly significant difference (p < 0.01) in both
HbAlc and fasting glucose (FGS) levels among the study groups. Regarding HbAlc, no
significant difference (p > 0.01) was observed between the Glucovance and Metformin
treatment groups. The mean HbAlc values were 8.27 £ 0.25% and 7.62 = 0.36% for
Glucovance and Metformin groups, respectively. However, both treatment groups showed a
significant increase (p < 0.01) in HbAlc compared to the control group, which had a mean
value of 4.83 £ 0.07%. Concerning FGS levels, a significant increase (p < 0.01) was observed
in both Glucovance and Metformin groups compared to the control group. The mean FGS
values were 145.0 + 11.43 mg/dL and 152.84 + 27.06 mg/dL for Glucovance and Metformin
groups, respectively, while the control group had a mean value of 81.88 + 1.50 mg/dL.
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Figure 1: Comparison between the different groups in HbAlc
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3.1.HbAIc levels

The relationship between HbAlc levels and Glucovance, which combines Metformin and
glyburide, is significant in managing type 2 diabetes. Here are key points regarding this
relationship, along with relevant references: reduction in HbAlc levels. Glucovance has been
shown to effectively reduce HbAlc levels in patients with type 2 diabetes. The dual action of
Metformin and glyburide helps improve glycemic control. [3-5].

3.1.1.Relationship between HblAc and Metformin

HbAlc is a key indicator used to assess long-term glucose control in individuals with
diabetes. Metformin is a first-line medication commonly prescribed for the management of
type 2 diabetes. The relationship between HbAlc and Metformin involves how Metformin
helps lower HbAlc levels, thereby improving glycemic control. Metformin exerts its
therapeutic effects primarily by reducing hepatic glucose production, enhancing peripheral
insulin sensitivity, and improving glucose uptake in tissues. [6-8].
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Figure 2: Comparison between the different groups in FGS

3.2.Fasting Glucose Levels (FGS)

The relationship between FGS levels and Glucovance, a combination of Metformin and
glyburide, is important for managing type 2 diabetes. Here are some key points along with
relevant references: Impact on FGS levels , Glucovance effectively lowers FGS levels by
enhancing insulin sensitivity through Metformin and increasing insulin secretion via
glyburide [4,9]. The relationship between FGS levels and Metformin is important in the
management of type 2 diabetes. Metformin is commonly used to lower fasting blood glucose
levels and improve overall glycemic control. Metformin primarily exerts its effects by
decreasing hepatic glucose production, therapy reducing glucose output from the liver,
particularly during fasting, which helps lower fasting glucose levels.[6,7,10,11]. Regarding
vitamin B12 levels (pg/mL), significant difference was observed between the Glucovance and
Metformin groups (p < 0.01). Both the Glucovance and Metformin groups showed a
significant increase in vitamin B12 compared to the control group (p < 0.01). However, no
significant difference was observed between the Glucovance and Metformin groups (p >
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0.01). The mean vitamin B12 values were 2,031 £ 140 pg/mL for the Glucovance group,
1,712 £ 90 pg/mL for the Metformin group, and 1,397 + 40 pg/mL for the control group.
Regarding ADP levels (ng/mL), no significant difference was observed between the
Glucovance and Metformin groups (p > 0.01). Similarly, no significant difference was found
between the Metformin and control groups (p > 0.01). However, the Glucovance group
exhibited a significant increase in ADP compared to the control group (p < 0.01). The mean
ADP values were 2.27 = 0.12 ng/mL for Glucovance, 1.87 + 0.10 ng/mL for Metformin, and
1.41 £ 0.06 ng/mL for the control group. as shown in Table 1.

2.p3
2.0F r
1.?1
— |
£ 15}
()]
=
o~
—
(an]
< 1.0}
e
5
£
0.5
0.0 . : -
Glucovance Metformin Control
Group

Figure 3: Comparison between the different groups in Vit. B12.

3.3.Vitamin B12

The relationship between vitamin B12 levels and Glucovance. A combination of
Metformin and glyburide is particularly important in the context of diabetes management.
Here are some key points along with relevant references . Metformin and vitamin B12
deficiency . Metformin, one of the components of Glucovance, has been associated with
reduced absorption of vitamin B12, leading to potential deficiencies, especially with long-
term use [11,12]. Studies indicate that Metformin may interfere with the absorption of vitamin
B12 in the intestine, potentially leading to lower serum levels of the vitamin. The mechanism
is thought to involve alterations in the gut microbiome and changes in intestinal motility,
which can affect B12 absorption [13-16].
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Figure 4: Comparison between the different groups in ADP.

3.4.Adiponectin

The association between adiponectin and Glucovance (a fixed-dose combination of
Metformin and glyburide) plays an important role in the regulation of metabolic processes
and diabetes management. Adiponectin is a key adipokine that enhances insulin sensitivity,
and the increase observed in the Glucovance group indicates that glyburide may exert an
additional modulatory effect on adipose tissue activity, complementing the action of
Metformin [17,18]. Moreover, the interaction between Metformin and adiponectin has been
extensively investigated, with several studies demonstrating that Metformin treatment
contributes to elevated adiponectin concentrations in patients with type 2 diabetes and obesity
[19,20]. The biochemical findings presented in Table 1 revealed highly significant differences
(p £0.01) in serum IL-17, IL-23, and total antioxidant capacity (TAC) among the studied
groups. In the case of IL-17 (pg/mL), no significant difference (p > 0.01) was noted between
the Glucovance group and the Metformin group. Similarly, no significant difference (p >
0.01) was found between the Glucovance group and the control group. However, a significant
difference (p < 0.01) was detected between the Metformin group and the control group,
highlighting a distinct effect of Metformin compared with Glucovance on IL-17 regulation.
The mean IL-17 values were 34.28 + 0.74 pg/mL for the Glucovance group, 40.37 + 5.10
pg/mL for the Metformin group, and 29.42 + 0.29 pg/mL for the control group. For IL-23
(pg/mL), a statistically significant difference (p < 0.01) was detected between the Glucovance
group and the Metformin group. The mean IL-23 levels were 17.89 £ 1.19 pg/mL in the
Glucovance group and 9.77 + 0.43 pg/mL in the Metformin group. The Glucovance group
demonstrated a significant elevation (p < 0.01) in IL-23 levels compared to the control group,
whereas no significant difference (p > 0.01) was observed between the Metformin group and
the controls. The mean IL-23 concentration in the control group was 8.19 + 0.51 pg/mL. With
respect to total antioxidant capacity (TAC, umol/L), a significant difference (p < 0.01) was
observed between the Glucovance and Metformin groups. The mean TAC values were 340.28
+ 14.44 pmol/L in the Glucovance group and 371.64 + 9.70 umol/L in the Metformin group.
Both treatment groups exhibited higher TAC values compared with the controls, with
Metformin producing a more pronounced effect. The mean TAC concentration in the control
group was 339.36 + 4.60 umol/L.
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Figure 5: Comparison between the different groups in IL-17.

3.5.Interleukin-17 (IL-17)

A combination of Metformin and glyburide is an emerging area of research, particularly in
understanding the inflammatory aspects of diabetes and its management. Here are some key
points along with relevant references. The role of IL-17 in Inflammation is significant, as it is
a pro-inflammatory cytokine involved in the immune response and has been implicated in the
pathogenesis of insulin resistance and type 2 diabetes. Elevated IL-17 levels can contribute to
inflammation and metabolic dysfunction. [21]. The relationship between interleukin-17 and
Metformin is increasingly recognized as a critical factor in the inflammatory component of
T2DM. Elevated IL-17 levels in T2DM patients contribute to chronic low-grade
inflammation, insulin resistance, and B-cell dysfunction through the activation of pro-
inflammatory pathways such as NF-xB and JNK [11,19]. Metformin, beyond its well-
established  glucose-lowering  effect, exerts significant anti-inflammatory  and
immunomodulatory actions. It has been shown to reduce IL-17 production by inhibiting Th17
cell differentiation and downregulating inflammatory cytokines (IL-1p, IL-6, TNF-a, and IL-
17). These effects are mediated via AMPK activation and the suppression of NF signaling,
leading to improved insulin sensitivity and better glycemic control. In the context of this
study, the observed difference in IL-17 levels between the drug-treated groups suggests that
Metformin may offer additional benefits in controlling the inflammatory milieu of T2DM,
potentially slowing disease progression and improving metabolic outcomes [11,19].
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Figure 6: Comparison between the different groups in IL-23

3.6.Interleukin-23 (IL-23)

The relationship between interleukin-23 (IL-23) and Glucovance (a combination of
Metformin and glyburide) is not extensively covered in the literature; however, several points
worth noting regarding inflammation, diabetes, and the role of Glucovance are worth
mentioning. IL-23 is a cytokine that plays a crucial role in the inflammatory response and is
involved in the pathogenesis of autoimmune diseases and metabolic disorders, including type
2 diabetes. Elevated IL-23 levels may contribute to the development of insulin resistance
[22,23].The relationship between IL-23 and Metformin is an emerging topic in research
related to inflammation, autoimmune conditions, and metabolic disorders such as type 2
diabetes. IL-23 is a pro-inflammatory cytokine that plays a role in the differentiation and
maintenance of Th17 cells, which are involved in various inflammatory processes. [11, 19,
24].
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Figure 7: Comparison between the different groups in TAC.
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3.7.Total antioxidant capacity (TAC)

The relationship between total antioxidant capacity (TAC) and Glucovance (a combination
of Metformin and glyburide) involves considerations of oxidative stress, diabetes
management, and the potential effects of these medications on antioxidant levels. Here are
some key points along with relevant references: Oxidative stress in diabetes, increased
oxidative stress is commonly observed in patients with type 2 diabetes, contributing to
complications. TAC is a measure of the body’s overall ability to counteract oxidative stress
[25,26].

Metformin has been shown to possess antioxidant effects, which may help reduce oxidative
stress in patients with type 2 diabetes. By lowering oxidative stress, Metformin may improve
overall antioxidant capacity, as reflected in TAC measurements [23,27].

Table 1 : Comparison between different groups in all variables.
Means £SE
Vit. B12  ADP IL-17 IL-23

Group HbAlc (% FGS (mg/dl TAC (Umol/L
%) mgd)  pg/ml)  (ng/ml) (pg/mD) (pg/ml) (UmoliL)
34.28
2.031 2.273 17.89
Glucovance 8.27+0.25a 149.50 £11.43 a 1014a +012a i(e)l;b74 41194 403.28 £14.44 a
1.870
. 1.712 ) 40.37 9.77
Metoformin | 7.62+0.36a  152.84 £27.06 a £0.09 b i(;.blo 15108 4043 ¢ 371.64£9.70 b
1.397 1.407 29.42 8.19
Control 4.83 +0.07 ¢ 81.88 £1.50b 1004c  40.06b 4029b 4051 c 339.36 +4.60 ¢
L.S.D. 0.673 ** 44448 %% 0294%x 0023 g4g3. 2025 29.392 **
P-value 0.0001 0.0065 0.0001  0.0019 0.0359 0.0001 0.0001

Means having with the different letters in same column differed significantly. . *
(P<0.05). ** (P<0.01).

3. Conclusion

The findings of this study indicate that both Metformin and Glucovance are effective in the
management of type 2 diabetes mellitus; however, their effects on metabolic and
immunological parameters differ. Metformin demonstrates superior protection against
oxidative stress with a lower likelihood of hypoglycemia, whereas Glucovance achieves a
more rapid reduction in blood glucose levels but is associated with a higher risk of
hypoglycemia and vitamin B12 deficiency. These differences underscore the importance of
individualized treatment selection based on patient characteristics and specific risk factors.
The diagnosis of diabetes is primarily based on HbA1C levels, which serve as an indicator of
the potential for developing microvascular complications. Moreover, some patients with
thyroid disorders may subsequently develop diabetes mellitus, and vice versa. The most
significant modifiable factors contributing to poor glycemic control include dyslipidemia,
physical inactivity, and suboptimal adherence to management protocols. Diabetes mellitus is
one of the chronic non-communicable diseases affecting populations worldwide, in both
developed and developing countries alike. The present study highlights the need to
emphasizes the importance of integrating both metabolic and immunological assessments
when determining the therapeutic approach for patients with type 2 diabetes, alongside
strengthening health education on lifestyle modification and treatment adherence to minimize
long-term complications. Furthermore, the study recommends future research involving larger
sample sizes and extended follow-up periods to validate these findings and explore more
effective and safer therapeutic strategies.
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