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Abstract

Type I Diabetes mellitus (DM) patient’s pancreas is not able to release sufficient
Keywords: amount of insulin. Insulin plays a key role in controlling blood glucose level.
Diabetic ketoacidosis, Generally, the primary outcome of Type | DM are to maintain the blood glucose
Bioavailability, Pain-free |evels in normal levels and prevention of Diabetic ketoacidosis (DKA) and the
drug delivery, Insulin secondary outcome is to prevent organ damage like Diabetic retinopathy, Diabetic
syringes, Insulin infusion neuropathy, Diabetic nephropathy, etc. Currently, there are distinct forms of insulin’s
pumps.. are available for subcutaneous (SC) administration. This includes Rapid-acting,

Intermediate-acting, Long-acting, and Short-acting. For SC administration of insulin,
there are different devices are available for administration of insulin, which includes
insulin syringes, insulin infusion pumps, jet injectors, pens and insulin patches. The
main objective of this study is to assess the safety and efficacy of SC administration
insulin and Microneedle-array insulin patches (MNAIPs). In this study, we have
conducted a systematic literature review of original articles and review articles. After
reviewing we were found the several advantages of MNAIPs. Comparing the SC
injections with MNAIPs having several advantages which include Good Safety and
Efficacy, Good Bioavailability, Pain-free delivery, Minimal skin trauma and lack of
bleeding. These advantages may enhance patient quality of life.

Introduction
External administration of Insulin plays a key role in controlling blood glucose levels in Type I DM patients and

selective individuals of Type II DM patients (1). Currently, different insulin delivery systems are available for insulin
administration in diabetic patients with different costs and efficacy, Which Includes insulin syringes, insulin infusion
pumps, jet injectors, pens and insulin patches (2). Insulin cannot be administered orally as it is severely degraded in
the Gastrointestinal tract (GIT) by the process of digestion (3).

Currently, the choice of insulin drug delivery system relies on the patient's economic status and health circumstances
are a higher challenge in healthcare practice. There are different barriers involved during the insulin prescribing,
administration like the discreetness of delivery, fear of injection, dosing of insulin and cost of insulin.

There are distinct forms of insulin’s are available for SC administration. This includes Rapid-acting, Intermediate-
acting, Long-acting, and Short-acting. Nowadays, several patients are experienced with adverse drugreactions (ADRS)
and side effects after SC administration of insulin, such as hypoglycemia, and Diabetic ketoacidosis (DKA) (4).

Microneedle-array Insulin patches [MNAIPs] are presently an experimental type of insulin delivery at an early point
of studies. MNAIPs are releasing insulin automatically into systemic circulation depending on blood glucose
concentrations through the SC path. According to prior studies, SC administration may trigger several ADRS
compared with MNAIPs (5).
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The main objective of this study is to assess the safety and efficacy and ADRs of SC administration insulin and
MNAIPs. In generally the safety and efficacy may affect the quality of life of diabetic patients.

Materials and methodology

In this study, we have conducted a systematic literature review of original articles and review articles. This study
mainly focused on the advantages and disadvantages of the SC administration of insulin and MNAIPs. These
advantages and disadvantages show the impact on safety and efficacy.

Results and discussion
After reviewing the previously published articles and databases, we found that various advantages and disadvantages
of insulin SC administration and MNAIPs. Generally, the primary outcome of type [ DM is to maintain the blood

glucose levels in normal levels and prevention of DKA and the secondary outcome is to prevent organ damage like
diabetic retinopathy and diabetic neuropathy, etc.

Cons of Subcutaneous Insulin Injections: -

» Smooth muscle cell proliferation: Frequent SC injection administrations may cause blood vessel
endothelial injury may occur. It leads to irregular smooth muscle cell proliferation may occur (6).

» Transmits the pathogens: -Repeated usage of insulin pens may have the probability of viral and bacterial
infections (7).

» The Burden of daily injections: - Daily SC administration can cause a heavy economic strain on the
patient. It is one of the causes of patient noncompliance (8).

» Physiological and psychological stress: - Daily subcutaneous insulin administration may trigger
physiological and psychological disturbance. It causes psychological modifications such as anxiety,
depression, mania, and schizophrenia. (9)

» Medication administration errors: -The patient should be aware of SC administration. Irrational drug
administration may cause drug deposition that may occur in the SC tissue of the skin. It leads to local
hypertrophy and lipid depositions may occur (10).

Pros of Subcutaneous Insulin Injections:-
Nowadays, SC insulin injections are easily available in all areas in different forms, at a reasonable cost

Cons of Microneedle array insulin patches:-
» Currently, this is not easily available and expensive.
> Patients need minimal training in their usage guidelines.
» MNAIPs are contraindicated in patients with psoriasis and dermatitis. These patients are extremely
susceptible to skin-hypersensitive responses.

Pros of Microneedle array insulin patches:-

Microneedle-array insulin patches automatically release insulin depending on blood glucose levels. The MNAIPs may
have fast response, ease of administration, excellent biocompatibility. The MNAIPs are having the Good
bioavailability, pain-free delivery, and minimal skin trauma, lack of bleeding, less introduction of pathogens.

Table: - 1 Gross comparison of insulin Subcutaneous injections Versus Microneedle array insulin patches.

Smooth muscle cell proliferation and muscular No cellular level and muscular level damage.
damage may occur.
Economical Burden of daily injections. There is no economic burden on patients.
It is a painful administration. It is Painless administration.
There is physiological and psychological stress orf  No physiological and psychological stress on
patients. Patients.

©lIndian JMedResPharmSci http://www.ijmprs.com/

(31]


http://www.ijmprs.com/

Open Access Journal

Indian Journal of Medical Research and Pharmaceutical Sciences

August 2019;6(8) ISSN: ISSN: 2349-5340
10.5281/zenodo0.3448296 Impact Factor: 4.054
High chances of transmission of blood-born Fewer chances of transmission of the pathogens.
Pathogens.
Insulin dose fluctuations may occur. MNAIPs release the insulin constantly. There is no
dose of fluctuations.
In some cases, Administration errors may occur. No Administration errors are reported in previous
studies.

Generally, two types of insulin Transdermal drug delivery systems are available. This includes insulin pump
patches & MNAIPs. Transdermal drug delivery was severely restricted by the failure of most drugs to enter the
skin at therapeutically helpful rates. For this reason, chemical penetration enhancer’s [CPE] may be used to
enhance the skin penetration of insulin through the skin while using insulin pump patches (11). While using the
MNAIPs there is no need to use the CPE because the microneedles are directly entered into the skin. These
microneedles directly release insulin into the skin. In MNAIPs the human recombinant insulin is encapsulated with
glucose-sensitive materials like glucose oxidase enzyme and hypoxia-sensitive Hyaluronic acid (HS-HA)
conjugated with 2-Nitroimidazole (12). These Glucose sensitive materials are highly sensitive to blood PH levels.
The concentrations of blood glucose have a significant influence on the acid-base balance. The insulin encapsulated
materials are easily oxidized under hyperglycemia conditions and then release the insulin directly into systemic
circulation depends on blood glucose levels. Therefore the MNAIPs are acting as an external pancreas it stores the
limited concentrations of insulin. It releases insulin continuously depends upon blood glucose levels. There are no
blood glucose fluctuations may occur in diabetic patients. According to previous surveys, the MNAIPs are the best
way to develop the treatment outcomes and prevent DKA.

There are distinct types of insulin’s available for SC insulin administration, including quick-acting insulin, regular
short-acting insulin, and long-acting and medium-acting insulin, ultra Long-acting insulin. According to previous
studies, the subcutaneous administrations of insulin may cause the dose fluctuations that may occur and selection of
a type of insulin and the number of units depends on patient demographics and blood glucose levels. In most clinical
trials the researchers have proved too large fluctuations in insulin levels in diabetic patients. So finally the majority
of the clinical trial studies of insulin SC administration are proved to be less safety and efficacy compared with the
MNAIPs (12).

Conclusion

The Above review concluded that MNAIPs are loaded with human recombinant insulin and which can easily release
the sufficient amount insulin into systemic circulation through the SC layer by creating the micro-channels using
touch-actuated ‘press and release’ actions depend upon blood glucose levels in the body without pain. The MNAIPs
are having good safety and efficacy compared with the insulin subcutaneous injections, Regardless of availability
and cost.

References

1. Freeland Barbara, Farber, Margo S. "A Review of Insulin for the Treatment of Diabetes Mellitus". Home
Health Care Now, pp. 416-423, 2014.

2. Rima B. Shahl, Manhar Patel2, David M3, et al. "Insulin delivery methods: Past, present, and future".
International Journal of pharmaceutical investigation, pp. 1-9, 2016.

3. Shivanand*, Pandey. "Non-Invasive Insulin Delivery Systems: Challenges and Needs for Improvement".
International Journal of PharmTech Research, pp. 603-614, 2010.

4. Boudiba Al, Arouj M2, Robertson LI3, et al. "Effectiveness and safety of basal-bolus therapy (insulin
glargine+insulin glulisine) in patients with type 1 diabetes previously uncontrolled on any insulin regimen:
multinational phase-1V study". Diabetes Management, pp. 159-169, 2017.

5. Jackson, Adrianna." Microneedle-Array Patches: An Innovative Way to Treat Type 2 Diabetes". Diabetes
In Control, 2018.

6. Montserat Cruzado, Norma Risler, Claudia castho."The proliferative effect of insulin on smooth muscle
cells of rat mesenteric resistance". American Journal of Hypertension, pp. 54-58. 1998.

©Indian JMedResPharmSci http://www.ijmprs.com/
(32]



http://www.ijmprs.com/

Open Access Journal

Indian Journal of Medical Research and Pharmaceutical Sciences

August 2019;6(8) ISSN: ISSN: 2349-5340
10.5281/zenodo.3448296 Impact Factor: 4.054
7. L.simonsenl, A kane, Lloyd. "Unsafe injections in the developing world and transmission of bloodborne

8.

10.

11.

12.

pathogens; a review". A world health organization, 1999.

S.Roze, J.smith-Palmer, W. valentine. " Cost-effectiveness of continuous subcutaneous insulin infusion
versus multiple daily injections of insulin in Type 1 diabetes: a systematic review". Diabetic medicine,
2015.

Friedrich W. Kemmer, M.D., Rolf Bisping, Ph.D. Steingruber, Ph.D., et al. "Psychological Stress and
Metabolic Control in Patients with Type | Diabetes Mellitus". New England journal of medicine, pp.1078-
1084, 1986.

M G Gnanalingham, P Newland, C P Smith. ".Accuracy and reproducibility of low dose insulin
administration using pen-injectors and syringes. BMJ, pp. 59-62,1998.

Omanthanu Pillail, Ramesh Panchgunla2." Transdermal delivery of insulin from poloxamer gel: ex vivo
and in vivo skin permeation studies in rat using iontophoresis and chemical enhancers”. Journal of
controlled release., pp. 127-140, 2003.

Jicheng Yul, Yuoi Zhang2, Yanqgi Xe3, et al. "Microneedle Array Patches Loaded With Hypoxia Sensitive
Vesicles Provide Fast Glucose Response Insulin Delivery”. PNAS, pp. 8260-8265, 2015.

Author Bibliography

Dr. Harinatha Reddy Jolapuram.

Designation: scientific writer

Company: Global pharma Tek

Educational qualification: Doctor of pharmacy

Email: harinath@globalpharmatek.com

Phone:6303795370

Address: Global pharmatek LLC, Uptown cyber building, Hyderabad, 500081.

Dimple Bhagyasree Chandu.

Designation: scientific writer

Company: Global pharma Tek

Educational Qualification: Bachelor of pharmacy

Email: dimple@globalpharmatek.com

Phone:7093248421

Address: Global pharmatek LLC, Uptown cyber building, Hyderabad, 500081.

Sowmya Mula.

Designation: scientific writer

Company: Global pharma Tek

Educational qualification: Masters in pharmacy

Email: soumya@globalpharmatek.com.

Phone: 9989849790

Address: Global pharmatek LLC, Uptown cyber building, Hyderabad, 500081.

©Indian JMedResPharmSci http://www.ijmprs.com/

(33]



http://www.ijmprs.com/
mailto:harinath@globalpharmatek.com
mailto:dimple@globalpharmatek.com
mailto:soumya@globalpharmatek.com

