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ABSTRACT 

In order to evaluate the ultraviolet radiations (UVR) induced phototoxic effect, the human 

erythrocytes (RBCs) were used as an alternate biological model and rate of photohaemolysis 

was assessed in vitro using antidiabetics, antihypertensives and their combinations at various 

intensities of UVA, UVB and sunlight radiations. The antidiabetic drug glipizide and 

antihypertensive drug propranolol hydrochloride as well as combinations of 50 % each of 

glipizide and amlodipine besylate, glipizide and enalapril maleate, glipizide and propranolol 

hydrochloride, propranolol hydrochloride and metformin hydrochloride, propranolol 

hydrochloride and pioglitazone hydrochloride, propranolol hydrochloride and repaglinide 

were selected for this study because they produce significant amount of reactive oxygen 

species like 
1
O2 and O2

-.
. These drugs were also liposomised to reduce the drug induced 

membrane phototoxicity. A series of experiments revealed that the glipizide, propranolol 

hydrochloride and their combinations do not hemolyse RBCs under dark conditions, UVR 

and sunlight radiation, proposing the non-phototoxic potential of these drugs and their 

combinations. Liposomised drugs also did not hemolyse the RBCs under dark 

conditions/sunlight radiation. Results shown in this study clearly suggest that liposomised 

drugs have similar results as those of non-liposomised drugs and need further investigations. 

Consumption of these drugs and their combinations produce ROS species which are harmful 

in nature but they may be used under radiation protected environment. 
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INTRODUCTION 

Photosensitized photohemolysis of red blood cells (RBCs) in vitro has been investigated for 

many dyes, pigments and drugs for more than fifty years some of these agents also 

photosensitize human and animal skins to sunlight. This correlation has motivated the use of 

photohemolysis as a test for potential skin photosensitizers. RBCs are highly reproducible 

model systems for the study of cell membrane damage. There has been considerable interest 

in the heightened sensitivity of cells to oxidant damage in hereditary disorders, such as sickle 

cell disease and other hemoglobinopathies. Photochemical damage to the RBC membrane 

initiates cation leakage, followed by swelling of the cells and hemolysis. Other effects which 

may be related to the photohemolysis mechanism include changes in RBC morphology and 

fragility induced by dark binding of some photosensitizers, photoperoxidation of membrane 

lipids, photolysis and photocrosslinking of membrane proteins, and photooxidation of 

encapsulated hemoglobin [1, 2].
 

Solar spectrum from 250 nm to 700 nm is considered a primary source of light that elicits 

biological effects. Approximately 40 % of the UV radiation, falling on the skin, is known to 

be transmitted through the stratum corneum to viable epidermis [3]. The presence of the 

endogenous and exogenous photo sensitizers may further increase the vulnerability of the live 

organisms is many folds when exposed to these radiations. The adverse health effects due to 

increase in biologically effective UVR, appears to be toxic to all forms of unpigmented living 

cells including bacteria, protozoa, nematoda, fish, birds, mammals and plants [4, 5]. UVB 

radiation (290-320 nm) present in sunlight has been reported as main culprit of various skin 

anomalies like erythema and edema [6, 7]. These radiations aid in non-melanomal skin 

cancer and malignant melanoma skin cancer, possible alterations to immune responses and 

cataract formation [8]. Photoaging is also known to occur mainly due to UVB radiations 

whereas UVA radiations may also contribute to this response [9].
 
In view of the clinical 

importance, RBC model was used to investigate UV radiation induced membrane damage 

and possible mechanism of photohemolysis was worked out. This model is honored for the 

study of phototoxicity in vitro and in postulation of the anomalies in human beings because 

an average cutaneous blood flow at the rate of 20-30 times per day is necessary to support 

skin’s metabolic need.
 
Erythrocytes of mice, rats and humans have been utilized for the 

assessment of unusual photohemolytic property of riboflavin by using some of the known 

photosensitizers    [10]. Generally Blood is a concentrated suspension of cells in plasma and 

mechanical interactions between blood cells and microvasculature effect the distribution of 

blood flow. On the Basis of circulatory motion the blood flow means simply the quantity of 

blood that passes through a given point in the circulation in a given period of time. The basic 

mechanical properties of human red blood cells are well implanted [11]. 

Liposomes are excellent models, reagents and tools for various scientific experimentations. 

They are used as carriers for drugs, antigens, agricultural products and cosmetics [12]. 

Liposomes may solubilise lipophillic drugs that would otherwise be difficult to administer 

intravenously [13].
 
 Liposomes can prolong drug action by slowly releasing the drug in the 

body [14, 15, 16]. Liposome encapsulated drugs are inaccessible to metabolizing enzymes, 

thereby protecting drug against metabolic components such as erythrocytes or tissues at the 

injection site [17]. Liposomes can be used as adjuvants in vaccine formulations. They can 

direct a drug to target site [18].
 
The synergistic input from colloid science, chemistry, 

biology, pharmacology and medicine has resulted in the successful development of liposomal 
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drug delivery systems in less than 30 years. However, it can be said that liposomes have 

definitely established their position in modern biology and medicine. Thus, this study can 

substantiate a lot of information regarding UVR mediated membrane damage to biomolecules 

and may certainly be more significant for tropical countries like India where more people are 

likely to remain outside in fields and are exposed to the solar radiation through out the year 

[19, 20]. 

Materials and methods 

Chemicals: 

All the chemicals used in the study were of analytical grade with highest purity available and 

purchased from internationally recognized firms M/s Merck India Ltd., Ranbaxy India Ltd., 

Hi Media India Ltd., BDH India Ltd. and Qualigens Fine Chemicals India Ltd. Milli Q water 

was used during the study. Human blood (HIV negatives) was collected from the known 

healthy volunteers. 

Drugs: 

The antidiabetic drug glipizide [1] and antihypertensive drug propranolol hydrochloride [2] 

as well as combinations of 50 % each of glipizide and amlodipine besylate [3] glipizide and 

enalapril maleate [4] glipizide and propranolol hydrochloride [5] propranolol hydrochloride 

and metformin hydrochloride [6] propranolol hydrochloride and pioglitazone hydrochloride 

[7] propranolol hydrochloride and repaglinide were procured from local market.  

Radiation source and dosimetry: 

The UV radiation system was comprised of an array of 1.2 m long UVA and UVB tube lights 

manufactured by M/s Vilber Lourmat (Marne La Vallee, France). The intensity of emitted 

radiation was measured by a microprocessor controlled RMX-3W radiometer (Vilber 

Lourmat) equipped with calibrated UVA, UVB and UVC detecting probes. Sunlight exposure 

was carried out during 11:00 am to 2:00 pm. Ambient intensities of UVA, UVB and visible 

radiation were 1.4±0.1 mW/cm
2
, 0.4±0.05 mW/cm

2
 and 1410±5x10

2  
Lux respectively. The 

temperature of irradiant was maintained at 41
o
C. 

RBC Photohemolysis: 

Photohemolysing potential of test chemicals was determined by the method of Hetherington 

and Johnson [21]. For assessment of photohemolysis, RBCs and serum were separated from 

blood by centrifugation (3000 x g, 10 min.). RBCs were washed with buffer saline 

thoroughly before use. A petridish (6 cm dia., 1 cm deep) containing 10 ml of suspension of 

RBCs (1 %) and test compound (0-40 μg/ml) in buffered saline (0.01 M, pH 7.4, 0.9 % NaCl) 

was irradiated in UVA, UVB and sunlight radiation (0-2 hours) at 4
0
C (3000 x g, 10 min.). 

Supernatant was separated for the estimation of hemoglobin and absorbance was recorded at 

420 nm against a reagent blank.  

Liposomes: 

Egg yolk phosphatidylcholine (PC) was isolated and purified by the method of [22]. Small 

unilamellar liposomal vesicles (SUV) were prepared by mixing 24.5 μ mols of PC and 14.5 μ 

mols of cholesterol in 1 ml chloroform: methanol (1:1) mixture in a small test tube. The 
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solvent mixture was dried under jet of nitrogen by slowly rotating the test tube continuously 

to make a thin film on the wall of a test tube. The film was dried under high vaccum for 2 

hours followed by hydration with 1 ml of 0.01 M solution of drug in saline buffer of pH 7.4. 

The liposomal suspension was sonicated for 10 minutes. Sonicated material was centrifuged 

at 36000 x g and drug entrapped supernatant containing SUVs was eluted out in void volume. 

Then these SUVs were further treated with RBCs for the estimation of photohemolysis. 

 

RESULTS AND DISCUSSION 

Figures (1-3) show the RBCs photohemolyse by these antidiabetic, antihypertensive and their 

combinations to UVA (10.8 J/cm
2
), UVB (3.6 J/cm

2
) and sunlight radiation for a period of 2 

hours. The RBCs photohemolysis of RBCs by each test chemical was monitored at 0.0 g/ml 

(control) and 40 g/ml concentrations and was found to be concentration and UV dose 

dependent.  

Figure (4) show the RBCs photohemolysis of RBCs by liposomised antidiabetics and 

antihypertensives under sunlight radiation and not under UVR for a period of 0 to 2 hours. 

The RBCs photohemolysis by each test chemical was monitored at 0.0 g/ml (control) and 20 

g/ml concentrations.  

Phototoxicity evaluation at various doses of UVA, UVB and sunlight radiation using RBCs in 

vitro is an important aspect in proposition of UVR induced phototoxicity to human beings 

because the equivalent of the entire blood volume of an adult may pass through the skin and 

potentially be irradiated in about 20 minutes under sunlight exposure [23]. Furthermore, 

RBCs photohemolysis assay shows a better overall correlation to humans in vivo data [24]. 

UV radiation is detrimental to RBCs and modification in their cell membrane may be induced 

even with small increment of UVB radiation, due to stratospheric ozone depletion. The 

spontaneous generation of superoxide anion radical, hydrogen peroxide and hydroxyl radicals 

have been reported in RBCs [24]. A significant decrease has been observed in these activities 

in RBC membrane by singlet oxygen, produced by illuminated riboflavin [25, 26 and 27]. 

It has been reported earlier that a relationship between lipid peroxidation and hemolysis 

exists due to illuminated benzanthrone. The combined effect of these biological consequences 

challenged the integrity of RBCs and thus photohemolysis took place [28].  These 

antidiabetics, antihypertensives and their combinations have been selected due to their 

significant production of ROS like 
1
O2 and O2

-.
 which are responsible to alter normal 

functions of cellular constituents and skin photosensitization causing erythema or edema, 

promote tumerization,
 
induce mutagenesis

 
and show carcinogenic effects [29]. Experiments 

revealed that these drugs and their combinations did not hemolyse the RBCs under dark 

conditions/UVR/sunlight. The results clearly suggest that the selected glipizide, propranolol 

hydrochloride and their combinations do not hemolyse the RBCs under above conditions, 

proposing the non-phototoxic potential of these drugs and their combinations in blood. 

Liposomised drugs were used because the drugs and their combinations which produce 

significant amounts of ROS did not hemolyse the RBCs under dark conditions, UVR and 

sunlight radiation. These drugs were used for photosensitivity studies as the efficacy of 

liposomal formulations of certain drugs can be extremely sensitive to drug release rates, with 

the slowest releasing system, exhibiting the best efficacy profiles e.g. doxorubicin shows 

extremely slow release rates from liposomes in vitro and in vivo [30]. Ciprofloxacin tends to 

leak out rapidly, therefore, no intraliposomal precipitation was detected when liposomes were 
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loaded with ciprofloxacin. Another factor which influences the release rate is lipophilicity of 

the drug. Recently the correlation between lipophilicity and drug retention has been shown 

for liposomal formulations of Vinca alkaloids. The use of nanotechnologies (liposomes, 

nanoparticles) as non-invasive technique in brain delivery of drugs with the possibility to 

target specific brain tissues has been established [31]. The use of liposomes and polymer drug 

carriers in various anticancer and gene delivery formulations to brain found that these 

delivery systems have the potential to provide sustained level of drug and cellular targeting 

with improved specificity [32]. 

 

 

Fig. 1 : In vitro red blood cells photohemolysis by antidiabetics, antihypertensives and their 

combinations (50 % each) at concentration of 40 μg/ml under exposure to various doses of 

UVA (10.8 J/cm
2
) radiations.  

 

 

 

Fig. 2 : In vitro red blood cells photohemolysis by antidiabetics, antihypertensives and their 

combinations (50 % each) at concentration of 40 μg/ml under exposure to various doses of 

UVB (3.6 J/cm
2
) radiations.  
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Fig. 3 : In vitro red blood cells photohemolysis by antidiabetics, antihypertensives and their 

combinations (50 % each) at concentration of 40 μg/ml under exposure to various doses of 

Sunlight radiations.  

 

 

 

Fig. 4: In vitro red blood cells photohemolysis by liposomised antidiabetics and 

antihypertensives at concentration of 20 μg/ml under exposure to various doses of Sunlight 

radiations. 

 

CONCLUSION: 

 In the present paper, we have been made in relation with the mechanisms involved in drug 

Liposomised. As we can be easily understood, it is not possible to include all of the results 

obtained about this topic even being limited to recent years. The use of nanotechnologies 

(liposomes, nanoparticles) as non-invasive technique in brain delivery of drugs with the 

possibility to target specific brain tissues has been established. The use of liposomes and 

polymer drug carriers in various anticancer and gene delivery formulations to brain found 

that these delivery systems have the potential to provide sustained level of drug and cellular 

targeting with improved specificity. A series of experiments revealed that these liposomised 

drugs did not hemolyse the RBCs under dark conditions/sunlight radiation as the results 
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Fig. IV (Sunlight)
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obtained were not significant. Results indicate that these liposomised drugs also do not 

hemolyse RBCs under dark conditions and sunlight and this is similar to the results from non-

liposomised drugs. Therefore these drugs may be recommended safely for use in patients but 

sunlight exposure should be avoided after consumption as these drugs and their combinations 

produce ROS species which are harmful. 
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