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Accepted: 27 Apr 2026 © Introduction and Purpose: Chronic hyperglycemia in type 2 diabetes mellitus (T2DM) promotes oxidative
: stress by enhancing the production of reactive oxygen species (ROS) and impairing the endogenous

antioxidant defense system. This study aimed to investigate the effects of eight weeks of combined ex-
ercise training, with and without gamma-oryzanol supplementation, on oxidative stress markers, total
antioxidant capacity, glycemic indices, and insulin resistance in men with T2DM.
Methods: Thirty men with type 2 diabetes were purposively selected and divided into three groups (10
per group): combined exercise plus placebo, combined exercise plus supplementation, and placebo con-
trol. The exercise groups completed combined training for eight weeks, three sessions per week. The
training consisted of resistance exercise at 40%—70% of 1RM and endurance exercise at 50%—70% of
HRR. The supplement group consumed 600 mg of gamma-oryzanol daily in two doses for eight weeks.
Fasting blood samples were collected 48 hours before and after the intervention to assess superoxide
dismutase (SOD), malondialdehyde (MDA), total antioxidant capacity (TAC), insulin, and fasting blood
glucose. Between-group differences were compared using a two-way repeated-measures analysis of
variance and the LSD post hoc test, with a significance level of P<0.05.
Results: Significant reductions were observed in FBG, insulin, HOMA-IR, HbAlc, and MDA levels in both
intervention groups compared to the control group (P<0.05). Moreover, significant increases were found
in SOD (P=0.012) and TAC (P=0.017) levels in the intervention groups versus the control group. However,
the differences between the combined-exercise-plus-placebo group and the combined-exercise-plus-
supplement group were not statistically significant (P>0.05).
Conclusion: Eight weeks of combined (aerobic-resistance) training improved glycemic indices, insulin
resistance, and oxidative stress in men with type 2 diabetes. This improvement was independent of
gamma-oryzanol supplementation, as no additional effect was observed when this supplement was
added to the training.
Keywords: Oxidative stress, Total antioxidant capacity, Insulin resistance, Combined exercise, Gamma-
Oryzanol
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Extended Abstract

Introduction

nsulin resistance and pancreatic -cell dysfunction

elevate blood glucose levels and further drive the

pathogenesis of type 2 diabetes [1]. Chronic hy-

perglycemia, as one of the principal consequences

of insulin resistance, is a major driver of reactive
oxygen species production. Elevated blood glucose leads
to excessive free radical production through physiological
pathways in the body. The imbalance between the produc-
tion of reactive oxygen free radicals and the antioxidant
defense system’s capacity to neutralize them is defined as
oxidative stress [2]. Oxidative stress in diabetes mellitus
has several adverse effects on cellular physiology. This is
particularly hazardous for the islets of Langerhans because
they possess one of the lowest levels of intrinsic antioxidant
defenses among body tissues [3]. The most notable manifes-
tations are an increase in the concentration of malondialde-
hyde (MDA), a marker of oxidative stress, and a decrease in
superoxide dismutase (SOD) concentration. These changes
impair pancreatic -cell function and promote peripheral in-
sulin resistance, ultimately contributing to diabetes [4].

Alongside exercise training, the use of natural bioactive
compounds has also attracted attention as a complementary
strategy in diabetes management. For years, researchers have
focused on identifying plant derived antioxidant compounds
with fewer side effects. One such compound is gamma-oryz-
anol (y-Oz), a bioactive compound extracted from rice bran.
Owing to its prominent antioxidant and anti-inflammatory
properties, it has been recognized as an effective agent for
improving obesity-related metabolic disorders, including
hyperlipidemia, insulin resistance, and type 2 diabetes [5, 6].

Although the separate positive effects of combined
training and gamma-oryzanol supplementation on oxida-
tive stress and glycemic indices have been confirmed, no
study to date has examined the synergistic effects of these
two interventions on the variables of interest in this study.
Therefore, the present study was designed and conducted
to investigate the effect of combined training along with
gamma-oryzanol supplementation on oxidative stress, anti-
oxidant capacity, glycemic indices, and insulin resistance in
men with type 2 diabetes.

Methods

his randomized clinical trial included 30 men with type
2 diabetes, aged 4560 years. Participants were purpo-
sively selected and divided into three groups: (1) com-
bined training + placebo (CT+P), (2) combined training

+ gamma-oryzanol supplementation (CT+S), and (3) a
control group. Inclusion criteria included stable glycemic
status and no regular physical activity in the preceding six
months. All participants had been receiving stable phar-
macological treatment with metformin, 500-1000 mg/
day, for at least 3 months before enrollment.

The combined training program consisted of 3 sessions
per week for 8 weeks. Each session included resistance
exercises (40-70% of one-repetition maximum) and en-
durance exercises (50—70% of heart rate reserve) [7]. The
supplement group (CT+S) received 600 mg of gamma-
oryzanol daily [8], while the CT+P group received a
placebo. Fasting blood samples were collected 48 hours
before the intervention began and 48 hours after the fi-
nal training session to avoid the acute effects of exercise.
Biochemical assays were performed for FBG, insulin,
HbAlc, MDA, SOD, and TAC. Data were analyzed us-
ing a two-way (group*time) repeated-measures ANOVA
at a significance level of P<0.05.

Results

Statistical results showed significant improvement in
metabolic and oxidative markers in both intervention
groups (CT+P and CT+S) compared to the control group
(P<0.05). Specifically, fasting blood glucose (FBG), in-
sulin levels, and the insulin resistance index (HOMA-IR)
showed marked reductions in both training groups. Addi-
tionally, glycated hemoglobin (HbA1c¢), as a key indicator
of long-term blood glucose control, decreased significant-
ly after 8 weeks of intervention.

Regarding oxidative stress markers, MDA levels, which
indicate lipid peroxidation, decreased in both training
groups relative to the control group. In contrast, SOD
and TAC levels, which reflect the body’s antioxidant de-
fense capacity, increased significantly in the intervention
groups. However, no statistically significant difference
was observed in the direct comparison between the CT+P
and CT+S groups (P>0.05). These findings indicate that,
although exercise training and its combination with the
supplement were superior to the control condition, adding
gamma-oryzanol over the 8-week period did not produce
a significant additive effect on these specific variables.

Conclusion

Fasting blood glucose, insulin, and HOMA-IR were
significantly reduced in both CT+P and CT+S groups.
However, there was no significant difference between
the two intervention groups. These findings suggest that
combined exercise training was probably the main fac-
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tor contributing to improved blood glucose levels in this
study and that gamma-oryzanol supplementation had no
effect. Resistance training increases protein synthesis and
glucose uptake through the IGF-1/PI3K/AKT/mTOR
pathway, while endurance training primarily improves
mitochondrial biogenesis and lipid oxidation through the
AMPK/SIRT1/PGC-1a pathway and exerts immune-
modulating effects by suppressing pro-inflammatory cy-
tokines, such as TNF-a while increasing anti-inflammato-
ry myokines, such as IL-6. These mechanisms plausibly
explain the improvements in blood glucose and oxidative
stress observed in both training groups, regardless of sup-
plementation. Goémez-Cabrera et al. reported that exoge-
nous antioxidant supplementation may partially attenuate
the physiological adaptations induced by exercise train-
ing and disrupt adaptive redox signaling pathways be-
cause reactive oxygen species produced during exercise
act as signaling molecules necessary for mitochondrial
biogenesis and the upregulation of antioxidant enzymes.
The absence of a significant synergistic effect between
gamma-oryzanol and exercise training in this study war-
rants further consideration. Although gamma-oryzanol
possesses antioxidant properties, the dosage adminis-
tered (600 mg/day) and the duration of the intervention
(8 weeks) were likely insufficient to produce additional
effects beyond the powerful physiological adaptations
induced by exercise training. It is possible that exercise
training acted as the primary driver of metabolic and oxi-
dative improvements, overshadowing the supplement’s
small, gradual effects. Future research should consider
longer intervention periods or different dosages to fully
understand the interaction between antioxidant supple-
mentation and exercise-induced metabolic adaptations in
diabetic populations.
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8. Glutathione (GSH)

9. Gamma Oryzanol (y-0z)

10. Endoplasmic Reticulum Stress (ER stress)
11. Dopamine D2 Receptor (D2R)

12. Glucose Transporter Type 4
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16. Shapiro-Wilk Test

17. Levene's test

18. one-way ANOVA

19. Two-way Repeated Measure
20. least Significant Difference (LSD)
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14. RadioimmuNOassay (RIA)
15. Homeostatic Model Assessment of Insulin Resistance HOMA-IR)
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21. least Significant Difference Test (LSD)
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23. Total Antioxidant Capacity (TAC)

¥ oylads IY 090 108

9 gsi"'}’L“ has sras sl )5l 6‘}5‘&“’ Al Az
Lvel st Sleadlas

5 i o Bl g i Slalllaa ol b aaily !

35,5 )5 Selotps (65 0 dalllae S 5 (VF+F) ) o
LSl g5 S 9IS sl 50 )l dime palS Sl (o559 Sl o5
S S35 ol 5 el Cslie 5SS glSsan
s>y a3 (gl 5 izmed [YO 00 o ¥ g5 s &
O Gl sre bl s Jdild 0 ((WYAA) ) SKen
Aolly sonedS o asli Juals 5 coliinl ob5)9 Ol pes
Oryes wisls las (VoYY) o Ken o LS9 60 [Y7] s 8
oS b3Sl gl gen mhaw alS Sl sl g (oS 5
5 9550 ¥ 655 Sk olhbont 9 Gl 5 (FBS) T2k (5
Irvl g (olesas s3lan Sl pos 5l o (oS 5 iy s 5T

393 $y950 anllas o (Y+V)) o) Sed g g9l puimen
gl o g (Rl el (oS o ped WS 1S
5 (HOMA-IR)  cidsudl Cooglin caly 5555 (slS g0n
IVAL 59500 ¥ 95 s @ Do los 53 o Gl
S oged 050t 13 o125 5 Dl o b il oimo L
SolS clby ol sdged! Colus il 5,k
s cldlas S ol sl U5 i L
awlio ;o (WWAYF) e o Slo wailes ST 5158 Sglae
OIS Y 5 Salis 4 M (b5 50 (oS S s SS9 ¥
28l SRl gl sime joloas LG (y93 SIS 4z ST S
s gl 4 Cagliia 9 aly 5955 roglSaen Ol s
VR SNCINGS Ja ERRN PSS SRR E R I A L ROV
a3l S (ol addllas yo s e Jilie 4o o)6;5) o Soges]
Lol (528 5 Dl a3 (e Syl SS9 9

Oglle gobams o gime 1alS @alllas (nl Koo slaasdly
Posine 58 5 (o) opmmbinmsTy, L) aalliss
12055 13 (a1 5T 231 B g STy 900 glans
Olallas gl b beadly ol 09 J 508 09,5 4 s alloe
olas (WWA0) o)) e 5 ylalacl 09l o M‘b iy, ST
Y 95 Cabo Mo adly (5 )0 oS 55 yed alan A wisls
STy g s 2al381 5 030160 pglle glas alS el
(VY L) g of) s puizmon Iv-] 395 50 JUgemad
Oglle yl g 1alS 4y yomie JUaSIl by pos 2is ST 8158
Sy )0 Ugomnd ST pguw o cxe (iul38l g sl g
I¥ ] 09 oo 3l 5 oy3528Lal (gl

il 5l 2y S 5 e | el alSe

22, Fasting Blood Sugar (FBS)
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