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ABSTRACT 

The goal of this research study was to prepare topical ointments containing dapagliflozin and 

levofloxacin and evaluate their anti-psoriatic activity in an animal model. Eighty Swiss albino mice 

weighing between 24 and 30 g were randomly divided into eight groups of 10 mice each. The first group 

was the control group, which received a baseline ointment. The second group was treated with 

clobetasol (5%) cream for six days. The third, fourth, and fifth groups were treated with dapagliflozin 

ointments at concentrations of 5%, 10%, and 20%, respectively, which were daily applied. The sixth, 

seventh, and eighth groups were treated with levofloxacin ointments at concentrations of 10%, 20%, and 

40%, respectively, which were daily applied. Histopathological changes were observed in the treated 

skin. The results demonstrated that dapagliflozin and levofloxacin ointments at the specified 

concentrations could significantly reduce the severity of symptoms such as erythema, scaling, and 

thickening, as well as inflammation. Therefore, these ointments have strong anti-psoriatic and anti-

inflammatory properties. 
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INTRODUCTION 

Psoriasis is a chronic, autoimmune, disfiguring, 

and disabling skin disease and no cure and with 

reduce the quality of life. It characterized by 

abnormal enhance in proliferation and less 

differentiation of the epidermal keratinocytes, 

with a rapid turnover rate of the epidermal cell. 

Psoriasis is a common inflammatory condition of 

human skin characterized by focal to coalescing 

raised cutaneous plaques with consistent scaling 

and variable erythema (Lakshmi et al 2020). 
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Typical histologic features of psoriasis include 

epidermal hyperplasia (acanthosis) with elongated 

rete ridges, a less discrete epidermal granular layer, 

parakeratosis and leucocytic infiltration of the 

dermis and epidermis. The mice tail model is as 

natural model for investigating the anti-psoriatic 

drugs of tested topical drug by measuring the 

decreasing of parakeratosis and increasing the 

orthokeratosis (Al-Saedi et al.,2018). 

Dapagliflozin (DPG ) individuals with type 2 

diabetes are treated thru Inhibitors of Na-G co-

transporter-2 (NA-G TRANSPORTER), such as 

DPG, are the first prescription in a new 

pharmacological class. DPG lowers renal G 

reabsorption by blocking the DPG in the kidneys, 

which causes urine G excretion and a drop in blood 

G levels. DPG effectiveness is dependent on the 

secretion and action of insulin (Dhillon 2019). 

DPG could be suppressing inflammatory signaling 

independently of some of its metabolic effects. 

DPG acted highly selectively to reduce 

proinflammatory cytokine secretion from activated 

macrophages (Abdollahi et al.,2022). DPG has 

been shown to have anti-proliferative and anti-

tumor effects in prior research, and these data 

suggest that NA-G TRANSPORTER inhibitory 

treatment induces AMPK-mediated (Zhou et 

al.,2020). Among the third-generation 

fluoroquinolone antibiotics is levofloxacin (Castro 

et al., 2020), used extensively in veterinary and 

human medicine to slow the development of 

bacteria by interfering with their ability to replicate 

their DNA (Khondker et al., 2021). Levofloxacin is 

an effective third-generation fluoroquinolone 

antibiotic for the treatment of bacterial infections. 

In the WHO's list of necessary medications, 

levofloxacin is a safe and efficient drug. It was 

granted a patent in 1987 and subsequent approval 

by the FDA for use in medicine in the US in 

1996(Bush et al.,2011). Levofloxacin has been 

given FDAapproval for the treatment of a number 

of conditions, such as treating patients with 

bacterial infections with the help of the medical 

staff (Podder et al.,2019). The anti-inflammatory 

and anti-proliferative effects of levofloxacin are 

mediated by inhibiting inflammatory cytokines 

(Liu et al.,2019). Levofloxacin hydrochloride (LH) 

shows universal anti-proliferation activity in all 

cancer cell lines in our previous study (He et al 

.,2021). 

 

Aims of study 

The present study aimed to evaluate the effects of 

different concentrations of topical dapagliflozin 

and levofloxacin on induced psoriasis by 

measuring their potential anti-psoriatic activity and 

anti-inflammatory effects besides physical and 

histopathological evaluations. 

 

MATERIALS AND METHODS 

Animal of study and ethical approval    

obtain sixty adult male rats, whose weights ranged 

between (24-33 g) and their ages ranged between 

(11-15) weeks. The animals were housed in plastic 

cages at a convenient environment for the aspect of 

heat, ventilation, and nutrition materials. The 

animals were allowed to acclimate for two weeks 

in the College of Pharmacy-University of Karbala. 

The study protocols were conducted according to 

the Ethical approval of the Ethics Committee of 

University of Al-Ameed.  

 

Preparation of dapagliflozin ointment 

Dapagliflozin was dissolved in an amount of 5 g, 

10 g and 20 g in 2 concentrated ethanol to prepare 

with the addition of 5 ml of glycerol, then the 

mixture was supplemented with Vaseline for a 

final weight of 100 g in a beaker and was mixed at 

70oC using water bath to insure melting all 

components.  The mixture was slowly cooled and 

further stirred for 30 minutes until solidified using 

a motor at 500 revolutions per minute. The 

prepared ointment was filtered using filter paper to 

remove any impurities. After that, the sensory 

properties and pH of levofloxacin ointment were 

evaluated, and thermal and centrifugal stability 

tests were performed. The rheological evaluations 

using a viscometer and microbiological tests was 
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done according to procedure given by Jahandideh 

2019. 

 

Preparation of Levofloxacin ointment 

Levofloxacin was dissolved in an amount of 10 g, 

20 g and 40 g in 2 concentrated ethanol to prepare 

with the addition of 5 ml of glycerol, then the 

mixture was supplemented with Vaseline for a 

final weight of 100 g in a beaker and was mixed at 

70oC using water bath to insure melting all 

components.  The mixture was slowly cooled and 

further stirred for 30 minutes until solidified using 

a motor at 500 revolutions per minute. The 

prepared ointment was filtered using filter paper to 

remove any impurities. After that, the sensory 

properties and pH of levofloxacin ointment were 

evaluated, and thermal and centrifugal stability 

tests were performed. The rheological evaluations 

using a viscometer and microbiological tests was 

done according to procedure given by Jahandideh 

2019.  

 

Animal model and experiment design 

In this study, eighty Swiss albino mice were 

divided into eight groups of ten mice each. The 

first group received Vaseline daily for six days, 

while the second group received clobetasol daily 

for six days. The third, fourth, and fifth groups 

were treated with dapagliflozin ointment at 

concentrations of 5%, 10%, and 20%, respectively, 

and received daily applications for six days. The 

sixth, seventh, and eighth groups were treated with 

levofloxacin ointment at concentrations of 10%, 

20%, and 40%, respectively, and received daily 

applications for six days. About 0.1ointment from 

Vaseline and each concentration of topical 

dapagliflozin and Two hours of treatment with 

levofloxacin ointment given to the proximal 2.5 

centimeters of the tail. Next, water was used to 

clean the tails. Throughout the course of two 

weeks, patients received treatment five times a 

week, once per day. The animals were euthanized 

with ether following the last treatment and then 

sacrificed. The tails were then dissected and the 

proximal portions were preserved in 10% formalin 

for histological analysis (Bhatia et al.,2014).   

 

 

RESULTS 

Effects of Different dapagliflozin and levofloxacin 

ointment Concentrations on Histological Features 

of the Mice Tail. The histological section of tail 

skin of mice treated with Vaseline showed a spread 

of keratin layer and normal appearance of the 

epidermal layer with a little number of granular 

cells and normal dermal layers 

 

 
FIGURE 1. skin of Vaseline treated group show normal epithelium in the epidermal layer (black arrow), 

keratin in the superficial most of the epidermal layer (green arrow) and normal hair follicle in the dermal 

layer (red arrow) H&EA) 125XB ) 500X 
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FIGURE 2. Histomorphometry of the skin of Vaseline treated group show an average thickness of the 

epidermal layer (black arrow) 500X 

 

The effect of clobetasol ointment on the tail skin of 

mice showed skin of clobetasol treated group show 

marked thickening of epidermal layer which reveal 

extension of the epidermis deeply in the dermal 

layer of the epidermis layer (figure 3). It showed 

(figure 4) an increment in epidermal thickness in 

the vertical measurement of in comparison with the 

control group. 

 
FIGURE 3. skin of clobetasol treated group show marked thickening of epidermal layer which reveal 

extension of the epidermis deeply in the dermal layer (black arrow), thick keratin layer with parakeratosis 

(green arrow) H&E A) 125X B) 500X 

 
FIGURE 4. Histomorphometry of the skin of clobetasol treated group show an average length of 

epidermal extensions (black arrow) 500X 

 

The effect of dapagliflozin 5% ointment on histological features showed marked thickening of epidermal 

layer in comparison with control group (figure 5, and 6). 
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FIGURE 5. skin of dapagliflozin (5%) ointment treated group show marked thickening of epidermal 

layer which reveal extension of the epidermis deeply in the dermal layer(black arrow). H&E A) 125X  B) 

500X 

 
FIGURE 6. Histomorphometry of the skin of dapagliflozin (5%) ointment treated group showed an 

average length of epidermal extensions (black arrow) 500 

 

The effect of dapagliflozin 10% ointment on the 

tail skin of mice showed a skin treated group 

moderate thickening of epidermal layer with deep 

extensions of the epidermis in to the dermal layer 

(figure 7 and 8). 

  

 
FIGURE 7. skin of dapagliflozin (10%)ointment treated group show moderate thickening of epidermal 

layer with deep extensions of the epidermis in to the dermal layer (black arrow), minimum keratin in the 

superficial  layer  (green arrow)     H&E  A) 125X  B)500X 
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FIGURE 8. Histomorphometry of the skin of dapagliflozin (10%) ointment treated group show an 

average length of epidermal extensions (black arrow) 500X. 

 

The effect of dapagliflozin 20% ointment on the 

tail skin of mice showed a skin treated group 

enhancement thickening of epidermal layer with 

decrease extensions of the epidermis in to the 

dermal layer (figure 9 and 10).  

 
FIGURE 9. skin of dapagliflozin ointment (20%) treated group show normal epithelium in the epidermal 

layer (black arrow), keratin in the superficial most of the epidermal layer (green arrow) and normal hair 

follicle in the dermal layer (red arrow) H&E) 500X 

 
FIGURE 10. Histomorphometry of the skin of dapagliflozin (20%) ointment treated group show an 

average thickness of epidermal layer was 2.8±0.6 µm (black arrow)B500X 

 

The effect of levofloxacin 10% ointment on the tail 

skin of mice showed a skin treated group moderate 

thickening of epidermal layer with decrease 

extensions of the epidermis in to the dermal layer 

(figure 11 and 12).  
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FIGURE 11. skin of levofloxacin (10%) ointment treated group show marked thickening of epidermal 

layer which reveal extension of the epidermis deeply in the dermal layer (black arrow). (H&EA) 125XB 

 

 
FIGURE 12. Histomorphometry of the skin of levofloxacin(10%)  ointment treated group show an 

average length of epidermal extensions (black arrow)      500X 

 

The tail skin of mice after levofloxacin 20% 

ointment treatment showed enhancement in 

epidermis layer (Figure 13). It showed obvious 

increment in epidermal thickness in vertical 

measurement in comparison with control group  

 
FIGURE 13. Histomorphometry of the skin of levofloxacin (20%)  ointment treated group showed an 

average length of epidermal extensions (black arrow) 500X 
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The tail skin of mice after levofloxacin (40%) 

ointment treatment showed enhancement in 

orthokeratosis in epidermis layer (Figure 14 and 

15). It showed obvious increment in epidermal 

thickness in vertical measurement in comparison 

with control group  

 
FIGURE 14. skin of levofloxacin (40%) ointment treated group showed normal epidermal layer 

thickness (black arrow), normal skin appendages (green arrow) H&E A 125X 

 
FIGURE 15. Histomorphometry of the skin of levofloxacin (40%) ointment treated group show an 

average thickness of epidermal layer (black arrow)  500X 

 

DISCUSSION 

The investigation on the control group was 

compatible to based fact that the adult mouse tail 

normally had parakeratosis which a form of 

abnormal epidermal keratinizing pattern that is 

characterized by an absence of the granular layer in 

the epidermis (Parnami et al.,2014). The reasons 

for parakeratosis could be a substantial surge in the 

mitosis and decline in the transit time of the 

differentiating keratinocyte during cornification. 

When the dapagliflozin and levofloxacin applied 

topically on mouse-tail, it showed anti-psoriatic 

activity by increasing differentiation of 

parakeratosis into orthokeratosis by increasing 

numbers of granular cells per scale. This effect 

similar to the effect of the topical antipsoriatic 

activity of tamoxifen(Bhatia et al.,2014) and 

tazarotene ( Hashim et al.,2018).   

The antipsoriatic activity results are compatible 

with other studies for such as aloe vera gel 

produced a significant differentiation in the 

epidermis, as seen from its degree of orthokeratosis 

(Flutter and Nestle,2013). Also, this model used to 

assess the antipsoriatic activity of tamoxifen 

(Bhatia et al.,2014). 
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The dapagliflozin ointment affected the 

differentiation of cell may be through it affected 

the signaling pathway of insulin-like growth 

factors that regulate cell proliferation, 

differentiation, aging, and lifespan(Joshi,2011). 

     In case of dapagliflozin ointment treated 

groups, it showed an increment of epidermal 

thickness with raised of concentration and this 

elevation in a thickness similar to what was 

showing by tazarotene, dithranol and tretinoin 

0.05% (Sebök et al.,2000). This increment of 

epidermal thickness may not due to 

hyperproliferation, but possibly caused by 

abnormal terminal differentiation, which affect  

stratum corneum formation (Limandjaja et 

al.,2017). 

  However, other explanation for the increase of 

epidermal thickness simply by irritation or a 

‘keratoplastic’ mode of action of the drugs(Sebök 

et al.,2000) 

In this study dapagliflozin and levofloxacin 

ointment in deferent concentration was enhance in 

histological because dapagliflozin and levofloxacin 

had strong anti-proliferation and anti-inflammatory 

(Luo et al.,2021and Zhang et al.,2021). 

 

 

ACKNOWLEDGMENTS 

The authors like to thank University of Al-Ameed 

for the partial support 

 

Conflicts of interest 
Authors declare no conflict of interest 

 

REFERENCES 
1. Abdollahi, E., Keyhanfar, F., Delbandi, A. A., 

Falak, R., Hajimiresmaiel, S. J., & Shafiei, M. 

(2022). Dapagliflozin exerts anti-inflammatory 

effects via inhibition of LPS-induced TLR-4 

overexpression and NF-κB activation in human 

endothelial cells and differentiated 

macrophages. European Journal of 

Pharmacology, 918, 174715. 

2. Al-Saedi, H. F., Al-Zubaidy, A. A., Ramadhan, M. 

A., & Mohammad, H. A. (2019). Effect of 

metformin gel against imiquimod induced psoriasis 

in mice. Int J Res Pharm Sci, 10(2), 795-802. 

3. Bhatia, A., Singh, B., Wadhwa, S., Raza, K. & 

Katare, O. P. 2014. Novel phospholipid-based 

topical formulations of tamoxifen: Evaluation for 

antipsoriatic activity using mouse-tail model. 

Pharmaceutical development and technology, 19, 

160-163 . 

4. Bush LM, Chaparro-Rojas F, Okeh V, Etienne J. 

Cumulative clinical experience from over a decade 

of use of levofloxacin in urinary tract infections: 

critical appraisal and role in therapy. Infect Drug 

Resist. 2011;4:177-89.  

5. Castro, L., Lopez, C., & Levy, A. (2020). 

Levofloxacin-Induced Bilateral Leg Edema: A 

Review of Case Reports. 

6. Dhillon, S. (2019). Dapagliflozin: a review in type 

2 diabetes. Drugs, 79(10), 1135-1146. 

7. Flutter, B. & Nestle, F. O. 2013. TLRS to 

cytokines: Mechanistic insights from the 

imiquimod mouse model of psoriasis. Europe 

Journal of  Immunology, 43, 3138-3146. 

8. Hashim, I. I. A., El-Magd, N. F. A., El-Sheakh, A. 

R., Hamed, M. F. & El, A. E.-G. H. A. 2018. 

Pivotal role of acitretin nanovesicular gel for 

effective treatment of psoriasis: Ex vivo–in vivo 

evaluation study. International journal of 

nanomedicine, 13, 1059-1079. 

9. He XQ, Yao Q, Hall DD, Song ZY, Fan D, You 

YT, et al. Levofloxacin exerts broad-spectrum 

anticancer activity via regulation of THBS1, 

LAPTM5, SRD5A3, MFAP5 and P4HA1. 

Anticancer Drugs. 2021;1:e235–46. 

10. Jahandideh M, Kharazi P, Jafariazar Z. Preparation 

of a Topical Product from Allium sativum 

Retrieved from Iranian Traditional Medicine. 

Research Journal of Pharmacognosy. 2019;6(4):3-6. 

11. Joshi, S. C. 2011. Sol-gel behavior of 

hydroxypropyl methylcellulose (HPMC) in ionic 

media including drug release. Materials, 4, 1861-

1905. 

12. Kagami, S., Rizzo, H. L., Lee, J. J., Koguchi, Y. & 

Blauvelt, A. 2010. Circulating Th17, Th22, and Th1 

cells are increased in psoriasis. Journal of 

Investigative Dermatology, 130, 1373-1383. 

13. Khondker, A., Bider, R. C., Passos-Gastaldo, I., 

Wright, G. D., & Rheinstädter, M. C. (2021). 

Membrane interactions of non-membrane targeting 



e235 

Evaluation of the Anti-Psoriatic Activity of Dapagliflozin and Levofloxacin Ointment on the Tail Mice 

J Popul Ther Clin Pharmacol Vol 30(13):e226–e235; 10 May 2023. 

This article is distributed under the terms of the Creative Commons Attribution-Non 
Commercial 4.0 International License. ©2021 Muslim OT et al. 

 

antibiotics: The case of aminoglycosides, 

macrolides, and fluoroquinolones. Biochimica et 

Biophysica Acta (BBA)-Biomembranes, 1863(1), 

183448. 

14. Lakshmi, J. N., Babu, A. N., & Nadendla, R. R. 

(2020). Evaluation of anti-psoriatic activity of 

selected phytochemicals on UV-induced psoriasis 

in mouse tail model. Indian Journal of Physiology 

and Pharmacology, 64(2), 123-128. 

15. Laxmi, R. J., Karthikeyan, R., Babu, P. S. & Babu, 

R. N. 2013. Formulation and evaluation of 

antipsoriatic gel using natural excipients. Journal of 

Acute Disease, 2, 115-121. 

16. Limandjaja, G., Van Den Broek, L., Waaijman, T., 

Van Veen, H., Everts, V., Monstrey, S., Scheper, 

R., Niessen, F. & Gibbs, S. 2017. Increased 

epidermal thickness and abnormal epidermal 

differentiation in keloid scars. British Journal of 

Dermatology, 176,116-126. 

17. Liu, L. M., Song, J. T., Gao, F., & Zhang, H. 

(2019). Therapeutic effect of the quinolone 

levofloxacin on inflammatory fibroblast-like 

synoviocytes. Annals of Clinical & Laboratory 

Science, 49(1), 9-15. 

18. Luo, P., Huang, Y., Hang, X., Tong, Q., Zeng, L., 

Jia, J., ... & Bi, H. (2021). Dihydrotanshinone I is 

effective against drug-resistant Helicobacter pylori 

in vitro and in vivo. Antimicrobial Agents and 

Chemotherapy, 65(3), e01921-20. 

19. Parnami, N., Garg, T., Rath, G. & Goyal, A. K. 

2014. Development and characterization of 

nanocarriers for topical treatment of psoriasis by 

using combination therapy. Artificial cells, 

nanomedicine, and biotechnology, 42, 406-412. 

20. Podder, V., & Sadiq, N. M. (2019). Levofloxacin. 

21. Sebök, B., Bonnekoh, B., Kerényi, M. & Gollnick, 

H. 2000. Tazarotene induces epidermal cell 

differentiation in the mouse tail test used as an 

animal model for psoriasis. Skin Pharmacology and 

Physiology, 13, 285-291. 

22. Shelleh, H. H. & Al-Hatiti, H. S. 2004. Pattern of 

skin diseases in a hospital in Southwestern Saudi 

Arabia. Saudi medical journal, 25,507-510.  

23. Zhang, N., Zheng, Q., Wang, Y., Lin, J., Wang, H., 

Liu, R., ... & Chen, X. (2021). Renoprotective 

effect of the recombinant anti-IL-6R fusion proteins 

by inhibiting JAK2/STAT3 signaling pathway in 

diabetic nephropathy. Frontiers in 

Pharmacology, 12, 681424. 

24. Zhou, J., Zhu, J., Yu, S. J., Ma, H. L., Chen, J., 

Ding, X. F., ... & Zhang, Q. (2020). Sodium-

glucose co-transporter-2 (SGLT-2) inhibition 

reduces glucose uptake to induce breast cancer cell 

growth arrest through AMPK/mTOR 

pathway. Biomedicine & Pharmacotherapy, 132, 

110821. 

 


