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Abstract- This study was directed to evaluate the in vitro 
sunscreen potential of Sri Lankan medicinal plant - 
Flueggealeucopyrus (In Sinhala – Katupila, In Tamil – 
Mulluppulatti) (Family: Phyllanthaceae)using in vitro UV 
spectroscopic techniques and Mansur equation with 0.2 and 0.4 
mg mL-1 methanolic extracts of the plant leaves. A methanol 
soluble fraction of Dermatone® (0.2 and 0.4 mg mL-1) was used 
as the reference agent. The results revealed high absorbance 
levels of methanolic extract of the plant leaves at 290-320 nm 
(UVB) range and SPF (Sun Protection Factor) was determined as 
14.63/ 27.04 respectively for the 0.2mg mL-1 and 0.4 mg mL-1 
concentrations, which is a novel finding, while Dermatone® 
exhibited a SPF value of 14.03/ 25.32. It can be concluded that 
F.leucopyrus leaves have a high sun protection activity which is 
possibly mediated via antioxidant activity of existing 
phytochemicals; phenols, flavonoids, alkaloids and tannins which 
was revealed by the phytochemical screening. 
 
 
Index Terms-antioxidants, flueggealeucopyrus, photo-protection, 
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I. INTRODUCTION 
 
Sunlight is the foundation of our existence. Since the beginning 
of the earth, it played a crucial part for the formation and 
evolution of life [1]. Sunlight is a part of the electromagnetic 
radiation which produced by sun. The fraction which reaches the 
earth can be divided into three categories, including ultraviolet 
radiation (UVR), visible (Vis) and infrared (IR) which occupies 
6%, 52% and 42% respectively [2]. The stratospheric ozone layer 
absorbs the most energetic form of UVR before reaching the 
earth surface. This form is known as UVC (100 – 290 nm) [1], 
[3]. UVR which normally impact on the surface of earth include 
5% of UVB (290 – 320 nm) and 95% UVA (320 – 400 nm) [1]. 
 
Human skin interacts with UVR in several ways. Initiation of 
cosmetic tanning is one of them [4]. Tanning by UVA does not 
involve with melanin production or photo-protection. Tanning by 
UVB provides photo-protection ability to the skin as it increases 
the melanin concentration [5]. This way, skin act as a natural 
sunscreen which protects the body from harmful UVR.  
 
Further, as a major advantage of UV radiation, UVB induced of 
vitamin D production can be indicated. Over 90% of the vitamin 
D required for the human body is produced by a complex 

mechanism which involves bowel epithelium, liver, kidney and 
the skin [4]. Also, sunlight can be used as a treatment for some 
diseases and conditions (Heliotherapy) [6]. Some human skin 
diseases, such as atopic dermatitis and localized scleroderma, can 
be treated with Heliotherapy or artificial UV radiation 
(Phototherapy) [5]. Phototherapy has the ability to suppress 
multiple sclerosis independently of vitamin D synthesis [7]. Also 
it can be used to treat numerous diseases, including rickets [8], 
psoriasis [9], eczema [10] and neonatal jaundice [11]. 
 
UVB and UVA both have the ability to produce various free 
radicals in human skin cells. Nitric oxide (NO۰), a gaseous free 
radical generate in skin by UVA exposure suppress the apoptosis 
in low concentrations [12]. It is also a good high blood pressure 
reliever and it indirectly influence on the transmittance of nerve 
signals [5]. NO۰ gas can be used as an antibacterial in burn 
injuries and chronic ulcers which indicate rapid wound healing 
properties [13], [14].  
 
Excessive exposure to UVR can result acute and chronic 
conditions. In past few decades rate of skin cancer has been 
massively increased [15]. Free radicals which generates through 
UVB radiation reduces a considerable amount of the antioxidants 
present in skin. This decreases the ability of skin to protect itself 
from free radical generation [16] and it loses the fibrous tissue 
which can lead to wrinkling and photo-aging after a long term 
UVR exposure. This can lead to photodermatitis, actinic 
keratosis and skin cancer. According to the WHO Ultraviolet 
Radiation and the INTERSUN program, 2-3 million non-
melanoma cancers and about 130,000 malignant melanomas are 
diagnosed annually. 66,000 deaths are recorded every year due to 
various types of skin cancer. [17].  
 
UVA initiate the mass production of ROS (reactive oxygen 
species) and RNS (reactive nitrogen species). Hydroxyl ions 
which generate through a procedure called “Fenton reaction” can 
damage DNA massively. Various types of oxidative DNA 
lesions including altered DNA bases, single and double stranded 
breaks and DNA + protein crosslinks can be provoked by ROS 
and RNS due to the high diffusibility of DNA [3]. Cells that bear 
the DNA which cannot be recovered by base excision repair 
(BER) and nuclear excision repair (NER) go through apoptosis to 
prevent the spreading of the mutation. But some cells can 
escapes the mechanism and this can lead to malignancies [18]. 
 
To minimize these adverse effects caused by UVR, 
dermatologists recommend using a broadspectrum sunscreen 
which has a higher SPF.The term Sun Protection Factor (SPF) 
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which appears as a numberis a universal laboratory measure for 
the ability of photo-protection[19]. A perfect sunscreen should 
provide an even protection against a range of solar radiation 
including UVB and UVA [20]. It should also have “aesthetically 
pleasing composition and acceptable sensory and tactile profile 
that enhances user’s compliance”[20], [21]. Ideally the sunscreen 
must be 100% photo-stable and dispel the absorbed energy 
without any harmful effects to the body. It should not penetrate 
the skin and reach cell’s DNA and it should not produce free 
radicals in the skin[22] or any discomfort to the skin. In a 
cosmetic perspective, a sunscreen should be non-comedogenic, 
hypoallergenic and cosmetically elegant. These characteristics of 
an ideal sunscreen do not appear altogether in a single sunscreen 
that is in use today. Thereforeit is in high demand for a sunscreen 
which covers majority of these requirements [20], [21]. 
 
There are two types of sunscreens; organic and 
inorganic.Organic sunscreens are normally an aromatic 
compound consist with a carbonyl group. These structures 
protect the skin by absorbing low wavelengths of UVR[23]. 
Para-amino benzoic acid (PABA), cinnamates, salicilates, 
octocrylene, benzophenone and avobenzone are widely used 
organic sunscreens [23], [24]. Inorganic Sunscreenshave the 
ability to scatter and reflect the UVR. Minerals such as Titanium 
dioxide (TiO2) and Zinc oxide (ZnO) are popular choices for 
inorganic sunscreens[23].  
 
Both organic and inorganic sunscreens produce negative effects 
such as allergic reactions, staining the clothes, contact and/or 
irritant dermatitis, hypersensitivity, whitening effect, melanomas, 
skin cancers and they have the ability to reduce the production of 
vitamin D significantly [21], [23], [25]. And another point of 
particular important is that the DNA damage caused by TiO2 
(Titanium dioxide) when exposed to the sunlight. It has been 
proved that TiO2 cause major damages to the cellular DNA. 
These damages can lead to mutations which will eventually turn 
into carcinogens[22]. 
 
Many studies have noted the opposing effects of currently 
available sunscreen substances [25]–[28]. Currently, there is a 
high demand for new substances which can be used as broad 
spectrum sunscreens. Just as much as every cosmetic product, it 
should be non-comedogenic, safe and consumer friendly [25]. 
Considering above requirements, choosing natural substances 
extracted from plants might lead to the novel findings of photo-
protective agents. Plants have adaptations against damaging 
UVR such as producing antioxidants[19], [29]. Therefore, 
choosing plants which are rich sources of original 
biomoleculesfor antioxidant properties might give the best results 
as sun protective agents [19]. 
 
The main aim of this study is to investigate the sunscreen 
potential of leaves of F. leucopyrus (family Phyllanthaceae) 
which normally grows in the dry zone of Sri Lanka where the 
environmental conditions are hazardous and is also rich on 
antioxidant activity [30], [31]. The other objective is to 
investigate its phytochemical profile. Biomedically, the leaves 
are shown to promote wound healing [32] and possess anticancer 

[33], [34], aquaretic[35], antimicrobial[32], [36], antiproliferative 
and antioxidant activities [37].  
 
 

II. MATERIALS AND METHODS 
 
Collection of plant leaves 
All leaves were collected from trees that are directly subjected to 
the sunlight from Madampe (North Western province, 7.4972° N, 
79.8413° E)and Kelaniya (Western province 6.9520° N, 
79.9186° E) in Sri Lanka during March 2016. 
 
Identification and authentication 
Leaves were identified and authenticated at the Department of 
Plant Sciences, University of Colombo, Sri Lanka. A voucher 
specimen (K001) is deposited at British College of Applied 
Studies, Colombo 06, Sri Lanka.  
 
Preparation of the methanolic extract 
Leaves were plucked and thoroughly washed in running tap 
water. Drained leaves were air dried and 300 g were separated. 
These 300 g samples was separated into three batches (100 g x 3) 
and oven dried at 40°C for 8 days until a constant weight was 
obtained.The dried leaves were cut into small pieces 
(approximately 2-3 mm2 pieces) and 20g were macerated for 10 
days in 200 ml of methanol (Sigma Aldrich Co, St. Louis, 
USA).They were stored in airtight containers in a cool dark place 
during the maceration process. The resulting dark green color 
extract was then filtered through the double layered muslin cloth. 
Then the filtrate was evaporated up to 100 mL at 65°C using a 
laboratory water bathand then was freeze dried. The solid 
product of the sample was re-dissolved in methanol to prepare 
0.4 mg mL-1 and 0.2 mg mL-1 concentrations in quintuplets (x5). 
Same concentrations were made for the Dermatone® (reference 
drug). 
 
Spectroscopic evaluation of SPF 
Absorbance of UV radiation by the extracts of F.leucopyrus and 
Dermatone® were measured by a UV spectrophotometer at 290, 
295, 300, 305, 310, 315 and 320 nm (UV-B) after an 
equilibration time of 1 hour at Zoology department ofUniversity 
of Colombo, Sri Lanka. 1 cm quarts cells were used and the 
whole procedure was done at room temperature (25°C) with five 
minute intervals. Cuvettes were washed withmethanol and 
cleaned by soft paper towels before adding a new sample. Every 
sample was loaded in to the cuvette by using a 1000 μl pipette. 
New pipette tip was introduced to each sample and the used were 
discarded. Methanol was used as the blank. All the data was 
recorded. 
 
SPF values were determined using the Mansur equation which 
was proposed by J.S. Mansur in 1986 where EE (λ) = erythemal 
effect spectrum, I (λ) = solar intensity spectrum, Abs (λ) = 
absorbance of sunscreen product, CF = correction factor (=10). 
EE x I is a constant and predetermined by R. M. Sayre in 
1979[25], [38]–[40]. 
 
 
SPF = CF x  EE (λ) x I (λ) x Abs (λ) Σ 320 

 
290 
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Statistical analysis 
Statistical analysis was done by comparing bothF.leucopyrus and 
Dermatone®samples by Mann-Whitney U-test. 
 
Phytochemical analysis of F.leucopyrusmethanolic extract 
In order to identify the color changes of the reactions in 
phytochemical testing, chlorophyll was removed from the 
extract. [41]. After removing chlorophyll, the aqueous extract 
was turned into alight brown color. This was subjected to 
qualitative analysis for alkaloids, saponins, flavonoids, tannins, 
phenols, amino acids/ proteins and phytosterols[42]. 
 
 

III. RESULTS 
 
The UV absorption spectrum of methanolic leaf extract of F. 
leucopyrus is shown in Figure 1. As shown, both concentrations 
of F. leucopyrus extract exhibited wide range of high absorbance 
between 290 – 320 nm. A similar trend of absorbance was 
evident with the two concentrations of Dermatone®.  
 
As shown in Table 1, lower concentration of F. leucopyrus leaf 
extract exhibited a SPF value of 14.629±0.0192 and the high 
concentration SPF value of 27.042±0.0056. Corresponding 
values for the lower and higher concentrations 
ofDermatone®was 14.025±0.0313 and 
25.315±0.0055respectively. SPF values of F. leucopyrus leaf 
extract and Dermatone® were not statistically significant. 
Furthermore, sun protection activity (in terms of SPF value) of F. 
leucopyrus and Dermatone® appears to be concentration related 
(dependent).  
 
Table 1: Sun Protection Factor (SPF) of methanolic leaf extract of 
F. leucopyrus and Dermatone® 

 
Photochemical analysis of F.leucopyrus revealed the presence of 
phenols, flavonoids, alkaloids, amino acids, phytosterols and 
tannins.Saponins were absent in the extract. 
 
 

IV. DISCUSSION 
 
During the past few decades, knowledge of adverse effects of 
UVR on human skin has significantly increased.To prevent these 
adverse effects of solar radiation, dermatologists recommend 
using a broad spectrum sunscreen with a SPF above 15 as a part 
of the “Photo-protection strategy” [20]. As photo-protection 
became important, US Food and Drug Administration (FDA) 
changed the status of sunscreens to “Over the counter” (OTC) 
drugs[21]. Commercially available sunscreens which are 
composed of organic and inorganic UV filters have opposing 

side effects too and they are relatively expensive[25]. Majority of 
these products increase the risk of skin cancers than preventing 
them. Some compounds interact with vitamin D production and 
cause contact sensitivity and hives, while others cause irritants, 
allergies and skin whitening[23], [24]. Therefore formulations of 
herbal non-comedogenic, cheap and safe sunscreens are in high 
demand. Sunscreening potential of an agent is evaluated in terms 
of SPF value [21]. Higher the SPF value greater is the 
sunscreening activity [43]. SPF values are determined both by in 
vivo and in vitro techniques. In vivo studies have revealed that 
sunscreens with SPF values of 15, 30 and 60 absorb 93.3%, 
96.7% and 98.3% of erythemogenic UVR respectively[43] 
 
This study investigated the sun protection activity of 
F.leucopyrus(Willd) in vitro by UV spectroscopic method (290 – 
320 nm). This method allows the determination of sun protection 
factor which is the numerical value for the efficacy of sunscreen. 
Using UV spectroscopic method and Mansur equation is a quick, 
reliable, inexpensive and widely used method for evaluating sun 
protection activityin vitro.Previous studieshave also proved the 
reliability of this spectroscopic method. [25], [38], [39]. In 
contrast generally, in vivo techniques are expensive, time 
consuming, troublesome, produce variable results and also 
involve ethical issues [25].  
 

 
Figure 1: Absorption spectrum of methanolic leaf extract of 
F.leucopyrus and Dermatone® 

The results of this in vitro study showed, for the first time, that 
methanolic leaf extract of Sri Lankan version of F. leucopyrus 
has marked sunscreening activity; 0.2 mg/mL, SPF value 14.629 
and 0.4 mg/mL, SPF value 27.042. This was comparable to the 
SPF values of Dermatone®, reference agent; 0.2 mg/mL, SPF 
value 14.025 and 0.4 mg/mL, SPF value 25.315. Thus, the SPF 
values of F. leucopyrus even at low concentrations are above the 
threshold value of a good sunscreen; dermatologists strongly 
recommend to use topical sunscreens having SPF value of 15 or 
more, preferably year around to minimize harmful effects 
resulting from overexposure to sun’s UV rays particularly UV B 
rays [21], [44], [45]. Further, the leaf extract of F. leucopyrus 
exhibited a wide range of absorbance (between 290 -320 nm) 
with a mild peak at 295 nm (in the UV B region). This will 
enhance the sunscreening potential of F. leucopyrus leaf extract 
further. Wider the range of absorbance of a sunscreen agent/ 
formulation higher would be its effectiveness in inhibiting 
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sunburns (erythema) [43], [46]. Experimentally,F. leucopyrus 
leaves have been shown to possess strong anticancer properties 
[34], [47] and it is used in Sri Lankan traditional medicine to 
treat cancer [47]. This property should undoubtedly increase the 
potential of F. leucopyrus leaves as a sunscreen since some 
sunprotectives are known to induce skin cancers/ melanomas 
[22].  
 
As UVB facilitate the production of free radicals such as OH·, 
O2·and HOO·[48], [49], it can reduces a considerable amount of 
the antioxidants present in skin[1], [16], [49]. Producing high 
levels of antioxidants is an adaptation of plants to the damaging 
UVR[19]. In order to find herbal photo-protective agents, 
research has been focused on their antioxidant activity[50]. 
Antioxidants are claimed to confer sun protection [51] and some 
sunscreen are formulated with antioxidants like Vitamin E [44]. 
High antioxidant properties of F.leucopyruswas revealed using 
inhibition of DPPH radical scavenging and 2-deoxy-D-ribose 
degradation assay[37]which could explain the photo-protective 
abilities of this plant.Antioxidant activities of plants are mediated 
via phyto-constituents such as phenolics; flavonoids/ tannins/ 
alkaloids and vitamin C[52]–[55]. This study revealed the 
presence of phenols, flavonoids and tannins in the methanolic 
extraction of F.leucopyrus along with phytosterols, amino acids 
and alkaloids. Thus the sunscreening activity of F. leucopyrus is 
likely to be mediated via synergistic antioxidant activities of 
phenolics, flavonoids and tannins. Presence of these phyto-
constituents and the antioxidant properties of 
F.leucopyrus,shown by previous studies [37], might contribute to 
the high sun protective properties found on this study. 
 
 

V. CONCLUSION 
 
In conclusion this study shows for the first time, considerable in 
vitro sunscreen activity of the methanolic leaf extract of Sri 
Lankan variety of F. leucopyrus. This activity together with its 
capacity to absorb wide range of UV rays, anticancer, antioxidant 
properties, makes it an ideal candidate to develop a novel, cheap, 
efficacious and cosmetically elegant sunscreen formulation. 
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