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Abstract

Diabetes mellitus is a very common turmoil in all over the world. Often minimally referred to as
diabetes, is a cluster of metabolic diseases (Also known as metabolic syndrome and a slow poison) in
which a person has high blood sugar. It happens either because the body does not produce enough
insulin, or because cells do not respond to the insulin that is produced causes established symptoms like
polyuria (frequent urination), polydipsia (augmented thirst) and polyphagia (increased food shortage).
Diabetes is reported as the one of the most common cause of death in the world.

Diabetes mellitus is a chronic syndrome which cannot be cured. Management concentrates on keeping
blood sugar levels as secure to normal ("euglycemia™) as possible, without causing hypoglycemia. This
can usually be proficient with diet, exercise, and use of appropriate medications (insulin in the case of
type 1 diabetes, oral medications, as well as possibly insulin, in type 2 diabetes). In the present study to
find out new dimensions for the treatment of diabetes by understanding the versatile role of calcium in
diabetes associated cellular events.
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Introduction

Materials and Methods

Material

Tween® 80, Poloxamer 188 were acquired from Fischer scientific (Dr.reddy lab Hyderabad,).
Precirol® ATO 5 (Glyceryldistearate) and Compritol 888® ATO (Glyceryldibehenate) was a
generous gift sample from Gattefossé (Thermo scientific Banglore). Gellan gum was
purchased from MP Biomedicals, LLC (Biocon Cennai). Cyclosporine A (CSA) was
purchased from IMTECH chandigarh). Other chemicals and entities required for the project
like HPLC grade solvents, centrifuge tubes, HPLC vials, scintillation vials were obtained from
Fischer Scientific (Delhi, India).

Methods

Preparation of Cyclosporine A loaded solid lipid nanoparticle (CSA-SLN) and in-situ
gels

A (CSA-SLN-IG): preparation of CSA-SLN: CSA loaded solid lipid nanoparticle (CSA-
SLN) was prepared using homogenization with probe sonication method (Gokce et al. 2008)
as per the composition Table 3. It mainly consists phases: the lipid phase and aqueous phase.
Lipid phase consists of Precirol® ATO 5 and drug (CSA) whereas the aqueous phase consists
of Tween® 80, Poloxamer 188 and double distilled water (mili-Q-water). The lipid phase was
melted at 65°C in a glass scintillation vial with continuous stirring at 2000 rpm.
Simultaneously, in a separate vial aqueous phase was heated to the same temperature as the
lipid phase. On attaining the temperature, the aqueous phase was added to the lipid phase drop
by drop with constant stirring to get a premix. This premix was homogenized at high speed
with T25 digital ultra-Turrax® (IKA®, USA) for 5 min at 24000 rpm to form a hot pre-
emulsion. The pre-emulsion was placed in a beaker of ice (to reduce charring caused by excess
heat) and then taken for probe sonication for 10 minutes at 40% amplitude with pulse 20sec on
and 10sec off. The emulsion thus obtained was allowed to cool to room temperature to form
CSA-SLN. Production parameters like different rpm for ultra-Turrax®, and different ratios of
lipid and surfactants in the formulation were also tested. Other parameters like mixing time
and probe sonication time were selected based on literature (Gokce et al. 2008).
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Table 1: Composition of Cyclosporine a loaded solid lipid nanoparticle and in-situ gel of solid lipid nanoparticles

Formulation Composition (%) w/v_ | CSA- SLN-C | CSA-SLN- P | CSA-SLN- 1G2 | CSA-SLN- IG3 | CSA-SLN- 1G4
Cyclosporine A 0.1 0.1 0.1 0.1 0.1
Compritol® 888 ATO 1.0 - - - -

Precirol ® ATO 5 - 1.0 1.0 1.0 1.0
Tween ® 80 0.5 0.5 0.5 0.5 0.5
Poloxamer 0.5 0.5 0.5 0.5 0.5
Gellan gum - - 0.2 0.3 0.4

Water gs 10 ml 10 ml 10 ml 10 ml 10 ml

Preparation of CSA-SLN-1G: CSA-SLN loaded in situ gels follows.

were prepared in the same way as CSA-SLN. The only
additional step was the addition of a gelling agent (Gellan
gum) to the aqueous phase after homogenization. The
composition of CSA-SLN-IG3 is given in table 3.

HPLC chromatographic conditions

A previously used high pressure liquid chromatography
(HPLC) method was used for analysis of CSA-SLN and CSA-
SLN-IG (Xu et al. 2013). HPLC system comprised of
Waters® e2695 equipped with column oven, in-line degasser,
auto sampler and PDI detector. The column used was
CsLuna® 5p (250 mm x 4.6 mm) and was protected by guard
column. The mobile phase comprised of Acetonitrile (ACN):
water: phosphoric acid (HsPO,) in ratio 75:25:0.1viviv
respectively. The column temperature was set at 60°C using a
column oven and the elution flow rate was 1ml/min. The
Detection wavelength was set at 210 nm and auto sampler
was maintained at 10°C.Injection volume for each sample was
10pL.

Results and Discussion

An mounting number of examinations are carried out using
live-cell imaging techniques to afford critical insight into the
essential nature of cellular and tissue meaning, especially due
to the rapid advances that are at this time being witnessed in
progress of the fluorescent protein and synthetic fluorophores.
Because of these advances, live-cell imaging has become a
vital analytical tool for the cell biologist, as well as a routine
methodology that is practiced in the wide ranging area of
neurobiology, developmental biology, pharmacology, and
numerous other associated biomedical investigate disciplines.
Among the most significant technical challenges for
performing triumphant live-cell imaging experiments is to
maintain the cells in a vigorous state and functioning
normally on the microscope point while being illuminated in
the existence of synthetic fluorophores and/or luminous
proteins. From the above discussions it is clear that in almost
all cases, live-cell microscopy represents a compromise
between achieving the best possible image quality and
preserving the health of the cells. Present instrumentation
enables the imaging of source of revenue specimens at high
signal-to-noise ratios using extremely low levels in incident
illumination and now stands as a powerful technique for the
analysis of molecular dynamics within cells. Sustained
advances in imaging techniques and fluorescent probe
propose enhance the power of this approach and ensure its
future as an important tool in modern biology. Technological
and conceptual advances in instrumentation are also likely to
push three- dimensional and chronological resolution to new
limits, as well as perfecting the modes of fluorescence
microscopy currently in use. The results in detail are as

Formulation development and optimization of CSA-SLNs:
The CSA-SLN composition was selected as per the reported
literature and slightly modified (Gokce et al. 2008). From the
results, it has been observed that Tween 80® helps in
reduction of aggregation as compared Poloxamer 188® alone
(Gokce et al. 2008) and hence, Tween® 80 was added to the
development of SLN. Tween® 80 and Poloxamer 188are non-
ionic surfactants and are known to be less toxic surfactant as
compared to cationic surfactants (Lallemand et al. 2012).
Also, Tween® 80 is known to be well-tolerated emulsifier.
The concentration of surfactants used in the CSA-SLN
formulation development was within the FDA Inactive
Ingredient Database (11G) system And Precirol® ATO5, the
later one gave smaller PS and PDI (Table 5) and thus
Precirol® ATO5 was selected as the lipid of interest.
Processing parameter like Ultra-Turrax® speed was fixed at
16,000 and 24,000 rpm for 5 minutes for pre-emulsion
preparation of the CSA-SLN. From the results, pre-emulsion
which were obtained at 24, 000 rpm showed better size
reduction as compared to 16,000 rpm (Table 3). Therefore,
24,000rpm for 5 minutes was selected for preparation of the
CSA- SLN. Other processing parameters like probe sonication
time and mixing time were optimized with slight
modifications from the earlier report.

The effect of lipid and surfactant concentrations on particle
size and PDI were studied. From the results, as the
concentration of lipid increases and surfactant decreases,
increase in particle size and PDI were observed (Table 7).
SLN prepared with 1%w/v of Precirol® ATOS5, 0.5%w/v of
Tween® 80, and0.5% w/v of Poloxamer 188 resulted in lower
PS and PDI and were selected for CSA-SLN development.
Table 2 shows the formulation composition for SLN and in-
situ gel. Drug load of 0.1% was fixed as it is the maximum
amount of drug load which shows a direct effect on dry eyes
reduction, increasing the drug load more than 0.1%w/v does
not increase the effect on treating DED.

Table 4: Effect of different lipids (Compritol® 888 ATO and
Precirol ® ATO 5) on Physical characteristics of Cyclosporine A
solid lipid nanoparticles (mean + SD, n=3)

Formulation | Size (nm) PDI Zeta (mV) | Assay (%)
CSA-SLN-C | 631+112.2 | 0.5+ 0.08 | -21+0.5 90.1+1
CSA-SLN-P | 121.20+52 |04+£0.04| -24+1 95 +0.5

Table 5: Effect of Ultra-Turrax® rpm on particle size and PDI
(mean + SD. n=3)

Ultra-Turrax® RPM Particle size(nm) + S.D PDI £S.D
16000 140.80 + 5.3 0.56 + 0.06
24000 121.20+5.2 0.4 +£0.04
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Table 6: Effect of lipid and surfactants concentration on physical
characteristics of CSA- SLN (mean £ SD, n=3)

Concentration (%) Physical characters
Precirol® | Poloxamer [Tween ® Particle size
ATO5 188 g0 |“SA  (nm) PDI
4.5 0.25 15 - 210+48 |05+£0.03
1 0.5 0.5 - 119+39 ]0.48+0.02
0.4 0.4 0.2 - 130+4.6 |0.60+0.05
1 0.5 0.5 01| 121.2+52 |0.4+0.04

Compatibility Studies - DSC

DSC studies were carried out to determine the purity,
crystalline behavior and interaction of the drug with physical
mixture. DSC thermograms of CSA, Precirol® ATO5 and
physical mixture of CSA with Precirol® ATO5 are showed in

http://www.thepharmajournal.com

Figure 1, 2 and 3 respectively. From the results, DSC
thermogram of CSA showed an endothermic peak at 130.34
°C, and confirming its crystalline nature. A sharp melting
point endothermic peak was observed for Precirol®ATOS at
56.6 °C in individual as well as in the physical mixture,
whereas a shift in melting point of CSA seen in thermograms
of CSA with lipid physical mixture. The shift of CSA in the
physical mixture and the short DSC peak for crystalline CSA
is in accordance with the literature (Guada et al. 2015). The
decrease in intensity of Precirol® ATOS5 peak in the physical
mixture is likely due to the decrease in the quantity of
Precirol® ATOSin the physical mixture (1:1:Precirol®
ATO5: CSA). Thus no interaction was found between the
CSA and Precirol® ATOS5 and thus they were compatible for
SLN development.
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Fig 1: DSC Thermogram for pure Cyclosporine A

Stability studies for CSA-SLN-1G

CSA-SLN-1G3 was found stable for one month at refrigerated
and room temperature conditions and no significant changes
were observed in the assay, viscosity, gelling time, in-vitro
gel residence time and pH. There was no physical separation
also observed.

Sterilization of CSA-SLN

Post- production stability of CSA-SLN-P and CSA-SLN-IG3
were tested by subjecting to autoclave. The formulations were
found to be stable until 30 days (last point tested) indicating
the potential for sterilization using autoclave method. The
sterilized formulations were evaluated for parameters like
assay, entrapment efficiency, particle size, PDI, ZP and
compared with the values before autoclaving. The results of
pre and post- autoclave of CSA-SLN-P are shown in Table 7.
Sterilization increased the particle size and decreased the PDI.
Similarly, CSA-SLN-IG was also stable during the autoclave
processing.

References

1. Xu Y. Prevalence and control of diabetes in Chinese
adults. The Journal of the American Medical
Association 2013;310(9):948-959.
Do0i:10.1001/jama.2013.168118. [PubMed]

[CrossRef] [Google Scholar]

2. Manaviat MR, Rashidi M, Afkhami-Ardekani M, Shoja
MR. Prevalence of dry eye syndrome and diabetic
retinopathy in type 2 diabetic patients. BMC
Ophthalmology 2008;8:10. Doi:  10.1186/1471-2415-8-
10. [PMC free article] [PubMed] [CrossRef] [Google
Scholar]

3. Dry eye syndrome, NICE CKS, September (UK access
only) 2012.

4. Seifart U, Strempel |. The dry eye and diabetes
mellitus. Ophthalmologe. 1994;91(2):235-239.
[PubMed] [Google Scholar]

5. Hom M., De Land P. Self-reported dry eyes and diabetic
history. Optometry 2006;77(11):554-558. doi:
10.1016/j.0ptm.2006.08.002. [PubMed]

[CrossRef] [Google Scholar]

6. Nepp J, Abela C, Polzer I, Derbolav A, Wedrich A. Is
there a correlation between the severity of diabetic
retinopathy and keratoconjunctivitis
sicca? Cornea 2000;19(4):487-491. doi:
10.1097/00003226-200007000-00017. [PubMed]
[CrossRef] [Google Scholar]

7. McKown RL, Wang N, Raab RW, et al. Lacritin and
other new proteins of the lacrimal functional
unit. Experimental Eye Research 2009;88(5):848-858.
d0i:10.1016/j.exer.2008.09.002. [PMC free
article] [PubMed] [CrossRef] [Google Scholar]

8. Rieger G. The importance of the precorneal tear film for
the quality of optical imaging. British Journal of
Ophthalmology 1992;76(3):157-158. doi:
10.1136/bjo.76.3.157. [PMC  free  article] [PubMed]
[CrossRef] [Google Scholar]

9. Lemp M. A. Advances in understanding and managing
dry eye disease. American Journal of
Ophthalmology 2008;146(3):350.e1-356.e1. doi:
10.1016/j.aj0.2008.05.016. [PubMed]

[CrossRef] [Google Scholar]

10. Research in dry eye: report of the Research
Subcommittee of the International Dry Eye WorkShop
(2007) The  Ocular  Surface 2007;5(2):179-193.
[PubMed] [Google Scholar]

11. Gekka M., Miyata K., Nagai Y., et al. Corneal epithelial
barrier function in diabetic

~491 7


http://www.thepharmajournal.com/

The Pharma Innovation Journal

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

patients. Cornea 2004;23(1):35-37. doi:
10.1097/00003226-200401000-00006. [PubMed]
[CrossRef] [Google Scholar]

Friend J, Kiorpes TC, Thoft R. A. Diabetes mellitus and
the rabbit corneal epithelium. Investigative
Ophthalmology and Visual Science 1981;21(2):317-
321. [PubMed] [Google Scholar]

Vaughan and Asbury's general ophthalmology, 17th
edition. Clinical and Experimental
Optometry 2008;91(6):577-577. doi: 10.1111/j.1444-
0938.2008.00309.x. [CrossRef] [Google Scholar]

Liu H, Sheng M, Liu Y, et al. Expression of SIRT1 and
oxidative stress in diabetic dry eye. International Journal
of Clinical and Experimental Pathology 2015;8(6):7644-
7653. [PMC free article] [PubMed] [Google Scholar]
Beckman K. A. Characterization of dry eye disease in
diabetic patients versus nondiabetic
patients. Cornea 2014;33(8):851-854. doi:
10.1097/ico0.0000000000000163. [PubMed]

[CrossRef] [Google Scholar]

Imam S, Elagin RB, Jaume JC. Diabetes-associated dry
eye syndrome in a new humanized transgenic model of
type 1 diabetes. Molecular Vision 2013;19:1259-1267.
[PMC free article] [PubMed] [Google Scholar]
Ramos-Remus C, Suarez-Almazor M, Russell AS. Low
tear production in patients with diabetes mellitus is not
due to Sjogren's syndrome. Clinical and Experimental
Rheumatology 1994;12(4):375-380. [PubMed] [Google
Scholar]

Tseng SCG, Hirst LW, Maumenee AE. Possible
mechanisms for the loss of goblet cells in mucin-deficient
disorders. Ophthalmology 1984;91(6):545-552. doi:
10.1016/S0161-6420(84)34251-8. [PubMed]

[CrossRef] [Google Scholar]

Nakata M, Okada Y, Kobata H, et al. Diabetes mellitus
suppresseshemodialysis-induced increases in tear fluid
secretion. BMC Research Notes 2014;7(1, article 78) doi:
10.1186/1756-0500-7-78. [PMC free article] [PubMed]
[CrossRef] [Google Scholar]

Hyndiuk RA, Kazarian EL, Schultz RO, Seideman S.
Neurotrophic corneal ulcers in diabetes mellitus.
Archives of Ophthalmology 1977;95(12):2193-2196. doi:
10.1001/archopht.1977.04450120099012. [PubMed]
[CrossRef] [Google Scholar]

Achtsidis V, Eleftheriadou |, Kozanidou E, et al. Dry eye
syndrome in subjects with diabetes and association with
neuropathy. Diabetes Care 2014;37(10):e210-e211. doi:
10.2337/dc14-0860. [PubMed] [CrossRef] [Google
Scholar]

Rolando M, Zierhut M. The ocular surface and tear film
and their dysfunction in dry eye disease. Survey of
Ophthalmology 2001;45(supplement 2):S203-S210. doi:
10.1016/s0039-6257(00)00203-4. [PubMed]

[CrossRef] [Google Scholar]

Goebbels M. Tear secretion and tear film function in

insulin  dependent diabetics. British Journal of
Ophthalmology 2000;84(1):19-21. doi:
10.1136/bjo.84.1.19. [PMC  free  article] [PubMed]

[CrossRef] [Google Scholar]

Dogru M, Katakami C, Inoue M. Tear function and
ocular surface changes in noninsulin-dependent diabetes
mellitus. Ophthalmology 2001;108(3):586-592. doi:
10.1016/S0161-6420(00)00599-6. [PubMed]

[CrossRef] [Google Scholar]

25.

26.

217.

28.

29.

30.

~4927

http://www.thepharmajournal.com

Misra SL, Patel DV, McGhee CNJ, et al. Peripheral
neuropathy and tear film dysfunction in type 1 diabetes
mellitus. Journal of Diabetes Research 2014;2014:6. doi:

10.1155/2014/848659.848659 [PMC free
article] [PubMed] [CrossRef] [Google Scholar]
Dias AC, Batista TM, Roma LP, et al. Insulin

replacement restores the vesicular secretory apparatus in
the diabetic rat lacrimal gland. Arquivos Brasileiros de
Oftalmologia 2015;78(3):158-163. doi: 10.5935/0004-
2749.20150041. [PubMed] [CrossRef] [Google Scholar]
Mobdulo CM, Jorge AG, Dias AC, et al. Influence of
insulin treatment on the lacrimal gland and ocular surface
of diabetic rats. Endocrine 2009;36(1):161-168. doi:
10.1007/s12020-009-9208-9. [PubMed]

[CrossRef] [Google Scholar]

Zhao Z, Liu J, Shi B, He S, Yao X, Willcox MDP.
Advanced glycation end product (AGE) modified

proteins in tears of diabetic patients. Molecular
Vision 2010;16:1576-1584. [PMC free
article] [PubMed] [Google Scholar]

Stevenson W. Dry eye disease. Archives of
Ophthalmology 2012;130(1):90-100. doi:
10.1001/archophthalmol.2011.364. [PMC free
article] [PubMed] [CrossRef] [Google Scholar]

Luo L, Li DQ, Corrales RM, Pflugfelder SC.
Hyperosmolar saline is a proinflammatory stress on the
mouse  ocular  surface. Eye and  Contact
Lens 2005;31(5):186-193. doi:

10.1097/01.icl.0000162759.79740.46. [PubMed]
[CrossRef] [Google Scholar


http://www.thepharmajournal.com/

