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Article Info  Abstract: One of the biggest problems of cancer treatment is the harmful effects of 

these drugs on the healthy tissues and organs of the organism. The aim is to determine 

the possible protective effects of Lutein (L) against Cisplatin (CS) toxicity in rat lungs 

by biochemical tests. In our study, lutein (L) (orally, 100 mg/kg) was administered for 

CS-induced lung toxicity (intraperitoneally (i.p.), 10 mg/kg). The study was completed 

with a total of 28 rats from 4 groups, each consisting of 7 subjects. Control, L, CS and 

CS + L. Lung damage induced by CS was a dose-limiting side effect of CS and caused 

an increase in PCO2 level and a decrease in PO2 and SaO2 levels. In our study, a 

significant decrease in PCO2 levels and an increase in SaO2 and PO2 levels were 

observed in L application (p< 0.05). In the CS + L group, there was an increase in CAT, 

SOD and GSH levels and a decrease in MDA levels compared to the CS group. A 

significant decrease in body weight was observed in the CS-treated group compared to 

the control. L supplementation in these rats caused a significant increase in body 

weight, bringing this value closer to normal (p< 0.05). It is understood from the study 

that L alleviates the results of oxidative stress, increases antioxidant functions and 

positively supports lung functions. It also demonstrates the ability of L to prevent CS-

induced lung damage. Ultimately, L appears to be a applicable pharmacological agent 

in this injury. 
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1. Introduction 

Chemotherapy is a method used in the treatment of cancer (Aktaş and Yahyazadeh, 2022). 

Cisplatin (CS) is applied as an antineoplastic drug in the treatment of various tumors in cancer 

patients. However, it also causes side effects on the body’s normally functioning organs. CS 

affects the lungs and other tissues and organs, causing oxidative stress. Side effects include 

kidney toxicity, nausea, vomiting, as well as fibrosis, interstitial inflammation, structural lung 

damage (Badreldin and Al Moundhri, 2006). In patients with lung injury, CS chemotherapy 

increases perioperative complications by inducing bronchitis-associated fibrosis and interstitial 

inflammation (Leo et al., 2018). As a side effect of CS, the antioxidant system is negatively 

affected and harmful radicals are produced that cause oxidative damage (Badary et al., 2005). 

The occurrence of genotoxicity and myelosuppression limits the use of CS therapy. 

Additionally, there is a significant dose-dependent increase in DNA damage. It interferes with 

the synthesis of DNA, resulting in cross-linking of DNA that stimulates cell cycle progression. 

As a result, it induces apoptosis of tumor-forming cells (Bakır et al., 2018). In addition, CS 

reduces the scavenging of free radicals by binding to the sulfhydryl of glutathione. In addition, 

the CS-sulfhydryl structure damages enzyme function and cell membranes, ultimately causing 

damage to mitochondria and increased lipid peroxidation. 
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It is known that cells in the organism create many mechanisms to prevent oxidative stress-

based damages. Studies aimed to eliminate the toxic effects of drugs through antioxidants 

administered together with the drug (Caffrey and Frenkel, 2000; Aktaş and Armağan, 2019; 

Aktas and Bayram, 2020; Aktaş and Sevimli, 2020; Aktas and Ozgocmen, 2020). Lutein (L) 

has been used in many studies due to its antioxidant properties. They are carotenoids (do not 

contain vitamin A) that cannot be synthesized in the organism and are synthesized by algae, 

bacteria and plants. It reacts with free oxygen radicals formed in the body due to its hydroxyl 

structure. Due to this feature, it has a strong free radical scavenging function (Ojima et al., 1999; 

Krishnaswamy et al., 2010). Additionally, L has anti-cancer and anti-inflammatory effects 

(Chucair et al., 2007). L also protects against stomach lesions and gastrointestinal ulcers (Jávor 

et al., 1983; Mozsik et al., 2001). In general terms, its low toxicity makes it advantageous in 

conventional treatment.  

In the literature, it is seen that a sufficient number of antioxidant supporting substances 

have been studied in order to eliminate the undesirable damages of CS in lung treatment. For 

this purpose, the fact that the protection of L against the side effects of CS has not yet been 

investigated makes our study unique. Therefore, in our study, the protection of L against toxic 

damage caused by CS in the lung tissues of rats was investigated.  

2. Material and Methods 

2.1. Chemicals 

Chemical L in this study was supplied by Solgar (USA). The others were purchased from 

Sigma Chemical Co. (St. Louis, MO). 

2.2. Animals 

This research was conducted with 28 Sprague-Dawley male rats. Rats weighed (W) 210-

265 g and were 11 weeks old. Animals were taken from the Experimental Animal Research 

Center of the institution where we work. The procedures were carried out according to the 

protocol (Protocol 2022/056) received from the ethics committee of the same center. In the 

experiment, care was taken to ensure that the humidity and temperature in the environment 

were at optimal levels (55% ± 5, 22 ± 2°C, respectively). Water and feed supplements were 

provided to the animals according to their average needs. 

2.3. Experimental protocol 

In this research, 4 groups, each containing 7 rats, were randomly created (n = 7). 

1. Control group: This group was offered 1 ml of physiological saline orally daily. 

2. L group: L was given to subjects daily by gavage (100 mg/kg/day) (Katyal et al., 2013). 

3. CS group: CS was administered as a single dose (by i.p., 10 mg/kg) on the 4th day of the 

experiment (Capasso et al., 1990). 

4. L + CS group: In the experiment, L and CS were administered as in their respective groups. 

The experiment was completed in 7 days. Then, anesthesia (xylazine and ketamine) and 

decapitation procedures were performed on the rats. Blood and lung samples were taken for 

biochemical study. 

2.4. Body weight and relative lung weight 

The animals were weighed on the 1st and 7th days of the study. Lung tissues were washed 

with saline, dried and weight. The W of lungs/body weight ratio was determined by this formula 

(Aktaş and Yahyazadeh, 2022): 
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2.5. Arterial blood gas analysis 

For blood gas analysis, 2 ml of blood was taken from the carotid artery and centrifuged 

(3000 rpm, r: 15 cm) (Abbott, USA). The amount of protein in the obtained serum was 

measured by the bicinchoninic acid method (Liu et al., 2015). 

2.6. Biochemical analysis 

Homogenization of the samples was carried out in a cold environment for 1-2 minutes at 

12,000 rpm (IKA, Germany). The ideal temperature for targeted procedures is 4°C. 

Homogenates were designed to be 0.5-1.0 g in size to be used in analyses. Lung tissues were 

prepared for use in the analysis of glutathione (GSH), catalase (CAT), superoxide dismutase 

(SOD) and malondialdehyde (MDA). Protein values were determined using the method of 

Lowry et al. (1951). 

MDA was evaluated using the Uchiyama and Mihara (1978) method. Therefore, the 

thiobarbituric acid reaction was established at pH 3 and 95°C for 15 min. Then, pink pigment 

was obtained as a result of maximum absorption and measurements at 532 nm. 

GSH was assessed by the method of Ellman (1959). Chemicals were included in the 

samples to cause the reaction (yellow green color). The results were obtained by 

spectrophotometer with 410 nm absorbance. 

SOD was measured by the method of Marklund and Marklund (1974). This process 

occurred by preventing the autoxidation of pyrogallol. Enzyme activity was measured at a 

wavelength of 440 nm for 180 seconds. Results were defined as U/mg Hb. 

To detect CAT activity, 0.9% NaCl was mixed into 10% homogenate using phosphate 

buffer. Afterwards, hydrogen peroxide hydrolysis was examined at pH 7.0. Results were 

reported as nmol/mg protein measured with maximum absorbance at 240 nm (Aebi, 1984). 

2.7. Statistical analysis 

The analyses in this study were carried out with SPSS version 20.0. Data are expressed 

as mean ± SEM. Body weight analyses were performed by applying paired samples t-test to the 

groups at both the beginning and end of the study. Comparing the means of more than two 

sample groups was done using analysis of variance (ANOVA), and comparing the means of 

two sample groups was done using t-tests. Intergroup and intragroup comparisons of parametric 

values in antioxidant parameters were made with one-way ANOVA and LSD post-hoc test. 

Non-parametric values were analyzed using the Kruskal-Wallis test. A p-value of ≤ 0.05 was 

considered statistically significant. 

3. Results 

3.1. Body and organ weights 

The effects of L treatment on lung and body weight before and after CS application are 

in Table 1. According to the available data, rats treated with CS alone exhibited a significant 

reduction in final body weight compared with the control and L treatment group (p<  0.001). L 

supplementation to CS-treated animals resulted in a significant increase in final body weight 

(p<  0.001). A significant (p<  0.001) increase in lung weight was observed in CS-treated rats 

compared with the control and L treatment groups. L treatment significantly corrected the 

fluctuations in lung weight, in contrast to the CS-only treated group. 
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Table 1. Effect of CS and L treatment on body and lung weight of rats 

 
Changes in the body and lung weight of experimental rats. Values are expressed as mean ± SEM. The groups were compared with the paired-samples T-test at the 

beginning and end of the treatment p <0.05. 

3.2. Blood gas parameters in the artery 

Compared to the other groups, a significant increase in arterial carbon dioxide pressure 

(PCO2) level and a significant decrease in partial oxygen pressure (PO2) and arterial oxygen 

saturation (SaO2) levels were observed in the CS group (p< 0.05). In the CS + L group, PCO2 

levels significantly decreased, PO2 and SaO2 levels significantly increased compared to the CS 

group (p< 0.05). The results are in Table 2. 

3.3. Biochemical parameters in tissue 

Tissue biochemical parameter results are in Table 1. Compared with the other groups, a 

significant increase in MDA level was observed in the CS group (p< 0.05). A significant 

decrease in MDA level was detected in the CS + L group compared to the CS group (p< 0.05). 

A significant decrease was found in GSH, SOD and CAT parameters when compared to the CS 

group, L and control groups (p <0.05). Lung tissue GSH, CAT and SOD levels in the CS + L 

group were significantly increased compared to the CS group (p< 0.05) (Table 1). 

Table 2. Biochemical parameters and tissue oxidative stress parameters in the lung 

 
Data are mean ± SEM, n = 7. CS, cisplatin; L, lutein; MDA, malondialdehyde; GSH, glutathione; SOD, superoxide dismutase; CAT,  catalase. a: Significant 

difference from control, b: Significant difference from L, c: Significant difference from CS, d: Significant difference from CS + L. 
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4. Discussion 

Chemotherapeutic drugs have been found to cause side effects in healthy organs in 

addition to their therapeutic effects. A large number of chemotherapeutic drugs are widely used 

in the treatment of cancer patients. CS is an important anticancer drug applied in laboratory and 

clinical research. More effective drugs must be developed to cure cancer cases (Iraz et al., 

2015). Although CS is effective in some tumors, it causes serious side effects in normal organs. 

Therefore, CS has a strong anti-proliferative effect against tumor cells. CS also stabilizes 

microtubules, blocks mitosis, and shows its functions by inducing apoptosis. All of these cases 

limit the use of CS as a chemotherapeutic agent (Tutun et al., 2019; Bilgiç and Aktaş, 2022). 

The effectiveness of chemotherapeutics increases when used together with vitamins or 

antioxidants. Therefore, this study demonstrated that CS treatment with L protects against CS-

induced damage in the lungs of rats (Geyikoğlu et al., 2017). It was determined that there was 

a significant decrease in body weight of rats treated only with CS. Additionally, in our study, a 

significant increase in body weight was reported in animals in which L supplementation was 

administered along with CS. In a study on this subject, Afsar et al. (2018) aimed to evaluate the 

protection of Acacia hydaspica (polyphenol-rich ethyl acetate extract) against CS-induced 

pulmonary toxicity. The decrease in body weight and increase in lung weight due to CS-induced 

toxicity obtained here coincide with our results (Afsar et al., 2018).  

Lung injury induced by CS is a dose-limiting side effect of CS and causes an increase in 

PCO2 level and a decrease in PO2 and SaO2 levels. In our study, blood gas analysis results show 

that the PCO2 level of the CS group increased, while the PO2 and SaO2 levels decreased. The 

fact that these results in the CS group are significantly different from the control group proves 

that CS damages the alveolar-capillary membrane (ACM) and therefore affects gas exchange. 

Due to the disorder in the barrier function of ACM, permeability increases significantly and the 

transmembrane transport process of the substance cannot be regulated. Additionally, due to this 

disorder, water and proteins leak from the capillaries of the cells into the alveolar interstitium 

and alveolar space. This causes both the thickening of the ACM and the slowing down of CO2 

and O2 diffusion (Liu et al., 2015). In our study, as a result of L application, there was a 

significant decrease in PCO2 level and an increase in PO2 and SaO2 levels. In this case, it can 

be said that with the effect of L, there is a significant improvement in the parameters, the 

damage caused by CS is reduced, and the disorder in the barrier function of the ACM is 

improved (Mitchell et al., 2011). 

There is evidence from previous studies that lung damage caused by CS occurs as a result 

of the formation of free radicals. Increased oxidants such as superoxide anion and hydrogen 

peroxide due to mitochondrial dysfunction caused by reactive oxygen species play a role in the 

pathogenesis of CS-induced lung injury. It has also been reported that antioxidant enzyme 

activities decreased (Chen et al., 2020). In addition, CS reduces the excretion of glutathione 

from the body by binding sulfhydryl groups (free oxygen radicals). Another situation is that 

CS-sulfhydryl formation damages the enzyme function and the cell membrane. Then, it causes 

mitochondrial damage as a result of lipid peroxidation (Bilgic et al. 2023). Some studies have 

also reported that CS reduces lung SOD, CAT enzyme activities and GSH levels (Liu et al., 

2015). Other studies have reported that CS reduces antioxidant capacity in the lungs and 

increases MDA levels, causing lipid peroxidation in lung epithelial cells. 

Previous studies have identified undesirable effects of drugs used in anti-cancer treatment 

on normal tissues. Therefore, many different agents with antioxidant properties have been used 

to prevent these negative effects (Azirak et al., 2019). In the study, MDA levels increased with 

the accumulation of CS-derived lipid peroxides, and antioxidant enzymes related to SOD, CAT 

and GSH were depleted. This situation shows the role of CS-derived oxidative stress in lung 
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toxicity. CS has been reported in different studies to increase MDA and decrease antioxidant 

parameters (GSH, SOD and CAT) in the lung (Geyikoğlu et al., 2017; Afsar et al., 2018; 

Mammadov et al., 2019). In this case, it may cause a decrease in the lungs' ability to cope with 

peroxides. In the study of Chen et al. (2020), it was found that MDA increased and SOD and 

GSH decreased in rats administered particulate matter (Tanbek et al., 2017). As a result of L 

application, it was observed that this situation approached normal values. In addition, these 

results appear to be compatible with the results obtained from our study (Chen et al., 2020). On 

the other hand, in our study, the application of L together with CS caused a decrease in the 

MDA parameter as a result of the increase in antioxidant capacity in rats. This result 

demonstrates the protection of L against CS-induced lung toxicity. In this case, it can be said 

that the oxidative stress-increasing effects of CS are prevented through the antioxidant 

properties of L. In this case, it is understood that L protects the lung from the toxic effects of 

oxidative stress (Bilgic et al., 2016; Bilgic et al., 2021). 

5. Conclusion 

As a result, in the current study, It was determined that L removes harmful radicals and 

activates the antioxidant system with its antioxidant effect. According to the data in the study; 

It was observed that the undesirable effects of CS on lung tissues could be reduced with the 

combination of CS + L. Therefore, it can be recommended to apply these two drugs together in 

order to continue cancer treatment effectively and without interruption. 

Declaration of Author Contributions 

All authors declare that they have contributed equally to this manuscript, have reviewed 

the final version, and have approved it for publication. 

Declaration of Conflicts of Interest  

The authors declare that there is no conflict of interest regarding this study. 

References 

Aebi, H., 1984. Catalase in vitro. Methods in Enzymology, 105: 121-6.  

Afsar, T., Razak, S., Almajwal, A., Khan, M.R., 2018. Acacia hydaspica R. Parker ameliorates 

cisplatin induced oxidative stress, DNA damage and morphological alterations in rat 

pulmonary tissue. BMC Complementary and Alternative Medicine, 18(1): 49.  

Aktaş, İ., Armağan, İ., 2019. Investigation of the positive effects of silymarin on valproic acid-

induced 5. liver damage in rats. Adıyaman Üniversitesi Sağlık Bilim Dergisi, 5(2): 1445-

1458.  

Aktas, I., Bayram, D., 2020. Investigation of the effects of silymarin on valproic acid-induced 

kidney damage in rats. Harran Üniversitesi Veteriner Fakültesi Dergisi, 9(1): 42-48.  

Aktas, I., Ozgocmen, M., 2020. The treatment effect of silymarin on heart damage in rats. 

Annals of Medical Research, 27(3): 948-954.  

Aktaş, İ., Sevimli, M., 2020. The treatment effect of silymarin on brain damage in rats. Van 

Veterinary Journal, 31(2): 87-92. 

Aktaş, İ., Yahyazadeh, A., 2022. Protective potential of misoprostol against kidney alteration 

via alleviating oxidative stress in rat following exposure to paclitaxel. Tissue and Cell, 

79: 101966.  

Azirak, S., Bilgic, S., Tastemir Korkmaz, D., Guvenc, A.N., Kocaman, N., Ozer, M.K., 2019. 

The protective effect of resveratrol against risperidone-induced liver damage through an 

action on FAS gene expression. General Physiology and Biophysics, 38(3): 215-225. 



(Aktaş and Bilgiç, 2025) 

 

176 
 

Badary, O.A., Abdel-Maksoud, S., Ahmed, W.A., Owieda, G.H., 2005. Naringenin attenuates 

cisplatin nephrotoxicity in rats. Life Science Journal, 76(18): 2125-2135.  

Badreldin, H.A., Al Moundhri, M.S., 2006. Agents ameliorating or augmenting the 

nephrotoxicity of cisplatin and other platinum compounds: a review of some recent 

research. Food and Chemical Toxicology, 44(8): 1173-1183.  

Bakir, M., Geyikoglu, F., Koc, K., Cerig, S., 2018. Therapeutic effects of oleuropein on 

cisplatin-induced pancreas injury in rats. Journal of Cancer Research and Therapeutics, 

14(3): 671-678.  

Bilgiç, S., Aktaş, İ., 2022. Investigation of protective effects of misoprostol against paclitaxel-

induced ovarian damage in rats. Annals of Medical Research, 29(3): 233-239.  

Bilgiç, S., Özerol, E., Iraz, M., Şahin, N., Tanbek, K., Çığlı, A., 2016. Carbontetrachloride 

induced acute liver damage and protective effect of n-acetylcysteine on rats with 

regenerated and non-regenerated liver. Turkish Journal of Biochemistry, 41(3): 189-197.  

Bilgiç, S., Özgöçmen, M., Ozer, M.K., 2023. Thymoquinone ameliorates amikacin induced 

oxidative damage in rat brain tissue. Biotechnic & Histochemistry, 98(1): 38-45.  

Bilgic, S., Tastemir Korkmaz, D., Azirak, S., Nilay Guvenc, A., Kocaman, N., Kaya Ozer, M., 

2021. Olanzapine-induced renal damages and metabolic side effects: the protective 

effects of thymoquinone. Annals of Medical Research, 25(1): 0070-0075.  

Caffrey, P.B., Frenkel, G.D., 2000. Selenium compounds prevent the induction of drug 

resistance by cisplatin in human ovarian tumor xenografts in vivo. Cancer Chemotherapy 

and Pharmacology, 46(1): 74-78.  

Capasso, G., Giordano, D.R., de Tommaso, G., De Santo, N.G., Massry, S.G., 1990. 

Parathyroidectomy has a beneficial effect on experimental cisplatin nephrotoxicity. 

Clinical Nephrology, 33(4): 184-191. 

Chen, X., Chen, Y., Chen. Y, Wang, X., He, M., 2020. Protective effect of lutein on oxidative 

stress damage caused by acute PM2.5 exposure in rats. Annals of Palliative Medicine, 

9(4): 2028-2036.  

Chucair, A.J., Rotstein, N.P., Sangiovanni, J.P., During, A., 2007. Lutein and zeaxanthin 

protect photoreceptors from apoptosis induced by oxidative stress: relation with 

docosahexaenoic acid. Investigative Ophthalmology & Visual Science, 48(11): 5168-

5177.  

Crowley, L.V., 1967. The Reitman-Frankel colorimetric transaminase procedure in suspected 

myocardial infarction. Clinical Chemistry, 13(6): 482-487. 

Ellman, G.L., 1959. Tissue sulfhydryl groups. Archives of Biochemistry and Biophysics, 82(1): 

70-77.  

Geyikoglu, F., Isikgoz, H., Onalan, H., 2017. Impact of high-dose oleuropein on cisplatin-

induced oxidative stress, genotoxicity and pathological changes in rat stomach and lung. 

Journal of Asian Natural Products Research, 19(12): 1214-1231.  

Iraz, M., Bilgiç, S., Şamdancı, E., Özerol, E., Tanbek, K., Iraz, M., 2015. Preventive and early 

therapeutic effects of ß-Glucan on the bleomycin-induced lung fibrosis in rats. European 

Review for Medical and Pharmacological Sciences, 19: 1505-1516. 

 Javor, T., Bata, M., Lovász, L., Moron, F., Nagy, L., Patty, I., ... Mózsik, G.,1983. Gastric 

cytoprotective effects of vitamin A and other carotenoids. International Journal of Tissue 

Reactions, 5(3): 289-296. 



(Aktaş and Bilgiç, 2025) 

 

177 
 

Katyal, T., Singh, G., Budhiraja, R.D., Sachdeva, M., 2013. Effect of lutein in development of 

experimental diabetic nephropathy in rats. African Journal of Pharmacy and 

Pharmacology, 7(47): 2953-9.  

Krishnaswamy, R., Devaraj, S.N., Padma, V.V., 2010. Lutein protects HT‑29 cells against 

deoxynivalenol‑induced oxidative stress and apoptosis: prevention of NF‑kappa B 

nuclear localization and down regulation of NF‑kappa B and cyclo‑oxygenase‑2 

expression. Free Radical Biology and Medicine, 49(1): 50-60.  

Leo, F., Pelosi, G., Sonzogni, A., Chilosi, M., Bonomo, G., Spaggiari, L., 2010. Structural lung 

damage after chemotherapy: fact or fiction? Lung Cancer, 67(3): 306-310.  

Liu, W.J., Zhong, Z.J., Cao, L.H., Li, H.T., Zhang, T.H., Lin, W.Q., 2015. Paclitaxel-induced 

lung injury and its amelioration by parecoxib sodium. Scientific Reports, 5: 12977.  

Lowry, O.H., Rosebrough, N.J., Farr, A.L., Randall, R.J., 1951. Protein measurement with the 

folin phenol reagent. Journal of Biological Chemistry, 193(1): 265-275. 

Mammadov, R., Suleyman, B., Akturan, S., Cimen, F.K., Kurt, N., Suleyman, Z., Malkoc, İ., 

2019. Effect of lutein on methotrexate-induced oxidative lung damage in rats: a 

biochemical and histopathological assessment. Korean Journal of Internal Medicine, 

34(6): 1279-1286.  

Marklund, S., Marklund, G., 1974. Involvement of the superoxide anion radical in the 

autoxidation of pyrogallol and a convenient assay for superoxide dismutase. European 

Journal of Biochemistry, 47(3): 469-474.  

Mitchell, L.A, Overgaard, C.E, Ward, C., Margulies, S.S, Koval, M., 2011. Differential effects 

of claudin-3 and claudin-4 on alveolar epithelial barrier function. American Journal of 

Physiology Lung Cellular and Molecular Physiology, 301(1): 40-49.  

Mozsik, G., Bódis, B., Figler, M., Királya, A., Karádia, O., Pár, A., ... Vincze, Á., 2001. 

Mechanisms of action of retinoids in gastrointestinal mucosal protection in animals, 

human healthy subjects and patients. Life Sciences, 69(25-26): 3103-3112.  

Ojima, F., Sakamoto, H., Ishiguro, Y., Terao, J., 1993. Consumption of carotenoids in 

photosensitized oxidation of human plasma and plasma low‑density lipoprotein. Free 

Radical Biology and Medicine, 15(4): 377-384.  

Tanbek, K., Ozerol, E., Bilgic, S., Iraz, M., Sahin, N., Colak, C., 2017. Protective effect of 

Nigella sativa oil against thioacetamide-induced liver injury in rats. Turkish Journal of 

Vascular Surgery, 6(1): 96-103. 

Tutun, H., Özmen, Ö., Aktaş, İ, Yalçin, A., Türk, A., 2019. Investigation of the effects of 

artemisinin on testis and kidney injury induced by doxorubicin. Acta Veterinaria, 69(2): 

177-91.  

Uchiyama, M., Mihara, M., 1978. Determination of malonaldehyde precursor in tissues by 

thiobarbituric acid test. Analytical Biochemistry, 86(1): 271-278.  

 


