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Abstract

In recent years, microneedle-based (MN-based) diabetes devices have advanced significantly for wearable
biosensors and continuous glucose monitoring. These devices utilize interstitial fluid (ISF) as a biomarker
source to diagnose diabetes. While early work focused on ISF extraction, current research trends are geared
towards developing in vivo glucose sensors with optical or electrochemical instrumentation. This article
highlights the essential characteristics of sensing mechanisms, rational design, sensing properties, and
applications of MN-based sensors. It also discusses the challenges and prospects of optical and electrochemical
MN-based device platforms for the fabrication of wearable biosensors and their application potential in the
future.
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1. Introduction

Diabetes Mellitus and its Treatment Diabetes
mellitus, a hormonal disorder, influences glucose
metabolic process. Diabetes mellitus occurs
because of two things pancreas will no longer
create ample insulin or as quickly as the human
anatomy cannot correctly make use of the insulin.

Among one of thefournon communicable
conditions, diabetes has been found is
an imperative health issue.The incidence of
diabetic troubles being doubled in

the closing decades. Globally, as per the estimation
in 2014, spherical 422 million population got
affected by Diabetes mellitus it was 108 million
into the 1980 year. Over the many years which can
be previous diabetes incidence has
been susceptible to influencing plenty larger in
reasonable- and middle-income countries than in
high-income nations. It's estimated that by means
ofway of 2025, there will be>572
million stipulations of diabetes mellitus. Diabetes
is generally categories into two sorts: Type 1
diabetes and Type two diabetes. The coping with of
Type 1 diabetes depends upon in most instances on
insulin, whereas the administration of Type two
diabetes isin  particularthe  use  of oral
hypoglycaemic. Diabetes can cause many
comorbid problems.Uncontrolled diabetic issues in
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maternity can lead to severe problems and fatal
too.Presently, there are a lot of vary of insulin
preparations. Which has different onset of action
and duration (1). Gastrointestinal and nasal
administration of insulin  wasn't best due to
the truth that it inactivated into gastrointestinal
tract.Nevertheless, insulin inhalers had been
licensed and developed.[2] But it might get
deposited in the intra-alveolar areas and may
additionally desireto  drop  the  pulmonary
functions. Creation of insulin
in natural shape is notably tedious and  tough
[2]There is not enough compliance in injectable as
well as to oral route drug have truly led the
researchers to begin study about nearer to
transdermal route of insulin administration. The

assessment enlightens  the  transdermal path of
insulin transport to the stratum
corneum through microneedle (MN)-based
technology.

The Skin: A Mode for Drug Delivery

Actual buffer and a receiver of peripheral stimuli
are the two fundamental elements of your skin,
which will be especially divided in to three levels:
the  epidermis, dermis, and hypodermis
orsubcutaneous muscle, as described in [Figure 1].
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Figure 1:- Anatomy of the skin

The stage that is outermost of pores and pores and
skin ought to be the epidermis, which can be about
100-um dense and generally is made up of buffer

component; stratum corneum that contains
stacked dead cells, that
are continually modified thru brand-new

cells normal inner the basal layer.

The core dermis comprises follicles of hair, sweat
gland, and blood vessels which are linked with the
aid of nerve endings. The hypodermis consists of
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an structure that is adipose, which helps in thermal
insulation that is definitely about 1-mm thick.

The Transdermal Drug Delivery System

Transdermal Drug Delivery is a process where drug
is transported into dermal layer for systemic
circulation. It used to
be moreover viewed that spherical 74% of drug
administered orally are no longer as sturdy as
required for treatment.[3] Transdermal medicinal

450



Future Approach In Diabetes Management: - Microneedles

drug distribution factors arisen as a
novel approach of drug transport for overcoming
the pressing issues associated with main-

stream varieties of medicinal drug administration.
When in distinction with an medicinal drug this
is definitely oral and injectable,
transdermal medicinal ~ drug delivery has  made
a massive share inengaging inthe target. The
stratum corneum is considered as a lipophilic as it
lies below the layer of the epidermis. It creates a
resistance barrier to a many of drugs. Some vehicle
is required to increase the diffusion as the drug not
possess any physiochemical properties. Hence,
many methods have been developed such as
physical and chemical enhancers such as
electroporation, sonophoresis, iontophoresis, and
MN.[4]

Microneedles: A New Approach

Tiny microchannels by the stratum corneum layer
are created by the use of the medical MN device,
these are of various brands and variants. University
of Marburg, Germany, investigated
and decided that ~ MN technique enhances  the
dermis  penetration  for every lipophilic  and
compounds that are  hydrophilic.  This
MN approach hasin  addition been considered as
“the vaccine into the future.” These MNSs is of
variant kinds such as for instance hollow, solid,
coated, dissolving, or hydrogel forming, of which
some have regulating approval. MNs are designed
in a way so it totally penetrates the dermal layer of
skin. MNs have a tendency to be microscale
needles that are assembled on the spot that is
transdermal which are seen to hybrid
betweenhypodermic needles and patches being
transdermal to overcome every injections and
spots. MN patch bypasses the stratum
corneum barring dermal nerves without actually
stimulating the dermal nerve as it has short length
of the needle. Miniature holes
created thru MNs grant the drug into the body
without pain and ache. MN s painless,
minimal system that is  invasive  combines
the benefits of frequent transdermal drug
distribution machine alongside with the cantered on
of typical hypodermic needles.[5]Immense
research in designing MNs had been done in this
field. This review highlights five main types of
MNs, which are as follows; dissolving, hollow,
hydrogel-forming and solid MNs. [6]

Dissolving microneedle
Dissolving MNs are
soluble/biodegradable consists
of the active compound; the needle dissolves into
the skin after insertion and thereby can furnish the
drug.

Micromolding techniques are appreciably used to
create  thisstructure of  MNs.  Commonly,

developed by

Eur. Chem. Bull. 2023, 12 (S2), 449 — 453

Section A-Research paper

these varieties of arrays are made of sugars,
carbohydrates, or artificial polymers and that can
be utilized in the delivery of insulin, low-
molecular-weight heparin, ovalbumin, adenovirus
vector, vaccine antigens, photosensitizers, and
precursors. Dissolving MN alongside with
iontophoresis

works higher successfully in heaps greater distribut
ion of this medicinal drug to the skin.[6]

Hollow microneedle

Hollow MNs encompass needles with hollow using
which the drug is delivered. Hollow MN that is
totally utilized in insulin delivery consists of a
variety of supplies such as for silicon, meta and
polymers.

Hydrogel-forming microneedle
Hydrogel-forming MN arrays have a tendency to
be MNs that have a product that is swelling as drug
reservoir material as well.Both the material that is
swelling drug reservoir in the hydrogel-forming
MNdefuse the medicinal drug through the usage
of absorbing the interstitial fluid (ISF) by the
swollen microprojections. Hydrogel-forming MN
arrays are made of artificial polymers. Macro- and
macromolecules  are disbursed with  the  aid
of hydrogel-forming MN.[6]  Microele  ctro
mechanical machine is clearly a  microfabrication
technology, = which  combines thing that s
mechanical sensor, actuators, and electronics on a
silicon substrate. This
technological knowledge will supply probabilities f
or integration associated with laptop that
is complete chip which will used
in greater glycaemic control and management.
The benefit of parenteral method is it bypasses the
human physique barrier that is real degradation and
prolong receives in into the bloodstream. This
science  will furnish chance that  is massive in
subcutaneous drug transport due to
the reality it components a pain-free and
noninvasive method of drug distribution method.

Solid microneedles

Solid MN enchantment is truly an approach termed
as “poke with spot” which consists of an ongoing
manner that is two-step. In the step that is very
first steady MN arrays are utilized to the skin,
which creates a miniature microchannel on the
stratum corneum into that
your pills can except troubles be

transported internal the body. The permeability
is improved due to the reality of the miniature
microchannel of the stratum
corneum through passive diffusion strategy. Solid
MNs are made of silicon, metals, or polymers.
Transdermal permeation  of distinctive particles
such insulin, calcine, naltrexone, or proteins is
accelerated thru way of sturdy MN arrays
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as noted in many one-of-a-kind posted studies.[6]
MN arrays are
be counseled with often a variety special combinati
on techniques such  as  the  utilization  of
iontophoresis, that will elevate the efficacy of
transdermal delivery.

Glucose Sensing and Insulin Delivery in
Microneedle:

Body blood sugar level can be measured by using
blood or ISF.
Many research highlight the big difference in
glycaemic tiers in blood and ISF.[7],[8],[9] The
time gap is generally decided to estimate
the differ of 0-45 min to drift into glucose from
blood to ISF.Bloodstream and ISF stages correlate
when the equilibrium is obtained. MN must be 50-
150 um in size to extract ISF, as it is painless.[10]
Fracture precipitated and buckling would be the
two predominant troubles of MNs.[11]Reduced
heights for smaller needle diameter may
additionally moreover stop bucking.MN-based
vacuum  pump-assisted  ISF machine used to
be determined in detecting exchange in glycaemic
amounts follow by insulin injection within 20 min.
Arange of MN can be used to achieve this
target.[12],[13],[14]

Although noninvasive glucose
monitoring components considerably customized,
the strategies used on the other hand lag many
ways.[15] Other methods, used hypodermic needles
are undesirably painful. MNs can reduce this
problem as it is minimally invasive. Distribution of
insulin transdermally is considered as come to be
hard, on account that the  molecule
is extraordinarily big (~50 a  diameter) this
is simply in, that makes it incapable of passing by
way of the stratum corneum.
Insulin may additionally be delivered to the stratum
corneum with the useful resource of producing
pores which are miniature MN technology. For
substance infusion, rate of >1 ml/h for a single MN
that is single has been tested. Also at minimal/slow
rates, a MNneedle can transfer the drug without
anyproblems. Insulin drug delivery using MN
shows successful results in animal trails [16]
Insulin drug delivery using MN is painless & foe
extend time.

Challenges

MNs ought to be sturdy adequate to face up to
repeated penetration and extended use.[17]Due to
its everyday utilization ~ demands, the extent of
biocompatibility in addition performs a role this
is clearly crucial.In traditional method slow acting
insulin with infrequent use takes longer time to
show the effects.[18]

2. Conclusion
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MN as in the form of array or patches found to be
rational approach for insulin drug delivery.
Diabetes therapy systems is autonomous and have
extremely  complex interdependencies, thus
required multidisciplinary research drive. The
expansion of a noninvasive, bioengineered
interface, such as MNs, can surely be accomplish,
which provides a stronger understanding of the
skin. Moderately, the use of painless insertion may
decrease the risk of patient’s noncompliance and
human error. Hence, it is cumulate that MN-based
technology by transdermal delivery is more
superior and productive than other injectable in
better patient compliance and management.

3. References

Khanna P, Strom JA, Malone JI, Bhansali S.
Microneedle-based automated therapy for
diabetes mellitus. J Diabetes SciTechnol
2008;2:1122-9.

Hultstrém M, Roxhed N, Nordquist L. Intradermal
insulin delivery: A promising future for
diabetes management. J Diabetes SciTechnol
2014;8:453-7.

Akhtar N. Microneedles: An innovative approach
to transdermal delivery — A review; Int J
Pharm PharmSci 2014;6:18-25.

Silpi C, Manish B, Kumar TR. Microneedle-based
automated therapy for diabetes mellitus. IRJP
2011;2:72-8.

Yu J, Zhang Y, Ye Y, DiSanto R, Sun W, Ranson
D, et al. Microneedle-array patches loaded
with hypoxia-sensitive vesicles provide fast
glucose-responsive insulin delivery. PNAS
2015;112:8260-5.

Larrafieta E, McCrudden MT, Courtenay AJ,
Donnelly RF. Microneedles: A new frontier in
nanomedicine delivery. Pharm Res
2016;33:1055-73.7.

Kulcu E, Tamada JA, Reach G, Potts RO, Lesho
MJ.  Physiological  differences  between
interstitial glucose and blood glucose measured
in  human  subjects.  Diabetes  Care
2003;26:2405-9. 8.

Stout PJ, Peled N, Erickson BJ, Hilgers ME,
Racchini JR, Hoegh TB, et al. Comparison of
glucose levels in dermal interstitial fluid and
finger capillary blood. Diabetes TechnolTher
2001;3:81-90. 9.

Boyne MS, Silver DM, Kaplan J, Saudek CD.
Timing of changes in interstitial and venous
blood glucose measured with a continuous
subcutaneous  glucose  sensor.  Diabetes
2003;52:2790-4. 10.

Kaushik S, Hord AH, Denson DD, McAllister DV,
Smitra S, Allen MG, et al. Lack of pain
associated with microfabricated microneedles.
AnesthAnalg 2001;92:502-4.

452



Future Approach In Diabetes Management: - Microneedles

Friedl KE. Analysis: Optimizing microneedles for
epidermal access. Diabetes TechnolTher
2005;7:546-8.

Wang PM, Cornwell M, Prausnitz MR. Minimally
invasive extraction of dermal interstitial fluid
for glucose monitoring using microneedles.
Diabetes TechnolTher 2005;7:131-41.

Tsuchiya K, Nakanishi N, Uetsuji Y, Nakamachi E.
Development of blood extraction system for
health monitoring system. Biomed
Microdevices 2005;7:347-53.

Gattiker GE, Kaler KV, Mintchev MP. Electronic
mosquito:  Designing a  semi-invasive
microsystem for blood sampling, analysis and
drug delivery applications. MicrosystTechnol
2005;12:44-51.

Caduff A, Hirt E, Feldman Y, Ali Z, Heinemann L.
First human experiments with a novel
non-invasive, non-optical continuous glucose
monitoring system. BiosensBioelectron
2003;19:209-17.

MartantoW, Davis SP, Holiday NR, Wang J, Gill
HS, PrausnitzMR, et al. Transdermal delivery
of insulin using microneedles in vivo. Pharm
Res 2004;21:947-52.

Davis SP, Landis BJ, Adams ZH, Allen MG,
Prausnitz MR. Insertion of microneedles into
skin: Measurement and prediction of insertion
force and needle fracture force. J Biomech
2004;37:1155-63.

Nanmaran, R., Srimathi, S., Yamuna, G,
Thanigaivel, S., Vickram, A. S., Priya, A. K.,
... & Muhibbullah, M. (2022). Investigating the
role of image fusion in brain tumor
classification models based on machine
learning algorithm for personalized medicine.
Computational and Mathematical Methods in
Medicine, 2022.

TakahashiD, XiaoY, HuF, LewisM. Asurvey of
insulin-dependent diabetes-part 1. Therapies
and devices. Int J  TelemedAppl
2008;639019:1-15

Eur. Chem. Bull. 2023, 12 (S2), 449 — 453

Section A-Research paper

453



