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Summary
Background:

Material/Methods:

Riboﬂavin ﬁnds ubiquitous occurrence in plants and animals and functions as a coenzyme participating in various oxidation-reduction reactions during the course of metabolism. Photosensitized
riboﬂavin generates reactive oxygen species (ROS). Aminophylline is an antiasthmatic drug and a
known phosphodiesterase inhibitor. In this study we examined the effect of photoilluminated riboﬂavin on aminophylline using trypsin as the target molecule.
The possible loss of trypsin activity due to autolysis was assayed after incubation in ﬂuorescent light.
Changes in trypsin activity caused by photoilluminated riboﬂavin alone and with aminophylline were
monitored as functions of concentration and time. These effects were also analyzed by SDS-PAGE
to visualize protein degradation. Spectra of riboﬂavin, alone and with aminophylline, under different conditions were taken to monitor the structural changes for elucidating the possible reaction mechanism involved. Free radical scavengers were also included in some experiments.

Results:

Aminophylline alone is not known to posses any photosensitizing characteristics. However, in the
presence of riboﬂavin and ﬂuorescent light, aminophylline caused inactivation and fragmentation of trypsin. This fragmentation was found to be concentration dependent and was mediated
by ROS. In all cases, thiourea, a scavenger of hydroxyl radicals, was most effective in scavenging
the damaging effect of the riboﬂavin-aminophylline combination.

Conclusions:

Based on our results we suggest that photoilluminated riboﬂavin generates the singlet and triplet
excited states that, upon energy transfer, generate 1O2· and 3O2· oxygen. These activated oxygen
species probably attack aminophylline leading to its oxidation, generating hydroxyl radicals which
presumably cause inactivation and fragmentation of trypsin.
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BACKGROUND
Riboﬂavin (6, 7 dimethyl-9-D-1ribityl-iso-alloxazine) is known
to possess a photosensitization characteristic [1]. When exposed to UV radiation from sunlight, riboﬂavin induces photo-damage to the skin [2]. Photoexcited riboﬂavin acts as a
light-induced electron donor [3]. It reacts via its singlet and
triplet excited states with molecular oxygen and generates
ROS [4], such as the short-lived superoxide anion, singlet oxygen, and the riboﬂavin radical [5]. A substantial amount of
hydrogen peroxide is also produced [6], which has a longer
half-life and penetrates cell membranes freely. These species
exert a collective damaging effect on several biological molecules [7,8] caused K+ leakage and, in the presence of Cu
(II), induced hemolysis of red blood cells [9] and damage
lens [10], leading to oxidative modiﬁcation of cellular constituents including lipids, proteins, and nucleic acids. Thus,
these ROS have been implicated in the etiology of various
pathological conditions and in aging [11,12]. Recent reports
suggested a role of ROS and decreased SOD activity in an autoimmune condition called alopecia areata [13]. It has also
been recently suggested, however, that riboﬂavin itself can
play the role of an antioxidant by stabilizing the NO level in
the organism under conditions of increased superoxide anion
generation and/or decreased SOD activity, thereby playing a
role in the modulation of toxic and signaling pathways of NO
[14]. In addition, riboﬂavin photosensitization is known to
produce a reducing species, the radical anion of lipoic acid,
a powerful natural antioxidant which exerts signiﬁcant antioxidant activity in vivo by deactivation of reactive oxygen and
nitrogen species (ROS and RNS) [15].
Aminophylline is the more soluble analogue of theophylline.
It is an inhibitor of phosphodiesterase [16]. The administration of aminophylline is known to increase the cAMP/cGMP
ratio. These cyclic nucleotides have been shown to regulate
ﬁbroblast proliferation and collagen production like, the
increase in total lung collagen normally seen after injury
in pulmonary ﬁbrosis, while having no effect on collagen
levels in the undamaged lung [17].
Dent et al. [18] showed that theophylline inhibits the respiratory burst of alveolar macrophages by elevation of cAMP, while
others [19] reported a similar cAMP-dependent negative effect of this agent on neutrophil activation. Therapeutically
relevant concentrations of theophylline increased the level
of cAMP and caused a dose-related inhibition of superoxide
radical generation by human neutrophils, suggesting that
some indirect antioxidant mechanisms may also be operative in its therapeutic action [20]. Since neutrophil-derived
reactive oxidants cause damage to the respiratory epithelium in a number of respiratory diseases, including allergic
inﬂammation induced by ROS in asthma [21] and chronic
obstructive airway disease, this accounts, at least in part, for
the beneﬁcial anti-inﬂammatory role of theophylline seen in
these respiratory disorders [22]. Theophylline is also widely
used for the treatment of idiopathic respiratory distress syndrome and apnea attacks in newborns [4]. Serum levels of
8–12 μg/ml theophylline are assumed to be therapeutically
effective. Theophylline can inhibit cell inﬁltration and serum protein leakage in asthma [23].
Theophylline in combination with riboﬂavin was found to enhance bilirubin degradation in vitro, and the crossreactivity
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of photoactivated riboﬂavin with other drugs, such as timolol
and pindolol, has already been studied [24]. Also, a riboﬂavinaminophylline combination was recommended for the effective treatment of jaundice in neonates [25]. With the possible
antioxidant effect of aminophylline known, it was of interest
to study riboﬂavin in combination with aminophylline.

MATERIAL AND METHODS
Material
Trypsin, (EC 3.4.21.4) was obtained from SRL, India, thiourea from Qualigens Fine Chemicals, India, while aminophylline, riboﬂavin, bovine serum albumin, catalase, sodium azide, and superoxide dismutase were purchased from
Sigma Chemical Co, USA. All other chemicals used were
of the highest purity grade available.
Assay of trypsin
Trypsin was assayed by the method of Kunitz et al. [26] using
casein as the substrate. The reaction mixture in a ﬁnal volume
of 2 ml contained 10 mg casein, 10 mM phosphate buffer, pH
7.4, and increasing concentrations of trypsin (0.5–15 μg). After
incubating at 37°C for 30 minutes, the reaction was terminated
by the addition of 1 ml of 10% TCA. The samples were then
centrifuged at 2500 rpm for 10 minutes to remove the undigested protein as precipitate, and the supernatant was used
for determining the acid-soluble peptides using the method
of Lowry et al. [27]. In a parallel experiment, trypsin alone
was incubated under 800 lux of cool ﬂuorescent light for 30
minutes prior to assay (to check for possible autolysis).
Inactivation of trypsin by photoilluminated riboﬂavin
alone and with aminophylline
The reaction mixture in a ﬁnal volume of 2 ml contained
10 mg casein, 10 mM phosphate buffer, pH 7.4, and 15 μg
of trypsin preincubated under 800 lux of cool ﬂuorescent
light for 30 minutes with increasing concentrations of riboﬂavin (25–200 μM). Reactions were terminated by adding 1 ml of 10% TCA. Undigested protein was removed by
centrifugation at 2500 rpm for 10 minutes and supernatant
was used for estimation of acid-soluble peptides. In another experiment, trypsin was incubated under 800 lux of cool
ﬂuorescent light with 50 μM riboﬂavin and increasing concentrations of aminophylline (25–200 μg/ml).
SDS-polyacrylamide gel electrophoresis
Treated trypsin was resolved by 15% SDS-PAGE using a discontinuous buffer system [28] under reducing conditions.
Reactions containing 50 μg of trypsin were incubated with
riboﬂavin alone and riboﬂavin with aminophylline under
800 lux of cool ﬂuorescent light for different time intervals.
Various scavengers were also used in some experiments. The
samples containing 30 μg of protein were electrophoresed
for 2–3 hours at 80 V and the gels were visualized by staining with silver nitrate [29].
Silver staining
After electrophoresis, gels were immersed in a mixture of
30 ml of 50% acetone, 0.75 ml of 50% TCA, and 12.5 μl of
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37% formaldehyde for 10 minutes with constant shaking for
ﬁxation, then they were washed three times with distilled
water. Gels were again soaked in 30 ml of 50% acetone for
10 minutes. After this, they were treated with a solution containing 30 ml of distilled water and 50 μl of 10% Na2S2O3.
Next they were washed with distilled water. They were then
soaked in a solution containing 0.4 ml 20% silver nitrate,
0.3 ml of 37% formaldehyde, and 30 ml of distilled water
for 8 minutes. After washing with distilled water, the gels
were transferred to a solution containing 0.02 g/ml of sodium carbonate, 12.5 μl of 37% formaldehyde, and 12.5 μl
of 10% Na2S2O3 to make them alkaline. After 10–20 seconds
they were suspended in 1% glacial acetic acid for 1 minute
to stop the reaction. Then they were ﬁnally washed with distilled water since the bands, if any, were visible by now.
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Figure 1. Absorption spectra of riboﬂavin at diﬀerent time intervals.
(a) 50 μM riboﬂavin at zero time, (b,c,d,e,f) riboﬂavin after
15 minutes, 30 minutes, 45 minutes, 1 hour, 1.5 hour of
incubation in ﬂuorescent light respectively.

The absorption spectra of riboﬂavin and aminophylline
The absorption spectra of riboﬂavin was recorded using a Cintra 5 UV-Visible Spectrometer (GBC Scientiﬁc
Equipments) before and after incubation under 800 lux of
cool ﬂuorescent light at various time intervals (0, 15, 30, 45,
60, and 90 minutes). The reaction mixture in ﬁnal volume of
3 ml contained 50 μM riboﬂavin in 10 mM phosphate buffer, pH 7.4. The sample was read against a phosphate buffer
blank. The decrease in absorbance at 370 nm and 440 nm
peaks after incubation in ﬂuorescent light, is indicative of
progressive photodegradation of riboﬂavin. The samples for
recording aminophylline spectra under different conditions
in a ﬁnal volume of 3 ml contained 75 μg/ml aminophylline
alone (a), with 50 μM riboﬂavin (c), and with 0.1 mM thiourea (d) in 10 mM phophate buffer, pH 7.4. The samples containing aminophylline alone, with riboﬂavin, and with thiourea were read between 240 nm to 300 nm using a Cintra 5
UV-Visible Spectrometer at time zero and after 1 hour of incubation under 800 lux of cool ﬂuorescent light.
The results presented in this study are the mean of three independent experiments until and otherwise stated.

Figure 2. Absorption spectra of aminophylline with riboﬂavin under
diﬀerent conditions. The spectra of 75 μg/ml aminophylline
in the presence of 50 μM riboﬂavin was recorded between
240−300 nm after irradiation with ﬂuorescent light. (a)
aminophylline alone at zero time, (b) aminophylline alone
after 1 hour of incubation, (c) aminophylline with riboﬂavin
at zero time, (d) aminophylline and riboﬂavin with thiourea
after 1 hour of incubation, (e) aminophylline and riboﬂavin
after 1 hour of incubation.

RESULTS
The present study focuses on the damaging effects of photoilluminated riboﬂavin alone and of its combination with
aminophylline (an antiasthmatic drug) on trypsin as the
target molecule.
Absorption spectra of riboﬂavin
The spectral changes in riboﬂavin induced by incubation in
cool ﬂuorescent light were recorded at different time intervals
(Figure 1). Riboﬂavin exhibits a visible spectrum with a major
peak of absorbance at 440 nm and a minor peak at 370 nm.
Incubation of riboﬂavin under 800 lux of cool ﬂuorescent light
for 90 minutes caused the disappearance of the absorption peak
at 440 nm, suggesting photodegradation of riboﬂavin.
Absorbance spectra of aminophylline in the presence of
riboﬂavin
To determine whether aminophylline undergoes any structural change or exhibits binding to riboﬂavin during photoillumination, the absorption spectrum of aminophylline was
recorded between 240–300 nm (Figure 2). Aminophylline

exhibits a UV-spectrum with a peak at 270 nm. Illumination
of aminophylline in cool ﬂuorescent light for more than one
hour did not cause any change in the absorption peak at
270 nm. However, addition of 50 μM riboﬂavin to it caused
a decrease in the peak within 30 minutes of illumination in
cool ﬂuorescent light. The absorption peak of aminophylline
completely disappeared in the presence of riboﬂavin after
60 minutes of incubation in cool ﬂuorescent light, indicating degradation of aminophylline caused by photoactivated
riboﬂavin. The 270 nm peak of aminophylline was almost
completely restored upon the addition of 0.1 mM thiourea,
a known scavenger of hydroxyl radical, up to 60 minutes of
incubation, indicating that hydroxyl radicals are produced
during the photodegradation of aminophylline mediated by
riboﬂavin. Other scavengers of ROS, such as catalase, SOD,
potassium iodide, and sodium azide, had no signiﬁcant effect
on the aminophylline degradation (data not shown).
Inactivation of trypsin by riboﬂavin alone and riboﬂavin
with aminophylline
When the assay of trypsin was performed by the method of
Kunitz et al. [26] using casein as a substrate, the activity of
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(Figure 4A); the degradation of trypsin was visible at 50 μM
riboﬂavin and it was completed at 150 μM riboﬂavin, with
the major band of trypsin has almost completely disappeared
in two hours of incubation (lane e). In another experiment
(Figure 4B), 50 μg trypsin was photoilluminated with 50 μM
riboﬂavin and increasing concentrations of aminophylline
(25–150 μg/ml). The major band of trypsin completely disappeared at 150 μg/ml aminophylline in the presence of
riboﬂavin (lane f) when incubated for 30 minutes, in comparison with riboﬂavin alone, where incubation was for 2
hours, indicating enhanced degradation.
Effect of different free radical scavengers on trypsin
degradation by the riboﬂavin-aminophylline system

Figure 3. Inactivation of trypsin by increasing concentration of
riboﬂavin alone as well as riboﬂavin and aminophylline.
15 μg of trypsin per sample was incubated with diﬀerent
concentrations of riboﬂavin (20–200 μM) for 30 minutes
in ﬂuorescent light (c). In a parallel experiment 15 μg of
trypsin per sample was incubated with 50 μM riboﬂavin and
increasing concentrations of aminophylline (25–200 μg/ml)
for 30 minutes in ﬂuorescent light ().
trypsin was found to increase as a function of enzyme concentration. In a parallel experiment, the assay was also performed with trypsin alone after it was incubated at room temperature for half an hour to test for possible autolysis. The
decrease in activity was almost 20% in these samples, which
was probably due to autolysis (data not shown).
The decrease in the activity of trypsin was monitored after
incubating it in cool ﬂuorescent light for half an hour with
increasing riboﬂavin concentrations alone and with aminophylline. An increase in the concentration of riboﬂavin led
to a parallel decrease in the activity of trypsin. Complete loss
of activity was observed at 175 μM riboﬂavin. With 50 μM
riboﬂavin and increasing aminophylline concentrations,
complete loss of activity was observed at 150 μg/ml aminophylline (Figure 3).
The decrease in the activity of trypsin by riboﬂavin alone
and by riboﬂavin-aminophylline was monitored as a function of time of illumination. Samples containing 50 μM riboﬂavin alone and those containing 50 μM riboﬂavin with
75 μg/ml aminophylline were photoilluminated for different time intervals. After 10 minutes of incubation in cool
ﬂuorescent light, there was very little decrease in the activity of trypsin with riboﬂavin alone. However, when aminophylline was included in the reaction, the inhibition of
trypsin activity was around 60 percent. After 30 minutes of
incubation in light, the enzyme was almost completely inactivated (data not shown).
Degradation of trypsin by the riboﬂavin-aminophylline
system
After treatment of trypsin with riboﬂavin alone and with riboﬂavin–aminophylline combinations in cool ﬂuorescent
light, trypsin was applied on SDS-PAGE. It was found to be
degraded signiﬁcantly when incubated with riboﬂavin alone
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Samples containing 50 μg trypsin and 50 μM riboﬂavin were
photoilluminated for two hours in the presence of different free radical scavengers (Figure 5A). Trypsin degradation was slightly inhibited by potassium iodide, a scavenger
of triplet oxygen, and thiourea, a scavenger of hydroxyl
radicals. However, it was almost completely inhibited by
SOD, which is a scavenger of the superoxide anion, as evident in Figure 5A, lane f. It is well reported that riboﬂavin
upon photoillumination generates the superoxide anion.
In a parallel experiment (Figure 5B), samples containing
50 μg trypsin, 50 μM riboﬂavin and 75 μg/ml aminophylline were photoilluminated for one hour. The degradation
was completely inhibited by thiourea (lane g), suggesting
hydroxyl radicals are the major ROS involved in the degradation of trypsin, when riboﬂavin-aminophylline were used
in combination.

DISCUSSION
As a coenzyme, riboﬂavin is responsible for the growth and
development of the fetus and the maintenance of the mucosal epithelium and eye tissue [1]. UV light-activated riboﬂavin has been shown to oxidize guanine in nucleic acids
in vitro [30]. Due to its planar structure, its ability to intercalate within DNA strands, and its photosensitizing property, riboﬂavin can prevent genome replication, thereby inactivating pathogens found in blood products. Riboﬂavin,
as an endogenous photosensitizer, has an extremely good
safety proﬁle and can inactivate high levels of a broad range
of viruses and bacteria in platelet concentrates, fresh frozen plasma, and red blood cells, preserving the activity and
functionality of the components while reducing the risks of
transfusion-transmitted disease. The photodegradation of
riboﬂavin in the body is clearly shown by the decrease in its
concentration in neonates who are treated with intense visible light to break down circulating bilirubin, which their
immature livers cannot yet handle [31].
Aminophylline and theophylline are both intravenously administered bronchodilator drugs commonly used for the
treatment of asthma [32]. These compounds are methylxanthines, structurally related to uric acid [33], which has
a signiﬁcant antioxidant property [34]. These drugs have
been shown to possess anti-inﬂammatory [22] and immunomodulatory effects [35]. The mechanism of anti-inﬂammatory action has not been clearly elucidated.
In the present work we studied the effect of photoilluminated riboﬂavin in the presence of aminophylline using trypsin
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Figure 4A. Modiﬁcation of trypsin with increasing concentration
of riboﬂavin. 50 μg of trypsin per reaction sample was
incubated in ﬂuorescent light for 2 hours with increasing
concentration of riboﬂavin; (lane a) trypsin alone, (lane b)
trypsin with 25 μM riboﬂavin, (lane c) trypsin with 50 μM
riboﬂavin, (lane d) trypsin with 100 μM riboﬂavin, (lane e)
trypsin with 150 μM riboﬂavin.

Figure 4B. Modiﬁcation of trypsin with riboﬂavin and increasing
concentration of aminophylline. 50 μg of trypsin per
reaction sample was incubated in ﬂuorescent light
for 30 minutes with 50 μM riboﬂavin and increasing
concentration of aminophylline; (lane a) trypsin alone,
(lane b) trypsin with 50 μM riboﬂavin, (lane c) trypsin
with 50 μM riboﬂavin and 25 μg/ml aminophylline,
(lane d) trypsin with 50 μM riboﬂavin and 75 μg/ml
aminophylline, (lane e) trypsin with 50 μM riboﬂavin and
125 μg/ml aminophylline, (lane f) trypsin with 50 μM
riboﬂavin and 150 μg/ml aminophylline.
as the target molecule in vitro. It has already been reported
that aminophylline caused a riboﬂavin-sensitized photohemolysis of human RBC in vitro, but had no effect in the absence of riboﬂavin even after prolonged incubation [36].
Based on the spectral studies of riboﬂavin and aminophylline we previously suggested that riboﬂavin upon photoexcitation generates the singlet state, which is partially con-

Figure 5A. Eﬀect of riboﬂavin on trypsin in the presence of diﬀerent
free radical scavengers. 50 μg of trypsin per reaction
sample was incubated in ﬂuorescent light for 2 hours
with diﬀerent scavengers. (lane a) trypsin alone, (lane b)
trypsin with 50 μM riboﬂavin, (lane c) trypsin with 50 μM
riboﬂavin and 0.1 mM thiourea, (lane d) trypsin with
50 μM riboﬂavin and 20 μg/ml catalase, (lane e) trypsin
with 50 μM riboﬂavin and 0.1 mM KI, (lane f) trypsin with
50 μM riboﬂavin and 20 μg/ml SOD, (lane g) trypsin with
50 μM riboﬂavin and 150 μM NaN3.

Figure 5B. Eﬀect of riboﬂavin and aminophylline on trypsin in the
presence of diﬀerent free radical scavengers. 50 μg of
trypsin, 50 μM riboﬂavin and 75 μg/ml aminophylline
per reaction sample was incubated in ﬂuorescent
light for 1 hour with diﬀerent scavengers; (lane a)
trypsin alone, (lane b) trypsin with 50 μM riboﬂavin
and 75 μg/ml aminophylline, (lane c) trypsin with 50
μM riboﬂavin, 75 μg/ml aminophylline and 20 μg/ml
SOD, (lane d) trypsin with 50 μM riboﬂavin, 75 μg/ml
aminophylline and 20 μg/ml catalase, (lane e) trypsin
with 50 μM riboﬂavin, 75 μg/ml aminophylline and 150
μM NaN3, (lane f) trypsin with 50 μM riboﬂavin, 75 μg/ml
aminophylline and 0.1 mM KI, (lane g) trypsin with 50 μM
riboﬂavin, 75 μg/ml aminophylline and 0.1 mM thiourea.
verted to the triplet state. These singlet and triplet states of
riboﬂavin, by transferring energy to molecular oxygen, give
rise to singlet and triplet oxygen species [8,37], which are
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very reactive and, in the present case, are likely to attack aminophylline. Aminophylline is probably oxidized to an unknown product, leading to loss of conjugation and hence a
decrease in the absorption at 270 nm, the lmax of aminophylline. Hydroxyl radicals are probably generated in the process, since the presence of thiourea, a scavenger of hydroxyl
radicals, in the reaction mixture inhibited the oxidation of
aminophylline and restored the 270 nm peak to a signiﬁcant
extent (Figure 2). The hydroxyl radical may also be responsible for the damage of trypsin and its fragmentation, as is
evident from our results. The proposed mechanism suggesting the formation of hydroxyl radical and its involvement in
the inactivation and fragmentation of trypsin is supported by
the fact that in all cases, thiourea substantially inhibited the
fragmentation and inactivation of trypsin. Other scavenger
tested, such as catalase (a scavenger of hydrogen peroxide),
SOD (a scavenger of superoxide), and potassium iodide and
sodium azide (scavengers of singlet and triplet oxygen, respectively), did not show signiﬁcant inhibition. The reaction
involving riboﬂavin-mediated photo-damage of aminophylline resulting in the generation of hydroxyl radicals seems
to be very different from the previously reported Fentonlike reaction, where a divalent metal ion such as Cu(II) was
essentially required for the generation of hydroxyl radicals
[9], since in the case of riboﬂavin-aminophylline, Cu(II) was
completely absent from the reaction medium.
With previous reports strongly suggesting aminophylline
as an antioxidant, especially against hydroxyl radical [20],
and our studies highlighting its hydroxyl radical generation potential when given in combination with riboﬂavin,
care should be taken with patients receiving aminophylline
and riboﬂavin treatments if they are exposed to any form
of radiation therapy.

CONCLUSIONS
Based on our results of riboﬂavin and aminophylline, we
strongly suggest that photoilluminated riboﬂavin generates the singlet and triplet excited states which, in the presence of molecular O2 via energy transfer, generate 1O2· and
3
O2· oxygen that attack aminophylline, leading to the oxidation of aminophylline and the generation of hydroxyl
radicals in the process. These hydroxyl radicals are possibly involved in the consequent inactivation and fragmentation of trypsin. All this happens in the complete absence
of any metal ion such as Cu (II).
Acknowledgements
Our sincere thanks to Prof. S. M. Hadi, Dean Faculty of Life
Sciences, A.M.U, for his encouragement and support and
to Prof. Masood Ahmad, then Chairman of the Department
of Biochemistry, A.M.U, for providing all the facilities and
generous help throughout the course of this study.

REFERENCES:
1. Nedelina OS, Brzhevskaia ON, Lozinova TA, Kaiushin LP: Electron
paramagnetic resonance of the F1-H+-ATPase complex and adenosine
triphosphate synthesis after its irradiation with visible light. Bioﬁzika,
1986; 31(3): 417–21
2. Minami H, Sato K, Maeda T et al: Hypoxia Potentiates Ultraviolet
A-Induced Riboﬂavin Cytotoxicity. J Invest Dermatol, 1999; 113(1):
71–81

BR288

Med Sci Monit, 2006; 12(8): BR283-289
3. Shumyantseva VV, Bulko TV, Schmid RD, Archakv AI: Photochemical
properties of a riboﬂavins/cytochrome P450 2B4 complex. Biosens
Bioelectron, 2002; 17(3): 233–38
4. Frati E, Khatib AM, Front P et al: Degradation of Hyaluronic Acid by
Photosensitized Riboﬂavin In Vitro. Modulation of the Effect by Transition
Metals, Radical Quenchers, and Metal Chelators. Free Rad Biol Med,
1997; 22(7): 1139–44
5. Kumari MV, Yoneda T, Hiramatsu M: Scavenging activity of “beta catechin” on reactive oxygen species generated by photosensitization of riboﬂavin. Biochem Mol Biol Int, 1996; 38(6): 1163–70
6. Sato K, Taguchi H, Maeda T et al: The primary cytotoxicity in ultraviolet-a-irradiated riboﬂavin solution is derived from hydrogen peroxide.
Invest Dermatology, 1995; 105(4): 608–12
7. Suzuki Y, Miura T, Ogiso T: Riboﬂavin photosensitized hemolysis of
rat erythrocytes in the presence of serum. Journal of Pharmacological
Dynamic, 1982; 5: 568–75
8. Jazzar MM, Naseem I: Genotoxicity of photoilluminated riboﬂavin in
the presence of Cu (II). Free Radic Biol Med, 1996; 21: 7–14
9. Ali I, Ghatasheh MKM, Naseem I: Hemolysis of human red blood cells by
riboﬂavin-Cu(II) system. Biochim Biophys Acta, 2000; 1523: 225–29
10. Andley UP, Clark BA: Spectroscopic studies on the photooxidation of
calf lens gamma-crystalline. Curr Eye Res, 1988; 7: 571–79
11. Halliwell B: Oxidants and human disease; some new concepts. FASEB
J, 1987; 1: 358–64
12. Maron DM, Ames BN: Revised method for the Salmonella mutagenicity test. Mutation Research, 1983; 113: 173–215
13. Koca R, Armutcu F, Altinyazar C, Gürel A: Evaluation of lipid peroxidation, oxidant/antioxidant status, and serum nitric oxide levels in alopecia areata. Med Sci Monit, 2005; 11(6): CR296–CR299
14. Stepuro II, Adamchuk RI, Stepuro AI: Interaction of riboﬂavin and hemoproteins with organic free radicals and superoxide anions generated in the ultrasound ﬁeld. Bioﬁzika, 2002; 47(6): 977–88
15. Lu C, Bucher G, Sander W: Photoinduced interactions between oxidized
and reduced lipoic acid and riboﬂavin (vitamin B2). Chemphyschem,
2004; 5(1): 47–56
16. Zawilska JB, Rosiak J, Vivien-Roels B et al: Effect of cyclohexamide and
aminophylline on 5-methoxytryptophol and melatonin contents in the
chick pineal gland. Gen Comp Endocrinol, 2000; 120(2): 212–19
17. Lindenschmidt RC, Witschi H: Attenuation of pulmonary ﬁbrosis in
mice by aminophylline. Biochem Pharmacol, 1985; 34(24): 4269–73
18. Dent G, Giembycz MA, Rabe KF et al: Theophylline suppresses human
alveolar macrophage respiratory burst through phosphodiesterase inhibition. Am J Respir Cell Mol Bio, 1994; 10: 565–72
19. Nielson CP, Crowley JJ, Morgan ME, Vestal RE: Polymorphonuclear leukocyte inhibition by therapeutic concentrations of theophylline is mediated by cyclic-3’,5’-adenosine monophosphate. Am Rev Respir Dis,
1988; 137(1): 25–30
20. Lapenna DS, Gioia D, Mezztti A et al: Aminophylline: could it act as an
antioxidant in vivo? European Journal Clinical Investigation, 1995; 25:
464–70
21. Szlagatys A, Korzon M: The role of oxidative stress in pathogenesis of
asthma. Med Sci Monit, 2003; 9(Suppl.4): 89–93
22. Mahomed AG, Theron AG, Anderson R, Feldman C: Anti-oxidative effects of theophylline on human neutrophils involve cyclic nucleotides
and protein kinase A. Inﬂammation, 1998; 22(6): 545–57
23. Yu B, He Q, Gao Z: The role of Glucocorticosteroid and theophylline
in asthmatic inﬂammation of murine model and the inhibition in NO
production in lung. Zhonghua Jie He He Hu Xi Za Zhi, 1998; 21(11):
664–67
24. Craido S, Garcia NA: Vitamin B2-sensitised photooxidation of the ophthalmic drugs Timolol and Pindolol: kinetics and mechanism. Redox
Rep, 2004; 9(5): 291–97
25. Meisel P, Amon I, Huller H, Jahrig K: Effect of theophylline on the riboﬂavin-sensitized photodegradation of bilirubin in vivo. Biology of the
Neonate, 1980; 33: 33–35
26. Kunitz M: Isolation of a crystalline protein compound of trypsin and
soyabean trypsin inhibitor. Gen Physiol, 1974; 34: 311–20
27. Lowry OH, Rosenbrough NJ, Farr AL, Randall RJ: Protein measurement with the folin reagent. J. Biol. Chem, 1951; 193: 265
28. Laemmli UK: Cleavage of structural proteins during the assembly of
the head of bacteriophage T4. Nature, 1970; 227: 680–85
29. Merril CR, Goldmann D, Sedmann SA, Ebeit MH: Ultrasensitive stain
for proteins in polyacrylamide gels shows regional variation in cerebrospinal ﬂuid proteins. Science, 1981; 211: 1437–38

Med Sci Monit, 2006; 12(8): BR283-289
30. Kumar V, Lockerbie O, Keil SD et al: Riboﬂavin and UV light based
pathogen reduction: extent and consequence of DNA damage at the
molecular level. Photochem Photobiol, 2004; 80: 15–21
31. Corbin F III: Pathogen inactivation of blood components: current status and introduction of an approach using riboﬂavin as a photosensitizer. Int J Hematol, 2002; 76(Suppl.2): 253–57
32. Wilson JD, Brannwald E, Isselbacher KJ et al: Harrison’s Principles of
Internal Medicine. New York: McGraw-Hill, 1991; 146
33. Gilman A, Goodman LS, Rall TM, Murad F: The Pharmacological Basis
of Therapeutics. New York: Macmillan Publication Cooperation, 1985

Hasan N et al – Inactivation of trypsin by riboﬂavin-aminophylline combination
34. Halliwell B, Gutteridge JMC: Free Radicals in Biology and Medicine.
Oxford: Clarendon press, 1985
35. Kraft M, Pak J, Borish L, Martin RJ: Theophylline’s effect on neutrophil
function and the late asthmatic response. J Allergy Clin Immunol, 1996;
98(2): 251–57
36. Ali I, Naseem I: Hemolysis of human red blood cells by combination of
riboﬂavin and aminophylline. Life Science, 2002; 70: 2013–22
37. Naseem I, Ahmad M, Bhat R, Hadi SM: Cu(II) dependant degradation of DNA by riboﬂavin. Food and Chemical Toxicology, 1993; 31(8):
589–97

BR289

BR

Index Copernicus
Global Scientific Information Systems
for Scientists by Scientists

IndexCopernicus.com

www.

EVALUATION & BENCHMARKING
PROFILED INFORMATION
NETWORKING & COOPERATION
VIRTUAL RESEARCH GROUPS
GRANTS
PATENTS
CLINICAL TRIALS
JOBS
STRATEGIC & FINANCIAL DECISIONS

Index
Copernicus
integrates

IC Scientists

IC Virtual Research Groups [VRG]

Effective search tool for
collaborators worldwide.
Provides easy global
networking for scientists.
C.V.'s and dossiers on selected
scientists available. Increase
your professional visibility.

Web-based complete research
environment which enables researchers
to work on one project from distant
locations. VRG provides:

IC Journal Master List

IC Patents

Scientific literature database,
including abstracts, full text,
and journal ranking.
Instructions for authors
available from selected journals.

Provides information on patent
registration process, patent offices
and other legal issues. Provides
links to companies that may want
to license or purchase a patent.
IC Grant Awareness

IC Conferences
Effective search tool for
worldwide medical conferences
and local meetings.

Need grant assistance?
Step-by-step information on
how to apply for a grant. Provides
a list of grant institutions and
their requirements.

customizable
and individually

self-tailored electronic research
protocols and data capture tools,
statistical
analysis and report

creation tools,

profiled
information on literature,

publications, grants and patents
related to the research project,
administration
tools.


IC Lab & Clinical Trial Register
Provides list of on-going laboratory
or clinical trials, including
research summaries and calls for
co-investigators.

