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Abstract

Background and objectives: Prolonged elevation of blood glucose levels (hyperglycemia)
increases the occurrence of the non-enzymatic Maillard reaction. This process results in the
formation of glycated proteins, including glycated hemoglobin (HbA1c), whose levels increase
under diabetic conditions. Several studies have shown that serious secondary complications of
diabetes, including cardiovascular diseases and chronic kidney damage, are associated with
elevated HbAlc levels. Therefore, reducing HbAlc levels may help prevent or manage diabetes-
related complications. In recent years, studies have demonstrated that medicinal plants can reduce
HbA1c formation. Because diabetes is one of the most common metabolic disorders in dogs, this

study aimed to evaluate the effect of Pistacia atlantica Desf. hydroalcoholic extract on

hemoglobin glycation in hemoglobin isolated from dogs under in vitro conditions.
Methodology: Initially, 20 mL of blood was collected from a clinically healthy dog with normal
fasting blood glucose levels, and hemoglobin was isolated from the blood sample. To prepare the
hydroalcoholic extract, fruits of Pistacia atlantica Desf. were collected from mountainous regions
of Chaharmahal and Bakhtiari Province, Iran. The fruits were air-dried at room temperature and
subsequently extracted using a hydroalcoholic solvent consisting of an ethanol-water mixture.
The resulting hydroalcoholic extract was prepared at concentrations of 0.1, 0.5, and 1 g/dL.
Glucose solutions at 20 and 40 mmol/L were also prepared to simulate hyperglycemic conditions.
Experimental mixtures containing hemoglobin, glucose, and the designated concentrations of the
hydroalcoholic extract were prepared and incubated at 37 °C in the dark for 7 and 14 days.
Following incubation, HbAlc levels were determined using a colorimetric assay. Data were
analyzed using SPSS software (version 26). Data normality was assessed using the Shapiro—Wilk
test. Differences among groups were evaluated using one-way analysis of variance (ANOVA),
followed by Tukey’s post hoc multiple-comparison test. A P-value of <0.05 was considered
statistically significant.

Results: On day 7 under 20 mM glucose (hyperglycemic) conditions, HbA1c levels in the positive
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control and the 0.1, 0.5, and 1 g/dL Pistacia atlantica extract groups were 9.67 + 0.141, 8.68 +
0.021,9.16 £ 0.212, and 9.40 £ 0.141, respectively. On day 14, HbAlc levels in the same groups
were 9.72 +0.141, 7.32 £ 0.021, 7.58 + 0.002, and 8.21 + 0.002, respectively. Statistical analysis
indicated that HbAlc formation was significantly lower in all extract-treated groups than in the
positive control group (P < 0.05). Similarly, under 40 mM glucose conditions, HbAlc levels on
day 7 in the positive control and the 0.1, 0.5, and 1 g/dL extract groups were 18.42 + 0.593, 17.07
+ 0.070, 17.58 £+ 0.353, and 17.63 + 0.123, respectively. On day 14, the corresponding values
were 18.53 + 0.141, 15.40 + 0.067, 15.19 + 0.124, and 16.86 * 0.125, respectively. Statistical
analysis also revealed a significant reduction in HbAlc formation in all extract-treated groups
compared with the positive control group (P < 0.05).

Conclusion: The results indicate that the Pistacia atlantica fruit extract exhibits anti-glycation
activity and inhibits HbAlc formation under hyperglycemic conditions. Therefore, Pistacia
atlantica fruit extract may have potential as a therapeutic adjunct for reducing HbAlc levels and,
consequently, mitigating secondary complications associated with hyperglycemia and diabetes in
dogs.
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Figure 2. Comparison of mean HbAlc levels (after 7 days) in dogs blood affected by Pistacia atlantica
hydroalcoholic extract
Positive control: hemoglobin and glucose (20 mmol.L") without the hydroalcoholic extract and Negative control: hemoglobin alone without
glucose or the hydroalcoholic extract.
Means (+ standard deviation) followed by the same letter are not significantly different at 5% probability level (Tukey test).
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Figure 3. Comparison of mean HbAlc levels (after 14 days) in dogs blood affected by Pistacia atlantica
hydroalcoholic extract
Positive control: hemoglobin and glucose (20 mmol.L') without the hydroalcoholic extract and Negative control: hemoglobin alone without
glucose or the hydroalcoholic extract.
Means (= standard deviation) followed by the same letter are not significantly different at 5% probability level (Tukey test).
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Figure 4. Comparison of mean HbAlc levels (after 7 days) in dogs blood affected by Pistacia atlantica
hydroalcoholic extract
Positive control: hemoglobin and glucose (40 mmol.L") without the hydroalcoholic extract and Negative control: hemoglobin alone without
glucose or the hydroalcoholic extract.
Means (% standard deviation) followed by the same letter are not significantly different at 5% probability level (Tukey test).
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Figure 5. Comparison of mean HbAlc levels (after 14 days) in dogs blood affected by Pistacia atlantica
hydroalcoholic extract
Positive control: hemoglobin and glucose (40 mmol.L") without the hydroalcoholic extract and Negative control: hemoglobin alone without
glucose or the hydroalcoholic extract.
Means (+ standard deviation) followed by the same letter are not significantly different at 5% probability level (Tukey test).
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