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ABSTRACT

Diabetes mellitus is characterized by persistent hyperglycemia, oxidative stress, and genomic instability.
Although Achillea millefolium exhibits antioxidant and antidiabetic properties in vitro, its efficacy under
conditions of severe insulin deficiency remains unclear. This study evaluated the effects of Achillea millefolium
oil on glycemic control, hepatic oxidative stress, and DNA damage in a streptozotocin (STZ)-induced diabetic rat
model. Thirty-five male Wistar rats were allocated to Control, Control + yarrow, Diabetic, and Diabetic + yarrow
groups. Diabetes was induced by a single intraperitoneal injection of STZ (50 mg/kg), and yarrow oil (400
mg/kg/day) was administered orally for 28 days. STZ-induced diabetes resulted in marked hyperglycemia, weight
loss, increased hepatic malondialdehyde levels, reduced glutathione concentrations, decreased superoxide
dismutase activity, and elevated DNA damage (P < 0.001). Yarrow oil significantly reduced glycated hemoglobin
(HbA1c) levels in diabetic rats (P < 0.001); however, it did not improve fasting plasma glucose, antioxidant
parameters, or DNA damage indices. Notably, hepatic lipid peroxidation was further increased in the Diabetic +
yarrow group. These findings indicate that Achillea millefolium oil exerts a limited effect on long-term glycemic
control and does not mitigate oxidative stress or genomic instability under severe insulin-deficient conditions.
Further studies focusing on dose optimization, phytochemical characterization, and mechanistic pathways are
warranted.
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Diabetes mellitus, kalici hiperglisemi, oksidatif stres ve genomik instabilite ile karakterize edilmektedir. Achillea
millefolium’un in vitro kosullarda antioksidan ve antidiyabetik 6zellikler gosterdigi bilinmekle birlikte, siddetli
insulin eksikligi kosullarindaki etkinligi hentiz net degildir. Bu galismada, streptozotosin (STZ) ile indiiklenen
diyabetik sigan modelinde Achillea millefolium yaginin glisemik kontrol, hepatik oksidatif stres ve DNA hasari
tzerindeki etkileri degerlendirilmistir. Toplam 35 erkek Wistar sican; kontrol, kontrol+civanpergemi, diyabetik ve
diyabetik+civanpergemi gruplarina ayrilmistir. Diyabet, tek doz intraperitoneal STZ (50 mg/kg) enjeksiyonu ile
olusturulmus ve civanpergemiyagi (400 mg/kg/giin) 28 giin boyunca oral olarak uygulanmistir. STZ ile olusturulan
diyabet; belirgin hiperglisemi, viicut agirhiginda azalma, hepatik malondialdehit diizeylerinde artis, glutatyon
dizeylerinde azalma, stiperoksit dismutaz aktivitesinde disiis ve DNA hasarinda artis ile sonuglanmistir (P <
0.001). Civanpergemi yag, diyabetik sicanlarda glikozillenmis hemoglobin (HbAlc) diizeylerini anlaml sekilde
azaltmistir (P < 0.001); ancak aglik plazma glukozu, antioksidan parametreler ve DNA hasari gostergeleri Gzerinde
anlamli bir etki gdstermemistir. Ayrica, hepatik lipid peroksidasyonunun diyabetik+civanpergemi grubunda daha
da arttigi belirlenmistir. Elde edilen bulgular, Achillea millefolium yaginin uzun dénem glisemik kontrol tizerinde
sinirl bir etkiye sahip oldugunu ve siddetli insilin eksikligi kosullarinda oksidatif stres ile genomik instabiliteyi
azaltmada etkili olmadigini géstermektedir. Diyabetteki potansiyel roliniin daha iyi anlagilabilmesi igin doz
optimizasyonu, fitokimyasal karakterizasyon ve etki mekanizmalarina yonelik ileri ¢alismalara ihtiyag vardir.

Anahtar Kelimeler: Achillea millefolium, Streptozotosin ile indlklenen diyabet, Oksidatif stres, DNA hasari,
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Diabetes mellitus is a chronic metabolic disorder of diabetes continues to rise, with recent epidemiological
characterized by persistent hyperglycemia resulting from  estimates indicating a rapid rise in prevalence worldwide
impaired insulin secretion, insulin resistance, or both  (Kumar et al., 2024). Chronic hyperglycemia promotes
(American Diabetes Association, 2024). The global burden  excessive production of reactive oxygen species, leading
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to oxidative stress and disruption of cellular redox
homeostasis (Forbes & Cooper, 2013). Sustained oxidative
stress contributes to lipid peroxidation, depletion of
endogenous antioxidant defenses, and activation of
inflammatory pathways, thereby accelerating the
development of diabetic complications (Roy, 2025). In
addition, oxidative imbalance has been strongly
associated with genomic instability, including DNA strand
breaks and oxidative DNA lesions, which further aggravate
tissue dysfunction under diabetic conditions (Albano et
al., 2022).

Given the central role of oxidative stress in diabetic
pathophysiology, plant-derived bioactive compounds
with antioxidant properties have attracted increasing
attention as potential adjunctive therapeutic agents.
Medicinal plants remain a valuable source of
pharmacologically active molecules, many of which
exhibit metabolic and redox-modulating activities
(Chaachouay & Zidane, 2024; Lahlou et al., 2024). Among
these, Achillea millefolium L. (Asteraceae), commonly
known as yarrow, has been widely used in traditional
medicine for its anti-inflammatory, wound-healing,
gastrointestinal, and hepatoprotective effects (Far et al.,
2023). Phytochemical analyses have identified flavonoids,
sesquiterpene lactones, phenolic acids, and essential oil
constituents as major components responsible for its
biological activities (Risti¢ et al., 2023; Saadat et al., 2024).
Experimental evidence suggests that extracts of A.
millefolium may exert antidiabetic effects through
mechanisms including a-glucosidase inhibition, improved
insulin sensitivity, and modulation of oxidative stress
pathways (Guzman-Quevedo et al., 2025; Saad et al.,,
2025).

Despite these findings, the efficacy of Achillea
millefolium under conditions of severe insulin deficiency
remains incompletely characterized. Most available
studies have evaluated aqueous or hydroalcoholic
extracts and primarily focused on metabolic parameters,
while limited data exist regarding its effects on oxidative
stress—associated DNA damage in standardized
experimental diabetes models. Previous investigations
have demonstrated persistent oxidative DNA damage in
streptozotocin (STZ)-induced diabetic rats, even under
antioxidant interventions (Sekkin et al, 2015),
underscoring the need for comprehensive evaluation of
both metabolic and genomic endpoints.

The STZ-induced diabetic rat is a well-established
model of pancreatic B-cell destruction and pronounced
hyperglycemia, mimicking severe insulin-deficient states
accompanied by increased oxidative stress and genomic
instability (Chen et al.,, 2025). This model provides a
suitable experimental platform for assessing the
antioxidant  and genoprotective potential  of
phytotherapeutic agents.

Therefore, the present study aimed to investigate
whether Achillea millefolium oil administration modulates
glycemic control, hepatic oxidative stress parameters, and
DNA damage in STZ-induced diabetic rats. By evaluating
both metabolic and genomic outcomes, this study seeks

to clarify the therapeutic potential and limitations of
yarrow oil in experimental diabetes.

Materials and Methods

Ethical compliance statement
All experimental procedures were reviewed and

approved by the Animal Experiments Local Ethics
Committee of Aydin Adnan Menderes University
(Approval No: 64583101/2016/102, Approval Date:

30/06/2016). The study was conducted in accordance
with national legislation on animal experimentation and
complied with the principles of the European Directive
2010/63/EU for the protection of animals used for
scientific purposes.

All efforts were made to minimize animal suffering and
to reduce the number of animals used. Animals were
monitored daily for general health status, and humane
endpoints were applied when necessary. Anesthesia and
euthanasia procedures were performed using ketamine
(100 mg/kg) and xylazine (5 mg/kg), followed by cervical
dislocation, to ensure minimal pain and distress.

Animals and housing conditions

Thirty-five male Wistar albino rats (10-12 weeks of
age; 220-257 g) were obtained from the Experimental
Animals Production and Research Laboratory, Faculty of
Medicine, Aydin Adnan Menderes University. All animals
were clinically healthy at the start of the study.

Rats were housed in standard polycarbonate cages
(maximum four animals per cage) under controlled
environmental conditions (22 + 2 °C; 50-60% relative
humidity; 12 h light/12 h dark cycle). Wood-chip bedding
was used and replaced regularly. Standard laboratory
chow and tap water were provided ad libitum throughout
the experiment.

Animals were acclimatized for two weeks prior to any
experimental procedure. After acclimatization, rats were
randomly assigned to four experimental groups using a
computer-generated randomization schedule: Control (n
= 9), Control + yarrow (n = 9), Diabetic (n = 9), Diabetic +
yarrow (n = 8) (Table 1). The individual animal was
considered the experimental unit for all analyses.

Table 1. Experimental design and treatment allocation in
control and streptozotocin-induced diabetic rats

Group n Treatment

Control 9 Healthy rats receiving vehicle (gavage)
Control + 9 Healthy rats receiving Achillea
yarrow millefolium oil (400 mg/kg/day, gavage)
Diabetic 9 Streptozotocin-induced diabetic rats

receiving vehicle (gavage)
Diabetic + 8
yarrow

Streptozotocin-induced diabetic rats
receiving Achillea millefolium oil (400
mg/kg/day, gavage)

Vehicle for all control treatments was corn oil.

Unequal group sizes resulted from predefined
exclusion criteria applied after diabetes induction.
Seventy-two hours following streptozotocin
administration, fasting plasma glucose was measured, and
only animals with plasma glucose > 250 mg/dL were
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included in the diabetic groups. Animals not meeting this
criterion were excluded before treatment initiation.

Animals were monitored daily for general health
status and well-being, behavior, and body weight
throughout the study period.

Induction of experimental diabetes

Experimental diabetes was induced after overnight
fasting (12 h) by a single intraperitoneal injection of
streptozotocin (STZ; 50 mg/kg body weight; Sigma-
Aldrich, St. Louis, MO, USA). STZ was freshly dissolved
immediately before administration in cold 0.1 M sodium
citrate buffer (pH 4.5) to ensure chemical stability and
prevent degradation.

To reduce the risk of acute hypoglycemia following STZ
administration, rats were provided with 5% glucose
solution in drinking water for 24 h post-injection.

Seventy-two hours after STZ injection, fasting plasma
glucose levels were measured from tail vein blood using a
calibrated glucometer (Accu-Chek®, Roche Diagnostics).
Rats with plasma glucose > 250 mg/dL were classified as
diabetic and included in the study. Hyperglycemia was
reconfirmed before treatment initiation.

The selected STZ dose and model were chosen to
induce severe insulin-deficient diabetes characterized by
sustained hyperglycemia and oxidative stress (Lenzen,
2008).

Yarrow oil administration

Achillea millefolium oil was obtained as a commercially
available preparation (NU-KA®, product code: 12130-K;
batch no: 00057J24K; Bulgaria). The oil was administered
orally via gavage at a dose of 400 mg/kg/day for 28
consecutive days. The dose was selected based on
previously reported experimental studies evaluating
phytotherapeutic interventions in diabetic rodent models.

Control groups received an equivalent volume of corn
oil vehicle. All administrations were performed at the
same time each day (09:00-10:00 a.m.) to minimize
circadian variability.

Tissue collection and sample preparation

At the end of the 28-day treatment period, animals
were fasted overnight and anesthetized with ketamine
(100 mg/kg) and xylazine (5 mg/kg, intraperitoneally).
Blood samples were collected via cardiac puncture for
biochemical and DNA damage analyses.

Liver tissues were rapidly excised, rinsed in ice-cold
phosphate-buffered saline (PBS, 150 mM, pH 7.4), blotted
dry, and stored at —80 °C until biochemical analysis.

For oxidative stress assays, liver tissues were
homogenized (10% w/v) in ice-cold PBS using a Teflon-
glass homogenizer and centrifuged at 7000 rpm for 10 min
at 4 °C. Supernatants were collected for biochemical
measurements. All analyses were performed in duplicate.

Protein concentrations were determined using the
Bradford method to normalize biochemical parameters.

DNA damage assessment (Comet assay)

Peripheral blood lymphocytes were isolated using
density gradient centrifugation. DNA strand breaks were
evaluated using the alkaline single-cell gel electrophoresis
comet assay as described by Collins (2004).

Approximately 10,000—-15,000 cells were embedded in
low-melting-point agarose on pre-coated slides and lysed
overnight at 4 °C in a high-salt lysis solution. Slides were
then placed in alkaline electrophoresis buffer (pH >13) for
DNA unwinding (20 min) followed by electrophoresis at 25
V (300 mA) for 20 min.

After neutralization and staining with DAPI (4',6-
diamidino-2-phenylindole), slides were examined using a
fluorescence microscope (Olympus BX51, Japan). One
hundred randomly selected nuclei per slide were analyzed
using Comet Assay Software Project to determine tail
moment and tail intensity (% DNA in tail). All analyses
were conducted under blinded conditions.

Oxidative Stress and Antioxidant Assays

Lipid peroxidation: Hepatic malondialdehyde (MDA)
levels were determined using the thiobarbituric acid
reactive substances (TBARS) method according to Ohkawa
et al. (1979). Absorbance was measured at 532 nm using
a UV-Vis spectrophotometer (Shimadzu UV-1800, Japan).
Results were expressed as nmol MDA per mg protein.

Reduced glutathione: Reduced glutathione (GSH)
concentrations were measured using the enzymatic
recycling method described by Tietze (1969). Absorbance
was recorded at 412 nm. Results were expressed as mg
GSH per g protein.

Superoxide dismutase: Superoxide dismutase (SOD)
activity was assessed spectrophotometrically according to
the method of Sun et al. (1988). Enzyme activity was
measured at 560 nm and expressed as U per mg protein.

All measurements were performed by investigators
blinded to experimental groups.

Statistical analysis

Statistical analyses were performed using SPSS version
22.0 (IBM Corp., Armonk, NY, USA). Data distribution was
evaluated using the Shapiro—Wilk test, and homogeneity
of variances was assessed using Levene’s test.

Body weight measurements obtained over the 28-day
experimental period were analyzed using repeated-
measures ANOVA, with group as the between-subject
factor and time as the within-subject factor. Where
significant interactions were detected, Bonferroni
correction was used for pairwise comparisons.

Day 28 plasma glucose, HbAlc, MDA, GSH, SOD, tail
moment, and tail density variables met parametric
assumptions and were analyzed using one-way ANOVA
followed by Bonferroni-adjusted post hoc comparisons.
Variables not meeting parametric assumptions would
have been analyzed using the Kruskal-Wallis test.

Data are presented as mean * standard error (SE).
Differences were considered statistically significant at P <
0.05.

Results and Discussion

Results

Body weight changes

Changes in body weight during the 28-day experimental
period are presented in Table 2. No differences were
observed among groups at baseline (Day 0; P > 0.05).
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Repeated-measures ANOVA indicated a significant
effect of time on body weight in both diabetic groups
(Diabetic; Diabetic + yarrow), which showed a progressive
decrease throughout the study period (P < 0.001). In
contrast, control groups (Control; Control + yarrow)

exhibited a gradual increase in body weight over time (P <
0.001).

Although the Diabetic + yarrow group. displayed slightly
higher body weight values than the untreated Diabetic
group at certain time points, these differences were not
statistically significant (P > 0.05).

Table 2. Effects of Achillea millefolium oil on body weight (g) in control and streptozotocin-induced diabetic rats during

the 28-day experimental period

Group Day 0 Day 7
Control 239.89 + 3.90 263.22 + 4,982
Control + yarrow 240.89 + 3.16 256.33 + 4.62°
Diabetic 241.33+4.32 209.44 + 3.58
Diabetic + yarrow 243.13 +3.34 208.88 + 8.67°
P values >0.05 <0.001

Day 14
254.67 + 4.62°
245.89 + 3.872
209.56 + 6.79°
195.13 + 9.85b

<0.001

Day 21
278.33+5.392
255.33 + 4.082b
215.67 + 7.94
206.63 + 8.43b

<0.001

Day 28
289.56 + 7.32°
263.89 + 5.292
207.44 + 10.83

204.38 + 10.71b
<0.001

Values are expressed as mean + SE (n = 8-9 per group). Different superscript letters (*?) within the same column indicate significant differences
between groups (P < 0.05, one-way ANOVA). Within-group changes over time were significant for both diabetic groups (P < 0.001, repeated-measures

ANOVA).

Plasma glucose and HbA1c levels

Plasma glucose and glycated hemoglobin (HbAlc)
levels measured on day 28 are summarized in Table 3.
Plasma glucose concentrations were significantly higher in
both diabetic groups (Diabetic; Diabetic + yarrow)
compared with control groups (Control, Control + yarrow)
(P < 0.001). No significant difference was detected
between the untreated Diabetic and Diabetic + yarrow
groups (P> 0.05).

HbA1c levels differed among groups (P < 0.001). The
Diabetic + yarrow group exhibited lower HbAlc values
than the untreated Diabetic group (P < 0.001).
Nevertheless, HbAlc levels in both diabetic groups
remained significantly elevated compared with control
animals (P < 0.001).

Table 3. Effects of Achillea millefolium oil on plasma
glucose and glycated hemoglobin (HbA1c) levels in control
and streptozotocin-induced diabetic rats on Day 28

Group Glucose (mg/dL) HbALc (%)
Control 78.44 + 8.46° 4.88 + 0.43¢
Control + yarrow 121.89 + 10.68 4.33+0.03¢
Diabetic 382.00 + 65.762 8.92 +0.322
Diabetic + yarrow 314.25 + 56.832 7.86 £ 0.23°
P values <0.001 <0.001

Values are expressed as mean * SE (n = 8-9 per group). Different
superscript letters (* > ¢) within the same column indicate significant
differences between groups (P < 0.05, one-way ANOVA).

DNA damage (Comet assay)

DNA damage parameters assessed by the comet assay
are presented in Table 4. Both tail moment and tail density
values were significantly higher in streptozotocin-induced

diabetic groups (Diabetic; Diabetic + yarrow) compared
with control groups (Control, Control + yarrow) (P <
0.001).

No statistically significant differences were observed
between the untreated Diabetic and Diabetic + yarrow
groups for either tail moment or tail density (P > 0.05).
Table 4. Effects of Achillea millefolium oil on DNA damage
parameters assessed by the comet assay in control and
streptozotocin-induced diabetic rats

Group Tail moment Tail density (%)
Control 0.051 + 0.002° 19.50 + 1.64b
Control + yarrow 0.080 + 0.01820 29.41 + 3.75b¢
Diabetic 0.096 + 0.0152 38.44 + 2.93a¢
Diabetic + yarrow 0.140 + 0.0352 43.22 + 4.092
P values <0.01 <0.001

Values are expressed as mean + SE (n = 8-9 per group). Different
superscript letters (> ® ) within the same column indicate significant
differences between groups (P < 0.05, one-way ANOVA).

Oxidative stress and antioxidant parameters

Hepatic oxidative stress and antioxidant parameters
are summarized in Table 5. MDA levels were significantly
higher in both diabetic groups compared with control
groups (P <0.001). Among the diabetic groups, MDA levels
were significantly higher in the Diabetic + yarrow group
than in the untreated Diabetic group (P < 0.001).

Hepatic GSH concentrations and SOD activity were
significantly lower in diabetic groups compared with
controls (P < 0.01). No significant differences were
observed between the untreated Diabetic and Diabetic +
yarrow groups for either GSH levels or SOD activity (P >
0.05).

Table 5. Effects of Achillea millefolium oil on hepatic oxidative stress and antioxidant parameters in control and

streptozotocin-induced diabetic rats

Group MDA (nmol/mg protein) GSH (mg/g protein) SOD (U/mg protein)
Control 136.65 + 4.70°¢ 38.32 + 3.80° 5.82 £ 0.692
Control + yarrow 148.44 + 6.66°¢ 29.07 + 3.302 5.42 £ 0.332
Diabetic 176.70 £ 6.27° 14.86 + 0.99° 4.19+0.47°
Diabetic + yarrow 252.99 £ 20.122 16.38 £ 1.52b 4,18 +0.12°
P values <0.001 <0.001 <0.01

Values are expressed as mean * SE (n = 8-9 per group). Different superscript letters (> <) within the same column indicate significant differences

between groups (P < 0.05, one-way ANOVA).
Discussion

The present study investigated the effects of Achillea
millefolium oil on glycemic control, hepatic oxidative
stress, and DNA damage in a streptozotocin (STZ)-induced
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diabetic rat model characterized by severe insulin
deficiency. The principal findings were that yarrow oil
administration significantly reduced HbAlc levels but did
not improve fasting plasma glucose, antioxidant enzyme
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activity, or DNA damage indices. Moreover, hepatic lipid
peroxidation was further increased in the yarrow-treated
Diabetic group. Collectively, these findings suggest that
yarrow oil exerts only a limited metabolic effect and does
not confer protection against oxidative or genomic
damage under conditions of pronounced B-cell
destruction.

STZ-induced diabetes is associated with marked
weight loss due to insulin deficiency, enhanced
proteolysis, and impaired glucose utilization (Lenzen,
2008). In agreement with previous reports (Kheyfets et al.,
2012; AbdRabou et al., 2024), diabetic rats in the present
study exhibited progressive body weight reduction,
whereas control animals gained weight normally. Yarrow
oil supplementation did not significantly modify this
pattern, suggesting that it did not restore metabolic
balance in the context of severe insulin deficiency.

A notable finding was the reduction in HbAlc levels in
the Diabetic + yarrow group despite the absence of
improvement in fasting plasma glucose. HbAlc reflects
average glycemic exposure over time rather than acute
glucose fluctuations. Therefore, the observed decrease
may indicate modest modulation of overall glycemic
burden rather than acute glucose-lowering activity.
Phytochemicals present in A. millefolium, including
flavonoids and phenolic acids, have been reported to
influence carbohydrate metabolism and insulin sensitivity
(Chavez-Silva et al., 2018; Li et al., 2024). However, in the
STZ model, where B-cell destruction is extensive and
endogenous insulin production is markedly impaired,
improvements in insulin signaling alone may be
insufficient to normalize fasting glucose concentrations
(Tahara et al., 2014). Importantly, although HbA1c levels
were significantly reduced, they remained above
recommended glycemic targets (American Diabetes
Association, 2024), indicating limited physiological
relevance of this effect. However, in the absence of insulin
measurements, pancreatic histopathological evaluation,
and inflammatory markers, the mechanistic basis
underlying the observed reduction in HbAlc remains
unclear. This discrepancy between HbAlc and fasting
glucose highlights a potential inconsistency and raises
concerns regarding the biological significance of the
observed effect.

Oxidative stress is a central feature of STZ-induced
diabetes and contributes to lipid peroxidation, antioxidant
depletion, and DNA strand breaks (Ma et al., 2023).
Consistent with earlier studies (Aksu et al., 2021), diabetic
rats exhibited elevated DNA damage and impaired
antioxidant defenses. In the present study, yarrow oil
administration did not attenuate tail moment or tail
density indices, indicating that genomic instability
persisted despite treatment. Although A. millefolium
extracts have demonstrated antioxidant properties in
vitro (Tadi¢ et al., 2017), the in vivo efficacy of
phytochemicals is influenced by absorption, metabolism,
and tissue distribution. Under conditions of sustained
hyperglycemia and severe oxidative burden, the
antioxidant capacity of the administered oil may have

been insufficient to counteract reactive oxygen species-
mediated DNA damage. Furthermore, DNA damage was
assessed in peripheral blood lymphocytes, whereas
oxidative stress parameters were measured in liver tissue.
Because these endpoints were obtained from different
biological compartments, direct mechanistic
interpretation of the relationship between oxidative
stress and genotoxicity should be made cautiously.
Therefore, the present findings may reflect parallel
systemic alterations rather than a direct tissue-specific
association.

An unexpected finding was the further increase in hepatic
MDA levels in the Diabetic + yarrow group. Lipid peroxidation
represents cumulative oxidative damage to membrane lipids
and reflects the severity of redox imbalance under
hyperglycemic conditions. Although plant-derived oils are
commonly described as antioxidants, their biological activity
is highly dependent on phytochemical composition,
concentration, and the prevailing oxidative environment.
Certain phenolic constituents may exhibit context-
dependent pro-oxidant behavior, particularly in systems
characterized by excessive reactive oxygen species (Sen &
Chakraborty, 2011). Comparable observations have been
reported in experimental models in which phytotherapeutic
interventions did not attenuate or even increased oxidative
markers under conditions of severe metabolic stress
(Wardani et al., 2022).

Importantly, the present study did not include a
detailed phytochemical characterization of the
commercial yarrow oil preparation. Variability in essential
oil composition, including differences in terpenoid and
phenolic profiles, may substantially influence redox-
related outcomes. Therefore, the observed elevation in
MDA levels should be interpreted cautiously and may
reflect a complex interaction between the administered
oil and the already dysregulated oxidative milieu of the
STZ model, rather than a direct toxic effect. Future
investigations incorporating compositional analysis and
dose-response evaluation are necessary to clarify the
redox-modulating properties of Achillea millefolium oil
under diabetic conditions. Furthermore, this variability
may be particularly relevant in explaining the observed
increase in hepatic MDA levels, as differences in
phytochemical composition and dose may shift the redox
balance toward pro-oxidant effects, particularly under
conditions of severe oxidative stress.

From a translational perspective, these findings
underscore the importance of evaluating
phytotherapeutic agents under well-defined pathological
conditions. While A. millefolium oil demonstrated a
modest effect on long-term glycemic exposure, it did not
mitigate oxidative stress or DNA damage in this
standardized model of insulin-deficient diabetes. This
distinction is critical, as improvement in glycemic markers
does not necessarily translate into protection against
molecular damage or diabetic complications.

The strengths of this study include the integrated
assessment of metabolic, oxidative, and genomic
parameters within a controlled STZ-induced diabetes
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model. However, several limitations should be
acknowledged. The study employed a single dose and a
fixed 28-day treatment duration, which may have limited
the detection of dose-dependent or time-dependent
effects. The use of a single dose and a fixed treatment
duration limits the assessment of dose-response and
temporal dynamics, and therefore precludes definitive
conclusions regarding the overall efficacy of Achillea
millefolium oil. Insulin concentrations and pancreatic
histopathology were not evaluated, restricting
mechanistic interpretation. Additionally, the
phytochemical composition of commercial yarrow oil may
vary, potentially influencing biological activity.

Future investigations should examine multiple dosing
regimens and longer treatment durations to better define
the therapeutic window of A. millefolium oil. Studies
incorporating insulin measurements, pancreatic
morphology, and molecular markers of oxidative stress
would provide deeper mechanistic insight. Furthermore,
combination approaches with established antidiabetic
agents may clarify whether yarrow oil exerts additive or
supportive effects rather than standalone therapeutic
efficacy.

Taken together, these findings should be interpreted
within the context of severe insulin deficiency, where the
therapeutic window for phytotherapeutic interventions may
be inherently limited.

Conclusion

Achillea millefolium oil produced a modest reduction in
HbA1c levels but did not improve fasting glucose, oxidative
stress markers, or DNA damage in streptozotocin-induced
diabetic rats. The observed increase in hepatic lipid
peroxidation suggests that its redox-modulating effects may
be context-dependent and insufficient under conditions of
severe insulin deficiency. Overall, these findings suggest that
Achillea millefolium oil does not provide comprehensive
metabolic or cellular protection in this experimental model.
Future studies incorporating dose-response analysis,
phytochemical standardization, and mechanistic
investigations are needed to better define its potential role
in diabetes management.
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