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Abstract

Diabetes mellitus (DM) is frequently associated with cutaneous complications, including xerosis cutis,
due to impaired skin barrier function. Red palm oil (RPO; Elaeis guineensis Jacq.) contains bioactive
compounds with antioxidant, anti-inflammatory, and barrier-repair properties that may improve skin
hydration. The objective of this study was to evaluate the effect of topical RPO on skin hydration in
streptozotocin (STZ)-induced diabetic rat models. Thirty-two male Sprague-Dawley rats were randomly
assigned to four groups (n=8 each): normal control (G1), untreated diabetic (G2), diabetic treated with
10% urea cream (G3), and diabetic treated with RPO (G4). Diabetes was induced using STZ and
confirmed by blood glucose measurement. Treatments were applied once daily for 28 days to a
standardized dorsal skin area. Skin hydration was assessed using a Corneometer®. Data were analyzed
using the Shapiro-Wilk test and one-way analysis of variance (ANOV A) followed by the Tukey post hoc
test. Skin hydration differed significantly among groups (p<0.001). The highest mean hydration was
observed in the normal group (34.13 arbitrary units [AU]), while the lowest was in untreated diabetic rats
(14.38 AU). RPO treatment significantly increased skin hydration (29.00 AU) compared to untreated
diabetic rats (p<0.001) and urea-treated rats (p<0.001). No significant difference was found between the
RPO-treated and normal groups (p=0.082). To conclude, topical RPO significantly improves skin
hydration in diabetic rats, with effects comparable to normal skin and superior to 10% urea cream. RPO

shows potential as a therapeutic agent for diabetes-associated xerosis.

Introduction

Diabetes mellitus (DM) is a metabolic condition defined by hyperglycemia. It affects 9.5% of the global
population, with an estimated prevalence of more than 50% by 2030. High medical, social, and economic
burdens are expected to arise as the prevalence of DM increases. In diabetic patients, serious complications
often occur and can interfere with the patients’ quality of life and cause long-term disability. These
complications include skin complications, which are relatively common and often the first clinical sign
observed in diabetes.! The overall prevalence of skin disorders in type 1 DM and type 2 DM varies widely,
ranging from 51.1 to 97% in different regions of the world. This high prevalence indicates the importance
of skin complications of DM.?

Skin disorders in the form of xerosis cutis are often found in diabetic patients, especially those with type
2 DM. Xerosis cutis is the second most common skin complication in diabetic patients after infections.

One study even found that 81.3% of type 2 DM patients experience dry skin. The exact mechanism of



xerosis in DM is also not fully understood. Research indicates that in diabetic skin, there is a decrease in
sebum and triglyceride production in the sebaceous glands due to impaired insulin signalling. Xerosis
often goes undiagnosed and untreated, even though it can lead to further skin complications in diabetic
patients such as fissures and superinfections, which can ultimately lead to other, more serious disorders.**
Numerous diabetes treatments are still being developed today.! Understanding how common skin
conditions are in diabetic patients will help people realize the importance of preventing and managing
skin disorders in diabetes. Dermocosmetic strategies are one of the options to manage biophysical changes
in the skin of diabetic patients, particularly to improve skin hydration and other contributing factors.?
Regarding the possible pathogenesis of skin disorders in diabetes, the use of topical products containing
antioxidants in combination with antiglycation agents can be used as a safe and simple treatment of some
skin complications of diabetes.’ Currently, alternative treatment options involving various natural
products are highly sought after for the management of various diseases and conditions.® Specifically, in
the case of vegetable oils, it is now well established that, when applied topically, their constituents can act
synergistically through various mechanisms, including skin barrier protection, antioxidant, anti-
inflammatory, and wound-healing activities. This potential makes vegetable oils increasingly attractive
for development as medicinal ingredients and skincare products.’

Palm oil (Elaeis guineensis Jacq.) is one of the most significant vegetable oils today. Red palm oil (RPO)
contains high levels of bioactive compounds, including carotenoids, vitamin E, co-enzyme Q10, and
sterols, which have antioxidant, anticancer, anti-inflammatory, antidiabetic, and anti-obesity activities.®
10

Based on the above explanation, the author hypothesizes that RPO, with its various active ingredients, can
improve skin conditions in diabetic patients, especially in terms of skin hydration. To test this hypothesis,
the author will conduct a study on the impact of RPO on skin hydration in white rats (Ratfus norvegicus)

as a model of streptozotocin (STZ)-induced DM.

Materials and Methods

Animals and experimental design

Thirty-two male Sprague-Dawley rats (12 weeks old; 150-200 g) were acclimatized for 1 week under
controlled conditions (22+3°C; 50-60% humidity; 12-hour light/dark cycle). Rats were randomly divided
into four groups (n=8 each): G1: normal control; G2: diabetic control; G3: diabetic + 10% urea; G4:
diabetic + RPO.



Procedures

Diabetes was induced using STZ, and hyperglycemia was confirmed by measuring blood glucose levels.
A 3-cm dorsal area was shaved, and treatments were applied once daily for 28 days. Skin hydration was
measured using a Corneometer® and expressed in arbitrary units (AU). Normality was assessed using the
Shapiro-Wilk test. One-way analysis of variance (ANOVA) followed by Tukey’s post hoc test was

performed for statistical analysis. Statistical significance was set at p<0.05.

Results

Skin hydration

Mean skin hydration varied across groups (Table 1). The highest hydration level was observed in the
normal control group (34.13+5.17 AU), whereas the lowest was found in the untreated diabetic group
(14.38+3.54 AU). The group treated with 10% urea cream showed a moderate increase in hydration
(19.63+1.85 AU). In contrast, the RPO-treated group demonstrated a marked improvement (29.00+4.96

AU), approaching values observed in the normal group.

Normality testing
Shapiro-Wilk testing confirmed that all groups were normally distributed (p>0.05), indicating that

parametric analysis was appropriate.

Comparative analysis

One-way ANOVA revealed a statistically significant difference in skin hydration among the groups
(F=37.915, p<0.001).

Post hoc Tukey analysis (Table 2) showed that skin hydration in the untreated diabetic group was
significantly lower than in the normal control group (p<0.001). Treatment with 10% urea cream resulted
in an increase in hydration; however, this improvement was not statistically significant compared to the
untreated diabetic group (p=0.072). The RPO-treated group demonstrated a significantly higher hydration
level compared to both the untreated diabetic group (p<0.001) and the urea-treated group (p<<0.001). No
statistically significant difference was observed between the RPO-treated group and the normal control

group (p=0.082).



Discussion

This study demonstrates that topical RPO significantly enhances skin hydration in diabetic rats, surpassing
the clinically established efficacy of 10% urea cream. Diabetic rats exhibited severe skin dryness,
consistent with the known increase in advanced glycation end products and matrix metalloproteinase-9
levels, which led to a decrease in collagen IV levels and an increased release of histamine and
hyaluronidase by mast cells, resulting in decreased hyaluronic acid levels and, consequently, dry skin.!!
The use of vegetable oils as skin moisturizers has been practiced for a very long time. These oils have
been used to moisturize and smooth the skin at all ages, but they are still most commonly used in newborns
and infants because their skin is far more sensitive and vulnerable to injury and infection than that of
adults. Vegetable oils are used in dermatology for a number of purposes, some of which are crucial: oil
massage for newborn and baby skin care, treatment of atopic dermatitis, xerosis, other eczematous
conditions, psoriasis, and others. Importantly, vegetable oils nourish and hydrate the delicate skin by
acting as an efficient emollient.!?

The oil palm (Elaeis guineensis) is a tropical tree crop that grows in Asia, Africa, and along tropical belts
in Latin America. It is the source of palm oil, a widely marketed edible oil that is important for human
nutrition. Phytonutrients with numerous potential health benefits can be derived from palm fruit oil. Due
to its high productivity and superior functional properties, oil palm is one of the most important crops in
the world. In dermatology, palm oil is frequently used in the treatment of various dermatological
conditions, for oil massage, and in skin care.!*"!4

RPO’s potent hydrating effect may be explained by several mechanisms. RPO provides strong antioxidant
protection and is one of the richest natural sources of carotenoids and tocotrienols. These antioxidants
help improve skin hydration and strengthen the barrier function, while tocotrienols specifically promote
ceramide synthesis.!>!® RPO also exhibits lipid-replenishing properties. It contains a physiologically
relevant blend of saturated and unsaturated fatty acids — mainly palmitic, stearic, oleic, and linoleic acids
— which mirror the free fatty acids naturally present in the stratum corneum.!® Likewise, Tan et al.
described RPO as rich in balanced fatty acids, sterols, carotenoids, and tocotrienols that support its
biological activity.?? RPO exhibits notable anti-inflammatory activity, helping to prevent oxidative
inflammatory disorders associated with tissue damage by suppressing reactive oxygen species-driven
inflammatory signaling pathways. It also reduces the production of key pro-inflammatory mediators,
including nitric oxide, prostaglandin E,, tumor necrosis factor-alpha, and interleukin-1 beta, ultimately

inhibiting nuclear factor kappa B activation.!® In addition, RPO provides substantial amounts of



triglycerides that form an occlusive, hydrophobic film on the skin surface, thereby reducing
transepidermal water loss. Research indicates that triglyceride-dominant lipophilic excipients can
significantly limit water vapor loss in vivo, while other studies show that triglycerides, particularly linoleic
acid-rich types, can both reduce transepidermal water loss and integrate into epidermal lipid structures,
thereby facilitating direct barrier restoration.?!?> These results correspond with the improved hydration
outcomes documented in the animals that received RPO treatment in this study.

Urea 10% is a standard hydrating agent used for diabetic xerosis because it restores the natural
moisturizing factor and increases water-binding capacity.?*> However, in this study, urea did not fully
reverse DM-related hydration loss. RPO demonstrated significantly superior improvement, suggesting a

barrier-repair advantage attributable to its lipid-rich and antioxidant composition.

Clinical implications

These results suggest that RPO may serve as a low-cost, natural therapeutic for managing xerosis in
diabetic patients. Its rich phytochemical composition may position it as both a moisturizer and barrier-
repair agent. Future research should investigate histological changes, transepidermal water loss, natural

moisturizing factor levels, and molecular markers of skin barrier restoration.

Conclusions
Topical RPO significantly improves skin hydration in diabetic rats and demonstrates superior efficacy
compared to 10% urea cream, suggesting its potential as a natural therapeutic option for xerosis cutis in

DM.
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Table 1. Mean skin hydration values (AU) by experimental group.
Group | Mean = SD (AU)
Gl 34.13+£5.17
G2 14.38+3.54
G3 19.63+1.85
G4 29.00+4.96

SD, standard deviation; AU, arbitrary units; G1, normal control; G2, diabetic control; G3, diabetic treated with 10% urea
cream; G4, diabetic treated with red palm oil.

Table 2. Tukey post hoc test results (p-values).

Tukey post hoc
Group

G1 G2 G3 G4
Gl - 0.000 0.000 0.082
G2 0.000 - 0.072 0.000
G3 0.000 0.072 - 0.000
G4 0.082 0.000 0.000 -

Values are presented as p-values from Tukey post hoc test; p<0.05 indicates statistically significant difference; G1, normal
control; G2, diabetic control; G3, diabetic treated with 10% urea cream; G4, diabetic treated with red palm oil.



