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A B S T R A C T

This work proposes a new method for the in vitro evaluation of the effect of UV irradiation on the production
of free radicals and other reactive species during the photodecomposition of drugs. The method was based on
the UV irradiation of antibiotics molecules to generate excited states that undergo to homolytic bond cleav-
ages. These reactive species can be detected by their ability to oxidize the luminol, producing the electroni-
cally excited aminophtalate, which decays to the ground state releasing electromagnetic radiation in the visible
zone of the spectrum. This method was applied to penicillin G, nafcillin, azlocillin and neomycin dissolved
in water. It was found that the intensity of the luminol chemiluminescence emission (CL) was proportional to
the concentration and dependent on the molecular structure of these drugs. Under the optimized conditions, it
was found that penicillin and azlocillin were the most susceptible to photodegradation, while neomycin sul-
fate was the less affected by the UV light. It was observed that the addition to the antibiotics dissolutions of a
hydro-alcoholic extract of petals of calyxes of Roselle reduced the CL intensity, indicating that the extract was
able to scavenge the free radicals in the irradiated drugs. This result suggest that its addition to the antibiotics
can help in the protection against the radicals formed during the exposition to solar light of patients treated
with topic similar antibiotics.

© 2018.

1. Introduction

The exposure to UV irradiation in sunlight without the adequate
protection is actually of great concern by their negative effects on the
human health. The use of some drugs, cosmetics or food additives and
supplements can increase these effects, because they may exhibit pho-
totoxicity and photocarcinogenicity [1,2]. The cutaneous and ocular
phototoxicity reactions is believed to take place through the genera-
tion of reactive oxygen species (ROS) by some drugs that can modify
the oxidation reaction mechanisms in living cell, resulting in degener-
ative diseases such as cancer, cataracts, aging, heart disease, etc [3].

Antibiotics are widely employed for the treatment of human and
animal diseases due to their antimicrobial activity. However, peni-
cillin, amphotericin-B, geniticin and many others are potent producers
of the superoxide radical when are exposed to short wavelength ra-
diations [4,5]. In consequence, the evaluation of the susceptibility of
antibiotics and other drugs to generate ROS under UV irradiation is
actually of great importance for the development of safe medical treat-
ments without undesirable secondary effects [6].

The use of live biological systems for this purpose is expensive,
long and employs live animals, which is actually restricted by many
international regulations. By the contrary, the use of procedures in
vitro avoids those restrictions and offers the possibility to evaluate
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the ROS productions by drugs in aqueous systems with simple, fast
and low cost procedures.

On the other hand, Roselle (Hibiscus sabdariffa Linn.) is a tropical
plant belonging to the Family Malvaceae, widely cultivated in India,
the East Indies, Nigeria and to some extent in tropical America [7].
According to Jabeur et al. [8] Roselle hydroethanol extracts show an-
tioxidant activities to inhibit lipid peroxidation and possess bacterici-
dal/fungicidal inhibition ability for a wide range of bacteria and fungi.

This plant is not only of interest for nutritional purposes but also
offers possibilities for its use in food, cosmetic and pharmaceutical in-
dustries due to their potent antiradical activities [9]. The scavenging
potential of Roselle seed extract could provide medical applications
for the prevention of cancer, lower the blood pressure and for the im-
proving of the digestive system in humans [10].

Several parts of the roselle plant, as for example calyxes and seeds
and have been evaluated for their polyphenol content and antioxidant
properties [11]. It was found that methanol extracts showed a positive
correlation between phenolic content in each part of the plant and the
antioxidant activity, as measured by b-carotene bleaching assay and
DPPH radical scavenging.

The superoxide and hydroxyl radicals scavenging capacity were
also measured [12] and the results showed that polyphenols of rosella
seeds are good scavengers for these oxygen reactive species. Same re-
sults has been reported in the use of roselle calyxes for the inhibition
of H2O2 induced oxidative stress in rat red blood cell membranes [13].

https://doi.org/10.1016/j.jpba.2018.11.004
0731-7085/ © 2018.
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Fig. 1. Manifold for UV irradiation and CL detection.

Fig. 2. Effect of antibiotic UV irradiation and luminol CL.

Although the seeds contain the highest polyphenol concentrations
followed by the calyx’s petal, in this work we decide to use the ca-
lyx’s petals because they are mostly employed in several countries in
food or natural medicine systems. On the other hand, the bioactive
compounds were extracted using a hydroalcoholic solvent, which have
demonstrated its high capacity to dissolve polyphenols with elevated
antioxidant activities [14,15].

In this study, the evaluation of total ROS production by several
common antibiotics irradiated with UV light was made by using a sim-
ple flow injection system coupled to the luminol CL, which was also
employed to test the ability of an aqueous-alcoholic extract of Roselle
petals of calyxes to inactivate these reactive species as a possible ad-
ditive to commercial antibiotics.

2. Materials and methods

2.1. Chemicals

All reagents were employed as received. Luminol, CoCl2,
Na2EDTA and sodium perborate were obtained from Pancreac
(Spain). The antibiotics penicillin G, nafcillin, azlocillin and
neomycin sulphate were purchased from Sigma. In previous studies,
using the luminol chemiluminescence, the authors have found that the
optimum composition of the chemiluminescence reagent (CL-reagent)
is as follows: 0.01 mol L−1 luminol, 10-5 mol L−1 Co2+ and 10-5 mol
L−1 EDTA. This solution was buffered to pH 10 using 0.1 mol L−1 bo-
rate buffers.
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Fig. 3. Effect of antibiotics concentration of the maximum CL emission.

Fig. 4. Effect of Roselle flowers extract on the inhibition of the CL emission.

Table 1
Concentration of Roselle flower extract to reduce by 50% de CL emission.

Antibiotic Concentration of Roselle flower extract (mg mL−1)

Penicillin G 0.29
Azlocillin 0.21
Nafcillin 2.00
Neomycin sulphate 0.95

2.2. Manifold

The manifold consisted of three components (Fig. 1). A low pres-
sure Hg lamp 4.5 W potency model PSA 10.570 UV Cracker (PS An-
alytical UK), was employed for the UV irradiation. This lamp was
coiled with a Teflon tube (2 mm internal diameter, 55 cm length), the
drug dissolutions flowed through this tube during the UV irradiation.
A peristaltic pump Gilson Miniplus, provided with two channels was
used to propel the dissolutions.

The first channel pumps the antibiotics from the volumetric flask,
to the irradiation chamber to finally reach the detector cell. The second
channel transported the carrier, Milli Q water in this case, from the
container to an injection valve provided with a 100 µL sample loop,
and finally to the detector cell, were it is mixed with the dissolution
that comes from the first channel.

The carrier was used to transport the aliquot of the CL reagent,
which is introduced to the system through an injection valve. The
third component was the CL detector Camspec Chemiluminescence
Detector CL-2 (photosensor module Hamamatsu 45773-20 spectral

response from 300 to 900 nm; spiral-type flow cell, volume 120 μL;
Sawston, Cambridge). It was connected to a computer by an analog/
digital converter. The CL intensity data against time were acquired us-
ing the Clarity version 2.4.1.77 (Data Apex) software to obtain the val-
ues of maximum CL intensity.

2.3. Procedure

The UV lamp was switched on at least 15 min before the analysis
in order to have a constant emission of light. The peristaltic pump with
a flow rate of 0.5 mL min−1 was started up during 3.5 min to propel
the antibiotic dissolution from the volumetric flask to fill completely
the Teflon tube coiled to the UV lamp. Immediately, the pump was au-
tomatically stopped for 3 min to allow the drug irradiation. Then, the
pump was automatically started again to pump the irradiated solution
to the detector cell and the CL-reagent was injected to be carried to the
detector cell, where solutions are mixed and takes place the oxidation
of luminol by the ROS. An increase of the CL emission is observed
and registered by the detector system as a peak with a maximum in-
tensity (Imax). The procedure is carried out several times to obtain the
replicates.

2.4. Dissolutions of antibiotics

Stock solutions of each antibiotic (1 mg mL−1) were prepared by
dissolving adequate amounts in ethanol (98%) using 50 mL volumet-
ric flasks. Aliquots were taken to prepare working solutions in the con-
centration range between 0.005 and 0.070 mg mL-1. Milli-Q water was
used as the solvent.

2.5. Hibiscus flower extracts

Dried petals of calyxes of Roselle (Hibiscus Sabdariffa) flowers
were purchased from a local store. A 250 mg sample was macerated
in a porcelain mortar with 5 mL of 95% ethanol, filtered through N° 1
Whatman filter paper and transferred to a 10 mL volumetric flask, the
volume was made up with Milli Q water (25.0 mg mL−1).

To determine the effect of this extract on the inhibition of CL
emission, five solutions of each antibiotic at a fixed concentration of
0.025 mg mL−1 were prepared. Aliquots of the flower extract were
added to obtain concentrations of 0.4; 0.8; 2.0 and 2.5 mg mL-1. The
blank corresponded to the antibiotic solution without the extract; it
was employed to determine the maximum CL intensity (Imax). All
these solutions were subjected to the procedure described above and
the inhibition percentage (% Inh) was calculated using Eq. (1).

2.6. Determination of antioxidant activity (DPPH Test) of the flower
extract

The determination of free radical scavenging using the stable
2,2-diphenyl-1-picryhydrazyl radical (DPPH), was applied to the ex-
tract of Roselle flowers. Five aliquots of 0.5 mL of a freshly prepared
0.1 mM DPPH radical (Sigma) were added to five test tubes. Aliquots
of the flower extract between 0.1 and 2.0 mL were added to the test
tubes and the volumes were made up to 2 mL with Milli-Q water. The
reaction mixtures were shaken and the absorbance was measured after
30 min at 515 nm in a Beckman DU70 UV/Visible spectrophotometer.

(1)
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Fig. 5. Mechanism proposed for the CL inhibition induced by Roselle extract.

The following equation was used to obtain the % Inh.

Here A0 represents the absorbance of the control, that is to say the
DPPH radical in absence of the extract. The term A1, is the absorbance
of the sample to be evaluated. By plotting the % Inh values against the
extract concentrations in each test tube the inhibition curve was ob-
tained to determine antiradical scavenging activity of the extract.

2.7. Determination of total biophenols (TBP), anthocyanins and
flavonoids

In order to explain the antiradical activity of the Roselle calyxes,
the concentrations of bioactive compounds such as phenols,
flavonoids and anthocyanins were determined. In such way, the spec-
trophotometric Folin-Coicalteu method was used to determine TBp,
as is described by Arnous et al. [16]. Briefly, 25 mL of Milli-Q water
were added into a 50 mL volumetric flask and suitable amounts of the
flower extracts were added to obtain absorbance values in the range of
the calibration curve. One mililiter of the Folin-Coicalteu reagent was
added and, after 3 min, 2 mL saturated Na2CO3. The volume was made
up and the absorbances were measured two hours later at 725 nm. Re-
sults were expressed as mg of gallic acid equivalents.

On the other hand, the quantification of anthocyanins content was
made by pH-differential spectrometry. Two aliquots of 1 mL of the
calyxes extract were transferred to two 25 mL volumetric flasks. The
first flask was filled with a buffer solution pH 1 (KCl in HCl) while
the second was filled with the buffer solution at pH 4.5 (acetate/acetic
acid). The absorbance was calculated with equation 3:

Where A represents the absorbance measured at 510 and 700 nm at

the two pH conditions. The percentage of total anthocyanins (w/w)
was calculated using the molar absorbance of delphinidin-3-glucoside
ε = 23,700 and the molecular weight 518.5 g mol−1.

The total flavonoid concentration was determined using the alu-
minium chloride colorimetric method [17]. Standard solutions of
quercetin between 20 and 200 μg mL−1 were prepared in 80% ethanol,
0.5 mL of each solutions were mixed with 0.1 mL 10% AlCl3, 0.1 mL
of 1 M sodium acetate, 1,5 mL of 95% ethanol and 2.8 mL of distilled
water. After incubation at room temperature for 15 min the absorbance
was read at 415 nm and a calibration curve was made. A blank solu-
tion was prepared using water instead of the quercetin solution. Simi-
larly, 0.5 mL of flower extracts were reacted with AlCl3 for the deter-
mination of flavonoids as described above.

3. Results

3.1. Optimization of the CL system

3.1.1. UV irradiation time
The penicillin G solution at 0.025 µg mL−1 was employed to op-

timize the UV irradiation time. A continuous flow during 3 min was
necessary to fill the Teflon tube coiled around the UV lamp. The Fig. 2
shows the CL emission peaks after the irradiation with UV at different
times. The first group of three peaks was obtained with a continuous
flow of the antibiotic solution during the irradiation and three consec-
utive injections of the luminol solution.

The CL intensity increases when the flow was stopped to allow the
complete irradiation of the antibiotic. For instance, if the drug is ir-
radiated by 4 min, the CL emission reaches its maximum with repro-
ducible results after a second irradiation for the same time. Longer ir-
radiation times, as for example 8 min, give the smaller peaks of the
third group. In consequence the peristaltic pump was switched on for
4 min to assure that the Teflon tube has been completely filled. Then,
the pump was stopped for 4 min to irradiate. Finally the pump was
started again to deliver the reagents to the detector cell and the luminol
was injected through the injection valve, the CL was finally measured.

(2)

(3)
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3.1.2. Reagents flow-rate
The luminol CL is highly influenced by the rate of reagents mix-

ing. Here we found that the maximum CL emission can be achieved
at a luminol flow rate of 0.5 mL min−1. Faster rates decrease the CL
peaks because higher velocities favored the expulsion of the reagents
before reaching the maximum CL.

3.2. Generation of ROS by the antibiotics

The increase in the luminol CL emission was proportional to the
type and concentration of the antibiotic employed. The Fig. 3 shows
that penicillin and azlocillin were the most susceptible to the radiation,
with CL emissions close to 1000 and 740 mv at the higher concentra-
tions. On the contrary, neomycin sulfate and nafcillin the maximum
CL intensity peaks were of only 51.8 and 157 mv respectively.

These results are related to differences in their molecular struc-
tures. For instance, the neomycin sulphate has only single bonds with
hydroxyl and amine groups. The only possible bond homolytic cleav-
age involves the O H or N H bonds, requiring high energies to
produce the electronic transition n → σ*, giving a low amount of reac-
tive species.

On the other hand, the penicillin and azlocillin, with carbonyl and
phenyl groups can produce electronic transitions n → π*, requiring the
absorption of less energy to generate electronically excited molecules.

The presence of phenyl groups in these antibiotics must be also
considered to explain the high production of reactive species. The aro-
matic rings are conjugated systems that contribute in the delocaliza-
tion of the unpaired electron, favoring the stabilization of the free rad-
ical giving enough time for their reaction with the luminol, resulting
in a high CL emission.

In the molecular structure of nafcillin, the phenyl is replaced by a
naphtyl ring, which may increase the energy difference between the
orbitals n and π*, with a less effect of the UV light to produce excited
states.

3.3. Radical scavenging activity of the Roselle flower extract

The DPPH test was applied in this study in order to evaluate the
antiradical properties of the Roselle extract. The chemical principle
in this test is based on the inactivation of the radical DPPH•, by the
transfer of a hydrogen radical (H•) from the biophenols present in the
flower extract. Under the test conditions, the hibiscus showed antirad-
ical activity, requiring 2.83 mg mL−1 of the extract to inactivate the
DPPH radical.

Once the antiradical activity of the hibiscus was established by the
above method, the Roselle calyxes extract was evaluated again by the
proposed CL method. Now, the hydroethanol extract was added to the
antibiotic solutions and the UV irradiation was made as described in
previous paragraphs. According to the results (Fig. 4), the CL emis-
sion can be reduced by the addition of increased concentrations of the
flower extract for all the antibiotics evaluated.

A significant effect of the hydroalcoholic extract on the penicillin
and azlocillin was observed. In these compounds, the addition of less
than 0.5 mg mL−1of Roselle extract reduced the CL emission in more
than 50%. However, higher amounts of the extract only produced
slight effects on the CL inhibition.

A different situation was detected for the other antibiotics. The
nafcillin required a concentration of at least 2.0 mg mL−1 to reduce
the CL emission in the same proportion, while for the neomycin was
necessary to add 0.95 mg mL−1 t (Table 1). These results suggest that

the excited species originated by the action of the UV light in these
antibiotics are more difficult to neutralize by the active compounds of
the Roselle extract.

To explain the action of the hibiscus extract a phytochemical
analysis was made. A concentration of 10.7 mg g−1 of total biophe-
nols was determined, which includes the phenols and polyphenols dis-
solved in the ethanol-water solution. For that reason, it was also nec-
essary to quantify the concentration of specific groups of biophenols
such as flavonoids and anthocyanins, resulting total concentration of
27.5 mg g−1 and 0.40 mg g−1 respectively.

These organic compounds are the responsible for the antioxidant
activities. Thus, Puckhaber et al. [18] found that Hibiscus contain the
flavonol quercetin along with the cyanidin, that gives the red color of
the flowers in acidic solutions. Both molecules belong to the groups
of bioactive compounds, with strong antioxidant activities as well
as many other important properties, as for example the hair growth
promoting [19]. On the other hand, the flavonoids such as delphini-
din-3-sambuboside and cyanidin-3-sambuboside, have been found in
petals of Hibiscus Sabdariffa..

The capacity of flavonoids to act as antioxidants depends upon
their molecular structure. The position of hydroxyl groups and other
features in the chemical structure of flavonoids are important for
their antioxidant and free radical scavenging activities. For example,
Van Acker et al. [20], reported that a catechol moiety on ring B of
flavonoids along the 3 OH group in combination with a C2 C3 dou-
ble bond are required for a good antioxidant capacity. Therefore, the
qualitative and quantitative composition of the biophenols present in
the Hibiscus flowers, can be related with the antioxidant activities de-
termined in this work by the proposed chemiluminescence method.

The Fig.5 proposes a mechanism to describe the effect of the UV
irradiation on the antibiotics. The energy of the incident light is trans-
ferred to the antibiotic molecule which reaches high energy states, fol-
lowed by two possible processes, whether the hemolytic cleavage of
a single bond to give of free radicals or the transfer of the excess of
energy to oxygen molecules producing the reactive oxygen species.

After, the reactions follow the route 1, which is the oxidation of
luminol with production of excited aminophtalate, that later decays to
the ground state releasing the energy as a photon of visible light.

In this work, we consider that route 2 is the faster than route 1, and
the inactivation of the reactive species would occurs most rapidly that
the reaction of these compound with sensible targets such as cells, pro-
teins, DNA, etc.

4. Conclusions

The results of this work indicate that the proposed CL method can
effectively detect the production of reactive species when the antibi-
otics are irradiated with the UV light. Also, the method can detect the
differences in the molecular structures among the antibiotics.

The addition of an hydroalcoholic extract of Roselle flowers to the
antibiotics can reduce the presence of dangerous reactive species by
their inactivation or scavenging, which would provide a new strategy
for the prevention of health affections produced by photosensibilizing
reaction and its addition to photo labile drugs would be promising in
medical treatments with antibiotics.
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