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ABSTRACT

Diabetes mellitus is the chronic pathogenic condition which is primarily due to inadequate insulin secretion and is
responsible for major healthcare problems worldwide cost billions of dollars annually. For more than 84 years of
time, Insulin replacement therapy had been used to manage to overcome the complications and this present review is
based on the various routes of insulin delivery based on its safety and efficacy. Depending upon the effective duration
of action, insulin activity varies from 1.5 to 27 hours and to reduce insulin burden, now a days it can be delivered in
sensor-augmented pump therapy, various types of insulin Pen as well as routes like inhalation, colonic insulin, buccal,
intra- peritonea and ocular, rectal, vaginal delivery of insulin etc. had been added to it. This review examines some of
the recent proposals for various routes of application of Insulin delivery system along with the particular attention to

its latest intervention of novel drug delivery system.
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INTRODUCTION

Insulin is the hormone responsible for serious pathogenic
issues like diabetes mellitus-which have turned out to be
a global issue worldwide in developed as well as
developing country.® Absence or low level of insulin
causes less reuptake of glucose in most of the body cells
as well as responsible for signal controlling to other body
systems.? Risk factors associated with diabetes are
lifestyle change, insulin resistance, generalized obesity
etc. which may be responsible for multiple damages like
neuropathy, vasculopathy etc.® Subcutaneous routes of
insulin delivery having number of disadvantages like
itching, allergic reactions, local pain etc. and in order to
overcome the scenario, insulin delivery routes has been
extended to oral, trans-dermal, nasal, rectal, pulmonary,
and implants as well.*7

HISTORICAL BACKGROUND, STRUCTURE AND
ANALOGUES OF INSULIN

Diabetes word was derived from the Greek word
‘Siphon’ and in early nineteenth century, it was to be
believed that diabetes mellitus is the malfunction of
digestive system associated with pancreas as well as
according to the hypothesis, it is also associated with
controlled carbohydrate metabolism.%° Life expectancy
of children with diabetes mellitus was short and the
prognosis for the adult onset diabetes was very poor, but
the above diet allowed them to live for some years.®
Initially insulin was prepared from extracts of Islet cells
and was not successful due to the purity issue, but later it
was proved to be a successful research and Banting was
awarded Nobel prize in physiology of medicine in 1923.1!
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INSULIN ANALOGUES AND USES

Insulin is the protein formed of with chains of amino
acids known as A Chain (21 amino acid residues), B
Chain (30 amino acid residues) and C chain connects A
and B is liberated along with insulin after the break down
of Pro-insulin. Monomers of insulin have the tendency to
form dimmers and hexamers.*>2 Insulin is basically
synthesized from B-cell of pancreas-in the form of pre-
courser named Pre-pro-insulin and genes responsible for
the same is found at chromosome 11-which is close to the
factor IGF2.1 Pro-insulin with a C chain is transported
into Golgi apparatus by micro-vesicles and is released by
the action of pro-hormone convertase 2 and 3 and
carboxy peptidase, the conversion of pro-insulin to
insulin continues in maturing granules.*®

The most recent rapid-acting insulin analogue was insulin
glulisine-which was launched on 2004 and here
asparagine was replaced by lysine at position 3 and lysine
was replaced by glutamic acid at position 29. Its action
was found to be same as that of the insulin lispro.t>
Insulin glargine was found to be the first long-acting
man-made version of human insulin analogue. Here
chain-A the asparagine is replaced by glycine at 21
position and chain-B is elongated by addition of 2
arginine residues at the carboxy terminus. It basically
works by replacing the insulin produced normally in body
and helps to move sugar from the blood into other tissues
as well as its action stops the liver from producing excess
amount of sugar.'®® Insulin aspart is the rapid acting
insulin where proline amino acid had been replaced with
the charged Aspartic acid amino acid at the position of
28. These changes can reduce the self-aggregation
tendency and action time of the product and can be used
as the treatment of hyperglycaemia type 1 and type 2.20%
Insulin detemir showed prolonged pharmacodynamics
action due to binding of the reversible albumin at the
injection site and it can be distinguished easily by the
process of acylation from myristic acid to lysine residue
at position 29 and lastly by deletion of threonine at
position 30 of the B-chain.?2?® Short acting insulin /
regular having the onset of action 30-60 minutes after
subcutaneous injections and effective duration s
approximately 6-8 hours whereas onset of action for
intermediate acting insulin (Isophane) are 2-4 hours and
its effective duration is 10-16 hours and duration for long
acting insulin like ultralente is around 24-28 hours.?*

Insulin and its analogues are used for the purpose of
maintaining of blood glucose, wound healing, common
parenteral nutrition solution, as an anti-ageing agent, in
some cases for cell culture and organ preservation,
prevention of septic shock etc.2>34

INSULIN DELIVERY: GENERAL TO NOVEL
APPROACHES

Subcutaneous routes of insulin delivery was established
in the early 19" century (design was known as ‘I-Port’)

which was the first device to combine an injection port
and an inserter in one complete set that eliminates the
need for multiple injections without having to puncture
the skin for each dose and the device was helpful for the
insulin requiring patients having needle phobia and helps
them to achieve glycemic control effectively.®> After that
insulin pen was discovered which was less painful,
convenient delivery and a reusable device and can be
combined with vials and syringes easily.*® Insulin pump
therapy was discovered in 1976 and it was used as a
substitute of long acting insulin; the device can be used to
deliver variable amount of insulin to the patient even just
after consumption of meals."* Threshold suspend pump
added another wing to the conventional insulin delivery
system, here a glucose sensor was introduced with the
insulin pump therapy and automatic suspension of insulin
delivery occurs when a present sensor glucose threshold
is reached to mitigate hypoglycaemia. Threshold suspend
(TS) system can reduce severity of nocturnal
hypoglycaemia by 30-40% and it has the ability to reduce
hypoglycaemia duration; the system suspends the
delivery of insulin for up to 2hours, if patient does not
take action with a low glucose alarm.3940

Novel approaches in comparison to the common
approaches of insulin delivery includes: Inhaled insulin
delivery, Oral, colonic, Nasal, Buccal, Transdermal,
Intra-peritoneal, ocular, rectal, Vaginal delivery etc.

Inhaled insulin

Inhaled or pulmonary routes of insulin are basically
recombinant insulin in the powdered form: delivered
directly to the lungs with the help of an inhaler which
may be used as a substitute to the subcutaneous insulin
delivery and appears to be effective, well tolerated and
well accepted in patients.** Inhaled insulin (i.e. Exubera:
launched in 2006, Afrezza: launched in 2014) was
advantageous due to its immense capacity for solute
exchange, thin diffusion barrier and absence of some
peptides of GIT which are responsible for the destruction
of oral insulin. On the other hand, inhaled insulin has the
tendency to increase risk of Respiratory infections,
pharyngitis etc.*243

Oral insulin

In comparison to other routes, oral routes are the most
preferred, suitable and patient friendly and having some
advantages like as higher compliance, greater
convenience, and reduced risk of cross infection and
needle stick injuries.** There are three possible
approaches in order to overcome the problems regarding
the oral insulin delivery: physico-chemical properties of
the insulin, for example, lipophilicity; cross-linking with
macromolecules; use of carrier systems. Novel methods
of Oral insulin delivery include liposome, microsphere,
nanoparticle, mouth dissolving strips, sprays exploiting
oral and pulmonary route.’® These next generation
efficient therapies may help to improve the quality of life
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of diabetic patients especially in insulin dependent
diabetes Mellitus.4®

Colonic insulin delivery

The major obstacles for colonic insulin delivery are the
absorption and degradation pathways in the upper
gastrointestinal tract. However, a successfully designed
colon-targeted system can overcome these obstacles and
has proven quite valuable in a variety of disorders and the
significance of this site-specific drug delivery system can
be measured by its usefulness for delivering a variety of
therapeutic agents, both for the treatment of local
diseases or for systemic therapies. Oral delivery systems
intended for colonic release of insulin were devised
according to microflora-dependent, pH-dependent and
time-dependent strategies.*”48

Nasal delivery

Theoretically, intranasal delivery has several advantages
over oral (bypass Gl peptidases), subcutaneous (non-
invasive and painless) and inhalation route (no issue with
lung function) which makes this route attractive for the
delivery of insulin which can lead to a better patient
compliance.*® Some limitations of this route includes
rapid mucociliary clearance of the drug from the site of
deposition resulting in short time span available for
absorption and low permeability of the nasal membrane
for peptides.>®

Ocular delivery

Insulin can also be instilled into eyes as eye drops which
are non-invasive and relatively convenient which allows
rapid systemic absorption because of bypassing the GIT
and liver. Nasal meatus is the site where the systemic
absorption of instilled drug majorly takes place, although
some absorption takes place from the conjunctival sac
and further research is going on regarding ocular delivery
of insulin.5%52

Rectal delivery

In absence of absorption enhancers, bioavailability of
therapeutic peptides and proteins through rectal
administration is less than that achieved by intramuscular,
intravenous or subcutaneous administration.® Thus
absorption enhancers are used and sodium salicylate is
proved effective in enhancing the rectal absorption of
insulin in humans. Insulin suppositories could control the
postprandial glycaemia in a more physiological manner
than conventional insulin therapy because substantial
amounts of insulin absorbed from the rectum enter
directly into the portal vein.>*

Buccal insulin

Buccal delivery of insulin involves aerosol delivery of the
drug into the oral cavity, after which absorption occurs

through the inner surfaces and reaches to the systemic
circulation by placing the buccal formulation inside the
mouth. Buccal and sublingual insulin administration
provide better results due to the low levels of proteolytic
enzyme activity, high vascularization of the tissue, large
surface area for absorption and ease of administration.*8%°
Drug delivery via the Buccal mucosa has a number of
advantages, such as Pre-systemic metabolism in the Gl
and liver can be avoided; relatively large surface for
absorption (100-200 cm?); level of vascularization is very
high in some areas; weak variations of pH etc.% But also,
a number of drawbacks are promoting absorption from
the Buccal mucosa is a challenge, great variations of
permeability among the different areas of the oral mucosa
exists, sublingual area is thin and non-keratinized (highly
permeable), cheek mucosa is thicker and non-keratinized
(fairly permeable) and palate is thin epithelium but highly
keratinized, negligible permeability.5®

Transdermal insulin delivery

Passive transdermal delivery systems are incapable of
delivering large molecule formulations (insulin) whereas
active transdermal delivery systems are capable of
delivering proteins and other large molecule formulations
through the skin and into the bloodstream. Skin’s primary
role is to provide protection against infection and
physical damage due to which it also prevents many
pharmaceutical compounds from crossing into the
bloodstream as well as absorption of useful amounts of
insulin. To overcome this defence, both passive and
active drug transport across the skin (transdermal) barrier
are being developed. Characteristics of transdermal
insulin drug delivery system are: It gives passive delivery
of insulin; patch, cream, and spray forms can be used;
and it requires a day to diffuse through skin and to have
systemic effect.5> Various approaches have been
studied to increase transdermal delivery of insulin,
including the wuse of chemical enhancers and
iontophoresis, liposomes, ultrasound, thermal ablation
and micro-needles. Transdermal systems designed to
prevent insulin degradation and offer controlled sustained
release of insulin. A challenge for transdermal insulin
delivery is the inefficient passive insulin absorption
through the skin due to the large molecular weight of the
protein drug.>8%°

Vaginal route

According to the literature review, attempts were made
with lyso-phosphatidylcholine-containing insulin as an
aqueous solution and as lyophilized powder with bio-
adhesive starch microspheres administered intra-
vaginally to sheep.5? According to Golomb et al insulin
has been administered through intrauterine delivery in
rats and found to be absorbed in a biologically active
form in the uteruses of rats. He described the absorption
and the systemic biological effect of peptide drugs after
instillation into the uterus of the rat. The purpose of this
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investigation was to first screen for potential
effectiveness several gels as insulin delivery systems and
to select one promising dosage form as candidate for
further evaluation in rabbits and man.5®% Further
research is going on regarding the vaginal route of insulin
delivery in future.

Intra-peritoneal insulin delivery

Intraperitoneal (IP) insulin delivery is a promising
alternative to the conventional subcutaneous route and
delivering insulin to the Intra-peritoneal space results in
faster pharmacokinetics or pharmacodynamics, hence it
could be easier for an artificial pancreas controller to
quickly respond to glycaemic disturbances. The
advantages of Intra-peritoneal insulin administration
include a more physiologic effect of insulin in patients
with diabetic nephropathy during CAPD or IPD treatment
and disadvantages include a high insulin requirement in
intra-peritoneal insulin administration which depends on
dilution effect and in particular on insulin binding to the
surface of the dialysis fluid reservoir.

DISCUSSION

The ultimate of for the treatment of DM should either be
transplantation of some kind of B cells of pancreas or by
correction of some genetic sequences.®26* Emphasis must
be given to prevent or delay the disease which may be
somehow related to lifestyle modifications.5 The current
insulin therapy involves multiple daily subcutaneous
injections which is really a heavy burden on patients and
has prompted interest in developing alternative. It has
been found that, despite of theoretical superiority, insulin
analogues are having more efficacies as well as cost
effective in comparison to normal insulin.®> Modern
science and technology have made high-quality insulin
products and designed delivery systems that have
benefitted more than 15 million diabetics; researchers are
also investigating several non-invasive routes for insulin
delivery and the most promising approaches must be
consolidated and converted to a working protocol.

There should be a new millennium with full of promises
of revolutionary changes in the delivery of insulin, which
can’t come too soon for the billions of sufferers who are
reliant on subcutaneous administration.

ACKNOWLEDGEMENTS

Author would like to Apeejay Stya University and All
India Institute of Medical Sciences for their constant
support.

Funding: No funding sources
Conflict of interest: None declared
Ethical approval: Note required

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Tabakha Al, Arida Al. Recent challenges in insulin
delivery systems: A review. Indian J. Pharm Sci.
2008;70:278-86.

Varshney HM, Rajnish K, Shailender M. Novel
Approaches for Insulin Delivery: Current Status.
International J Therap Applic. 2012;7:25-31.
Diabetes - Fact Sheet No. 312: World Health
Organization; 2013. Available at:
https://www.endo.theclinics.com/article/S0889-
8529(13)00037-6/abstract#back-bibl. Accessed on
25 June 2013.

Chen MC, Sonaje K, Chen KJ, Sung HW. A review
of the prospects for polymeric nanoparticle platforms
in oral insulin delivery. Biomaterials. 2011;32:9826-
38.

Arbit E. The physiological rationale for oral insulin
administration. Diabetes Technol Ther. 2004;6:510-
17.

Bargman JM. Intraperitoneal versus subcutaneous
insulin in patients on nighttime IPD.Adv Perit Dial.
1994;10:116-9.

Chin RL, Martinez R, Garmel G. Gas gangrene from
subcutaneous insulin administration. Am J Emerg
Med. 1993;11:622-5.

Gemmil CL. The Greek concept of diabetes. Bull N
Y Acad Med. 1972;48:1033-6.

Bliss M. The history of insulin. Diabetes Care.
1993;16(3):4-7.

Uianzon CC, Cheikh I. History of Insulin. J Commu
Hospital Internal Med Pers 2012;2(2):1-3.

Joshi SR, Parikh RM, Das AK. Insulin History,
Biochemistry, Physiology and Pharmacology.
Supplement Japi. 2007;55:19-25.

Shashank RJ, Rakesh MP, Das AK. Insulin History,
Biochemistry, Physiology and Pharmacology.
Supplement Japi.2007;55:19-25.

Bell GI, Picket RL, Rutter WJ. Sequence of the
human insulin gene. Nature. 1980;284:26-32.

Bliss M. The discovery of Insulin, Chicago:
University of Chicago. Press, 1982.

Eckardt K, Eckel J.Insulin analogues: action profiles
beyond glycaemic control. Arch Physiol Biochem.
2008;114(1):45-153.

Becker RHA. Insulin glulisine complementing basal
insulin: a review of structure and activity. Diabetes
Technol Therap.2007;9(1):109-21.

Garnock-Jones KP, Plosker GL. Insulin glulisine: a
review of its use in the management of diabetes
mellitus. 2009;69(8):1035-57.

Hagenmeyer EG, Schadlich PK, Koster AD, Dippel
FW, Haussler B. Quality of life and treatment
satisfaction in patients being treated with long-acting
insulin  analogues. Deutsche  Medizinische
Wochenschrift. 2009;134(12):565-70.

Elrishi MA, Jarvis J, Khunti K, Davies MJ. Insulin
glargine and its role in glycaemic management of
Type 2 diabetes. Expert Opinion on Drug
Metabolism and Toxicology. 2008;4(8):1099-110.

International Journal of Advances in Medicine | October 2020 | Vol 7 | Issue 10 Page 1600



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Roy L et al. Int J Adv Med. 2020 Oct;7(10):1597-1602

Chapman TM, Noble S, Goa K. Spotlight on insulin
aspart in type 1 and 2 diabetes mellitus. Treat
Endocrino. 2003;2(1):71-6.

Vasiliki V. Therapeutics of Diabetes Mellitus: Focus
on Insulin Analogues and Insulin pumps. J Diabetes
Res. 2010;1-14.

Hagenmeyer EG, Schadlich PK, Koster AD, Dippel
FW, Haussler B. Quality of life and treatment
satisfaction in patients being treated with long-acting
insulin ~ analogues. Deutsche  Medizinische
Wochenschrift. 2009;134(12):565-70.

Morales J. Defining the role of insulin detemir in
basal insulin therapy. Drugs. 2007;67(17):2557-84.
Jacob S, Morsy MA, Nair A. A Overview on the
Insulin Preparations and Devices. Indian J Pharmac
Edu Res. 2018;52(4): 550-57.

Greenway SE, Filler LE, Greenway FL. Topical
insulin in wound healing: a randomised, double-
blind, placebo-controlled trial. J Wound Care.
1999;8:526-8.

Zhang XJ, Wu X, Wolf SE, Hawkins HK, Chinkes
DL, Wolfe RR. Local insulin-zinc injection
accelerates skin donor site wound healing. J Surg
Res. 2007;142:90-6.

Mirtallo J, Canada T, Johnson D, Kumpf V, Petersen
C, Sacks G. Special report: safe practices for
parenteral nutrition. JPEN J Parenter Enteral Nutr.
2004;28:39-70.

Scheen AJ. Diabetes mellitus in the elderly: insulin
resistance and/or impaired insulin secretion?
Diabetes Metab. 2005;31(1):27-34.

Donati A, Cavallini G, Carresi C, Gori Z, Parentini I,
Bergamini E. Anti-aging effects of anti-lipolytic
drugs. Exp Gerontol. 2004;39:1061-67.

Hayashi |, Larner J, Sato G. Hormonal growth
control of cells in culture. Cell Dev Biol.
1978;14:23-30.

Guiberta EE, Petrenkob AY, Balabana CL, Somovb
AY, Rodrigueza JV, Fullerc BJ. Organ preservation;
current concepts and new strategies for the next
decade. Transfus Med Hemother. 2011;38:125-42.
Annane D, Bellissant E, Cavaillon JM. Septic shock.
Lancet. 2005;365:63-78.

Das UN. Critical advances in septicemia and septic
shock. Crit Care. 2000;4:290-4.

McCowen KC, Malhotra A, Bistrian BR. Stress-
induced hyperglycemia. Crit Care Clin. 2001;17:107-
24,

Fry A. Insulin delivery device technology 2012:
Where are we after 90 years? J Diabetes Sci Technol.
2012;6:947-53.

Selam JL. Evolution of diabetes insulin delivery
devices. J diabetes Sci Technol. 2010;4:505-13.
Saboo BD, Talaviya PA. Continuous Subcutaneous
Insulin Infusion: practical issues. Indian J Endocrinol
Metabol. 2012;259-62.

Neville KA, Ross LJ. Continuous Subcutaneous
Insulin Infusion versus Multiple Daily Injections for
Type 1 Diabetes. J Paedia and Child Health.
2019;55(6):718-22.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Brazg RL, Bailey TS, Garg S, Buckingham BA,
Slover RH, Klonoff DC. The ASPIRE study: Design
and methods of an in-clinic crossover trial on the
efficacy of automatic insulin pump suspension in
exercise-induced hypoglycemia. J Diabetes Sci
Technol. 2011;5:1466-71.

Bergenstal RM, Klonoff DC, Garg SK, Bode BW,
Meredith M, Slover RH et al. Threshold- Based
Insulin-pump  Interruption  for  Reduction of
Hypoglycemia. New Eng J Med. 2013;369:224-32.
Brashier DBS, Khadka A, Anantharamu T, Sharma
AK, Gupta AK, Sharma S, Dahiya NK. Inhaled
Insulin: A puff than a shot before meals. J Pharmacol
Pharmacotherap. 2015;6:126-129.

Gowtham T, Rafi K, Gopi CK, Nagasaraswati M.
Facts on inhaled insulin. J App Pharmacea Sci.
2011;18-23.

Mohanty RR, Das S. Inhaled Insulin Current
Direction of Insulin Research. J Clin Diagnostic Res.
2017:01-02.

Fonte P, Araujo F, Reis S, Sarmento B. Oral Insulin
Delivery: How Far Are We? J Diabetes Sci Technol.
2013;7:520-31.

Aminabhavi TM. Oral Insulin Therapy for Diabetic
Treatment. J Pharmace care Health. 2014;1(4):1-2.
Arbit E, Kidron M. Oral Insulin Delivery in a
Physiologic Context: Review. J Diabetes Sci
Technol. 2017;11(4):825-32.

Nicholas ME, Panaganti S, Prabakaran L, Jayveera
KN. Novel Colon Specific Drug Delivery System: A
Review. Int J Pharmace Sci Res. 2011;2(10):2545-
61.

Rahman SK, Kawatra P. Insulin delivery: what is
new in the queue? Int J Basic Clin Pharmacol.
2016;6:229-33.

Illum L. Nasal drug delivery Recent developments
and future prospects. J Controll Release.
2012;161(2):254-63.

Shah RB, Patel M, Maahs DM, Shah VN. Insulin
delivery methods: Past, Present and Future. Int J
Pharmace Investi. 2016;6(1):1-9.

Lee YC, Yalkowsky SH, Pahala S, Pinsuwan S.
Review on the systemic delivery of insulin via the
ocular route. Int J Pharmacueu. 2002;233:1-18.
Bartlett JD, Henson AT, Atchison JA, Woolley TW,
Pillion DJ. Insulin Administration to the Eyes of
Normoglycemic Human Volunteers. J ocular
pharmacol and therapeutics. 2009;10(4):15-21.
Shichiri M. Increase intestinal absorption of insulin:
an insulin suppository J Pharmacy Pharmacol.
1978;30(12):806-8.

Sindhu A, Bharath S, Furtado S, Deveswaran R,
Basavaraj BV. Development and advances in insulin
delivery. S Afr Pharm J. 2011;78(6):32-7.

Bargman JM. Intraperitoneal versus subcutaneous
insulin in patients on nighttime IPD. Adv Perit Dial.
1994;10: 116-9.

Kumria R, Goomber G. Emerging trends in insulin
delivery. J Diabetol. 2011;2(2):5-10.

International Journal of Advances in Medicine | October 2020 | Vol 7 | Issue 10 Page 1601



57.

58.

59.

60.

61.

Roy L et al. Int J Adv Med. 2020 Oct;7(10):1597-1602

Ching L, Gupta M. Transdermal drug delivery
systems in diabetes management: A review. Asian J
Pharmaceutical Scie. 2020;15:13-25.

Darvishha S, Amiri S. (Trans)dermal insulin delivery
based on polymeric systems. Int J Polymeric
Materials Polymeric Biomaterials.
2019;68(18):1118-32.

Hultstrom M, Roxhed N, Nordquist L. Intradermal
Insulin Delivery: A Promising Future for Diabetes
Management. J Diabetes Sci Technol.
2014:8(3):453-7.

Schade DS, Eaton PR, Fruedman NM, Spencer WJ.
five - Day programmed Intraperitoneal Insulin
Delivery in Insulin Dependent Diabetic Man’; The
Journal of Clinical Endocrinology and Metabolism.
1981;52(6):1165-70.

Dijk PRV, Logtenber SJJ, Chisalita SI, Hedman CA,
Groenier KH, Gans ROB et al. Different Effects of
Intraperitoneal and Subcutaneous Insulin
Administration on the GH-IGH-1 Axis in Type 1
Diabetes. J Clin Endocrinol Metabol.
2016;101(6):2493-501.

62.

63.

64.

65.

Desai TA, West T, Cohen M, Boiarski T,
Rampersaud A. Nanoporous microsystems for islet
cell replacement. Adv Drug Deliv Rev.
2004;56:1661-73.

Sekigami T, Shimoda S, Nishida K, Matsuo Y,
Ichimori S, Ichinose K. Comparison between closed-
loop portal and peripheral venous insulin delivery
systems for an artificial endocrine pancreas. J Artif
Organs. 2004;7:91-100.

Green A, Christian HN, Pramming SK. The
changing world demography of type 2 diabetes.
Diabetes Metab Res Rev. 2003;19:3-7.

Yadav S, Parakh A. Insulin Therapy. Indian Pediatr.
2006;43(10):863-72.

Cite this article as: Roy L, Bhattacharjee M.
Overview of novel routes of insulin: current status.

Int J Adv Med 2020;7:1597-602.

International Journal of Advances in Medicine | October 2020 | Vol 7 | Issue 10 Page 1602



