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Abstract* 

Krameria triandra (Rhatany) is a medicinal plant known for its rich composition of bioactive 

compounds, particularly tannins and flavonoids, which contribute to its strong antioxidant and anti-

inflammatory properties. Recent studies suggest that these properties could make Krameria triandra 

an effective natural agent for skin protection against ultraviolet (UV) radiation. This article provides 

a comprehensive review of the photoprotective potential of Krameria triandra, exploring its 

phytochemistry, mechanisms of action, in vitro and in vivo evidence, formulation challenges, and 

commercial potential in skincare. With growing concerns over the safety and environmental impact 

of synthetic sunscreens, Krameria triandra emerges as a promising alternative for natural 

photoprotection. 

 

1. Introduction* 

The harmful effects of ultraviolet (UV) radiation on the skin, such as photoaging, DNA damage, and 

skin cancer, have become increasingly prominent issues as global awareness of skin health grows [1]. 

Traditional synthetic sunscreens, while effective, have raised concerns due to their potential toxicity, 

environmental impact, and the rising incidence of skin sensitivities among users [2]. As a result, there 

is a pressing need for natural alternatives that offer safe and effective photoprotection. Krameria 

triandra, commonly known as Rhatany, has been used in traditional South American medicine for its 

astringent, anti-inflammatory, and antimicrobial properties [3]. The rich tannin and flavonoid content 

of Krameria triandra suggests that it could provide significant protection against UV-induced skin 

damage, making it a viable candidate for inclusion in modern skincare formulations [4]. 

 

1.1. Scope and Purpose of the Review* 

This review aims to critically evaluate the potential of Krameria triandra as a natural photoprotective 

agent. It will explore the phytochemistry of the plant, discuss its mechanisms of action in preventing 

UV-induced damage, review the in vitro and in vivo evidence of its efficacy, and examine the 

challenges and opportunities associated with formulating it into skincare products. By synthesizing 

the current body of knowledge, this article seeks to establish Krameria triandra as a promising 

ingredient in natural sunscreen formulations and other skincare products aimed at protecting the skin 

from UV radiation. 

 

2. UV Radiation and Its Impact on Skin Health* 

UV radiation is a form of electromagnetic radiation that is primarily emitted by the sun. It is 

categorized into three types based on wavelength: UVA (320-400 nm), UVB (290-320 nm), and UVC 
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(100-290 nm) [5]. While UVC is mostly absorbed by the Earth's atmosphere, UVA and UVB reach 

the skin, where they can cause significant damage [6]. 

 

2.1. Mechanisms of UV-Induced Skin Damage* 

UVA rays penetrate deep into the dermis, where they generate reactive oxygen species (ROS) that 

cause oxidative stress, leading to cellular damage and photoaging [7]. UVB rays, on the other hand, 

are absorbed by the epidermis and are primarily responsible for direct DNA damage, including the 

formation of cyclobutane pyrimidine dimers (CPDs) [8]. These DNA lesions, if not repaired, can lead 

to mutations and increase the risk of skin cancers, such as melanoma, squamous cell carcinoma, and 

basal cell carcinoma [9]. The combination of oxidative stress from UVA and direct DNA damage 

from UVB contributes to the overall risk of skin aging and carcinogenesis [10]. 

 

2.2. Current Strategies for UV Protection* 

The primary strategy for protecting the skin from UV radiation involves the use of sunscreens that 

contain chemical or physical filters. Chemical filters, such as oxybenzone and avobenzone, absorb 

UV radiation, while physical filters, such as titanium dioxide and zinc oxide, reflect it [11]. However, 

these compounds have been linked to skin irritation, hormonal disruption, and environmental toxicity, 

particularly in marine ecosystems where they can contribute to coral bleaching [12]. This has led to a 

growing interest in natural photoprotective agents that are safe, effective, and environmentally 

friendly [13]. Krameria triandra offers a promising alternative, with its rich content of tannins and 

flavonoids providing antioxidant and anti-inflammatory effects that could protect the skin from UV 

damage [14]. 

 

3. Phytochemistry of *Krameria triandra** 

Krameria triandra is a perennial shrub native to the Andean regions of South America, particularly in 

countries such as Peru and Bolivia [15]. The roots of the plant have been traditionally used for their 

astringent properties, which are attributed to the high concentration of tannins and other polyphenolic 

compounds [16]. The key bioactive compounds identified in Krameria triandra include: 

- *Tannins: The primary tannin in *Krameria triandra is rhataniatannic acid, a potent antioxidant that 

can scavenge free radicals and inhibit oxidative stress [17]. Tannins are known for their astringent 

properties and their ability to form complexes with proteins, which can protect tissues from oxidative 

damage and inflammation [18]. 

- *Flavonoids: Catechins, epicatechins, and other flavonoids found in *Krameria triandra exhibit 

strong anti-inflammatory and antioxidant properties, contributing to the plant's photoprotective 

potential [19]. These compounds can inhibit the production of pro-inflammatory cytokines and 

modulate the activity of enzymes involved in the inflammatory response [20]. 

- *Lignans and Terpenoids: Although present in smaller quantities, lignans and terpenoids in 

*Krameria triandra also contribute to its therapeutic properties, particularly its ability to enhance skin 

barrier function and modulate inflammatory pathways [21]. These compounds may help to strengthen 

the skin's defense mechanisms against environmental stressors, including UV radiation [22]. 

The combination of these bioactive compounds makes Krameria triandra a powerful natural agent for 

skin protection, particularly against the damaging effects of UV radiation. 

 

4. Mechanisms of Photoprotection by *Krameria triandra** 

The photoprotective effects of Krameria triandra can be attributed to several key mechanisms that 

work together to protect the skin from UV-induced damage.  

 

4.1. Antioxidant Activity* 

The tannins in Krameria triandra are highly effective at neutralizing ROS generated by UV exposure, 

which helps to prevent oxidative damage to skin cells [23]. This antioxidant activity is crucial for 

reducing the risk of photoaging and skin cancer, as oxidative stress is a major contributor to these 
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conditions [24]. Comparative studies have shown that the antioxidant capacity of Krameria triandra 

extracts is on par with, or even exceeds, that of well-known natural antioxidants such as vitamins C 

and E [25]. The ability of these tannins to chelate metal ions and inhibit lipid peroxidation further 

enhances their protective effects on the skin [26]. 

 

4.2. Anti-inflammatory Effects* 

UV radiation triggers an inflammatory response in the skin, leading to the release of pro-inflammatory 

cytokines such as interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-α) [27]. The flavonoids 

in Krameria triandra have been shown to inhibit these inflammatory pathways, thereby reducing the 

severity of UV-induced inflammation and minimizing damage to skin tissues [28]. This anti-

inflammatory action is particularly important in preventing chronic skin conditions associated with 

prolonged UV exposure, such as actinic keratosis, rosacea, and psoriasis [29]. By modulating the 

expression of inflammatory mediators and enzymes like cyclooxygenase-2 (COX-2), Krameria 

triandra can help to maintain skin homeostasis and prevent the development of inflammatory lesions 

[30]. 

 

4.3. DNA Protection and Repair* 

UVB radiation is notorious for its ability to cause direct DNA damage, particularly through the 

formation of CPDs [31]. If left unrepaired, these DNA lesions can lead to mutations that drive the 

development of skin cancers [32]. Emerging research suggests that Krameria triandra extracts may 

enhance the skin's natural DNA repair mechanisms, thereby reducing the mutagenic effects of UV 

exposure [33]. This protective effect is thought to be mediated by the upregulation of nucleotide 

excision repair (NER) enzymes and the stabilization of DNA structures [34]. Additionally, the 

antioxidant properties of Krameria triandra may help to protect cellular DNA from oxidative damage, 

further supporting its role in preventing skin cancer [35]. 

 

4.4. Enhancement of Skin Barrier Function* 

The skin barrier plays a critical role in protecting against environmental stressors, including UV 

radiation. Krameria triandra has been shown to enhance skin barrier function by promoting the 

synthesis of essential lipids and proteins that strengthen the epidermal layer [36]. This not only helps 

to protect the skin from UV damage but also improves overall skin health by preventing 

transepidermal water loss (TEWL) and reducing sensitivity to irritants [37]. The astringent properties 

of the tannins in Krameria triandra may also contribute to the tightening of the skin, further enhancing 

its protective barrier [38]. 

 

5. In Vitro and In Vivo Studies on *Krameria triandra** 

The efficacy of Krameria triandra in protecting the skin from UV radiation has been demonstrated in 

both in vitro and in vivo studies, which provide compelling evidence of its photoprotective properties. 

 

5.1. In Vitro Studies* 

In vitro studies have shown that Krameria triandra extracts can significantly reduce oxidative stress 

in cultured human keratinocytes exposed to UV radiation [39]. These studies demonstrate the ability 

of the extracts to scavenge ROS and inhibit lipid peroxidation, which are key factors in preventing 

UV-induced skin damage [40]. Additionally, Krameria triandra has been shown to inhibit the activity 

of matrix metalloproteinases (MMPs), enzymes that degrade collagen and contribute to photoaging 

[41]. By protecting the extracellular matrix from degradation, Krameria triandra helps to maintain 

skin elasticity and prevent the formation of wrinkles [42]. 

 

5.2. In Vivo Studies* 

In vivo studies in animal models have provided further support for the photoprotective effects of 

Krameria triandra. Topical application of Krameria triandra extracts has been shown to reduce UVB-
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induced erythema and edema in mice, indicating its ability to mitigate the acute inflammatory 

response to UV exposure [43]. These studies also suggest that Krameria triandra can reduce the 

formation of CPDs and other DNA lesions in the skin, thereby lowering the risk of skin cancer [44]. 

Human clinical trials, although limited, have shown promising results, with Krameria triandra-based 

formulations providing effective protection against UV-induced skin damage without causing 

irritation or other adverse effects [45]. 

 

6. Formulation Challenges and Strategies* 

While the potential of Krameria triandra in skin protection is clear, there are several challenges 

associated with formulating it into effective skincare products. 

 

6.1. Stability of Active Compounds* 

The tannins and flavonoids in Krameria triandra are sensitive to environmental factors such as light, 

heat, and pH, which can lead to their degradation and reduced efficacy [46]. To address this, 

formulators must develop strategies to stabilize these compounds, such as encapsulation in liposomes 

or incorporation into emulsions that protect them from environmental stress [47]. These approaches 

not only enhance the stability of the active compounds but also improve their penetration into the 

skin, increasing their effectiveness [48]. 

 

6.2. Compatibility with Other Skincare Ingredients* 

Formulating Krameria triandra into skincare products also requires careful consideration of its 

compatibility with other ingredients commonly used in sunscreens and anti-aging products [49]. Some 

chemical filters and preservatives may interact with the tannins in Krameria triandra, reducing their 

photoprotective efficacy [50]. Therefore, it is important to conduct thorough compatibility testing to 

ensure that Krameria triandra can be effectively combined with other ingredients without 

compromising the overall stability and performance of the product [51]. 

 

6.3. Consumer Acceptance and Sensory Properties* 

For Krameria triandra to be successful in the market, it must not only be effective but also appealing 

to consumers. This includes ensuring that formulations have a pleasant texture, are easy to apply, and 

do not leave an undesirable residue on the skin [52]. The astringent properties of Krameria triandra 

can sometimes lead to a drying sensation, which may be undesirable in moisturizing products [53]. 

To counteract this, formulators can combine Krameria triandra with humectants and emollients that 

balance its astringency and provide a more comfortable feel on the skin [54]. 

 

Conclusion 

Krameria triandra, a plant traditionally used for its medicinal properties, shows promising potential 

in skin protection against ultraviolet (UV) radiation. Its rich content of flavonoids, tannins, and other 

bioactive compounds contributes to its antioxidant and anti-inflammatory properties, which are 

crucial in mitigating UV-induced skin damage. The plant's extracts can absorb UV rays, reducing the 

harmful effects of both UVA and UVB radiation on the skin. 

Research indicates that Krameria triandra could be an effective natural ingredient in sunscreens and 

skincare products, offering an alternative to synthetic chemicals. However, further studies are needed 

to fully understand its efficacy, optimal formulation, and safety for long-term use in commercial 

products. If these aspects are confirmed, Krameria triandra could become a valuable addition to the 

arsenal of natural compounds used in skin protection against UV radiation. 
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