Journal of Clinical Trials and Case Studies  openaccess

Commenta

Nanodiamond-Zinc Oxide (ND-ZnO): A Multifunctional Molecule
for Skin Regeneration

Xinge Diana Zhang*, Xuefei Bai, Claudia Teng

*B.A.l Biosciences, Inc., Cambridge, Massachusetts, United States

*Correspondence: Xinge Diana Zhang, B.A.L Biosciences, Inc.,, Cambridge, Massachusetts, United States, E-mail:
diana@baibiosciences.com; DOI: DOI: 10.1042/JCTCS.7.2.0023

Abstract

Nanodiamond-zinc oxide (ND-ZnO) is an emerging bioactive material that combines regenerative, antioxidant, and
photoprotective properties in a single, skin-compatible platform. Engineered with a nanodiamond core and porous zinc
oxide shell, ND-ZnO supports key skin functions including fibroblast migration, collagen synthesis and pigment regulation,
while also scavenging up to 80% of reactive oxygen species (ROS) generated by environmental stress. In vitro and clinical
studies demonstrate that ND-ZnO accelerates wound healing, restores UVA-compromised collagen production, improves
delivery of active ingredients such as niacinamide and reduces visible signs of inflammation, erythema and
hyperpigmentation. In both every day and post-procedural contexts-including recovery from laser resurfacing and actinic
keratosis removal-ND-ZnO enhances skin repair while minimizing pigment rebound and irritation. Its transparent finish
and safety profile make it accessible across skin types and tones. Together, these data position ND-ZnO as a new class of]
multifunctional dermatological active, capable of addressing both intrinsic and extrinsic aging processes through a

multimodal, first-principles approach to skin health.

Keywords: Skin Regeneration, Hyperpigmentation, Absorption, Pigment, Wound Closure
Received date: April 30, 2025; Accepted date: May 09, 2025; Published date: May 20, 2025

Citation: Xinge Diana Zhang (2025) Nanodiamond-Zinc Oxide (ND-Zn0): A Multifunctional Molecule for Skin Regeneration. ] Clin Trial
Case Stud 7: 2.

Copyright: © 2025, Xinge Diana Zhang. All intellectual property rights, including copyrights, trademarks rights and database rights with
respect to the information, texts, images, logos, photographs and illustrations on the website and with respect to the layout and design of
the website are protected by intellectual property rights and belong to Probe Publisher or entitled third parties. The reproduction or
making available in any way or form of the contents of the website without prior written consent from Probe Publisher is not allowed.

Introduction

Our skin health is influenced by a continuous interplay between external environmental stressors and internal repair mechanisms. With
rising consumer and clinical demand for products that offer more than just superficial coverage, novel molecules that both protect and
actively support skin regeneration have attracted growing interest. Nanodiamond-zinc oxide (ND-ZnO) is one such material, a composite
molecule that combines regenerative and antioxidant functions in a photostable, skin-compatible platform. Built around a nanodiamond
core and encased in porous zinc oxide crystallites, ND-ZnO offers unique benefits for fibroblast function, dermal matrix synthesis, pigment
stabilization and inflammatory resolution, distinguishing it as a new category of skin-rebuilding ingredient [1].

Description

At the cellular level, ND-ZnO has demonstrated strong effects on dermal repair. In scratch assays mimicking wound healing processes,
fibroblasts exposed to ND-ZnO migrated nearly twice as fast as controls, indicating acceleration in wound closure [2]. This effect was
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consistently observed across multiple assay replicates and further supported by fluorescence microscopy imaging, which confirmed more
extensive wound closure in the ND-ZnO-treated group [3]. In practical terms, this suggests the material may accelerate healing in damaged
or inflamed skin, including skin recovering from ablative cosmetic procedures or chronic inflammatory states. In clinical settings, ND-ZnO
has shown promise in enhancing post-procedural wound healing. Patients undergoing various types of ablative laser treatments
experienced faster and more effective healing when ND-ZnO was incorporated into their post-care regimen. This accelerated recovery not
only reduces downtime but may also enhance the overall results of cosmetic procedures by promoting optimal skin regeneration.

ND-ZnO also improves collagen synthesis, a critical factor in structural skin aging. In vitro assays revealed that UVA-aged fibroblasts
treated with ND-ZnO regained over 70% of their baseline collagen production. Given the role of collagen in maintaining dermal strength
and elasticity, these results point to a broader potential in long-term skin rejuvenation beyond short-term healing. Real world use cases
show patients with Actinic Keratoses removal seen fast wound healing and skin repair due to increased collagen production [3].

Mechanistically, this regenerative capacity is driven by ND-ZnO'’s ability to contain and neutralize reactive oxygen species (ROS) [4].
Reactive oxygen species (ROS) are generated both endogenously and in response to UV radiation. They contribute to DNA damage,
pigment dysregulation, collagen degradation and inflammatory signaling. The nanodiamond core in ND-ZnO appears to serve as a stable
and localized ROS scavenger, sharply reducing ROS generation under solar radiation. In side-by-side assays, ND-ZnO scavenges
approximately 80% ROS over a six-hour period. This behavior offers a distinct advantage in both photoaging prevention and the
management of inflammatory skin conditions where oxidative stress is central [1].

Moreover, ND-ZnO shows measurable advantages in photoprotection over other molecules and UV filters. The material exhibits stronger
absorption in both the UVB and UVA-II regions (290-340 nm), with coverage that extends into the UVA-I range up to 400 nm. These gains
are attributed to the engineered nanoscale architecture, which enhances UV absorption without requiring concerning chemical UV filter
analogs or organic UV filters. In comparison with several commercial zinc oxide sunscreens labeled SPF 50+, ND-ZnO preparations blocked
more despite containing lower percentages of zinc oxide by weight [5]. Notably, ND-ZnO formulations achieve this without a visible white
cast, overcoming a longstanding drawback of mineral sunscreens. Photographs of subjects with various skin tones showed that ND-ZnO
disappears upon application, unlike traditional zinc oxide, which remains visibly chalky even at reduced dosages.

These core properties position ND-ZnO as a promising therapeutic for conditions marked by inflammation, barrier compromise and
pigment dysregulation. In a case series involving 35 subjects with persistent redness and papulopustular lesions consistent with subtype I
and Il rosacea, ND-ZnO based formulations significantly improved erythema, cleared inflammatory lesions and normalized skin texture
over 8 weeks of daily use. Expert grading scores showed statistically significant improvement and patient self-reports echoed the visual
gains: 95% cited improved clarity, smoothness, or brightness. Representative case images showed more uniform skin tone, smoother
texture and a marked decrease in visible inflammation. These findings suggest that ND-ZnO not only soothes irritated skin but may help
control factors involved in rosacea pathogenesis, including subclinical inflammation and barrier compromise.

Hyperpigmentation is another area where ND-ZnO shows promising benefit. Pigmentation disorders, such as melasma or post-
inflammatory hyperpigmentation (PIH), are often driven by cumulative exposure to UVA and visible light, particularly in skin types IV-VI.
The enhanced absorption of ND-ZnO in these spectral bands can interrupt that signaling upstream by blocking the triggers for melanocyte
activation. Clinical case reports further support this application: in a group of patients with visible hyperpigmentation, daily use of ND-
Zn0-containing skincare improved pigment uniformity and reduced the appearance of age spots and melasma over a 4-to-12-week period.
Moreover, ND-ZnO enhances delivery and retention of pigment-correcting actives. In reconstructed skin models, the presence of ND-ZnO
improved niacinamide penetration by more than 200%. This enhanced delivery could amplify the effects of agents that have demonstrated
efficacy in pigment reduction and inflammation control and work in synergy for enhanced outcomes in hyperpigmentation management.

Together, these findings suggest that ND-ZnO is well suited for both every day and specialized applications. As a daily protective and
regenerative treatment, it addresses not only photodamage, but the downstream consequences of all signs of aging: pigment irregularity,
inflammation and barrier breakdown. Its transparent finish and gentle profile make it suitable for all skin types, including those with
rosacea or pigment-prone skin. In post-procedure recovery and enhancement, ND-ZnO offers further value by boosting collagen
production, calming irritation, accelerating repair and reducing the risk of pigmentation rebound. Patients recovering from ablative laser
treatments, chemical peels, or microneedling may benefit from ND-ZnO’s ability to shorten downtime and support better regenerative
outcomes.

Conclusion

Together, these findings suggest that ND-ZnO is well suited for both every day and specialized applications. As a daily protective and
regenerative treatment, it addresses not only photodamage, but the downstream consequences of all signs of aging: pigment irregularity,
inflammation and barrier breakdown. Its transparent finish and gentle profile make it suitable for all skin types, including those with
rosacea or pigment-prone skin. In post-procedure recovery and enhancement, ND-ZnO offers further value by boosting collagen
production, calming irritation, accelerating repair and reducing the risk of pigmentation rebound. Patients recovering from ablative laser
treatments, chemical peels, or microneedling may benefit from ND-ZnO’s ability to shorten downtime and support better regenerative
outcomes.
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Taken as a whole, ND-ZnO reflects a shift in dermatologic care toward first principle driven, solution oriented and multimodal topicals that
target various pathways of skin aging, provide both protection and repair functions. By combining improved spectral coverage, localized
ROS control, fibroblast stimulation and pigment stabilization in one compound, ND-ZnO delivers a range of benefits previously cannot be
achieved well by traditional ingredients. The current body of evidence-spanning laboratory experiments, clinical studies and real-world
patient use-supports its promise as a breakthrough solution to dermatological care.
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