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this study—examining the effects of 12-week of aerobic exercise combined with Galega
officinalis extract on glycemic indices, insulin resistance, and lipid profiles in women with
T2DM—addresses a distinct clinical need. The findings may provide a foundation for more
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index 30.66 kg/m?) were recruited and randomly assigned to 4 groups including aerobic exercise (n=10), Galega supplement
(n=10), combined aerobic exercise and Galega supplement (n=10), and control (n=10) groups. The exercise groups engaged in
aerobic walking for 12 weeks, 3 days per week, with intensity of 50 to 70 percent of maximal heart rate reserve. The supplement
groups consumed 2 grams of Galega daily as tea at the evenings for the same duration. The combined group received the
Galega supplement in beside the performing aerobic exercise. It was recommended that Galega extract is better to consume 2
to 3 hours after Metformin to avoid potential drug interactions. Blood samples were collected from participants before and after
the intervention during fasting. Serum glucose, hemoglobin A1C, and lipid profiles were measured using enzyme staining, as the
same, insulin levels also were quantified via ELISA. Insulin resistance and sensitivity indices were calculated using established
formulas. The normality of the data was assessed using the Shapiro-Wilk test, and homogeneity of variance was evaluated using
Levene’s test. Moreover, a Two-way analysis of variance with repeated measures and Tukey's post hoc tests were employed. All
statistical analyses were conducted using SPSS version 26, with a significance level set at p<0.05.

Findings: Means, standard deviations, percent changes, and Tukey’s post-hoc results are presented in Table 1. The results
revealed significant timexgroup interaction effects for all outcome variables (p<0.05). In this way, significant decreases in fasting
insulin (p=0.001), fasting glucose (p=0.005), hemoglobin A1C (p=0.002), low density lipoprotein cholesterol (LDL-c) (p=0.02),
total cholesterol (p=0.01), triglyceride (p=0.006), and HOMA-IR (p=0.001) were observed in all 3 intervention groups compared
to the control group. Conversely, significant increases in HOMA-B (p=0.01), QUICKI (p=0.002), McAuley index (p=0.003), and
high density lipoprotein cholesterol (HDL-c) (p=0.01) were found also in all 3 intervention groups relative to the control group.
The reductions in fasting insulin, fasting glucose, hemoglobin A1C, and HOMA-IR were significantly greater in the combined
group (aerobic exercise+Galega) than aerobic exercise and Galega alone groups (p<0.001 for all comparisons). Additionally,
the increase in QUICKI was significantly greater in the combined group compared to the exercise (p=0.001) and the Galega
(p=0.003) groups. Although reductions in LDL-c, total cholesterol, triglyceride, and increases in HDL-c were greater in the
combined group than in the single-intervention groups, these differences were not statistically significant (p>0.05).
Conclusion: The findings of the present study are consistent with previous research that demonstrated the aerobic exercise improves
glycemic control and insulin sensitivity through mechanisms such as increased (glucose transporter type 4) GLUT-4 translocation
and enhanced skeletal muscle glucose uptake (Kumar et al., 2019; Merz & Thurmond, 2011). Furthermore, the results also align with
some studies that reporting the antihyperglycemic and hepatoprotective effects of Galega officinalis, attributed to its biguanide content
(particularly Galegin) and its ability to reduce oxidative stress and protect pancreatic beta-cells (Luka et al., 2017; Hachkova et al.,
2021; Sukhtezari et al., 2024). The novel contribution of this study emphasize on the combination of aerobic exercise and Galega
supplementation that produces significantly greater improvements in fasting insulin, fasting glucose, hemoglobin A1C, and HOMA-IR
compared to either intervention alone. This synergistic effect is consistent with prior observations of combined exercise and herbal
interventions (Salavati et al., 2024; Mosadeghi et al., 2024; Ghasemi Kahrizsangi et al., 2023), and may be explained by complementary
mechanisms: exercise primarily enhances peripheral insulin sensitivity and glucose disposal, while Galega reduces oxidative stress and
supports beta-cell function. The concurrent improvement in liver enzymes (ALT and AST) also observed in the combined group further
supports a hepatoprotective synergy, as elevated liver enzymes are commonly associated with insulin resistance and non-alcoholic fatty
liver disease in T2DM (Hejazi & Hackett, 2023). Therfore, these findings suggest that integrating aerobic exercise with Galega officinalis
supplementation offers a promising, multifaceted non-pharmacological strategy for managing T2DM. However, given the relatively

small sample size and 12-week intervention period, future studies with larger cohorts and longer follow-up durations are warranted to

confirm the long-term efficacy and safety of this combined approach. Additionally, investigating the underlying molecular mechanisms—
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Table 1. Description (mean * standard deviation) and time*group interaction of glycemic indices, lipid profile, and liver enzymes followin¢
interventions in the studied groups

Changes Time x
Variables roup Pre-test Post-test
(%) Group (p)
Control 7.04+1.24 6.95+1.28 -1.20
Fasting Insulin Galga 6.52+2.79 5.33+2.56 -22.39 DER
(ulu/ml) Aerobic exercise 7.71+ .54 6.52+1.76 @ -18.25
Aerobic exercise + Galga 7.2612.22 5.57+1.38 " -30.34
Control 10.12+1.38 10.14+1.39 +0.20
Fasting Glucose Galga 10.56+1.76 8.42+1.71 7 -25.41 0.005
(mmol/l) Aerobic exercise 10.35+2.36 8.45+2.26 -22.48
Aerobic exercise + Galga 10.64+1.79 7.98+0.57 "¢ -30.82
Control 6.71+0.35 6.65+0.22 -0.90
Hemoglobin A1C Galga 7.01£0.17 6.41£0.16 -9.36 AGER
(%) Aerobic exercise 7.36+0.58 6.69+0.44 -10.01
Aerobic exercise + Galga 7.75+0.48 6.28+0.22 "¢ -23.40
Low density Control 133.10£12.25 134.40+13.27 +0.96
lipoprotein Galga 129.10£14.30 112.42+11.99 -14.83 DaR
cholesterol Aerobic exercise 123.80+20.69 107.30£12.42 @ -15.37
(mg/dL) Aerobic exercise + Galga 126.90+12.06 108.16£14.33 -17.32
High density Control 34.104£2.51 34.10+£2.54 0
lipoprotein Galga 37.90+£5.97 45.89+4.38 © +21.08 o
cholesterol Aerobic exercise 44.20+4.83 52.00+4.85 +15.00
(mg/dI) Aerobic exercise + Galga 40.4046.75 50.06+4.00 @ +19.29
Control 215.80+16.09 215.30+14.94 -0.23
Total Cholesterol Galga 204.20+23.16 175.70£17.06 @ -16.22 o
(mg/dl) Aerobic exercise 203.20 £ 14.16 180.20+13.06 -12.76
Aerobic exercise + Galga 207.70+14.70 174.70£15.55 @ -18.88
Control 187.40+15.95 186.10+16.08 -0.69
Triglyceride Galga 219.30+11.16 177.40£12.32 -23.61 oloo6k
(mg/dl) Aerobic exercise 213.90+6.93 176.806.86 -20.98
Aerobic exercise + Galga 215.40+17.73 172.10£14.46 @ -25.15
Control 31.70+1.85 32.20+1.80 +1.55
Aspartate -
N Galga 32.00+3.04 25.60+2.05 "’ -25.00 DEIR
aun Aerobic exercise 33.10+1.42 24.50+1.07 "‘ -35.10
Aerobic exercise + Galga 27.40+2.93 19.70+2.32 * -39.08
Control 33.80£1.80 34.40£1.45 +1.74
Alanine .
- Galga 38.00+4.90 32.32+3.59 ‘a -17.57 ooer
aun Aerobic exercise 29.72+1.29 23.91+0.78 “’ -24.29
Aerobic exercise + Galga 30.00+1.49 21.99+0.40 * -36.42

t indicator of significant difference between groups; a: significant difference compared to the control group, b: significant difference
compared to the Galega group, c: significant difference compared to the aerobic exercise group. * Significant difference between post-tes
and pre-test; significant level p<0.05.

particularly the interaction between exercise-induced signaling pathways and bioactive compounds of Galega—would provide valuable
insights for optimizing combined lifestyle-phytotherapy interventions in diverse diabetic populations.

Keywords: Aerobic exercise, Galega plant, Glycemic status, Lipid profile, Type 2 Diabetes.
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