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Abstract

Background: Type 2 diabetes mellitus is a chronic inflammatory metabolic disorder.
Glimepiride, a sulfonylurea, has been separately reported to have anti-inflammatory prop-
erties. At the same time, granulocyte-colony stimulating factor (Filgrastim) has been
proposed to modulate inflammatory pathways relevant to glucose homeostasis. Whether
combining Filgrastim with glimepiride confers additional glycemic benefit over glimepiride
alone has not been established. Aim: To evaluate and compare the glycemic effects of
glimepiride, Filgrastim, and their combination in a rat model of type 2 diabetes. Methods:
Twenty-five adult male albino rats were assigned to five groups (n=5): normal control,
untreated DM, glimepiride (0.5 mg/kg oral), Filgrastim (70 µg/kg subcutaneous), and
glimepiride+Filgrastim. T2DM was induced by two weeks of high-fat diet followed by
a single low dose of streptozotocin (35 mg/kg i.p.). Treatments were given for 28 days.
Endpoints were fasting blood glucose (FBG) and glycated hemoglobin (HbA1c); group
differences were evaluated by one-way ANOVA with post hoc tests. Results: All HFD/STZ
groups developed hyperglycemia and elevated HbA1c versus normal controls. Compared
with untreated T2DM, glimepiride monotherapy and the glimepiride+Filgrastim combi-
nation produced significant reductions in FBG and HbA1c. Filgrastim alone did not
significantly alter either glycemic measure. Although the combination group showed nu-
merically lower FBG and HbA1c than glimepiride alone, the difference was not statistically
significant. The study did not measure inflammatory mediators, limiting conclusions about
mechanisms. Conclusion: In summary, glimepiride improved glycemic control in this rat
DM model; Filgrastim alone had no glucose-lowering effect at the tested dose and duration.
Adding Filgrastim produced only a non-significant numeric improvement over glimepiride,
providing limited support for an inflammation-mediated synergistic benefit and highlighting
the need for direct measurement of inflammatory markers in future work.

1. Introduction

Type 2 diabetes mellitus is increasingly recognized as a chronic, low-grade inflammatory condition, in which pro-inflammatory cytokines
contribute to the development of insulin resistance and impaired glycemic control [1, 2]. This has prompted growing interest in whether
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agents with incidental anti-inflammatory or immunomodulatory properties might confer glucose-lowering benefits beyond their primary
indications [3].

Glimepiride, a third-generation sulfonylurea used primarily to stimulate pancreatic insulin secretion in type 2 diabetes, has been reported
to exert effects that extend beyond glycemic control [4]. In addition to its role as a K-ATP channel modulator, glimepiride has been shown to
influence plasma membrane dynamics, pro-inflammatory cytokine secretion, and peroxisome proliferator-activated receptor-γ (PPAR-γ)
activation [5]. In a clinical study of patients with type 2 diabetes, 24 weeks of glimepiride treatment produced significant decreases in
toxic advanced glycation end products, eotaxin, and fibroblast growth factor-2, together with a trend toward increased granulocyte-colony
stimulating factor (G-CSF) and granulocyte-macrophage colony-stimulating factor (GM-CSF) [6], and decreases in fractalkine, soluble
CD40 ligand, macrophage inflammatory protein-β , vascular endothelial growth factor, and soluble receptor for advanced glycation end
products; the authors concluded that glimepiride may possess anti-oxidative, anti-inflammatory, and angiogenic properties with potential to
repair tissue damage [4]. Separately, at the cellular level, glimepiride has been reported to suppress macrophage-derived cytokine release:
treatment reduces membrane-associated CD14 on macrophages by shedding it into a soluble form, and pretreated cells produce significantly
less tumor necrosis factor-α , interleukin-1β , and interleukin-6 in response to inflammatory stimuli, an effect attributed to glimepiride’s
activation of glycosylphosphatidylinositol-specific phospholipase C (GPI-PLC) and consequent CD14 shedding [6]. Collectively, these
findings have led to the characterization of glimepiride as a novel anti-inflammatory agent.

Filgrastim, a recombinant form of granulocyte-colony stimulating factor (G-CSF), is best known for stimulating neutrophil production
[7], but has also been investigated for metabolic and vascular effects relevant to diabetes. In a rat model of alloxan-induced diabetes with
superimposed glucose fluctuations, subcutaneous Filgrastim (200 µg/kg/day) raised circulating insulin levels relative to untreated diabetic
animals, although levels remained below those of non-diabetic controls, and treatment mitigated the endothelial and structural damage to the
aortic wall associated with fluctuating hyperglycemia [8]. These findings support a possible protective role for G-CSF in the vascular and,
potentially, metabolic derangements associated with glucose instability.

Taken together, these observations raise the hypothesis that Filgrastim may lower blood glucose, at least in part, through modulation
of inflammatory pathways, and that this effect could be potentiated when combined with glimepiride given its independently reported
anti-inflammatory actions. It should be noted, however, that the broader literature on G-CSF and glucose metabolism is not uniformly
supportive of this direction of effect: G-CSF has also been characterized as a saturated-fatty-acid-induced myokine with insulin-desensitizing
properties in humans, with data showing that G-CSF inhibits insulin-stimulated signaling and glycogen synthesis in human myotubes and
adipocytes, and that a functional CSF3 gene variant is associated with adipose tissue and whole-body insulin resistance and impaired glucose
tolerance in individuals with elevated circulating free fatty acids [9]. This suggests that the net effect of G-CSF on glucose homeostasis
may be context- and dose-dependent, differing between acute pharmacologic administration in a setting of vascular injury and chronic,
lipid-driven elevation as part of an inflammatory myokine response. This apparent discrepancy underscores the need for direct experimental
testing of the proposed glimepiride–Filgrastim combination, with explicit attention to dosing, duration, and the metabolic context in which
G-CSF is administered.

2. Methods

2.1. Materials

Drugs and chemicals

• Streptozotocin (STZ) (Sigma–Aldrich, St. Louis, MO, USA).
• Glimepiride (Amaryl) (Sanofi Arabia -Egypt).
• Filgrastim (Fil) (AMGEN, California, USA)

Animals
Rats were obtained from the animal unit of the Faculty of Medicine, University of Benghazi, and housed in the care of the laboratory. All

experiments in this study were done according to the ethics guidelines of the University of Benghazi. A total of 25 adult male albino rats
weighing 200- 250 g were housed under regulated standard environmental conditions (25±1°C, 50±2% humidity), with 12-hour light/dark
cycles, and allowed free access to commercial rat chow and tap water ad libitum.
Experimental protocol

The rats were randomly divided into five groups (n=5 rats/group). The control group (G1) was fed normal feed. The rest of the
rats were fed a high-fat diet for two weeks [10]. The high-fat diet (HFD) employed was adapted from Abd-Eldaim’s study [11], with
some modifications. The chemical composition of the HFD is described in Table 1. A single dose of streptozotocin was administered
intraperitoneally (35 mg/ kg body weight) to animals fasted for 12 h, and the control animals received only vehicle [12]. After 3-7 days,
blood glucose was measured to confirm the establishment of diabetes.

Rats in the DM group (G2) did not receive any medical intervention. Rats in the Gilm-treated group (G3) received Glimepiride (0.5
mg/kg/day, PO) concurrently for 28 days [13]. Rats in the Fil-treated group (G4) received filgrastim (70 µg/kg/day, subcutaneously (SC) for
28 days [14]. Rats in the Glim-Fil-treated group (G5) received the same doses of Glimeperide and filgrastim for 28 days.

Table 1: Compositions of the standard and high-fat diets

Standard diet HFD
Energy Kcal/100 g % Energy Kcal/100 g %

Protein 96.14 25.3 62 12
Fat 49.4 13 303.5 57
Carbohydrates 228 60 161,5 30.5
Fiber 6.46 1.7 3 0.5
Total 380 100 530 100
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Blood Collection
Animals were euthanized with a high dose of urethane (1.5 mg/kg, i.p.) (UNTHSC, 2020). Blood samples were obtained for fasting

blood glucose and HbA1C measurement.

2.2. Statistical Analysis

The obtained results were tabulated as means ± standard error of the mean (SEM). GraphPad Prism computer software (version 8) was
used to carry out the statistical analysis. Comparisons between different groups were made using one-way analysis of variance (one-way
ANOVA) followed by post hoc (least significant difference “LSD”) tests as described by [15]. The differences between different groups were
considered to be statistically significant when p <0.05.

3. Results

FBG and HbA1c were measured in five experimental groups. The Control group had a mean FBG of 61 ± 1.8 mg/dL and a mean HbA1c of
3.75 ± 0.1%. The Diabetes (DM) group showed markedly higher glycemic values, with a mean FBG of 199.4 ± 2.5 mg/dL and a mean
HbA1c of 8.6 ± 0.1%. The Glimepiride (Glim) group had a mean FBG of 134.7 ± 0.5 mg/dL and a mean HbA1c of 6.3 ± 0.2%. The
Filgrastim (Fil) group recorded a mean FBG of 185.8 ± 1.5 mg/dL and a mean HbA1c of 8.1 ± 0.05%. The combined Filgrastim and
Glimepiride (Fil-Glim) group showed a mean HbA1c of 123.4 ± 1.1 mg/dL and a mean HbA1c of 5.9 ± 0.04%.

Figure 1: Bar charts showing the effect of glimepiride, Filgrastim, and their combination on the fasting blood glucose levels (Panel A) and HbA1c (Panel B)
in male albino rats of different groups

Figure 2: Bar charts showing changes in HbA1c rate in male albino rats across different groups
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Compared with the Control group, all other groups (DM, Glim, Fil, and Fil-Glim) showed statistically significant differences in the
reported outcomes (all p < 0.0001) Figure 1. It was notable that the rate of HbA1c increased in the DM and treatment groups (Glim, Fil, and
Fil-Glim) by 1.3 ± 0.05; 0.7 ± 0.03; 1.2 ± 0.03; and 0.6 ± 0.03, respectively, in relation to the control group, with a significant statistical
difference (all p <0.0001). Thus, each treatment and the diabetic condition differed markedly from the healthy Control group Figure 2, Panel
A. Comparing the diabetes group with the treatment groups, the Fil group did not differ significantly in glycemic control (p = 0.1027 in FBG
and HbA1c) Figure 1. It was also found that its HbA1c ratio was comparable with the DM group (00.00 vs 0.05 ± 0.01), which was not
statistically significant (p= 0,9564) Figure 2, Panel B. Conversely, the DM group differed significantly from Glim and Fil-Glim (p < 0.0001)
Figure 1, and both groups decreased the rate of HbA1c by 0.26 ± 0.007 and 0.31 ± 0.006, respectively, which were statistically significant
(p=0,0218, 0,0057) Figure 2, Panel B, indicating that each intervention produced values significantly different from the untreated diabetic
state.

Figure 3: Bar charts showing changes in HbA1c levels in male albino rats across different groups

When comparing with the Glimepiride-treated group, the Fil group had a statistically significant increase (p < 0.0001) in both FBG
and HbA1c Figure 1. The rate of HbA1c increased significantly by 0.28 ± 0.01 (p < 0.0001) Figure 3, Panel A. Although there were no
statistically significant differences between Glim and Fil-Glim (p = 0.2153), the glycemic measures were slightly reduced in the Fil-Glim
group (FBG = 134.7 ± 0.5 vs 123.4 ± 1.1; HbA1c = 6.3 ± 0.2 vs 5.9 ± 0.04) Figure 1. Additionally, the rate of HbA1c was reduced in the
Fil-Glim group by 0.06 ± 0.008; However it was not statistically significant (p = 0.672) Figure 3, Panel A. The comparison between Fil and
Fil-Glim produced a high statistical significance in their glycemic control (p < 0.0001) Figure 1. The rate of HbA1c was reduced in Glim-Fil
by 0.37 ± 0.01, which was statistically significant (p < 0.0001) Figure 3, Panel B. These results suggest that while Filgrastim alone did not
affect glycemic control, adding Glimepiride to Filgrastim produced a slight reduction in these values; however, they were not significant.
Suggesting the minor effect of the filgrastim combination.

In conclusion, induction of diabetes produced marked increases in FBG and HbA1c compared with Control. Treatment with Filgrastim
alone could not affect glycemic measures, while Glimepiride and the combination treatment significantly differed from untreated diabetic
animals, lowering glycemic parameters versus DM. However, there were no significant differences between these two treatment groups
themselves (Glimepiride vs Fil-Glim), indicating comparable effects on FBG and HbA1c across these interventions in this study.

4. Discussion

Glimepiride and filgrastim have different primary pharmacological actions, but both may influence inflammatory processes. Glimepiride is
a second-generation sulfonylurea that lowers blood glucose mainly by stimulating insulin secretion from pancreatic β -cells. It has been
reported that glimepiride modulates inflammatory mediators [6]. Filgrastim is a recombinant granulocyte colony-stimulating factor that
promotes the proliferation, maturation, and mobilization of neutrophils. However, filgrastim is not primarily an antihyperglycemic drug, and
its potential effect on glucose metabolism would be expected to occur indirectly through immune or inflammatory mechanisms [16].

In the present study, two weeks of high-fat diet feeding followed by a single dose of streptozotocin produced a T2DM phenotype,
reflected in significantly elevated FBG and HbA1c relative to control across all manipulated groups. This combined dietary/chemical protocol
is a well-established means of reproducing the insulin resistance-plus-relative-insulin-deficiency pattern seen in human T2DM, in contrast to
high-dose STZ alone, which more closely mimics type 1 diabetes [12, 17]. The consistent hyperglycemia and elevated HbA1c observed in
this study across the T2DM, glimepiride, Filgrastim, and combination groups relative to control confirms that the model was successfully
established before treatment effects were assessed [18].

Although there was a significant difference between the glimepiride and control groups, a reduction in the glycemic values was noticed.
This aligns well with the results of Bhateja and Singh, in which glimepiride failed to normalize blood glucose in rat-induced type 2 DM [19].
In contrast, glimepiride treatment significantly reduced both FBG and HbA1c compared with the DM group, confirming its antihyperglycemic
effect. This result is consistent with previous studies thst showing the glimepiride could lower fasting glucose and HbA1c by stimulating
pancreatic insulin secretion and improving overall glycemic control [19, 20]. Clinical evidence has shown meaningful reductions in FBG and
HbA1c with glimepiride monotherapy, supporting the pattern observed in the present study. This indicates that glimepiride is highly effective
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but may not always return glycemic markers completely to baseline, depending on disease severity and experimental conditions [21]. The
filgrastim-treated group showed a more limited metabolic response. Its glycemic values differed significantly from the control, glimepiride,
and combination groups; they were not significantly different from the DM group. This indicates that filgrastim alone did not produce a
robust glucose-lowering effect in this model. This outcome is not unexpected because filgrastim is primarily a recombinant granulocyte
colony-stimulating factor used to modulate neutrophil production and immune recovery rather than to directly correct hyperglycemia [22].
This was consistent with other studies. In one study, the GCSF injection failed to promote physiologically significant regeneration of
pancreatic islets in post-irradiated diabetic mice [23]. Lee and colleagues also reported that GCSF injection did not lower FBG and HbA1c in
type 2 Diabetic rats [24]. Nevertheless, inflammation is now recognized as a major contributor to insulin resistance and beta-cell dysfunction
in diabetes, and colony-stimulating factor pathways may influence immune activation in diabetic states [25]. Reports linking inflammatory
cytokines and diabetic dysregulation [26, 27] suggest that filgrastim may have exerted only an indirect or partial metabolic effect through
immune modulation, which would explain why its impact on FBG and HbA1c was weaker than that of glimepiride [28]. Therefore, the
present results suggest that filgrastim alone is insufficient to normalize glycemia, even if it may contribute to inflammatory regulation.

Although the combined filgrastim-glimepiride group showed significant improvement compared with the DM group, it was not statistically
significant compared with the control group, indicating an overall beneficial effect on glycemic control. However, the combined treatment did
not outperform glimepiride alone; indeed, FBG and HbA1c reductions were slightly lower than in the glimepiride group, and the difference
between these two groups was not significant. This suggests that glimepiride remained the principal agent responsible for glucose lowering,
while filgrastim added a minor metabolic advantage under the present conditions. One possible explanation is that filgrastim influenced
the inflammatory environment without sufficiently enhancing insulin sensitivity or beta-cell function to improve glycemic indices beyond
glimepiride monotherapy [29]. Another interpretation is that the anti-inflammatory effect, although biologically relevant, may not translate
into superior FBG or HbA1c reduction when combined with an already potent hypoglycemic drug [30].

In conclusion, glimepiride, alone or in combination with Filgrastim, effectively improved glycemic control in this HFD/STZ rat model of
T2DM, while Filgrastim alone did not. The combination showed a non-significant numerical advantage over glimepiride monotherapy. These
findings do not provide direct support for the proposed inflammation-mediated glucose-lowering mechanism of Filgrastim, and dedicated
measurement of inflammatory mediators is required before this hypothesis can be adequately tested.
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