RESEARCH PAPER

Preformulation Studies of Insulin: A Foundation for Next-Generation
Therapeutics

Aakanksha Meva*, Niharika Gokhale, Hemant Khambete and Sanjay Jain

Faculty of Pharmacy, Medicaps University, Indore Madhya Pradesh, India — 453331
*Corresponding Author: Aakanksha Meval, Research Scholar, Faculty of Pharmacy, Medicaps University, Indore,
Madhya Pradesh, India — 453331
Email: aakankshameval7@gmail.com

Received: 28" Feb, 2026; Revised: 6" March 2026; Accepted: 7" April, 2026; Available Online: 20" April, 2026

ABSTRACT

Background: The formulation of effective peptide delivery systems demands knowledge about the physicochemical
attributes of the drug and its suitability for the structuring agent. This research involves the characterization and
compatibility evaluation of the drug insulin with the structuring agents lipophilic GMO (glyceryl monooleate) and
hydrophilic Poloxamer 407.

Methods: Physicochemical attributes of the active pharmaceutical ingredient (API) were characterized for organoleptic
properties, thermal behavior through melting point determination, and moisture content through LOD test. Solubility
profiling was performed in various solvents. Lipophilicity-hydrophilicity was determined by partition coefficient (Pka)
through n-octanol/phosphate buffer system. Compatibility testing was done using FTIR Spectroscopy by comparison
between pure API and physical mixture of API and structuring agents.

Results: The organoleptic test showed insulin to be a beige-brown, odorless, crystalline powder. Melting point of insulin
was observed at 234° + 0.3 C which indicates the purity of the compound whereas LOD was found to be 8.08 % and well
below the 10 % pharmacopeial limit. Excellent aqueous solubility of insulin was evident from the fact that it is freely
soluble in phosphate buffer pH 6.8, on the other hand it shows low solubility in organic solvents. This has been justified
with the help of partition coefficient of 0.0091 and therefore the hydrophilic log P is -2.04. FTIR spectrum of pure insulin
showed characteristic bands of proteins including Amide I vibration (N-H bending) at 1631 cm—1 and Amide II vibration
(N-H stretching) at 3267 cm—1. From the overlay of compatibility FTIR study, it can be seen that characteristic peaks of
aliphatic group at 2916 cm—1 and 2850 cm—1 and individual peaks of carriers (ester carbonyl at 1730 cm—1.

Conclusion: The preformulation studies have succeeded in proving the purity and hydrophilicity of insulin. The most
important result is that from FTIR study there was no sign of incompatibility between insulin and selected excipients.
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1. INTRODUCTION where insulin may show its neuroprotective activity. The
purpose of the current research is to analyse the

Insulin mechanisms of insulin neuroprotection and optimal blood

Insulin is an endocrinological hormone that lowers blood
glucose. Moreover, insulin acts as a growth factor which
influences mitogenesis, growth and differentiation.
Experimental studies have demonstrated that insulin
protected the brain from injury without lowering blood
sugar. Insulin possesses neuroprotective  activity
independently. Insulin causes hypoglycaemia during
ischemic  brain  injury treatment by  venous
administration.'!  Hypoglycaemia can worsen brain
injuries. How insulin may fully perform neuroprotective
function? The key point is to define blood glucose range

glucose range during insulin administration.”]’ The IN
approach allows for the administration of insulin into the
central nervous system in the presence of minimal
systemic uptake and associated adverse peripheral effects.
Insulin applied IN is believed to enter via the olfactory and
adjacent routes and has been proven to quickly reach
cerebrospinal fluid, implying an effective entry into the
brain.[’l Twenty years of investigations in healthy people
and patients have provided evidence that IN insulin elicits
functional metabolic effects, namely decreased food intake
and body weight, as well as glucose homeostasis, and

*Author for Correspondence: aakankshameval7@gmail.com

Page: 1702



Preformulation Studies of Insulin: A Foundation for Next-Generation Therapeutics

cognitive effects, i.e. enhanced memory function in both
healthy subjects and patients with mild cognitive
impairment or Alzheimer's disease; IN insulin is further
evidenced to have good safety properties for both acute
and repeated administrations of IN insulin. New data
suggest that IN insulin is also able to affect
neuroendocrine function, sensory perception and mood.™

The Dual Function of Insulin:
Homeostasis to Neuroprotection
Conventional Physiology and the Metabolic World
Pandemic. Insulin is a 51-amino-acid protein discovered
more than a century ago by Banting and Best that is now
considered the ultimate metabolic regulation factor.[
Produced by beta cells of pancreas’ islets of Langerhans,
insulin is the indispensable part of systemic glucose
homeostasis. This peptide hormone is involved in glucose
uptake in the body's most important peripheric organs —
mainly muscle and fat — through GLUT4 translocation to
the cell surface, while it decreases production of glucose
via gluconeogenesis and glycogenolysis in liver tissue.[®
Diabetes mellitus has developed into a metabolic world
pandemic. IDF Diabetes Atlas estimates that hundreds of
millions of adults have diabetes worldwide, and this
number is predicted to grow exponentially until 2045. For
those patients who suffer from Type 1 Diabetes Mellitus
(TIDM) and late stages of T2DM, exogenous
administration of insulin is not just an option, but an
urgent requirement '’

From Peripheric

The Emerging Concept of "Type 3 Diabetes': Insulin
in Central Nervous System

Whereas the physiological actions of insulin on glucose
metabolism have been well established in the literature,
neurobiological studies conducted during the last two
decades have revealed another important front where
insulin performs its vital physiological actions, namely, the
central nervous system (CNS).B! Insulin from both
exogenous and endogenous sources gains access into CNS

Structure of Insulin
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through the saturable receptor-mediated process to act on
high affinity receptors located mainly in hippocampus,
hypothalamus, and cerebral cortex regions. )

In CNS, insulin does not function as a key regulator of
metabolic fuel regulation but acts as a powerful
neuroprotective  hormone that coordinates various
mechanisms of synaptic plasticity, long-term potentiation
(LTP), formation of dendrites and cell survival. (1%

Thus, OCNS insulin resistance associated with
desensitization of the insulin receptor substrate-1 (IRS-1)
signalling pathway has been identified as one of the major
pathophysiological causes for the onset of Alzheimer's
disease (AD). The striking resemblance of metabolic
abnormalities and cognitive impairment has prompted
scientists to name Alzheimer's disease as "Type 3
Diabetes." [11]

Insulin administered through intranasal route

It has become impossible for peripheral infusion of insulin
to be considered a treatment modality for AD because of
the risks of hypoglycemia associated with the peripheral
infusion of insulin. ['?! Recently, there has been increased
interest in direct delivery of drugs to the CNS through
intranasal route. The mechanism by which substances are
delivered to the brain through intranasal route is believed
to be mainly through the olfactory and trigeminal routes.
Delivery occurs fast (within 10 min of administration). '3

2. MATERIALS AND METHODS

For the preformulation studies of Insulin, material which is
primarily used is Insulin purchased from Otto Chemie Pvt.
Ltd., Mumbai. Glyceryl Monooleate acts as key ingredient
in the formulation of cubosomes was procured from
Mohini Organics Pvt. Ltd., Malad Mumbai. Poloxamer
was procured from Lepid Lifesciences, Pvt. Ltd.
Bhiwandi, Rajasthan. Other reagents and chemicals from
obtained from Sigma Aldrich chemicals Pvt. Ltd.
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Figure 1: Insulin Structure ['4

3. PREFORMULATION STUDIES

Preformulation are the studies performed before the
preparation of formulation. Preformulation plays crucial
role and provides a roadmap for the selection of
excipients, method and to analyse the purity of the API,

also helps to determine the drug excipients interaction. ['*
Preformulation study includes:

3.1 Organoleptic Properties-
Morphology and Physical
Visually.[%)

Properties are observed

1JDDT, Volume 16 Issue 66s, 2026

Page: 1703



Preformulation Studies of Insulin: A Foundation for Next-Generation Therapeutics

3.2 Melting Point

The melting point was determined using capillary method.
For the determination of melting point sample taken in
fused & sealed capillary tube, filled capillary tube placed
in melting point apparatus, observed the melting of the
sample. The temperature was recorded from where the
melting started up to its liquification.['”!

3.3 Partition coefficient

For the determination of the partition coefficient of
insulin, a solvent system consisting of n-octanol and a
phosphate buffer solution (typically at physiological pH
7.4) is utilized to simulate the lipid-water distribution.
Equal volumes of the pre-saturated non-aqueous (n-

3.4 Loss on Drying

octanol) and aqueous (phosphate buffer) phases are
transferred into a separating funnel or an airtight vial. A
precisely weighed quantity of insulin (e.g., 10 mg) is
introduced into the solvent system. The mixture is then
subjected to continuous agitation or shaking for a specific
duration (often 30 to 60 minutes) to achieve
thermodynamic equilibrium, after which it is left
undisturbed to allow complete phase separation. The two
distinct layers are carefully separated. To remove any
suspended particulates or droplets, the phases are filtered
using suitable filter paper (such as Whatman filter paper)
or centrifuged. The concentration of insulin in each phase
is subsequently analysed spectrophotometrically—
typically via UV-Vis spectroscopy at 276 nm. ['8]

Loss on Drying Determination of Insulin Powder

Cooling
Weighed insulin powder in a
dish Placed the dish in a desiccator
O

Heated the sample in the
oven

Recorded the final weight

Taken second reading
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Calculation

Determined the loss on drying
percentage

Figure 2: Loss on drying.['"!

3.5 FTIR Spectroscopy

Fourier-transform infrared (FTIR) spectroscopy can be
used as a very useful, non-destructive method of
characterization of insulin based on its structure and
conformation. As a peptide hormone composed of 51
amino acid residues in two polypeptide chains, insulin
demonstrates specific infrared bands that form its
molecular spectrum. The first application of FTIR to
insulin is related to determination of integrity of its
secondary structure, which includes content of alpha-
helices, beta-sheets, and random coils by means of
analysis of characteristic Amide I band (1600 — 1700 cm™,
C=0 stretching) and Amide II (1500 — 1600 cm!, C-N
stretching with N-H bending) bands. Due to sensitivity of
insulin to external factors, FTIR is frequently applied in
studies to investigate chemical stability, prove efficient
interaction between insulin and drug carrier (polymeric
nanoparticles and cubosomes), and identify possible
protein aggregation and denaturation. (2%

3.6 Drug Excipients compatibility studies — FTIR

Initial studies are very important to gain the basic
understanding of drug and excipients and as well as their
interaction. This study includes the drug excipients
interaction by the Fourier transform infrared spectroscopy
(FTIR), in which the presence of chemical structure was

analysed on the basis of peak at a specific wave number.
[21]

3.7 Solubility

Solubility screening is a key step that decides if a
formulation will be prepared. It helps figure out the best
levels for drug loading while stopping early separations or
precipitation. By studying how insulin behaves in
solubility tests beforehand, it will make sure that
formulation will be stable, keeps its structure, and mixes
evenly in the liquid crystalline matrix. .[?!
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4. RESULTS AND DISCUSSION Table 2: Melting Point
4.1 Organoleptic Properties- S. No. Mater?als Melting Point
Morphology and Physical Properties are observed L Insulin 234Oi 0.3C
Visually. 2. Glyceryl Monooleate 36°+2C
3. Poloxamer 407 58°+ 0.6 C
Table 1: Organoleptic Properties . .
S. No. Organoleptic Inference 4.3 Partition Coefficient . S
Characteristics The determined partition coefficient (Pka) of insulin in the
1 Description Tnsulin n—octanol{phqsphate buffer system is. appro?cimately
) Colgr Bei e1]l3rown 0.0091, yielding a log P value of -2.04. This negative log P
3' Texture Crgs alline value quantitatively confirms the highly hydrophilic nature
4' Odour O}(,lorless of insulin, demonstrating its strong preference for the
5' Form Powder aqueous environment over the lipid phase.

. . 4.4 Loss on Drying
4.2 Melting Point The determined LOD % was 8.08, which depicts that it is

in the range i.e. less than 10%.

4.5 FTIR Spectroscopy
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Figure 3: FTIR Graph of Insulin
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Table 3: Graph Interpretations

S.No. Functional Group Range Peak
1. N-H Amide I Bending 1600 — 1700 cm™! 1631 cm™!
2. N-H Amide II Stretching | 3100 —3300cm™ | 3267 cm™'
3. C - O Bending 610 —70 cm™ 572 cm™!

4.6 Drug Excipients Compatibility — FTIR

Insulin + Poloxamer 407 + Glyceryl Mono oleate (Physical Mixture)
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Figure 4: FTIR Graph of Physical mixture

The overlay demonstrates that the signature aliphatic
peaks (2916 cm™ and 2850 cm™' are consistently
maintained throughout all three samples, suggesting the
core matrix structure remains stable. However, the

4.7 Solubility

prominent appearance of the 1730 cm™' peak in some

curves and the broad 1631 cm™' feature in others highlights
the successfully distinct chemical compositions of the
individual ingredients versus the final formulation blend.

Table 4: Graph Interpretations

S. No. Solvent Solubility
1 Water Soluble
2 Methanol Slightly Soluble
3 Ethanol Practically Insoluble
4 Glycerol Slightly Soluble
5 Propylene Glycol Slightly Soluble
6 Phosphate Buffer 6.8 Freely Soluble

4. CONCLUSION

The current research carried out a complete pre-
formulation assessment of insulin, whereby the
physicochemical properties were evaluated and the
compatibility of insulin with the selected excipients
(Glyceryl Monooleate and Poloxamer 407) was
determined. The results of the organoleptic analysis
showed that the insulin drug was a brownish/beige powder
with no odour at all. It was established that the melting
point of insulin is 234° + 0.3 C, which is perfectly in line
with the melting point as provided in literature, thereby

proving the purity of the active pharmaceutical ingredient
(API). The melting points of Glyceryl Monooleate (36° £
2 C and Poloxamer 407 (58°+ 0.6 C) confirmed their
thermal identity. The Loss on Drying (LOD) was
determined to be 8.08% (which is within the acceptable
pharmacopeial limit of below 10%), indicating the
presence of adequate moisture level that would not impact
the stability of the peptide. The hydrophilicity was further
confirmed using partition coefficient test in which the drug
exhibited the negative value of log P = -2.04 (P approx
0.0091) demonstrating high level of hydrophilicity of the
compound. In case of FTIR interpretation of insulin the
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intact structure of the protein was shown with clear
presence of typical primary protein peaks: Amide I
bending vibrations at 1631 cm 1(N-H) and Amide II
stretching vibration at 3267 cm'1 (N-H). Most
importantly, drug-excipient compatibility studies via FTIR
overlay of physical mixture proved that the key structural
units of insulin and its carriers were retained. It should be
emphasized that the consistent retention of characteristic
aliphatic absorption bands at 2916 cm1 and 2850 cm1,
along with the presence of typical ester carbonyl (1730
cm | and Amide I (1631 cm™1), confirm the absence of
any adverse chemical interaction between insulin and
selected excipients. In summary, the data obtained on
physicochemical properties and intrinsic stability of the
drug, along with excellent compatibility with excipients,
show that the insulin is highly suitable to be used in
advanced lipids/polymer-based drug delivery systems such
as nanocarriers.

Conflict of Interest
The authors report no conflicts of interest in this research
work.

REFERENCES

1. Rahman MS, Hossain KS, Das S, et al. Role of
Insulin in Health and Disease: An Update. Int J Mol
Sci. 2021;22(12):6403. Published 2021 Jun 15.
doi:10.3390/ijms22126403.

2. Lewis G.F.,, Brubaker P.L. The discovery of insulin
revisited: Lessons for the modern era. J. Clin.
Investig. 2021;131:e142239. doi:
10.1172/JCI142239.

3. Csajbok E.A., Tamas G. Cerebral cortex: A target and
source of insulin? Diabetologia. 2016;59:1609—-1615.
doi: 10.1007/s00125-016-3996-2.

4.  Vasiljevic J., Torkko J.M., Knoch K.P., Solimena M.
The making of insulin in health and disease.
Diabetologia. 2020;63:1981-1989. doi:
10.1007/s00125-020-05192-7.

5.  Accili D. Insulin Action Research and the Future of
Diabetes Treatment: The 2017 Banting Medal for
Scientific Achievement Lecture. Diabetes.
2018;67:1701-1709. doi: 10.2337/dbi18-0025.

6. Gaddam M, Singh A, Jain N, et al. A Comprehensive
Review of Intranasal Insulin and Its Effect on the
Cognitive Function of Diabetics. Cureus.
2021;13(8):¢17219. Published 2021 Aug 16.
doi:10.7759/cureus.17219.

7. Grabarczyk M, Szychowska A, Koztowski S,
Sipowicz K, Pietras T, Kosmalski M, Rozycka-
Kosmalska M. Intranasally Administered Insulin as
Neuromodulating Factor and Medication in
Treatment of Neuropsychiatric Disorders—Current
Findings from Clinical Trials. Scientia
Pharmaceutica. 2025; 93(4):52.
https://doi.org/10.3390/scipharm93040052

10.

11.

12.

13.

14.

15.

16.

17.

18.

Osmanovic Barilar, J., Vlahov, L., Babic Perhoc, A.,
Homolak, J., Virag, D., Barone, E., Salkovic-Petrisic,
M., & Knezovi¢, A. (2025). Pharmacokinetics and
pharmacodynamics of intranasal insulin in a rat
brain. British Journal of Pharmacology, 182(17),
4020-4040. https://doi.org/10.1111/bph.70057

Wong, C.Y.J., Baldelli, A., Hoyos, C.M. ef al. Insulin
Delivery to the Brainviathe Nasal Route:
Unraveling the Potential for Alzheimer's Disease
Therapy. Drug Deliv. and Transl. Res. 14, 1776—1793
(2024). https://doi.org/10.1007/s13346-024-01558-1

Salzman R, et al. Intranasal aecrosolized insulin.
Mixed-meal studies and long-term use in type I
diabetes. N Engl J Med. 1985;312(17):1078—84.

Kellar, D., Register, T., Lockhart, S.N.et
al. Intranasal insulin modulates cerebrospinal fluid
markers of neuroinflammation in mild cognitive
impairment and Alzheimer’s disease: a randomized
trial. Sci Rep 12, 1346 (2022).
https://doi.org/10.1038/s41598-022-05165-3

Freiherr J, Hallschmid M, Frey WH 2nd, et al.
Intranasal insulin as a treatment for Alzheimer's
disease: a review of basic research and clinical
evidence. CNS Drugs. 2013;27(7):505-514.
doi:10.1007/s40263-013-0076-8

de la Monte SM. Brain insulin resistance and
deficiency as therapeutic targets in Alzheimer’s
disease. Curr Alzheimer Res. 2012;9(1):35-66. doi:
10.2174/156720512799015037.

Stretton AO. The first sequence. Fred Sanger and
insulin. Genetics. 2002;162(2):527-532.
doi:10.1093/genetics/162.2.527

Ostrozka-Cieslik A, Macigzek-Jurczyk M, Pozycka J,
Dolinska B. Pre-Formulation Studies:
Physicochemical Characteristics and In Vitro Release

Kinetics of Insulin from Selected
Hydrogels. Pharmaceutics. 2021;13(8):1215.
Published 2021 Aug 6.

doi:10.3390/pharmaceutics13081215

Francis G, Martinez J, Liu W, et al. Intranasal insulin
ameliorates experimental diabetic  neuropathy
[retracted in: Diabetes. 2014 May;63(5):1817. doi:
10.2337/db14-1t05a.]. Diabetes. 2009;58(4):934-945.
doi:10.2337/db08-1287

Busto-Moner L, Feng CJ, Antoszewski A, Tokmakoff
A, Dinner AR. Structural Ensemble of the Insulin
Monomer. Biochemistry. 2021;60(42):3125-3136.
doi:10.1021/acs.biochem.1¢00583

Holt K, Ye M, Nagar S, Korzekwa K. Prediction of

Tissue-Plasma  Partition  Coefficients = Using
Microsomal  Partitioning:  Incorporation  into
Physiologically based Pharmacokinetic Models and
Steady-State Volume of Distribution

IJDDT, Volume 16 Issue 66s, 2026

Page: 1707



19.

20.

Preformulation Studies of Insulin: A Foundation for Next-Generation Therapeutics

Predictions. Drug Metab Dispos. 2019;47(10):1050-
1060. doi:10.1124/dmd.119.087973

Schiffter H, Condliffe J, Vonhoff S. Spray-freeze-
drying of nanosuspensions: the manufacture of
insulin particles for needle-free ballistic powder
delivery. J R Soc Interface. 2010;7 Suppl 4(Suppl
4):5483-S500. doi:10.1098/rsif.2010.0114.focus

Bouchard M, Zurdo J, Nettleton EJ, Dobson CM,
Robinson CV. Formation of insulin amyloid fibrils
followed by FTIR simultaneously with CD and

21.

22.

electron microscopy. Protein Sci. 2000;9(10):1960-
1967. doi:10.1110/ps.9.10.1960

Rashid MA, Muneer S, Wang T, et al. Puerarin dry
powder inhaler formulations for pulmonary delivery:
Development and characterization. PLoS  One.
2021;16(4):e0249683. Published 2021 Apr 13.
doi:10.1371/journal.pone.0249683.

Nadendla K, Sarode BR, Friedman SH. Hydrophobic
Tags for Highly Efficient Light-Activated Protein
Release. Mol Pharm. 2019;16(7):2922-2928.
doi:10.1021/acs.molpharmaceut.9b00140.

IJDDT, Volume 16 Issue 66s, 2026

Page: 1708



