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Abstract 
Cyclophosphamide is a cytotoxic alkylating agent, it's used associated with different side effects 

including lung toxicity through oxidative damage. Riboflavin and cyanocobalamin have lung-protective effects. 

This study was designed to evaluate the protective effects of both vitamins against lung toxicity induced by 

cyclophosphamide. Seventy healthy adult albino rats of both sexes were divided into seven groups each group 

containing ten rats, all groups were treated for seven days then after (150 mg/kg) of cyclophosphamide was 

injected intraperitoneally at day seven, these groups were divided as follow; Group one: intraperitoneally 

injected with (1ml/kg/day) of normal saline. Group two: injected intraperitoneally with a single dose of 

cyclophosphamide (150 mg/kg). Group three: administered orally riboflavin at a dose (10 mg/kg/day) and 

cyclophosphamide. Group four: riboflavin administered orally at a dose (40 mg/kg/day) and cyclophosphamide. 

Group five: riboflavin administered orally at a dose (0.1 mg/kg/day) and cyclophosphamide. Group six: 

administered orally a mixture of riboflavin at a dose (10 mg/kg/day) and cyanocobalamin at a dose (0.1 

mg/kg/day) and cyclophosphamide. Group seven: administered orally a mixture of riboflavin at a dose (40 

mg/kg/day) and cyanocobalamin at a dose (0.1 mg/kg/day) and cyclophosphamide. On day eight rats were 

sacrificed and serum was obtained for glutathione and the total antioxidant capacity measurement and lung 

extracted for the immunohistochemical study; both vitamins significantly (P<0.05) increased glutathione and 

the total antioxidant capacity and improve the immunohistochemical changes in comparison with the 

cyclophosphamide-treated group, these results indicate the protective effects of both vitamins against 

cyclophosphamide-induced lung toxicity. 
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 دراسة التأثيرات الوقائية للريبوفلافين والسيانوكوبالامين ضد سمية الرئة التي يسببها سيكلوفوسفاميد  

 في الجرذان
 **حسين محمود عبود و  *محسن صغير المزيعل، 1، *وليد خالد غانم

 العراق  ، البصرة ، جامعة البصرة  ، كلية الصيدلة  ، فرع الادوية والسموم *
 العراق  ،  البصرة،  جامعة البصرة ، كلية الصيدلة ،  وحدة المجهر الالكتروني**

 الخلاصة

سيكلوفوسفاميد هو عامل مؤلكل سام للخلايا ، يستخدم مرتبطًا بآثار جانبية مختلفة بما في ذلك تسمم الرئة الذي قد ينجم عن الضرر 

د تسمم الرئة الناجم  التأكسدي. للريبوفلافين والسيانوكوبالامين تأثيرات واقية للرئة. صممت هذه الدراسة لتقييم التأثيرات الوقائية لكل من الفيتامينين ض

ان ، وعولجت جميع  جرذاً بالغاً سليمًا من كلا الجنسين إلى سبع مجموعات تحتوي كل مجموعة على عشرة فئر  70عن السيكلوفوسفاميد. تم تقسيم  

مجم / كجم( من سيكلوفوسفاميد داخل الصفاق في اليوم السابع ، تم تقسيم هذه المجموعات    150المجموعات لمدة سبعة أيام ثم بعد ذلك حقنت ب )

: تحقن داخل الصفاق  مل / كغ / يوم( من محلول ملحي عادي. المجموعة الثانية   1على النحو التالي ؛ المجموعة الأولى: الحقن داخل الصفاق ب )

( سيكلوفوسفاميد  من  وحيدة  )  150بجرعة  بجرعة  الفم  طريق  عن  الريبوفلافين  تناول  الثالثة:  المجموعة  كجم(.   / يوم(   10مجم   / كجم   / مجم 

الخامسة: الريبوفلافين   مغ / كغ / يوم( وسيكلوفوسفاميد. المجموعة  40وسيكلوفوسفاميد. المجموعة الرابعة: الريبوفلافين يؤخذ عن طريق الفم بجرعة )

مجم    10مجم / كجم / يوم( وسيكلوفوسفاميد. المجموعة السادسة: يعطى عن طريق الفم خليط من الريبوفلافين بجرعة )  0.1عن طريق الفم بجرعة )

لفم خليط من الريبوفلافين  مجم / كجم / يوم( وسيكلوفوسفاميد. المجموعة السابعة: يعطى عن طريق ا  0.1كجم / يوم( وسيانوكوبالامين بجرعة )  /

مجم / كجم / يوم( وسيكلوفوسفاميد. في اليوم الثامن تم التضحية بالجرذان وتم الحصول    0.1مجم / كجم / يوم( وسيانوكوبالامين بجرعة )  40بجرعة )

الكيميائية. كلا الفيتامينان زادا بشكل  على مصل الجلوتاثيون وقياس القدرة الكلية لمضادات الأكسدة والرئة المستخرجة من أجل الدراسة المناعية  

( المعالجة P  <0.05ملحوظ  المجموعة  مع  بالمقارنة  الكيميائية  المناعية  التغيرات  وتحسن  الكلية  للأكسدة  المضادة  والقدرة  الجلوتاثيون  من   )

 ئوي الناجم عن السيكلوفوسفاميد.بالسيكلوفوسفاميد ، وتشير هذه النتائج إلى التأثيرات الوقائية لكلا الفيتامينات ضد التسمم الر
 ، تسمم الرئة 12، فيتامين ب  2الكلمات المفتاحية: سيكلوفوسفاميد ، فيتامين ب 
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Introduction   
Cyclophosphamide (CP) is a cytotoxic 

alkylating agent which is widely used to treat a wide 

range of malignant diseases including lymphoma, 

leukemia, breast cancer (1); however, its usage is 

associated with different side effects including lung 

toxicity, nephrotoxicity, hepatotoxicity (2).  

Pulmonary toxicity induced by CP is believed to 

result from the active metabolite of CP which are 

phosphoramide mustard and acrolein that may 

induce oxidative damage to the alveolar tissues (3).  

Riboflavin which is known also as vitamin B2 

belongs to the group of vitamins that are soluble in 

water (4), that found in different types of food like 

cheese, egg, salmon, dairy products (5). Riboflavin 

(vitamin B2) is considered an important precursor of 

two important nucleotides first one is flavin 

mononucleotide (FMN) and the second one is flavin 

adenine dinucleotide (FAD) (6)these nucleotides 

have important roles in different redox reactions (6). 

It was found that riboflavin-deficit mice may show 

a reduction in fatty acid oxidation furthermore 

deficiency of vitamin B2 may cause anaemia, skin 

diseases, cardiomyopathy  (7, 8). Cyanocobalamin 

(vitamin B12) is a water-soluble vitamin (9) found in 

milk, fish, eggs, and meat (10). Vitamin B12 

(cyanocobalamin) is considered an important 

cofactor for the metabolism of homocysteine and 

methylmalonic acid (11), furthermore, its deficiency 

may be associated with numerous diseases like 

ischemic stroke, anaemia, disturbed vision (12, 13).The 

current study aims to evaluate the protective effects 

of riboflavin and cyanocobalamin against 

cyclophosphamide-induced pulmonary toxicity. 

Materials and Method  
Experimental study  

Seventy healthy adult albino rats of both 

sexes with a weight range from 200 to 230 gm were 

used in the present study, rats of both sexes equally 

distributed throughout the experimental groups; they 

were achieved from and kept under controlled 

temperature in the Animal House of Basrah 

University's College of Pharmacy. The animals were 

fed commercial pellets and had free access to the 

water supply throughout the trial. 
 

Drugs   

Five hundred mg of cyclophosphamide vial 

was provided by Baxter in the United States. 

Amazing nutrition in the United States provided 

riboflavin capsules (400 mg). TQ pharma, Japan, 

provided the cyanocobalamin Tablet (1 mg). 

Study design 

The healthy experimental albino rats were 

divided randomly into seven groups each group 

consist of ten rats as follows: 

Group one: Rats in this group were received 

intraperitoneal (IP) injection of (1ml/kg/day) of 

normal saline (NS) for seven consecutive days; 

which represents the control group. Group two: Rats  

 

in this group were received intraperitoneal (IP) 

injection of a single dose of CP (150 mg/kg) (14) on 

day seven. Group three: Rats in this group were 

orally administered vitamin B2 at a dose (10 

mg/kg/day) (15) for seven consecutive days and one 

intraperitoneal injection of cyclophosphamide at a 

dose (150 mg/kg) on day seven. Group four: Rats in 

this group were orally administered vitamin B2 at a 

dose (40 mg/kg/day) (15) for seven consecutive days 

and a single IP injection of cyclophosphamide at a 

dose (150 mg/kg), on day seven. Group five: Rats in 

this group were orally administered vitamin B12 at 

a dose (0.1 mg/kg/day) (15) for seven consecutive 

days and a single intraperitoneal injection of 

cyclophosphamide at a dose (150 mg/kg), on day 

seven. Group six: Rats in this group were orally 

administered a mixture of vitamin B2 at a dose (10 

mg/kg/day) and vitamin B12 at a dose (0.1 

mg/kg/day) for seven consecutive days and a single 

intraperitoneal injection of CP at a dose (150 

mg/kg), on day seven. Group seven: Rats in this 

group were administered orally a mixture of vitamin 

B2 at a dose (40 mg/kg/day) and vitamin B12 at a 

dose (0.1 mg/kg/day) for seven consecutive days 

and single intraperitoneal injection of CP at a dose 

(150 mg/kg), on day seven.Diethyl ether was used to 

euthanize rats 24 hours after the end of the 

management period (i.e., on day 8). Intracardiac 

puncture yielded 5 ±1 mL of blood, which was 

collected in special tubes containing gel and clot 

activator to yield serum for glutathione and serum 

total antioxidant capacity (TAC) measurement, 

lungs were extracted and washed with phosphate-

buffered saline and then stored in 10% formalin 

solution for immunohistochemical study. 

Immunohistochemical study 

The terminal deoxynucleotidyl transferase-

mediated deoxyuridine triphosphate nick-end 

labeling (TUNEL) assay is used to determine 

apoptosis in lung tissue (16). 

 Statistical analysis  

 Statistical analysis was performed by 

SPSS version 25 for windows software. Data were 

expressed as mean ± SD.  A one-way analysis of 

variance was used to examine the statistical 

significance of the differences between the groups 

(ANOVA). P-values less than 0.05 were considered 

statistically significant differences. 

 Results 
Table 1 showed that rats intraperitoneally 

injected with CP at day seven at a dose of 150mg/kg 

(Group two) resulted in a significant decrease 

(P<0.05) in the serum level of glutathione in 

comparison with the relevant level in control (Group 

one). Mean ± SD of the levels of glutathione in the 

serum for (Group two and Group one) was found to 

be respectively, 33.4 ± 0.516 and 87.6 ± 0.516.  

Moreover, (Table 1) illustrated that there was a 

significant increase (P<0.05) in serum glutathione 
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level in groups treated with vitamin B2 

(10mg/kg/day and 40 mg/kg/day) each for one week 

prior to CP (IP 150mg/kg) (groups three, and four 

respectively), vitamin B12 (0.1mg/kg/day for one 

week prior to CP (IP 150mg/kg)   (Group five), a 

mixture of vitamin B2 (10mg/kg/day) with vitamin 

B12 (0.1mg/kg/day) prior to CP (IP 150mg/kg) 

(Group six) and vitamin B2 (40mg/kg/day) with 

vitamin B12 (0.1mg/kg/day) (Group seven) for one 

week prior to IP injection of 150mg/kg of CP 

compared to the relevant serum level to (Group two) 

rats IP injected with CP (150mg/kg). Mean ± SD of 

serum glutathione levels for groups (three, four, 

five, six, seven and two) were respectively, 47.4 ± 

0.516, 50.9 ± 0.737, 54.1 ± 0.316, 61.3 ± 0.483, 71.5 

± 0.527, and 33.4 ± 0.516. 
 

Table 1. Effects of Vitamin B2 and Vitamin B12 on Serum Total Antioxidant Capacity Level  

Group/Treatment Mean TAC mmole/l ±SD 

Group one (control)/ injected IP with 1ml/kg/day NS 1.42± 0.0186a 

Group two/CP IP 150mg/kg 0.05 ± 0.003b 

Group three/ vitamin B2 (10mg/kg/day) prior to CP (IP 

150mg/kg) 

0.56 ± 0.008c 

Group four/ vitamin B2 (40mg/kg/day) prior to CP (IP 

150mg/kg) 

0.86 ± 0.03d 

Group five/ vitamin B12 (0.1mg/kg/day) prior to CP (IP 

150mg/kg) 

1.03 ± 0.008e 

Group six/ vitamin B2 (10 mg/kg/day) plus vitamin B12 

(0.1mg/kg/day) prior to CP (IP 150mg/kg) 

1.16 ± 0.024f 

 

Group seven/ vitamin B2 (40mg/kg/day) plus vitamin 

B12 (0.1mg/kg/day) prior to CP (IP 150mg/kg) 

1.27 ± 0.017g 

 

Each value represents mean ± standard deviation (SD). Values expressed in small letters (a, b, c, d, 

e, f, and g) are significantly different (P<0.05). Number of animals in each group=10 
 

 

Immunohistochemistry (TUNEL assay) of 

rats' lung tissue 

 A section of rats’ lung tissue of 

(Group one) shows normal control lung 

tissue showing part of lung alveolar shows 

normal architecture cells ( no apoptosis, 

green- colored cells) as shown in Figure 

(1A).  

Immunohistochemistryical changes 

in rats’ lung intraperitoneally injected with a 

single dose of CP (150mg/kg) (Group two) 

revealed damages included inflammatory 

cells are found with nuclear fragmentation 

(red arrow) and pyknosis (black arrow) with 

a thickness of the alveolar wall characterized 

by massive apoptosis as shown in the Figure 

(1B).Section of rats’ lung orally 

administered of (10 mg/kg/day, 

40mg/kg/day) of vitamin B2 (Group three 

and Group four; respectively) for seven 

consecutive days before IP injection of 

(150mg/kg)  of   CP   and orally 

administered of ( 0.1 mg/kg) of vitamin B12 

Group five) for   seven    days     before   IP    

injection   of (150mg/kg) of CP at day seven 

showed fewer histopathological changes 

such as inflammatory cell (black arrow) 

karyorrhexis (red arrow) and destruction of 

alveolar-like emphysema with infiltration 

inflammatory cells (red arrow). As shown in 

Figures (1C, 1D, and 1E) respectively. 

In addition to that combination of oral 

administration vitamin B2 (10, 40mg/kg) with 

vitamin B12 (0.1mg/kg) for seven consecutive 

days before IP injection of (150mg/kg) of CP at 

day seven (Group six and Group seven) 

respectively show improvement in lung tissue 

compared with other treated groups that have 

noted normal architecture alveolar wall (black 

arrow). As shown in Figures (1F, and 1G) 

respectively. 
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Immunohistochemical study of lung 
 

  

 
Figure 1. Light micrograph of immunohistochemical changes in lung tissue of rats are presented on the 

plate. A) the normal control lung tissue showing part of lung alveolar shows normal architecture cells (black 

arrow). B) lung tissue of rats treated with 150 mg/kg of cyclophosphamide has revealed damages included 

inflammatory cells are found with nuclear fragmentation (red arrow) and pyknosis (black arrow) with a 

thickness of the alveolar wall. C) lung tissue treated with 10 mg/kg of Vit. B2 shows fewer histopathological 

changes such as inflammatory cell found (black arrow) karyorrhexis (red arrow).  D) lung tissue treated 

with 40 mg/kg of Vit. B2 shows destruction of alveolar-like emphysema (black arrow) with infiltration 

inflammatory cells (red arrow). E) lung tissue treated with 0.1gm/kg of Vit. B12 shows fewer infiltration 

cells (red arrow) with a normal alveolar wall (black arrow).  F)  lung tissue treated with 0.1gm/kg of Vit. 

B12 combination with 10 mg/kg of Vit. B2 shows improvement in lung tissue compared with other treated 

groups that have noted normal architecture alveolar wall respectively (black arrow).  G) lung tissue of rat 

treated with a combination of Vit B12 0.1g/kg and Vit B2 40mg/kg shows normal lung tissue (black arrow). 

TUNNEL stain 40X. 
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Discussion  
In the present study, rats were treated with 

a single dose of  CP (150 mg/kg) Group two 

produce a significant reduction in a glutathione level 

(P< 0.05) compared to Group one (control group) 

this attributed to the biotransformation of CP since, 

Cyclophosphamide is prodrug required metabolic 

bioactivation by cytochrome P450 (CYP-450) 

enzyme system producing 4-

hydoxycyclophosphamide which undergo ring-

opening to aldophosphamide which decompose 

spontaneously to phosphoramide mustard (which is 

responsible for antitumor activity) and acrolein, both 

metabolites( phosphoramide and acrolein) will 

induce oxidative damage and free radicals 

formation, furthermore acrolein will form adduct 

with glutathione leading to decrease in glutathione 

level, glutathione considered as the most important 

intracellular non protein thiol donor group, playing 

important functions in detoxification of reactive 

oxygen species, acting as cofactor for other enzymes 

and regulate DNA synthesis, so cyclophosphamide 

may result in reduction of glutathione level (17). 

Furthermore, pre-treatment with vitamin B2 (10 

mg/kg/day, and 40 mg/kg/day) Group three and 

four respectively; and pre-treatment with 

(0.1mg/kg) of vitamin B12 Group five and pre-

treatment with the combination of both vitamins 

Group six and seven before CP injection produce a 

significant increase in glutathione level this 

attributed to the role of vitamin B2 as being the 

source for two important coenzymes which are 

flavin mononucleotide and flavin adenine 

dinucleotide (18) which have an important role in the 

oxidation-reduction reaction, also for the activity of 

superoxide dismutase and catalase (19), furthermore 

for conversion of oxidized form glutathione(GSSG) 

to reduced one (GSH) (15, 20). 

Whereas vitamin B12 plays an important role in the 

maintenance of glutathione level by direct-acting as 

a superoxide scavenger (21), furthermore vitamin 

B12 might have a protecting role against (low-

grade) inflammation-induced oxidative stress by 

affecting or modulating the expression of growth 

factors and inflammatory cytokines (22). 

Rats treated with CP (150 mg/kg) Group two 

produce a significant reduction in TAC level (P< 

0.05) compared to Group one (control group) this 

effect could be explained by damaging effects 

produced by CP as a result of its metabolism and 

oxidative stress which induce a reduction in TAC 
(23). 

Furthermore, pre-treatment with vitamin B2 (10 

mg/kg/day, and 40 mg/kg/day) Group three and 

four respectively; and pre-treatment with 

(0.1mg/kg) of vitamin B12 Group five and pre-

treatment with the mixture of both vitamins Group 

six and seven respectively; before CP injection 

produce a significant increase in TAC levels this 

could be explained by their ability to maintain  

 

antioxidant enzyme levels including superoxide 

dismutase, glutathione level in which vitamin B2 

plays an important role (24); furthermore the role of 

vitamin B12 as a scavenger for free radicals (21, 25) 

and its role in modulating the level of the 

inflammatory cytokines (25). 

In the current study, rats injected with a single dose 

of CP (150 mg/kg) Group two shows inflammatory 

cells that found with nuclear fragmentation and 

pyknosis with a thickness of the alveolar wall which 

confirms the effects of CP when compared with 

Group one, however rats pre-treated with different 

doses of vitamin B2 Groups three and four and a 

fixed dose of vitamin B12 Group five prior to CP 

shows fewer histopathological changes such as 

inflammatory cell, karyorrhexis and destruction of 

alveolar-like emphysema when compared with 

Group two furthermore; rats pre-treated with 

combinations of different doses of vitamin B2 and 

fixed-dose of vitamin B12 Groups six and seven 

prior to CP injection shows improvement in lung 

tissue compared with other treated groups that have 

noted normal architecture alveolar wall this 

attributed to the effects of both vitamin B2 and 

vitamin B12 as the antioxidant activity and their 

ability to increase the level of glutathione which 

consist with the finding of Bashandy SA et al and 

Moshiri M et al which founds that vitamin B2 and 

vitamin B12 have an important role in the 

maintenance glutathione level and conversion of 

glutathione from oxidized form to reduced form (26, 

27). 

Conclusion 
 Cyclophosphamide has serious lung 

toxicity side effects, so to reduce this effect, pre-

treatment with a combination of vitamin B2 and 

vitamin B12 may have a beneficial role to reduce 

this toxic effect. 
 Acknowledgment 

The authors gratefully thank the College of 

Pharmacy, University of Basrah, for supporting the 

present work. 
  

Ethical Clearance 
In Iraq, the Research Ethical Committee 

oversees scientific research with ethical approval 

from the ministries of the environment, health, 

higher education, and scientific research 

Conflict of Interest 
There are no conflicts of interest declared 

by the authors. 

 

 

 

 

 

 

 



Iraqi J Pharm Sci, Vol.32(1) 2023                                         Study lung protective effects of riboflavin and cyanocobalamin                                                                                                                                                                       

105 
 

References 
1. Ghanim WK. Evaluating the effects of different 

doses of vitamin B2 and single dose of vitamin 

B12 against myelosuppression induced by 

cyclophosphamide in experimental rats. Iraqi 

Journal of Pharmaceutical Sciences. 

2020;29(1):134-42. 

2. Habibi E, Shokrzadeh M, Ahmadi A, Chabra A, 

Naghshvar F, Haghi-Aminjan H, et al. 

Pulmonoprotective action of Zataria multiflora 

ethanolic extract on cyclophosphamide-induced 

oxidative lung toxicity in mice. Chinese journal 

of integrative medicine. 2020;26(10):754-61. 

3. El-Kashef DH. Role of venlafaxine in 

prevention of cyclophosphamide-induced lung 

toxicity and airway hyperactivity in rats. 

Environmental Toxicology and Pharmacology. 

2018;58:70-6. 

4. Suwannasom N, Kao I, Pruß A, Georgieva R, 

Bäumler H. Riboflavin: The health benefits of a 

forgotten natural vitamin. International Journal 

of Molecular Sciences. 2020;21(3):950. 

5. Mielgo-Ayuso J, Aparicio-Ugarriza R, Olza J, 

Aranceta-Bartrina J, Gil Á, Ortega RM, et al. 

Dietary intake and food sources of niacin, 

riboflavin, thiamin and vitamin B6 in a 

representative sample of the Spanish population. 

The ANIBES study. Nutrients. 2018;10(7):846. 

6. Liu S, Hu W, Wang Z, Chen T. Production of 

riboflavin and related cofactors by 

biotechnological processes. Microbial cell 

factories. 2020;19(1):1-16. 

7. Balasubramaniam S, Christodoulou J, Rahman 

S. Disorders of riboflavin metabolism. Journal 

of Inherited Metabolic Disease. 2019;42(4):608-

19. 

8. Akram M, Munir N, Daniyal M, Egbuna C, 

Găman M-A, Onyekere PF, et al. Vitamins and 

Minerals: Types, sources and their functions.  

Functional Foods and Nutraceuticals: Springer; 

2020. p. 149-72. 

9. Yadav RK, Mishra S, Jain D. Methylcobalamine 

(Vitamin B12): Water soluble vitamin with 

various pharmacological aspect. Journal of Drug 

Delivery and Therapeutics. 2021; 11(1): 130-7. 

10. Obeid R, Heil SG, Verhoeven M, Van den 

Heuvel EG, De Groot LC, Eussen SJ. Vitamin 

B12 intake from animal foods, biomarkers, and 

health aspects. Frontiers in Nutrition. 2019;6:93. 

11. Sobczyńska-Malefora A, Delvin E, McCaddon 

A, Ahmadi KR, Harrington DJ. Vitamin B12 

status in health and disease: a critical review. 

Diagnosis of deficiency and insufficiency–

clinical and laboratory pitfalls. Critical reviews 

in clinical laboratory sciences. 2021;58(6):399-

429. 

 

 

 

12. Yahn GB, Abato JE, Jadavji NM. Role of 

vitamin B12 deficiency in ischemic stroke risk 

and outcome. Neural Regeneration Research. 

2021;16(3):470. 

13. Lee Y-P, Loh C-H, Hwang M-J, Lin C-P. 

Vitamin B12 deficiency and anemia in 140 

Taiwanese female lacto-vegetarians. Journal of 

the Formosan Medical Association. 

2021;120(11):2003-9. 

14. Refaie MM, Shehata S, El-Hussieny M, 

Abdelraheem WM, Bayoumi A. Role of ATP-

sensitive potassium channel (KATP) and eNOS 

in mediating the protective effect of nicorandil 

in cyclophosphamide-induced cardiotoxicity. 

Cardiovascular Toxicology. 2020;20(1):71-81. 

15. Ghanim WK, Al-Shawi NN, Al-Moziel MS. 

Effects of two different doses of vitamin B2 and 

a single dose of vitamin B12 against 

cyclophosphamide induced nephrotoxicity. 

Medico-legal Update. 2020;20(3):493. 

16. Majtnerová P, Roušar T. An overview of 

apoptosis assays detecting DNA fragmentation. 

Molecular Biology Reports. 2018;45(5):1469-

78. 

17. Iqubal A, Iqubal MK, Sharma S, Ansari MA, 

Najmi AK, Ali SM, et al. Molecular mechanism 

involved in cyclophosphamide-induced 

cardiotoxicity: Old drug with a new vision. Life 

Sciences. 2019;218:112-31. 

18. Voicescu M, Craciunescu O, Angelescu DG, 

Tatia R, Moldovan L. Spectroscopic, molecular 

dynamics simulation and biological studies of 

flavin mononucleotide and flavin adenine 

dinucleotide in biomimetic systems. 

spectrochimica Acta Part A: Molecular and 

Biomolecular Spectroscopy. 2021;246:118997. 

19. Heine T, Van Berkel WJ, Gassner G, Van Pée 

K-H, Tischler D. Two-component FAD-

dependent monooxygenases: current knowledge 

and biotechnological opportunities. Biology. 

2018;7(3):42. 

20. Dwivedi D, Megha K, Mishra R, Mandal PK. 

Glutathione in brain: overview of its 

conformations, functions, biochemical 

characteristics, quantitation and potential 

therapeutic role in brain disorders. 

Neurochemical Research. 2020;45(7):1461-80. 

21. Hosseinabadi F, Jenabi M, Ghafarizadeh AA, 

Yazdanikhah S. The effect of vitamin B12 

supplement on post‐thaw motility, viability and 

DNA damage of human sperm. Andrologia. 

2020;52(11):e13877. 

22. Taherkhani S, Suzuki K, Castell L. A short 

overview of changes in inflammatory cytokines 

and oxidative stress in response to physical 

activity and antioxidant supplementation. 

Antioxidants. 2020;9(9):886. 

 

 

 



Iraqi J Pharm Sci, Vol.32(1) 2023                                         Study lung protective effects of riboflavin and cyanocobalamin                                                                                                                                                                       

106 
 

23. Saghir SA, Alharbi SA, Al-Garadi MA, Al-

Gabri N, Rady HY, Olama NK, et al. Curcumin 

prevents cyclophosphamide-induced lung injury 

in rats by suppressing oxidative stress and 

apoptosis. Processes. 2020;8(2):127. 

24. Nouri P, Olfati A. The effects of maternal 

exposure riboflavin to prevent uterus arsenic 

damage in offspring rats. Journal of Human 

Environment and Health Promotion. 

2021;7(4):182-8. 

25. Filiz AK, Gumus E, Karabulut S, Tastemur Y, 

Taskiran AS. Protective effects of lamotrigine 

and vitamin B12 on pentylenetetrazole-induced 

epileptogenesis in rats. Epilepsy & Behavior. 

2021;118:107915. 

 

 

 

 

 

26. Bashandy SA, Ebaid H, Moussa SAA, Alhazza 

IM, Hassan I, Alaamer A, et al. Potential effects 

of the combination of nicotinamide, vitamin B2 

and vitamin C on oxidative-mediated 

hepatotoxicity induced by thioacetamide. Lipids 

in health and disease. 2018;17(1):1-9. 

27. Moshiri M, Hosseiniyan SM, Moallem SA, 

Hadizadeh F, Jafarian AH, Ghadiri A, et al. The 

effects of vitamin B12 on the brain damages 

caused by methamphetamine in mice. Iranian 

Journal of Basic Medical Sciences. 

2018;21(4):434. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
This work  is licensed under a Creative Commons Attribution 4.0 International License.   

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

