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Abstract: Skin aging is characterized by the appearance of wrinkles, dull skin, and decreased skin
elasticity. White turmeric (Curcuma mangga Val.) is a natural antioxidant containing curcuminoids and
polyphenols that can fight free radicals and help rejuvenate the skin. This study aims to evaluate the
potential of white turmeric as an anti-aging agent in Wistar rats induced with D-galactose. The treatment
was carried out for 3 weeks on 5 groups of rats, namely: control (standard feed), negative control (D-
galactose induction with aquabidest), two treatment groups with D-galactose induction and white
turmeric doses of 27 mg/200 g and 81 mg/200 g BW, and positive control (D-galactose induction and
vitamin E). The results showed that administration of white turmeric at a dose of 81 mg/200 g BW had
a significant effect on increasing antioxidant activity, as indicated by increased SOD (81.43%) and
VEGF levels (28.47 pg/mL), decreased MDA levels (2.22 nmol/mL), MMP-1 level (9.77 ng/mL), and
blood glucoses level (87.42 mg/dL) as well as better histopathological observations of skin tissue
compared to the D-galactose-induced model group without treatment. Thus, white turmeric shows
potential as an anti-aging agent in Wistar rats induced to age using D-galactose.
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1. Introduction

Aging is characterized by the accumulation of progressive changes, including increased
susceptibility to disease, higher mortality rates, and cellular and tissue damage from free radical
reactions [1]. Cell and tissue damage leads to a progressive loss of physiological integrity,
which triggers dysfunctional bodily functions, mental health problems, and an increased risk
of death. Aging is primarily caused by the accumulation of free radicals, which damage the
body’s cells and tissues. However, this process can be prevented or slowed down with the help
of antioxidants. The aging process is closely associated with oxidative stress resulting from an
excess of free radicals in the body. These free radicals can damage cells and tissues, gradually
disrupt physiological functions, and ultimately contribute to the development of various age-
related diseases, such as cardiovascular disease, cancer, and neurodegenerative disorders [2].
The body has an endogenous antioxidant system that depends on certain cofactors and can be
aided by exogenous antioxidants obtained from food to counteract the effects of free radicals
[3]. A balanced interaction between free radicals, antioxidants, and cofactors is essential for
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maintaining health and slowing the aging process. Oxidative damage occurs when the amount
of free radicals exceeds the body’s defense capacity. Therefore, the body requires external
sources of antioxidants, such as rhizomes like Curcuma, which are known to contain bioactive
compounds with strong antioxidant activity.

The skin aging process occurs due to the accumulation of cellular and tissue damage
triggered by complex interactions between internal and external factors. Internally, a decrease
in collagen and elastin production by fibroblasts in the dermis causes the skin to lose its
firmness and elasticity. A reduction in the activity of endogenous antioxidant enzymes, such
as superoxide dismutase (SOD), can impair the body's ability to neutralize free radicals. Free
radicals are harmful reactive molecules that can damage cell membranes, proteins, and DNA.
Exposure to ultraviolet radiation and environmental pollution accelerates the formation of free
radicals, leading to oxidative stress and chronic inflammation. This oxidative stress activates
matrix metalloproteinases (MMPs), which degrade collagen and elastin, accelerating the
breakdown of skin tissue. Persistent inflammation can further trigger tissue degeneration and
reduced cellular function, thus accelerating the appearance of aging signs such as wrinkles, dull
skin, and decreased skin elasticity [4,5].

WT rhizome is one of the herbal plants that has great potential as a source of natural
antioxidants. Research by [6,7] shows that Curcuma mangga contains alkaloid, flavonoid,
tannin, and saponin compounds. The bioactive compounds in white turmeric have significant
pharmacological effects, including curcumin as an antitumor and anti-inflammatory agent [8],
saponins as anticancer agents [9,10], and polyphenols that function as antioxidants, helping
ward off free radicals [11]. White turmeric extract can inhibit the oxidation process due to its
antioxidant components. According to [12], processed products of white turmeric, including
syrup, instant powder, and effervescent tablets, possess antioxidant activity that can support
the immune system. Antioxidant compounds can protect the skin from oxidative stress, thereby
helping prevent aging [13]. Previous studies have shown that blanching enhances the
antioxidant activity of white turmeric compared to fresh samples and also demonstrates
potential antidiabetic properties [14]. Additionally, the results showed that older harvest ages
of Curcuma species yield higher levels of essential oils. Specifically, turmeric harvested at 11
months contains more essential oils than that harvested at 9 months [15].

Testing antioxidant activity and protective mechanisms against oxidation-induced skin
tissue damage can be done by adding D-galactose to test animals. Accumulated D-galactose
reacts with amino acids in proteins and peptides that form Schiff bases, thereby forming
unstable compounds [16]. High concentrations of D-galactose can be oxidized by galactose
oxidase to form hydrogen peroxide (H20.), which causes a decrease in superoxide dismutase
(SOD). Several studies have shown that D-galactose causes mutations in mitochondrial DNA
that can lead to aging [17]. Previous studies on white turmeric have been conducted on its
antioxidant, antifungal, anticancer, immunomodulatory, and antidiabetic properties. However,
no in vivo studies have been conducted on the anti-aging properties of white turmeric powder
with blanching pretreatment. The objective is to evaluate the potential of white turmeric to
reduce oxidative stress and slow the aging process (anti-aging) in male Wistar rats (Rattus
norvegicus) induced by D-galactose.
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2. Materials and Methods

2.1. Materials and equipment.

The main ingredient used in this study was white turmeric (Curcuma mangga Val.)
obtained from CV. Windra Mekar, Yogyakarta. Other materials included D-galactose (1000
mg/kg body weight), distilled water (Aquadest), and standard AIN-93 feed, which is a
nutritional formulation developed by the American Institute of Nutrition for experimental
animals. Vitamin E (100 mg/mL) was also used as a reference antioxidant. Analysis of
antioxidant activity and related parameters was carried out using specific chemicals and
equipment, including 50 uL of standard or sample solution, 50 uL of biotinylated detection
antibody, 350 uL of wash buffer, 100 uL of HRP conjugate working solution, 90 uL of
substrate reagent, and 50 uL of stop solution. The absorbance of each sample was measured
using a microplate reader at a wavelength of 450 nm. The instruments used in this study
included rat SOD ELISA kits, human VEGF ELISA kits (Quantikine, R&D Systems, USA),
cell culture media as incubation medium, and a spectrophotometer (Beckman Colter DTX-
880).

2.2. Research procedure.

This study used Wistar rats that were maintained and treated according to the
procedures established by the Center for Food and Nutrition Studies, Gadjah Mada University,
as stated in Certificate No: 39/UN1/PSPG/S. Ket/I11/2019 concerning the maintenance and
euthanasia of laboratory animals.

2.2.1. Experimental design.

This study was conducted using 2-month-old male Wistar rats weighing between 166
and 180 g. After a 7-day adaptation period, D-galactose was administered on the 8th day to
four groups of rats, while one group remained untreated. The study consisted of five groups,
each comprising five rats:

Group | consisted of normal Wistar rats without D-galactose injection and were
fed the standard AIN-93 diet.

Group Il served as the negative control, receiving D-galactose injection and
aquabidest administration.

Group Il served as the positive control, injected with D-galactose and
administered vitamin E at a dose of 90 mg per 200 g body weight.

Group IV was injected with D-galactose and administered white turmeric at a
dose of 27 mg/200 g of rat body weight.

Group V was injected with D-galactose and administered white turmeric at a dose
of 81 mg/200 g body weight.

On day 28, blood samples were collected from each rat to measure the levels of SOD,
MDA, and VEGF, MMP, and blood glucose levels. The in vivo anti-aging test is presented in
Figure 1.
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Figure 1. Anti-aging test with in vivo methods.
2.2.2. Feeding procedure during Wistar rats adaptation.

The rats were acclimated for 7 days and fed a standard AIN-93 diet (Standard Rodent
Diet), which consists of approximately 18-22% protein, 4-6% fat, 5% fiber, 50-60%
carbohydrates, along with added vitamins and minerals. Feeding was carried out daily, with
the amount adjusted to the normal consumption of rats, approximately 15-20 g per animal per
day.

2.2.3. Blood plasma analysis.

The blood plasma analysis began with anesthetizing the Wistar rats using ketamine at a
dose of 60 mg/kg. Blood samples were then collected via the orbital sinus using EDTA as an
anticoagulant. The collected blood was centrifuged at 3000 rpm for 10 minutes to obtain
plasma. Glucose levels were measured enzymatically using the DiaSys kit, with absorbance
read at 500 nm. Superoxide dismutase (SOD) levels were measured using the GenWay kit, and
the results were expressed as percentage inhibition. Malondialdehyde (MDA) levels were
determined by the thiobarbituric acid reactive substances (TBARS) method and measured at
532 nm [14].

2.2.4. Skin histopathology.

Skin samples were collected from the dorsal area of male Wistar rats and sectioned
using a microtome into thin slices approximately 2x2 cm in size, then fixed in formalin. The
skin tissue sections were stained using the Hematoxylin-Eosin (HE) method. The stained
preparations were examined under an Olympus CX21 light microscope connected to OptiLab
Advance and OptiLab Viewer 2.2 software. Observations were performed at 40x and 100x
magnification by anatomical pathologists, with multiple repetitions. The microscopic
parameters observed included the histological structure and integrity of the rats' skin tissue.

2.2.5. Body weight measurement.

The body weight of the Wistar rats was measured weekly during the treatment period
using a digital scale with an accuracy of 0.01 g. Each rat was weighed individually, and the
results were averaged for each treatment group. The weight data were analyzed by calculating
the mean and standard deviation to assess variations within each group. A weight loss of >10%
from the initial body weight was considered biologically significant and could indicate toxic
effects or physiological stress [18].
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2.3. Analysis.
2.3.1. SOD measurement.

The determination of superoxide dismutase activity was conducted to evaluate the
antioxidant enzyme activity in the blood of Wistar rats. Blood samples were collected from the
orbital sinus of the rats and mixed with the anticoagulant EDTA. The samples were centrifuged
at 3000 rpm for 10 minutes to separate red blood cells from plasma. The obtained red blood
cells were then homogenized in distilled water at a ratio of 1:200 (v/v), producing hemolysate
equivalent to approximately 75 ug of hemoglobin. A volume of 50 uLL of hemolysate was used
to measure SOD levels using the RANSOD Kit (Randox Laboratories, Ltd., UK). The
measurement was based on the ability of SOD to inhibit the reduction of 2- para(iodophenyl)-
3-(nitrophenyl)-5-(phenyl)tetrazolium chloride (INT) by superoxide radicals. The results of the
SOD assay were expressed as a percentage of inhibition [19].

2.3.2. MDA measurement.

The procedure for determining malondialdehyde (MDA) levels in this study was
conducted to assess lipid peroxidation as an indicator of oxidative stress. A volume of 50 uL
of rat blood plasma was mixed with 750 pL of phosphoric acid in a polypropylene tube. Then,
250 pL of 40 mM thiobarbituric acid (TBA) solution and 450 pL of distilled water were added.
The mixture was tightly sealed and heated for one hour. After cooling on ice, the solution was
filtered using a Sep-Pak C18 column that had been pre-washed with methanol and distilled
water. The thiobarbituric acid reactive substances (TBARS), formed from the reaction between
MDA and TBA, were then eluted from the column using 4 mL of methanol. The absorbance
of the eluted solution was measured using a spectrophotometer at a wavelength of 532 nm,
with tetraethoxypropane (TEP) used as an external standard. MDA levels were expressed in
nanomoles (nmol), reflecting the degree of lipid oxidative damage due to dietary treatment in
the test animals [19].

2.3.3. VEGF level analysis.

VEGF levels were analyzed using the ELISA method with a human recombinant VEGF
ELISA kit (Quantikine, R&D Systems, USA). Cell clusters from a maintenance culture (CP
cells) were incubated in 1 mL of fresh media at 37°C with 5% CO.. After incubation, 200 puL
of the conditioned media was collected and mixed with 50 pL of substrate solution. The optical
density was then measured at a wavelength of 450 nm using a spectrophotometer (Beckman
Colter DTX-880). The obtained values were compared to a standard VEGF curve by
logarithmic curve fitting. The final VEGF concentration was expressed as pg/mL per 24 hours
per 100,000 cells, normalized based on DNA quantification results [20].

2.3.4. MMP-1 measurement.

MMP-9 levels were measured using a sandwich Enzyme-Linked Immunosorbent Assay
(ELISA). Tissue samples were collected from the abdominal aorta of Wistar rats in each group
on day 28 after treatment. The analysis was performed using a Rat MMP-1 ELISA Kit, which
has a sensitivity of 46.88 pg/mL and a detection range of 78.13 to 5000 pg/mL. In this method,
the MMP-9 antigen is captured by a specific antibody pre-coated on the microtiter plate and
then detected by a secondary antibody conjugated with an enzyme, which produces a
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colorimetric reaction. Blood serum samples were prepared, and the absorbance of the reaction
was measured using a spectrophotometer. MMP-1 concentrations were expressed in ng/mL
[21].

2.3.5. Blood glucose measurement.

Blood glucose levels were measured using a commercial kit from DiaSys Diagnostic
Systems (Germany), which operates based on the enzymatic glucose oxidase (GOD-PAP)
reaction. Blood samples were collected from Wistar rats injected with D-galactose and
processed to obtain plasma. A volume of 10 uL of fresh plasma was mixed with 1.0 mL of
reagent solution containing phosphate buffer (pH 7.5), phenol, 4-aminoantipyrine, glucose
oxidase, and peroxidase enzymes. In the reaction, glucose in the sample is oxidized by glucose
oxidase to produce hydrogen peroxide, which then reacts with phenol and 4-aminoantipyrine
to form a quinoneimine-colored compound. The reaction mixture was incubated at 25°C for 10
minutes, and the absorbance was measured at 500 nm using a spectrophotometer. Glucose
concentration was determined by comparing absorbance values with a standard glucose curve,
and results were expressed in mg/dL. This method provides accurate and sensitive detection of
glucose within the range of 1 to 400 mg/dL [14].

2.4. Statistical analysis.

The experimental design used in this study was a Completely Randomized Design
(CRD). The data obtained were analyzed statistically using one-way ANOVA with a 95%
confidence level (o = 0.05) to determine significant differences among treatment groups using
IBM Statistics 25. If the ANOVA results indicated significant differences, a post hoc test was
conducted using Duncan’s Multiple Range Test (DMRT). All statistical analyses were
performed using IBM SPSS Statistics version 20.0 software.

3. Results and Discussion

3.1. SOD enzyme activity in Wistar rats.

SOD analysis measured the activity of the superoxide dismutase enzyme, a key
indicator of the antioxidant system’s ability to neutralize superoxide free radicals in the tested
tissues. SOD enzyme activity in Wistar rats injected with D-galactose and subjected to various
treatments is shown in Figure 2.
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Figure 2. SOD enzyme activity in the blood of Wistar rats injected with D-galactose. Different letter notation
indicates a significant difference (p<0.05); WT is white turmeric.
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Figure 2 showed that SOD enzyme activity differed significantly (p < 0.05) among the
treatment groups. The group of rats induced with D-galactose after WT administration was able
to restore SOD levels. Both doses of WT administered to Wistar rats showed the highest results
at 81 mg/200 g body weight, which were comparable to those of the normal group. Increased
SOD levels in the WT-treated group of rats due to the curcumin and polyphenol compounds
contained therein. The curcumin content in WT was 37.5 mg/100 g dried extract [14]. These
compounds can scavenge and neutralize free radicals, inhibit oxidative reactions, and enhance
the activity of endogenous antioxidant enzymes such as SOD [22]. The flavonoid compound
content of Curcuma mangga Val. the extract with 96% ethanol, is 10.22% [23]. This compound
also acts as a natural antioxidant in white turmeric, helping ward off free radicals. According
to [24], curcumin, the primary active component in turmeric rhizomes, can enhance antioxidant
enzyme activity under both acute and chronic oxidative stress conditions. Curcumin functions
in two ways: directly as a free radical scavenger and indirectly by activating the Nrf2 pathway,
which upregulates antioxidant enzyme expression. It also suppresses the pro-inflammatory NF-
kB pathway, which is known to inhibit endogenous antioxidant mechanisms. The restoration of
SOD activity to near-normal levels with high-dose white turmeric administration highlights its
potential as an effective antioxidant in mitigating D-galactose-induced oxidative stress. This
aligns with previous studies demonstrating that Curcuma mangga Val. extract has anti-aging
potential by inhibiting enzymes involved in the skin aging process, such as elastase,
hyaluronidase, and tyrosinase [25]. Research by [26,27] also supports this finding, showing
that bioactive compounds in the Curcuma genus, particularly curcuminoids and flavonoids, can
enhance the activities of antioxidant enzymes (SOD, CAT, and GPx) and reduce free
radical levels through the upregulation of antioxidant gene expression, confirming their
efficacy in managing oxidative stress.

3.2. MDA levels in Wistar rats.

MDA analysis was performed to measure malondialdehyde levels, a marker of lipid
peroxidation and an indicator of tissue oxidative damage. MDA levels reflect the degree of
oxidative stress experienced by cells. The blood MDA levels of Wistar rats injected with D-
galactose are presented in Figure 3.
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Figure 3. Blood MDA levels of Wistar rats injected with D-Galactose. Different letter notation indicates a
significant difference (p<0.05); WT is white turmeric.
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The group of D-galactose-induced rats with the highest MDA levels indicated that they
had been exposed to free radicals. The group of rats given WT showed an improvement effect,
as indicated by low MDA levels that were close to those of the normal group. This shows that
WT treatment at a dose of 81 mg/200 g body weight was better than Vit. E treatment. These
reductions in MDA levels are likely due to the antioxidant properties of curcuminoids and
polyphenols in white turmeric, which scavenge free radicals and minimize lipid peroxidation,
thus reducing oxidative stress [28]. Curcumin and its derivatives have a positive effect on
wound healing and help prevent skin redness, such as rosacea and flushing [29]. This supports
the idea that curcumin in WT can maintain skin health due to its exposure to free radicals. The
greater effectiveness observed at higher doses suggests a dose-dependent protective effect of
white turmeric against oxidative damage. These effects are similar to the results reported by
Ramirez-Mendoza et al. [24], who reported that curcumin administration to ozone-exposed
Wistar rats significantly inhibited MDA formation under both acute and chronic exposure. In
that study, curcumin treatment suppressed MDA formation by up to 97%, while the control
group exhibited only 18% inhibition. Previous studies have consistently demonstrated the
strong antioxidant activity of curcumin, the main bioactive compound in Curcuma longa.
Curcumin significantly reduces MDA levels under oxidative stress conditions [30] and
contributes to decreased ROS production and lipid peroxidation by enhancing antioxidant
enzyme activity in various degenerative disease models [31]. The observed increase in SOD
activity, along with the reduction in MDA levels, suggests that white turmeric enhances the
body’s antioxidant defense system, effectively mitigating cellular oxidative damage.

3.3. Vascular endothelial growth factor (VEGF) levels in Wistar rats.

VEGF analysis was conducted to evaluate the expression of vascular endothelial growth
factor (VEGF), an important marker for angiogenesis and tissue regeneration. The blood VEGF
levels of Wistar rats injected with D-galactose can be seen in Figure 4.
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Figure 4. Blood VEGF levels in Wistar rats injected with D-galactose. Different letter notation indicates a
significant difference (p<0.05); WT is white turmeric.

The normal group of rats had significantly higher VEGF levels compared to the D-
galactose-induced group. This indicates that D-galactose induction has a detrimental effect on

VEGF levels in mice. Rats administered WT showed improvement, as indicated by VEGF
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levels returning to near-normal levels. The bioactive compound WT normalized rats exposed
to D-galactose or free radicals. The results indicate that high-dose white turmeric treatment
effectively counteracts D-galactose-induced reductions in VEGF levels. This protective effect
is likely due to the presence of curcuminoids and polyphenols in white turmeric, which enhance
VEGF expression through antioxidant and anti-inflammatory mechanisms [32].

Antioxidant compounds have been shown to improve the cellular microenvironment
and activate signaling pathways that promote angiogenesis. Cui et al. [33] reported that
curcumin, the primary bioactive component in Curcuma longa, enhances VEGF expression by
activating the PI3K/Akt and MAPK signaling pathways, both of which are crucial in tissue
repair and neovascularization under oxidative stress. Research by Li et al. [34] demonstrated
that four weeks of curcumin treatment (100 mg/kg BW) in a thoracic aortic aneurysm rat model
reduced aneurysm size and improved elastin integrity by regulating VEGF expression impaired
by CaCl. induction. Furthermore, curcumin has been shown to reduce oxidative stress and
inflammation, thereby creating a favorable microenvironment for increased VEGF production
and vascular remodeling [35]. The observed increase in VEGF, alongside enhanced SOD
activity and reduced MDA levels, supports the hypothesis that white turmeric plays a protective
role against skin aging. These findings collectively suggest that white turmeric can strengthen
the antioxidant defense system while promoting angiogenesis and tissue repair.

3.4. Average MMP levels in Wistar rats.

MMP analysis was conducted to measure matrix metalloproteinase levels as an
indicator of collagen degradation and skin tissue damage associated with the aging process.
The MMP-1 blood level of Wistar rats injected with D-galactose is shown in Figure 5.
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Figure 5. MMP-1 levels of Wistar rats injected with D-Galactose. Different letter notation indicates a significant
difference (p<0.05); WT is white turmeric.

MMP-1 (Matrix Metalloproteinase-1) is a proteolytic enzyme responsible for breaking
down type | and Ill collagen (the main collagen components of the skin). The enzyme is
produced by fibroblasts, keratinocytes, and macrophages when the skin experiences oxidative
stress or inflammation. The D-galactose-induced group of rats showed high MMP-1 levels,
while the control group showed lower levels. This indicates that D-galactose causes oxidative
stress in rats' skin. Administration of WT to the D-galactose-induced group of rats resulted in
a decrease in MMP-1 levels, indicating that this treatment had a remedial effect after exposure
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to the source. D-galactose can damage skin tissue structure by breaking down the extracellular
matrix, especially collagen. WT administration was able to suppress MMP expression because
the bioactive compound curcumin inhibits inflammatory signaling pathways such as NF-xB
and PKCos/JNK/c-Jun, which regulate MMP gene transcription. Curcumin can reduce wound-
healing time and collagen deposition and increase fibroblast density [36]. According to
Pujimulyani et al. [37], curcumin has strong potential as a natural anti-aging agent by protecting
skin tissue from damage caused by free radicals and inflammation. Supporting evidence from
[38] confirmed that curcumin can reduce MMP-1 and MMP-9 expression under oxidative stress
by inhibiting NF-«xB activation. Similar results occurred in the study Safitri et al. [39], which
reported that administering 1% methanolic turmeric extract to Wistar rats induced with
Porphyromonas gingivalis significantly reduced MMP-8 and MMP-13 expression on both day
1 and day 7 of observation. Activation of NF-xB is known to trigger the transcription of various
inflammatory genes and matrix-destroying enzymes such as MMP, which play a role in the
collagen degradation process [40]. Research by Rinnerthaler et al. [41] demonstrated that
vitamin E can protect skin integrity by suppressing lipid peroxidation and reducing MMP
activation under oxidative stress. The significant reduction in MMP levels observed in the
groups treated with high doses of white turmeric and vitamin E indicates a synergistic
mechanism involving both antioxidant and anti-inflammatory pathways. These effects support
the development of white turmeric as a natural anti-aging agent, particularly in supplements or
cosmetic products that target the inhibition of collagen-degrading enzymes, such as MMP.

3.5. Glucose levels in Wistar rats.

Glucose level analysis was conducted to evaluate the effect of treatment on blood sugar
metabolism, serving as an indicator of physiological condition and metabolic system health.
The glucose levels of Wistar rats injected with D-galactose are presented in Figure 6.
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Figure 6. Glucose levels of Wistar rats injected with D-Galactose. Different letter notation indicates a significant
difference (p<0.05); WT is white turmeric.

High blood glucose levels react with proteins, lipids, and DNA to form AGEs
(Advanced Glycation End products). The accumulation of AGEs causes hardening and damage
to skin collagen, leading to wrinkles, roughness, and dullness. Blood glucose levels in D-
galactose-induced rats were higher than in normal rats and rats given WT and vit. E. D-
galactose causes an increase in blood sugar levels because it has a monosaccharide form and is
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then broken down into glucose through the Leloir pathway. This increase in blood glucose
levels will be neutralized again by WT and vit. E. The greatest decrease in blood glucose levels
was observed with the administration of 81 mg/200 g body weight of WT. The decrease in
blood glucose levels indicates improved pancreatic function. This is due to the bioactive
compounds in curcumin, which act as natural antioxidants. A similar study by Janior et al. [42]
showed that oral administration of Curcuma longa at a dose of 200 mg/kg BW, three times per
week for four weeks, significantly lowered blood glucose levels in alloxan-induced type 1
diabetic Wistar rats.

Vitamin E administration, used as a positive control, also showed a significant glucose-
lowering effect, with a recorded level of 94.63 mg/dL. Significant differences between
treatment groups (p < 0.05) are denoted by different superscript notations in the accompanying
table. The D-galactose + aquabidest group differed markedly from all other groups,
highlighting a condition of untreated hyperglycemia. This effect is likely attributed to the active
compounds in white turmeric, such as curcuminoids, which possess antioxidant and antidiabetic
properties. These compounds may enhance insulin sensitivity and reduce hepatic glucose
production. Curcumin has been shown to inhibit gluconeogenesis in the liver by
downregulating key enzymes such as phosphoenolpyruvate carboxykinase (PEPCK) and
glucose-6-phosphatase (G6Pase) [43]. According to Mobhiti-Ardekani et al. [44], curcumin also
lowers fasting blood glucose levels and increases the expression of GLUT-4 in skeletal muscle
and adipose tissue, which is crucial for glucose uptake by cells.

3.6. Overall weight graph of the rats.

Weight analysis was conducted to monitor physiological changes and to assess the
effects of the treatment on the general health condition of the study subjects. The overall weight
changes of the rats are presented in Figure 7.
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Figure 7. Overall body weight of Wistar rats during the treatment period.

Figure 7 shows the changes in body weight of Wistar rats from week to week across
different treatment groups. In general, the weight of all groups tended to increase over time,
although distinct patterns were observed between the control group and the groups receiving
D-galactose treatment with or without additional interventions. The normal group (Wistar rats
fed a standard diet without D-galactose injection) exhibited stable, consistent weight gain
throughout the observation period, with the highest values among the groups. This reflects
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normal physiological conditions in the absence of metabolic disturbances. In contrast, the group
that received only D-galactose and aquabidest showed the lowest weight gain, indicating that
D-galactose injections induced oxidative stress and worsened metabolic conditions, which may
suppress growth or even lead to weight loss. The administration of white turmeric extract at two
doses (27 mg/200 g BW and 81 mg/200 g BW) resulted in better weight gain patterns compared
to the D-galactose + aquabidest group. Notably, at the higher dose (81 mg/200 g BW), the rats'
weight increased significantly and approached that of the normal group, suggesting a protective
effect against D-galactose-induced metabolic disturbances. This implies that white turmeric
extract may improve metabolic conditions and support growth through its antioxidant and anti-
inflammatory properties, attributed to active compounds such as curcuminoids [14]. This
relationship is supported by increased SOD activity and decreased MDA levels, indicating
reduced oxidative stress, as well as lower MMP levels, suggesting protection against
extracellular matrix degradation. Additionally, the upregulation of VEGF expression supports
tissue regeneration and angiogenesis. These combined biomarker changes reinforce the role of
white turmeric extract in maintaining cellular homeostasis and overall metabolic function. The
group treated with vitamin E as a positive control also showed a similar weight-gain pattern to
the high-dose white turmeric extract group, and in some cases was even slightly higher. This
further confirms the effectiveness of vitamin E as a potent antioxidant in mitigating oxidative
stress.

3.7. Microscopic appearance of Wistar rat skin.

Histopathological analysis was conducted to evaluate microscopic changes in skin
tissue structure as indicators of damage or repair induced by D-galactose aging, and to assess
the effect of white turmeric extract treatment. The microscopic appearance of the skin in each
group is presented in Figures 8a to 8e.

(d) )
Figure 8. Microscopic appearance of the skin of (a) Group 1 rats (control); (b) Group 2 rats (D-gal,
Aquabidest); (c) Group 3 rats (White turmeric 27 mg/200 g); (d) Group 4 rats (White turmeric 81 mg/200 g);

(e) Group 5 rats (VIT E 90 mg /200 g).
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Figure 8a shows that the skin tissue of Wistar rats in the normal feed (Group 1) appeared
healthy. The dermal layer exhibited a thick, dense, and homogeneous structure of collagen
fibers, neatly arranged without interstitial gaps. The even eosin staining indicated the absence
of collagen degradation and reflected intact tissue without oxidative stress.

In contrast, Figure 8b reveals that rats in Group 2, which received only D-galactose and
aquabidest, showed signs of tissue damage. Collagen fibers appeared fragmented and
disorganized, with widened spaces between them. The eosin stain was faint, suggesting
decreased collagen density and tissue degeneration. These histological changes are consistent
with oxidative stress induced by D-galactose, which elevates reactive oxygen species (ROS)
and leads to collagen degradation. Previous studies have reported that D-galactose exposure
shortens and disrupts collagen fibers in experimental animals [45,46].

Figure 8c, representing Group 3 (D-galactose + white turmeric extract at 27 mg/200 g
BW), shows improved skin structure compared to Group 2. Collagen fibers appeared thicker
and more tightly packed, and eosin staining increased, suggesting the initiation of collagen
regeneration. These findings indicate that even a low dose of white turmeric extract can begin
to counter oxidative effects and stimulate collagen synthesis. A study by Mohiti-Ardekani et
al. [47] showed that administering turmeric parent extract gel with concentrations of 1%, 5%,
and 10% on a 2 cm long cut wound on the back of male white rats significantly accelerated the
wound healing process. The best results are obtained at a concentration of 10%, where the
average cure time is reached in 7.10 days. This effect is supported by increased migration of
epithelial cells, fibroblasts, and macrophages, as well as increased re-epithelialization of wound
tissue.

Figure 7d illustrates Group 4 (D-galactose + white turmeric extract at 81 mg/200 g
BW), where the skin tissue structure showed significant recovery. Collagen fibers were dense,
neatly organized, and closely resembled the normal control. Eosin staining was more intense,
and interstitial spaces were minimal, indicating that high-dose turmeric extract effectively
restored collagen integrity and prevented degradation due to aging. These results are supported
by evidence that oxidative stress disrupts collagen fiber arrangement and density, leading to
reduced skin elasticity and strength. Antioxidant-rich compounds, such as curcuminoids in
white turmeric, can mitigate this damage and support tissue regeneration [48].

Figure 8e shows the skin of Group 5 rats (D-galactose + vitamin E at 90 mg/200 g BW).
Collagen fibers appeared more regular and organized than in Groups 2 and 3, with narrower
tissue gaps and stronger eosin staining. Although the improvement was not as prominent
as in Group 4, vitamin E still demonstrated a protective effect. Compared with the D-galactose-
only group, the collagen structure in this group was noticeably better but slightly less dense
than in the high-dose turmeric group, suggesting a moderate antioxidant effect [49]. Overall,
the histological analysis revealed that high-dose white turmeric extract (81 mg/200 g BW)
provided the most notable recovery in skin tissue structure. Collagen fibers appeared dense,
homogeneous, and well-organized, consistent with elevated SOD activity and reduced MDA
levels, indicative of enhanced antioxidant defenses and reduced oxidative stress. Additionally,
increased VEGF expression suggests improved tissue regeneration and angiogenesis.
Together, these findings confirm the protective and reparative potential of white turmeric
extract against D-galactose-induced skin aging.
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4. Conclusions

The results of this study demonstrated that administration of white turmeric at a dose
of 81 mg/200 g body weight significantly increased SOD enzyme activity, reduced MDA and
MMP-1 levels, and markedly elevated VEGF levels in Wistar rats subjected to oxidative stress
induced by D-galactose. The bioactive compounds in white turmeric, such as polyphenols, play
a crucial role in mitigating oxidative damage, promoting tissue regeneration, and inhibiting the
aging of the skin. White turmeric can be used as an anti-aging agent in D-galactose-induced
Wistar rats. However, this study only used one type of rhizome and did not compare it with
other similar types of rhizomes. Therefore, further research could be conducted to compare it
with other types of rhizomes.
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