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Children’s Education Society (Regd.)

The Oxford College of Pharmacy

(Recognised by the Govt. of Karnataka, Affiliated to Rajiv Gandhi University of Health Sciences, Karnataka;
Approved by Pharmacy Council of India, New Delhi)

Estd. 1974

Ref No: TOCP/MOM/2023-2024/37
Date: 02/02/2024

NOTICE

This is here to inform you that all the HODs and faculty members of the Oxford College of Pharmacy are

advised to attend the staff meeting in the Board Room, TOCP, on 03/02/2024 at 12:40 PM

Agenda:
1. Review the agenda of the previous MOM and action taken report.
2. Proposed research activities by the concerned department to be organized
3. Review of a short-term proposal for submitting for RGUHS grant.
4. Discussion on developing a concept bank, including faculty competency to apply for extramural

funding.

5. Review of proposals for intramural seed money grant.

6. Discussion on upcoming IPR seminars and RM workshops.

7. Discussion on launching the Oxford College of Pharmacy journal with ISSN and submitting it to
UGC for enrollment into UGC care list.

8. Discussion on constituting a scientific advisory committee to evaluate UG, PG, and Pharm.D

research proposals.
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MINUTES OF THE MEETING 2023-24

Date: 03.02.2024
Time:01.00PM
Venue: Board Room, TOCP

Agenda:

Aow oo

~ N W

Review the agenda of the previous MOM and action taken report.

Meeting No.

37

2023-2024

Proposed research activities by the concerned department to be organized

Review of a short-term proposal for submitting for RGUHS grant.

Discussion on developing a concept bank, including faculty competency to apply for

extramural funding.

Review of proposals for intramural seed money grant.

Discussion on upcoming IPR seminars and RM workshops.
Discussion on launching the Oxford College of Pharmacy journal with ISSN and
submitting it to UGC for enrollment into UGC care list.
Discussion on constituting a scientific advisory committee to evaluate UG, PG, and

Pharm.D research proposals.

Committee members presented.

S.No | Name of Members Designation Signature
1 Dr. Padmaa. M.Paarakh Chairperson R&D P V Cld Hg
2 Dr. A Muthukumar Member Secretary _ \
3 Dr. Gururaj. S. Kulkarni Member ‘}_/,) :
A |
-
4 Dr. G. Parthasarathy Member 1 7 |
k;L»V ]
5 Dr. Jyoti Shrivastava Member S/X/ !
6 Dr. Noopur Srivastava ‘Member . ’
‘vattava |

The Oxford College of P]m’lr‘liﬁii;:y's’ﬁ&l) Committee meeting for the academic )'6111‘5623-

2024 was held at 1:00 PM and presided over by Dr. Padmaa M. Paarakh. The chairperson

welcomed all the members, and the agenda was discussed.



Agenda 1: Review of Agenda of previous MOM and Action taken report

o The member secretary presented the R&D committee's action taken report to the
committee members. The committee members suggested to complete all ongoing
activities within the defined timelines.

Resolution

The committee members approved the MOM and action taken status of the previous

R&D minutes.

Agenda 2: Proposed research activities by concern department to be organized

* The chairperson of R&D has informed all HODs and faculty members to publish one
research article per semester and organize ICMR, RGUHS, and APTI-funded
confererces, workshops, and FDP programs.

Resolution

It is resolved that faculty members should publish one research article per

semester in indexed journals and to undergo planned research workshops.

Agenda 3: Review of short-term proposal for submitting for RGUHS grant.

* During the "R&D Proposal Review" meeting, the chairperson inquired about the status

of the RGUHS UG short-term project received in the previous year.

+ The chairpersomn has instructed faculty members to prepare and submit short-tetm UG
proposals to the scrutiny committee before 20" February 2024.

e The committee suggested encouraging student rescarch projects that align with
institution guidelines, focusing on innovative ideas to advance pharmacy professional
practice in health care.

Resolution

* It was resolved that all the proposals be reviewed and selected based on merit
relevance, practicality, and impact to be submitted to the RGUHS grant.



Agenda 4: Discussion on developing a concept bank, including faculty competency to
apply for extramural funding.

Tt was discussed that a concept bank for faculty should be developed in line with faculty

competency, as the same would facilitate submitting proposals for extramural grants.

It is resolved that the members applanded the proposal to develop a concept bank and

suggested proceeding immediately.
Agenda 5: Review of proposals for intramural seed money grant.

e The committee members were briefed on the proposal review status of the projects
eligible for submission to the institution's grant seed money scheme.

Resolution

It is resolved the projects are to be selected based on a multidisciplinary approach
with impact. It is further resolved the selected proposals should have practical
applicability, sustainability, and scope for scalability, as the same shell facilitates the
nurturing of research acumen among students and faculiy.

Agenda 6: Discussion on upcoming IPR seminars and RM workshops.

e The R&D team discussed the upcoming workshops and conferences for the next
quarter. Key discussion points included identifying potential themes and speakers and
targeting the audience to facilitate research acumen.

~ Resolution
It was resolved that the workshops shortlist target both early-career researchers and
experienced faculty members, aiming to bridge the gap in knowledge around these

critical areas.

Agenda 7: Discussion on launching the Oxford College of Pharmacy journal with ISSN
and submitting it to UGC for enrollment into UGC care list.

e The discussion revolved around the importance of having a dedicated journal for the
college, the benefits of obtaining an ISSN (International Standard Serial Number), and
the significance of being listed in the UGC (University Grants Commission) care
list discussed in detail.



Resolution

After a thorough discussion, it was resolved to launch the Oxford College of
Pharmacy journal with an ISSN. Obtaining UGC indexing is crucial for enhancing
the college's acadentic reputation, providing a platform for faculty and students to
publish their research, and contributing to the knowledge in the field of pharmacy.

Agenda 8: Discussion on constituting a scientific advisory committee to evaluate UG, PG,

and Pharm.D research proposals.

¢ During the meeting, the chairperson and members discussed the need to constitute a
scientific advisory committee to evaluate undergraduate (UG), postgraduate (PG), and
Pharm. D research proposals.

» The discussion highlighted the crucial role of a scientific advisory committee in
ensuring the quality and validity of the research proposals submitted by students,

underscoring the value of each member's contribution to the research oversight process.
Resolution:

e It was resolved to form a scientific advisory committee.
» This scientific advisory committee, comprising experienced faculty members, will
evaluate and provide feedback on UG, PG, and Pharm.D research proposals.

The committee members also decided to schedule a review meeting every quarter of the
academic year. Finally, the Member secretary of R&D proposed a vote of thanks and

concluded the meeting.




Date: 05.02.2024

ACTION TAKEN REPORT-2023-24

S. No

Resolution

Action Taken

Status

The committee members approved the
MOM and action taken status of the

previous R&D minutes.

At the previous Research
and Development (R&D)
meecting, the committee
members reviewed and
approved the Minutes of
Meeting (MOM) as well
as the action taken report.

All
satisfaction with

members  expressed
the work

done.

[S%]

It is resolved that faculty members
should publish one research article per
semester in indexed journals and to

undergo planned research workshops.

The HODs and faculty
have  been
about  the
publications.

members
informed
research
They

encouraged to contribute

have been

to research activities.

The member secretary has
also provided support and
guidance to the faculty
regarding
review and  research
publication guidelines.

members

_| The faculty members were

The faculty members' active
engagement in  research
activities, in response to the
Chairperson's R&D advice,
their
dedication and commitment
to enhancing the institution's
research culture.

1S a testament to

The faculty members have
taken up the challenge and
submitted proposals  for
research and development

activities. With the

encouraged to submit
proposals

conferences,

research and
organize

workshops, and FDP.

implementation ~ of  the

university and institution
guidelines and the positive
response from the faculty
members, the Institution 1s
expected to see an increase in
research and

participation in conferences

output

and workshops. -

It was resolved to review all the
proposals and select the proposals
relevance,

based on merit

The action taken was that
the already
compiled the final report,

team had

The status of the agenda was

marked as complete, pending
submission ol the final report

(o the university.



practicality, and impact same to be
submitted to RGUHS grant.

and

the  guide  was

currently reviewing it,

The Chairperson of R&D
junior  faculty
members to submit short-

advised

term project proposals to
scrutiny
before  20th
2024.

committee
February

the

The scruliny  committee

reviews  the  proposals,
selects five projects from all
departments, and forwards
them to the R&D committee
the of the
institution for application for

RGUHS grants.

and head

It is resolved that the members
applauded the proposal to develop a

concept bank and  suggested

proceeding immediately.

A task  force  with
members from various
departments was created
to develop the concept
notebook, focusing on a

Workshop and training plans
are being prepared for launch

next quarter. Collaboration‘
with
progressing,

.
external experts is |

|
and several |

selected based on a multidisciplinary
approach with impact. It is further
resolved that the selected proposals
should have practical applicability,
sustainability, for
scalability, as the same shell facilitates
the nurturing of research acumen
among students and faculty.

and  scope

were assigned a set of
projects to review, with a

standardized scoring
system + to rate each
project. After individual
assessments, the

committee reconvened to
discuss and consolidate

scores, ensuring a

| transparent and collective

decision-making process.

multidisciplinary contributors are interested in
approach. the concept notebook. The
project is on schedule, and |
updates will follow in 1
upcoming meetings. ‘
It is resolved that the projects will be | The Scrutiny members | The scrutiny committee |

reviewed 9 projects from all
departments and forwarded
them to the R&D committee
and the head of the
mstitution for application for
grant seed money.

It was resolved that the workshops
shortlist both
researchers and experienced faculty

target carly-career

members, aiming to bridge the gap in
knowledge around these critical areas,

The organizing committee
started crafting a strategy
to promote the events,
targeting social media,
industry newsletters, and
partnership

announcements.

The committee intends to |

build on previous
achievements for the
upcoming Intellectual |
Property  Rights  (IPR)

workshop, which the various
departments i TOCP will
organize on the 10th and
[3th ol February 2024, the
L6th and 20th of Apnl 2024,
and dth ol May 2024

['he



After a lhor(ﬁt_zﬁii_salssion, it was
resolved to launch the Oxford College
of Pharmacy journal with an ISSN,
and obtaining UGC indexing is crucial
for enhancing the college's academic
reputation, providing a platform for
faculty and students to publish their
research, and contributing to the
knowledge in the field of pharmacy.

A commillee comprising
faculty and
administrative staff was
formed to oversee the
launch of the journal with

members

an ISSN and obtaining
UGC  indexing.  The
committee was tasked
with  setting up the
editorial board,
establishing the

submission and review
process, and ensuring that

the journal meets the
necessary criteria  for
ISSN and UGC indexing.

' ﬂarmacy

Practice  will
organize the

entrepreneurship  workshop
 on 9™ March 2024.

committee has made
significant  progress  in
setting up the journal's
infrastructure.

As of the last update, the

It was resolved to form a scientific
advisory committee. This scientific
advisory  comumittee,  comprising
experienced faculty members, will
evaluate and provide feedback on UG,
PG, and Pharm.D research proposals.

‘1dentifying

The chairperson advised
the R&D committee to
initiate the process of
potential
faculty members for the
scientific advisory
committee based on their
qualifications and

research competency.

The process of constituting
a scientific advisory
committee is underway. The
identified faculty members
have been approached, and
their interest and willingness
to serve on the commuittee are

being confirmed.

The
progressing positively, and

agenda's  status 1s

the upcoming meetings.

“updates will be provided in |




Committee members

S.No | Name of Members Designation Signature

1 Dr. Padmaa. M.Paarakh Chairperson R&D ,P W
Dr. A.Muthukumar Member Secretary < s :l
—= |

ro

Dr. Gururaj. S. Kulkarni Member \ 7
o—_

4 Dr. G. Parthasarathy Member }l\;ﬁ'/
5 Dr. Jyoti Shrivastava Member %/

6 Dr. Noopur Srivastava Member ‘g ad
wvettave:

52
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(Recognised by the Govt. of Karnataka, Affiliated to Rajiv Gandhi University of Health Sciences, Karnataka;
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Ref No: TOCP/MOM/2023-2024/38
Date: 20/07/2024

NOTICE

This is here to inform you that all the HODs and faculty members of the Oxford College of Pharmacy are

advised to attend the staff meeting in the Board Room, TOCP, on 27/07/2024 at 12:40 PM

Agenda:
1. Review the agenda of the previous MOM and action taken report.
2. Discussion of RGUHS-approved short-term grant status.
3. Review of concept note bank development inline with faculty competency.
4. Discussion on feedback, the impact of completed RM, IPR, and FDP conferences, and discussion on

planned events for next quarter.
5. Discussion on reconstituting the committee members
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MINUTES OF THE MEETING 2023-24

Date: 27.07.2024
Time:01.00PM
Venue: Board Room, TOCP

Agenda:

NSNS

Meeting No.

38

2023-2024

Review the agenda of the previous MOM and action taken report.
Discussion of RGUHS-approved short-term grant status.
Review of concept note bank development inline with faculty competeﬁcy.
Discussion on feedback, the impact of completed RM, IPR, and FDP conferences, and
discussion on planned events for next quarter.
Discussion on reconstituting the committee members

Committee members presented.

S.No | Name of Members Designation Signature i

1 Dr. Padmaa. M.Paarakh Chairperson R&D D. Pad |

2 Dr. A.Muthukumar Member Secretary l

3 Dr. Gururaj. S. Kulkarni Member E /

4 Dr. G. Parthasarathy Member M ) 1

5 Dr. Noopur Srivastava Member ]
&b‘\)ﬁ.ﬁ*‘-mk

The Oxford College of Pharmacy's R&D Committee meeting for the academic year

20232024 was held at 1:00 PM and presided over by Dr. Padmaa M. Paarakh. The

chairperson welcomed all the members, and the agenda was discussed.



Agenda 1: Review of Agenda of previous MOM and Action taken report

» The member secretary presented the action taken report of the Research Committee to
committee members. The committee members suggested completing all the ongoing

activities within the defined timelines.
Resolution

The committee members approved the MOM and the action report of previous R&D

minutes.

Agenda 2: Discussion of RGUHS-approved student short-term project status

*  The chairperson congratulates the guide and students who have received the short-term
grant.

*  The chairperson and member secretary have informed that students should complete
the projects within a specified timeline.

Resolution

The committee discussed the status of RGUHS-approved student short-term projects
and resolved to ensure that all projects adhere to the university's guidelines and

requirements.
Agenda 3: Review of concept note bank development inline with faculty competency.

* The R&D Members emphasized the importance of ensuring that the bank development
concept is built upon the specific competencies required by faculty.

Resolution

It is resolved that a comprehensive gap analysis of faculty competencies related to
their current and future needs be conducted.

Agenda 4: Discussion on feedback, the impact of completed RM, IPR, and FDP
conferences, and discussion on planned events for next quarter.

e The chairperson and members reviewed feedback from the RM, PR, and FDP
conferences,

* Plan is develop and propose dates have been given by the department



Resolution

It is resolved that feedback will be compiled for improvements, competency and insight will
be addressed, and diverse topics will be prioritized for next quarter's events.

Agenda 5: Discussion on reconstituting the committee members

e The existing members will review potential candidates and evaluate their fit with the

committee’s goals.

Resolution

1t was resolved that Dr. Mahesh would be appointed as a new member.



Date: 19.07.2024

ACTION TAKEN REPORT-2023-24

S. No Resolution Action Taken ‘Status
1 The committee members approved the | At the previous Research | All members expres@
MOM and the action report of | and Development (R&D) | satisfaction with the work
previous R&D minutes. meeting, the committee | done.
members reviewed and
approved the Minutes of
Meeting (MOM) and the
action taken report.
2 It was resolved to develop university | The committee discussed | The status of the discussion |
and institution guidelines for research | the status of RGUHS- | and subsequent actions will |
| activities to ensure clarity, | approved student short- | be regularly monitored to |
i practicability, and accessibility. term projects and resolved | ensure that all RGUHS- |
to ensure that all projects | approved  projects  are |
\ adhere to the university's | progressing according to the |
i guidelines and | university's standards. !
[ requirements. i
} It is resolved that a comprehensive gap| The R&D committee has | The committee is optimistic
} ; analysis of faculty competencies| progressed on the concept | that the revised concept note |
related to their current and future needs | note for bank development | will more accurately reflect
‘ be conducted. aligned  with  faculty | the faculty's needs and
competencies. competencies. The follow-up |
1 meeting will be crucial in |
| finalizing the concept note |
! for bank development before |
| its submission for approval.
I
4 The  chairperson and members| The committee scheduled | The action Agoims are
L reviewed feedback from the RM, IPR, | regular  seminars  and | currently being |
and FDP conferences. workshops on RM and implemented, and the |

IPR to further educate and
update the staff on these
crucial areas.

Additionally, external

experts would be invited

planning for the upcoming
seminars on RM and IPR is |
underway. The committee 18
working on finalizing the
dates and speakers ftor the
next sessions to ensure the

continuous professional



to conduct specialized

sessions for a more

comprehensive
understanding.

development of the staff in
these areas.

w

It was resolved that Dr. Mahesh would
be appointed as a new member

The chairperson  was
tasked with  formally
inviting Dr. Mahesh to
join the committee and

The committee is looking
forward to Dr. Mabhesh's
contributions and expects
that his addition will further

communicating this | strengthen the committee's
decision to the | effectiveness.
organization's members.
Committee members
S.No | Name of Members Designation Signature
1 Dr. Padmaa. M.Paarakh Chairperson R&D P. @W
2 Dr. A Muthukumar Member Secretary g ! ﬁ}
3 Dr. Gururaj. S. Kulkamni Member \ &O/ <
—
4 Dr. G. Parthasarathy Member J»&/
E Dr. Noopur Srivastava Member }Ql .
A pactova:




New Committee members
S.No | Name of Members Designation Signature

1 Dr. Padmaa. M.Paarakh Chairpers& R&D (P W

_— \ 3
2 Dr. A.Muthukumar Member Secretary Q L_L' ij
AN

3 Dr. Gururaj. S. Kulkarni Member
Lo
4 Dr. G. Parthasarathy Member }l_ﬂ/
5 Dr. Noopur Srivastava Member .
& Arorethany

6 Dr. A.R Mahesh Member »\\)v




Scientific Advisory Committee Members

S.No Name of Members Designation Signature
1 Dr. Padmaa. M.Paarakh Chairperson -
' P od e
2 Dr. A. Muthukumar Member Secretary Q %
3 Dr. G. Parthasarathy Member N w ‘
4 Dr. Gururaj. S. Kulkarni Member - M
/
5 Dr. Noopur Srivastava Member ‘\g
L stoug
6 Dr. A.R.Mahesh | Member w‘r
7 Special Invitee Senior academician/ M
Researcher
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Review Article
From Nature To Treatment: A Comprehensive Review Of Natural
Polymers In Diabetes Mellitus Therapy

Sonali Milan Nalwade, Vikrarﬁ_ T Choudhary®, Gururaj S Kulkarni,Padmaa M
Paarakh, Muthukuma_r A ' :

Department of thzlrf’nac.eutic.fs, The Oxford College of Pharmacy, Hongsandra, B:cmgalore- 560 068

ARTICLE INFO. . ABSTRACT

Diabetes mellitus (DM) is among the most severe and fatal diseases which cannot be
* transmitted. Insulin is commonly administered in the management of diabetes.
- Hyperglycemia, or elevated blood sugar, is a complication of diabetes mellitus, a
clironic illness that is complicated and results from insufficiencies in the production,
' functioning, or combination. Many biodegradable ali'ld non-biodegradable polymers are
currently being studied; however, non-biodegradable polymers have drawbacks such as
toxicity, evacuation challenges, and inability to proauce persistent insulin release over
time. The majority of naturally produced polymers are currently used just like excipients
in pharmaceutical compositions since they are often :thought to be relatively safe in vivo.
Multiple natural polymers, including proteins and polysaccharides, have recently been
extensively researched as potential insulin mediumsf. The study highlights a wide range
of naturally occurring polymers, including chitosan, alginate, gelatin, casein, pectin,
cyclodextrin, dextran, and starch, demonstrating great potential towards treatment for
diabetes-related problems. The natural polymers used to treat diabetes mellitus have
been the subject of the present investigation, which has been successful in displaying a
- wide range of benefits, including enhanced encapsulation performance, blood glucose
© optimization, more persistent drug delivery, and patient acceptability. Additionally, a
number of benefits like affordability, sustainability, safety, and accessibility to everyone
support the continual improvement of a potential polymer incorporated insulin delivery
system, In this review article an attempt has been made to demonstrate the use of natural
polymers in improving the effectiveness of anti-diabetic formulation.

INTRODUCTION ‘
Diabetes mellitus (DM) has been recognized by  been roughly pretentious to 451 million up until
man for over 2000 yearsl. Diabetes mellitus has  the present time.2 Diabetes mellitus, a chronic

*Corresponding’Author: Vikram T,
Address: Department of Pharmacewtics, The Oxford College of Pharmacy, Hongsandra, Bangalore- 560 068

Email k4 vikramtchoudharyd@gmail.com :

Relevant conflicts of interest/financial disclosures: The authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential conflict of interest.
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lifelong  metabolic 'conditi_on, has reached
frightening proportions as a major global health
issue.3 According to the most recent International
Diabetes Federation figures, The most current data
from the International Diabetes Federation
indicate that if appropriate attempts are not made
to stop the epidemic, almost 5,78,000 individuals
would be negatively impacted by twenty-third
century. The count of individuals will have
increased to an unbelievable seven hundred
million by 2045.4 Diabetes mellitus is classified

into four categories: Type 1 diabetes T1D, often

called dependent upon insulin diabetes, is a
chronic condition; Type 2 diabetes, more
commonly referred to as non-insulin-dependent
diabetic mellitus T2DM, Gestational diabetes &
diabetes caused by geneti¢ modification.5 T1D is
caused by an insufficient amount of insulin, and is
associated with an autoimmune response. This
illness was originally referred to as insulin-
dependent diabetic mellitus IDDM until béing
reclassified based on etiopathology.6 T2DM. is
pi‘imé.rily caused by inadequate insulin production
from cells in the context of insulin resistance,
Insulin resistance occurs when insulin cannot be
efficiently used by cells afier it is generated by the
pancreas.7 Gestational diabetes is described as any
degree of glucose intolerance that is initially
identified during pregnancy, resulting in
hyperglycemia of variable severity.8 Diabetes
caused by genetic mutaﬁ,m_wc.:.anﬁi_ndqce diabetes
mellitus, just as mutations in a single gene can
cause monogenic diabetes. The most common
kind of monogenic diabetes is neonatal diabetes,9
These are certain severe issues that are been driven
on by worsening diabetes mellitus. This Analysis
reveals that the sickness raises the likelihood of
acquiring additional serious conditions such as
impaired kidney function, cardiac arrest, stroke,
loss of vision, and amputation of the leg below the
knee. As you can see, people with diabetes often
have other illnesses that aré extremely serious on

JE INTERNATIONAL JOURNAL UF?PHARMAEEUTIEAL SCIENCES

Issue 9 - 9 Review

their own. Therefore, in order to keep diabetes
from taking control of one's ability to maintain a
stable quality of life, several factors that promote
heéalth #nust be understood.10 Individuals with
type 1 diabetes require insulin throughout their
lives. Insulin is not a treatment for diabetes, which
puts individuals at risk for catastrophic
consequences such as heart and kidney damage, as
well as blindness.11 The treatments for type 2
diabetes are exogenous production sources of
substitute B-cells, such as liver cells, stem cells that
are pluripotent, donated mammalian pancreases,
and fetus pancreatic tissue, are uséd as an
additional therapy for type 2 :diabetes, While the
majority of exogenous supplies are heterologous
with respéct to the recipieht, several include
naturaily occurring, for example stem cells that are
derived from fibroblasts in the:skin and blood from
the umbilical cord.12 There .are now several oral
therapies for diabetes of the:second type that are
not insylin-based. SGLT2 ! inhibiting agents,

amylin antagoenists, incretin mimetics, biguanides,

insulin sensitizers, and insulin secretagogues.
Recently, incretin mimetics like DPP-IV inhibitors
and GLP-1 antagonists, SGLT2
antagonists/inhibitors, amylin agonists, and alpha
glucosidase blockers are the . ost recent
medication classes utilized to treat type 2
diabetes.13 While several novel, drug deliveries
are also denoted by NDDSs are being studied to
treat different illnesses, only a fewer number have
been found to treat type 2 diabetes. The two
elements of the Particulate structure are the
Microparticulate and Nanoparticulate systems, as
well as liposomes and niosomes in the vesicles
systcms and other therapies such as self-nano-
emulsifying is also called SNEDDS.14 In
additionally the antidiabetic formulation can be

. developed by encapsulating the active ingredient

in ethosomes and phytosomes.
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Figure 1: Current insight on anti-diabetic therapy: novel technologies
(created with Biorender.com)

The life-style measures that can help in controlling
blood-glucose levels: This information is based on
several ~ scientific investigations that shows
modifying a person's routine can prevent or
postpone the beginning of diabetes at a reduced
cost, with a 38 percent decrease in threat after three
years.15 The studies have shown significant
improvement 1n controlling  glycemic' by
preforming exercises and showed it can-improve
patients' general health and reduce the hémoglobin
AI1C significantly 0.66%, regardless of whether or
not a significant c_lécrease in body mass index is
made.16 Moderate alcohol consumption like <2

Pialties
mellitgs

drinks for men, <1 drink for women and intake of
sodium to be reduced are other lifestyle measures
that should be taken into account in the treatment
plan for patients with diabetes, particularly in
those who also have comorbid conditions like
hypertension, habitual tobacco use, and a lack of
immunizations like pneumococcal, hepatitis B,
influenza, diphtheria, pertussis, tetanus, and
tetanus.17 This review article highlights how the
use of natural polymers enhances the anti-diabetic
pharmaceuticals' effectiveness for delivery.

Figure 2: Natural polymers based on différent novel deliveries pnd benefits of natural for the treatment of
diabetes mellitus,
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POLYMERS:

The importance of polymer science has - grown.

over the past few decades as the potential for
structural changes has improved. As polymer
components come in numerous diverse forms, it is
feasible to alter the physical and chemical features
of nanoparticles, including entrapment efficiency,
charge and customize them to maintain the
stability of insulin, give an effective
bioavailability, modulate the release nature,
balance systems and modify biological
activities.18 A polymeric substance is a large
compound composed up of structural components
that repeated or reoccur, commonly referred to as

a macromolecule. Covalent chemical bonds are

typically employed to join these subunits.19 There
are two forms of polymers that can be used in
employing anti-diabetic drug to improve the
effectiveness in delivering the drug. They are
natural and synthetic polymer

Natural polymers:

The majority of natural polymers are now
employed as excipients . in pharmaceutical
formulations as they have beerj demonstrated to be

safe in vivo. Natural materials; are preferable than .

artificial materials in terms {)f biocompatibility,
accessibility, and modiﬁcatiotj ease. Additionally,
as the original natural materials possess reactive
groups, other functional groupfs may potentially be
added to, offering the newly gfieveloped materials
extraordinary functions, or changing their
chemical and physical characteristics.20,21
Polymers also offer outstan&ing characteristics
and often serve as nanocarriers for treatments,
diagnostics, medication transport, and
protection.22 This review article highlights how
the use of natural polymers enhances the anti-
diabetic  pharmaceuticals' effectiveness for
delivery,

Classification of natural polymers used for
diabetes mellitus

@ INTERNATIONAL JOURNAL OF PHARMAGEUTICAL SCIENGES
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There are 2 kinds of naturally occurring polymers
viz: polysaccharide and protein: Polysaccharides
Chitosan, Alginate, Dextran, Starch, so the other
form is Pectin and Proteins which includes Casein
and Gelatin. As polysaccharides are exceptionally
durable, secure, environmentally friendly, and
have gel-forming attributes, it is possible to
modify them chemically and biochemically to
make them suitable for consumption during oral
protein administration.23 Charged polymers, like
alginate as well as chitosan (CS), can
electrostatically interact with differently charged
components to create polyelectrolyte complexes
PECs that produce ion pairing without
compromising the fundamental properties of the
polymer.24,25 Proteins are known as molecules
possessing molecular weights more than 5000 Da.
whereas peptides are defined as molecules with
molecular weights around 500 and 5000 Da.26
Although being made up of amino acids, they are
synthetically . distinguished by factors such as
molecular weights, spatial conformations, and
amino acid units.27

Chitosan:

Chitin, which is sourced from the cuticles of
insects, the exoskeletons of Crustaceans, and the
cell walls of fungus, is alkaline deacetylated to
form chitosan, a kind of polycationic
polysaccharide.28,29 Chitosan is also well-known
carbohydrate polymer, has gained a lot of attention
lately due to_its biocompatibility, Low toxicity,
readily available, and biodegradable.30 Numerous
types of chitosan have shown promising effect of
improving the poor lipid and glucose metabolism
associated with diabetes mellitus. However,
chitosan has also produced a number of innovative
drug carriers that can be used to transport
antidiabetic medications to their intended
locainIIS. The present research emphasizes the
rising significance of chitosan as polymer-based
formulations for the administration of antidiabetic
inproved control of

medications to achieve
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hyperglycemia and summarizes the possible
actions of chitosan in modulating impaired blood
sugar and fatty acid metabolism correlated with
diabetes mellitus.31 Chitosan can be produced into
powders or beads. It typically appears as white,
yellowish flakes. Additionally, the Deacetylation

Issue 9 - 9 Review

(DD) plays a vital role to the molecular chitosan
weight. Specifically, a lower DD corresponds to a
larger molecular weight, resulting in increased
chemical stability and mechanical strength.
Chitosan has an average molecular weight of
around 1.2 x 105 g mol-1.32

Figufe 3: Structure Of Chitosan

Chitosan is cationic in nature as a fesult of
containing amino and hydroxyl groups.|{Chitosan
is capable of being modified chemigally and
physically by a variety of techniques indluding‘as
grafting,  complexation, crosslinking, and
blending. Hydrogen bonds; exist in the molecular

structure of clutosan, resultmg it to be a r1g1d

polymer.33 :
Researcher named Florentma Geanina
Lupascu et.al 2015 demgned xanthine analogues
to enhange the chitosan-based scaffold's biological
and pharmacokinetic attributes. It was :observed
that the experiments showed a decrease in: the

blood glucose level with 59.3()% and 4.53% of -

glycosylated hemoglobin. The . formulation
confaining chitosan fdhnuIation (CS-6) displayed
lower blood glucose level (114.5 mg/dl} than, the
one induced by:pioglitazone which was was 148.5
mg/dl while taken alongs:de a regular dlabetes
medication.34

Jubril Olaylnka Akolade et.al 2017 spemﬁed the
use of chitosan algmate beads polymeric complex
with curcumin as therapeutic agent for diabetes
mellitus. The studies revealed an improved
encapsulation efficiency was (64-76%), loading
capacity was (20~26%) and yield was (50-72%).

Moreover, curcumm s biological properties,
retaining status, and  chemotherapeutic
o

¥ }\3 INTERNATIONAL J[]URNAL OF PHARMACEUTICAL SCIENCES

functlonahty were all substantially improved due
to its nanoencapsulation in chitosan based
polyelectrolyte complex. Further, the complex

reduced-loss of curcumin by 20% & also extended

mean release -time by 40 minutes in simulated
gastric fluid.35 This case report is on chitosan
being an effective polymer for formulating
antidiabetic formulation reported by E. Jaisankar
et.al 2020. They developed chitosan co-polymer
membranes fabricated from thiourea, phenyl-
hydrazine & formaldehyde via polycondensation
method loaded with metformin as an anti-diabetic
agent. The metformin loaded tablet formulation
were developed. The results showed improved
antidiabetic effect by inducing a sustained release
of the formulation. Additionally, the developed
nanocomposite displayed antimicrobial
development properties providing its potential to

. recover from wounds in diabetic individual.36

Alginate:

Alginate is a renewable polysaccharide comprised
of two monomers: mgnnuromc anid guluronic acid.
Seaweed develops ailengthy chain of alginic acid
and salts, Natural alginate is biocompatible but not
biodegradable under physiological conditions.
Therefore, it is dissolved in divalent ions like
caleium and utilized for wound dressing,
scaffolding, and hemostats.37,38,39  Alginate
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originates from brown algae célled Phaeophyceae
comprising Laminaria hyperborea, Laminaria
digitata, Laminaria japonifca, Ascophyllum
nodosum, and Macrocystis p?.yrifera, employing
water-based alkaline solutions, usually NaOH.40
Alginate is a negatively icharged polymer.
Therefore, it is widely studied and is also been
used in biomedical fields becanse of its relatively
safe, harmless gelation with d;ivalent cations like
calcium cation, and biological suitability.41
Alginate is a remarkable pol:ymer which offers
numerous benefits and has refCently been widely
used in the development of controlled-release
systems that deliver medications.42 The molecular

Int J of Pharm Sci Vol
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weights of commercial sodium alginates vary
between 32,000 to 400,000 g/mol.43 Maximizing
the molecular weight of alginate upgrades the
physical characteristics of the gels. Highly
molecular weighted polymeric alginate solutions
can be extremely viscous, making them
unfavorable for the processing step.44 Alginate
constitutes a straight copolymer' consisting of d-
mannuronate and l-guluronate residues connected
by a 1,4 bond. The Blocks consist of alternate M

and G residues, consecutive G residues, and

consécutive M residues. Different sources of

alginates have various degrees of concentration of
M and G.45

m ‘ .
Figure 4: Structure Of Alginate .

In relevance to the following the polymer,glgi_hate
and the antidiabetic agent was been formulated by
S. K. Bajpai et.al 2017 and the formulation
included calcium alginate beads containing
gliclazide as the antidiabetic agent. This
formulation provided an extended release of Ca

(IT)-ions crosslinked alginate beads and keeping it

stable for more than 48h, in the gliclazide the
physiological fluid of pH 7.4, while ions

crosslinked alginate beads not only enhance the

stability of the composite beads-but also-improved
retention time of anti-diabetic drug gliclazide.
Additionally, the enhanced stability and prolonged
release were confirmed by an in-vivo study on
Albino Wistar rats.46 '

In another research Mansi Butola et.al 2023 had
an objective to demonstrate the synthesis of
compressed tablets incorporating sodium &"pectin
alginate with metformin HCL. The studies
revealed the developed tablets showed sustained
drug release pattern. It was found that with

%00 INTERNATIONAL JOURNAL OF PHARMAGELTICAL SCIENCES

. gliclazide

increase in polymer concentration the drug release
was decreased.47

Dilipkumar Pal etal 2011 developed &
optimized alginate . methyl-cellulose
mucoadhesive microcapsules of gliclazide by
central composite design. The developed
microcapsiles exhibited good mucoadhesive
property & showed controlled drug release. In-
vivo studies revealed that blood glucose was
lowered pfter ~administration of optimized
contdining mucoadhesive
fnicfocapsules to prolong the systemic absorption

. and also improved patient compliance.48
. Cyclodextrin: ' '

Cyclodextrins (CDs) are oligosaccharide and are
widely employed in the pharmaceutical- sector
which are capable of forming inclusion complexes
through interactions with guest molecules.49 Their
cylindrical structures, with cavities close to 0.7 nm
deep and 0.5-0.8 nm interior diameter, exhibit
remarkable features.50
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Figure 5: Structure Of Cyclodextrin

Kuljit Kaur et.al 2019 developed an inclusion
complex of metformin hydrochloridé (MF) and
beta-cyclodextrin (B-CD) microwave irradiation
method with the ai;m to improve sustained'rele'ase,
dissolution and ordl bio-availability of metformin.
Complexation with B-CD was prepared by 4 using
ways physical mi'xture kneading method, co-
precipitation method microwave method.51

biomedicine.52 Dextran possess a molecular
weight of up to 440 MDa. They are categorized
into two: categories based on chain length: those
with a weight of molecule more than 40 kDa are
simply ‘termed dextran, whereas those with
Oligode;'(trans are molecules with a weight less
than 40 kDa.53,54,55 Dextran is a neutral complex
that is branched glucan and is made up of o-1,6

Dextran: . glycosidic  connections  between  glucose
Dextran-based delivery methods have been w1dely .monomets, with branches from a-1, 2, @-1, 3, and
explored over the past decade, with applications.in  ‘o-1, 4 links.56
food science, 1_1utraceuticals,' pharmaceuticals, and -
SRS AT i O A i s gl
.l' - e 'L"““ w“’J"““wi T

: : Flgure 6: Structure Of Dextran _

An attempt was made in this study by Ning-Hui Lu  dextran-based  polymer-coated nanoparticles

et.al; 2018 to show dextran as effective polymer '

and developed a formation with dextran as
polymer with modified _magheminte  of
nanoparticles to the human insulin, The éim of this
work is to demonstrate the impact of nanoparticles
on human insulin's in vitro amyloid fibrillogenesis,
Insulin fibril formation was reduced when
modified  dextran polymer cons:stmg of
maghemite nanoparticles ' that were added to
human msuhu The outcome as well as the
nanoparticle' size arid concentration WCI‘C strongly
connected.57 S. K. Bajpai et.al 2016 designed

M ,;/f INTERNATIONAL dl]IJRNAL OF PHARMACEUTICAL SCIENCES

formulation consisting of the dextran hydrogel
with the gliclazide as an antidiabetic agent. When
compared to the ordinary drug, the drug-loaded
hydrogel was found to be reasonably effective in
drastically reducing the glucose level at reduced
injection repetitions.58

Starch:

The 2nd most prevalent organic bio-polymer, is an
inexpensive, adaptable, inexhaustible agricultural
commodity with a variety of industrial and
therapeutic applications.59 Starch molecule have
structure consists of two forms amylose and
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amylopectin.60 Amylose is a polymer composed
of o (1, 4) glucopyranose and has a mild branchin g
pattern. Between 105. and 107 g/mol are
responsible for its molecular mass, and it has a
degree of polymerization of 6000. A densely

branched polymer with approximately two million

polymerization degrees, amylopectin is made up
of a (1, 4) glucopyranose molecules connected by

Int J of Pharm Sci Vol
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@ (1, 6) links. The molecular mass of amylopectin
ranges between 107 and 109 g/mol.61 Starch is
primarily made up of two D-glucose
lloxnopolymérs [8]: amylase, a linear « D (1, 49-
glupan, and branched amylopectin, which has the
correspongling constitution to that of amylose but
has more fi-1, 6'-linked branches.62

Strumure of Aniylose vs. Amylopkctin

Arh;'lose

i oy T d s Moleclet

Figure 7: Structure Of Two Forms Starch

Formulation of glipizide as controlled release

matrix tablets by employing starch acetate as a -

polymer to enhance the effectiveness of the anti-
diabetic formulation was developed by P.
Seenivasan et.al 2013. It was concluded that the
use of starch acetate has improved the effect of
formulation by providing a controlled release for
24h.63 Dioscorea oppositifolia starch has been
tested as a polymer for the formation of floating
gastro-retentive beads enabling the carefully
controlled - administration  of  metformin
hydrochloride in a diabetic medication created by
A. Okunlola et.al 2010. The ionotropic gelation
approach was used by the team of scientists to
create floating micro beads, In contrast to the
starch to alginate ratio, releasing of metformin and
the starch mixture from floating micro beads in a
regulated manner.64 . Ying Zhoi  et.al 2014
prepared a formulation containing the natural
po'lﬁymer indica rice starch with glimepiride as an
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antidiabetic agent. This research revealed that dual
modification revolutionized the structure of indica
rice starch, impacting both the diabetic mice's
blood . glucose levels and the
digestibility.65

Pectin;

Pectin is a biocompatible polysaccharide with
intrinsic biological activity that may demonstrate
different structural features depending on its
source or extraction method.66 Pe‘ctin can be
encountered in all terrestrial plant organs,
including meristematic and parenchymal tissues.
Pectin originates in plant cells in the cell wall and
middle lamella section. However, the quality and
quantity of pectin varies depending on the
species.67 Pectin is soluble in. water, anjonic
polysaccharide having linear chains of a-(1, 4)-D-
galacturonic acid, 1,2 D-rhamnose, and side chains
of D-galactose and D-arabinos.68

starch's
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Figure 8: Structure Of Pectin

Researcher Santhosh Kumar Chinnaiyan et.al
2018 developed an antidiabetic formulation
consisting of pectin as a polymer in metformin
loaded nanoparticles. The method used for
preparation of: nanoparticles was ionic gelation
method. This study depicted slow and sustained
release of formulation at pH 6.8 and eventually
resulting in increased retentién‘duration in blood
circulation.69 '

Casein: _

Milk contains casein, which naturally transfers
nutrients from the mother to the baby. It is
affordable, 'safe and easily absorbed 70 These

f# %iJ

Tom |

molecules have molecule weights which range
from 19 to 25 kDa with typical isoelectric point pI
of 4,6 percent to 4.8 per cent. All the 4 caseins are
amphiphilic in 'nature, with  undefined
structures.71 Caseins are proteins comprises of
amphiphilic proteins that form stable micellar
structures in water liquids. Casein micelles are
structures made primarily of 4 phosphoproteins
bound to one another through hydrophobi¢ forces
and calcium phosphate nanoclusters that (CCP)
associated through the adjacent chain casein's
phosphorylation serine residue.72

OH o© OH
o
. N OH
. H
o

Figure 9: Structure Of Casein

Scientist Janardhan raj et.al 2015 demonstrated the
use of casein n}wellcs incorporated with an
antidiabetic agent' of metformin. The results
showed that the use of this formulation lead to the
release of metformin loaded casein micelles to
provide a controllé,d release and the micelles also
depicted a stronger stability.73

Gelatin:

Gelatin is a naturally occurring protein that is
exceptlonally biocompatible and biodegradable in
physmlogxcal circumstance. It is obtained from the

at

'J

R
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hydrolysis of collagen.74 Collagen and gelatin
molecules have repeated Gly-X-Y triplets,
including proline (Pro) and hydroxyproline

.(Hypro) amino acids.75 Gelatin is an effective

medication delivering medium owing to its ability
to carry icharged biomolecules. It is true that the
gelatin isoelectric point (IEP) can be adjusted to
optimize drug loading performance based on the
electrostatic characteristics of the target compound
by cho,os'ing an alkaline or acidic preparation.7¢
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Figure 10: STRUCTURE OF GELATIN

The research study performed by Ying-Zheng
Zhao et.al 2021 on modified gelatin which was
incorporated with the insulin and thus resulting it
to their feasibility as insulin ° pulmonary
administration system,
research studies determined that the bioavailability
was improved and the duration of hypoglycemic
effects was also extended. Sustained release in

Pharmacodynamic

lung tissue represents a particular benefit that
polymeric nanoparticles are capable of providing,
which can lower the dosage frequency and
increase patient compliance, In additionally it also
resulted in providing affordable price, excellent
physical characterization, high bioavailability, and

quick and consistent hypoglycemic impact.77

Table 1: Polymgr And I_(éy Findings' In Anti-Diabetic Drugs

API POLYMER KEY FINDINGS. REF |
Metformin hydrochloride Ch:tqsan The composition demonstrated regulated 78
(MET) :
. release of drug, and a greater _
encapsulation (~90%) additional showed a
: decrease in blood glucose levels.
de]?]itri:)l;al:tfliitl?smm Chifesan | Prolonged-relegs,e qualities 79
Gliclazide-loaded alginate beads
Gliclazide . demonstrated stable. blood glu_cose level
Sodium and enhanced patient compliance by 80
Alginate .. optimizing, regulating, as well as. ,
extending gliclazide's systemic absorption.
Metformin hydrochlori ée S The MFH and sodium alginate hydroge}s
(MEH) : odium fOrmula_non complex sho_wcd an excessive ’1
alginate mechanical strength and in addition it also
provides sustained release of the
formulation.
Glimepiride Significant increase in the drug's rate of
Cyclodextrin solubility, prolonged its duration of action, | 82
| and enhancing its therapeutic efficacy.
: . : Cyclodextrin matrix tablets filled with
Metfonn:r(lh}g?)rochlom? Cyclodextrin metformin hydrochloride provided a 83
‘ sustained release.
Dextran-encapsulated gold NPs
(AuNPs@Dextran) binds to the insulin and
Insulin Dextran are used as insulin carrier, AuNPs@ 84
Dextran;offer the potential to act as insulin
) J__ _carriers, extending insulin activity and |
@g} INTERNATIONAL JOURNAL OF PHARMACELTICAL SCIENCES Pag
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lowering the need for frequent insulin
injections,

Metformin hydrochloride

(MH) Starch

Mucoadhesive beads showed improved
levels of glucose control along with 85
compliancé among patients.

Metformin hydrochloride

(MH) Pectin

Mucoadhesive beads of (MH), exhibited
robust muco-adhesivity with
gastrointestinal mucosa and a notable
hypoglycemic effect in rats with diabetes
provoked by alloxan over a long duration
of time after oral administration.

86

Insulin + Casein :

intestine, the insulin contained within the

Hydrogels containing insulin and casein
resulted in improved patient compliance.
After tolerating the stomach's acidic

environment and reaching the small 87

hydrogel casein begins to be released,
allowing the beneficial impacts of
hypoglycemia to be effectively shown.

Metformin * Gelatin

Metformin incorporated in methacrylated
gelatini was released from specially 38
engineered hydrogel microneedles,

-providing a sustained dosage.

FUTURE ASPECTS:

The emphasis. has centefed on analyzing and
presenting multiple polymeric carriers that are
capable of a tendency to boost insulin intestinal
absorpﬁon in alcons'idérabl'y greater range than an
oral insulin solution. Although the conclusions

reached are considerably below the hypoglycemic

impact obtainable by utilizing subcutaneous
insulin, beneficial effects have been observed.89-

It is possible to combine many biopolymers into
one carrier to suit all of the propertiés_which are
been covered in this review article. Though the
results are not nearly.as hypoglycemic compared
to those obtained with injection-based insulin,
there do appear to be some positive and
encouraging results. Even yet, a larger quantity of
insulin is needed in the formulation for oral
delivery methods than for injectable drugs. This is
an important - problem since the entrapment
efficiency of the carriers counts when considering
cost-effectiveness. Development of oral insulin
carriers utilizing naturally occurring polymers that

@ INTERNATIONAL JOURNAL OF PHARMACELTICAL SCIENCES

function more adequately or at least resemble the
features of the injection through the skin thus
served as the primar'iy objective of study. In order
to maximize protection for users, investigations
into the long-run toxicities associated with the
carrier molecules is further recommended.90
CONCLUSION: |

Globally, the occurrence of diabetes is consistently
rising, while over the following fifty years, this
upward trajectory is;anticipated to persist. Since,
insulin therapy was introduced 88 years ago. The
vast majority of natﬁra]ly occurring biopolymers
across the habitat are polysaccharides, which can
be found in a variety of biosphere constituents
such as microbes, plants, and animals, aquatic life,
etc. Polymeric nanoparticle offers numerous
benefits, including easy preparatory work, specific
distribution, minimal dosage, and excellent
medicinal effectiveness. It was determined in this
assessment that one of the most advanced
techniques using nanoparticles made of natural
polymeric material for the diabetes mellitus
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therapy. Polysaccharide nanopérticles have shown
themselves as the highly significant biological
nanocarriers of the future, i Despite this, the
majority of the investigation on polysaccharide-
based nanocarriers was Iimited to preclinical
settings, necessitating additiofnal study of these
polysaccharide NPs with poitential for clinical
application. The considerable amount of research
demonstrating the exceptional biological and
physiochemical properties off polysaccharides
makes it seem likely that such compounds will find
application as fascinating biomaterials in coming
years. This review article investigates on tle
natural polymers used for diabetes mellitus has
succeeded in demonstrating many different
advantages like improvement in encapsulation:
efficacy, optimized blood glucose level, increased
drug's rate of solubility, sustained release and
compliance among patients. In this review it was
also concluded that the usage of polymeric
compounds is the advanced method to enhance
treatment of diabetes mellitus.
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5 mma

Ophthalmic disorders provide cgn‘sfc?&aﬁefbr%bi’e%s?df healthcare jpra fi't?gnggi due to the sensitive nature
of the ocular environment and $th€”wide range of conditions seen. Gtegﬂgg suitable pharmacological
formulations for eyec.ghéi:a;;y is critical to good management and treatment’?results}:'l'his comprehensive
analysis will examing-the numerous ophthalmic preparations used to treat ocu@'rlil%n?sses: includin
glaucoma, dry ey?saiayﬁdrome, conjunctivitis, cataracts, diabetic retinopathy, and mactﬂ’ég}ii;gperation. Ih
study delves jnto.the many types of ophthalmic formulations, such as eye drops, ointments,igefs; inserts, znd
sustained-rgl ef‘éystems, emphasizing their modes of action, pharmacokinetics, clinical effeetiy ness, safety

proﬁ]es,ﬁ’:ﬂm{io’bstac]es in ocular drug del ecent advances in formulation-t€GAnologies,
includin Hotechnology, microemulsion s, which promise to improvesmedication

Z Gy R FEL = T .
0_examines: future possibilities and current, frends in

v erEEn . . e e
dicine methods and innovative drugidelivery

2 2

bioavaila"ﬁity‘ and patient compliance.
ophthgffﬁﬁc drug development, such a

information for doctors, researchers
ocular therapies.

, an

=

SRS :_ i # :,,":5‘“_ : = A7 :
Kgim}%rds: ophthalmic chf"mglaf'l‘oné_roculér«?dr_s rdgE; © e
INFRODUCTION

g B B

ion with the ocular surface and glays
siveness of standard ophthalmic solutions
ng alternative ophthalmic formula;’iohs.l
) 'gﬁgroductive absorptign, retinal ﬂ;e:p‘it'helial
nitheicul-de-sac, all contribute to reduced drug

i o

structural limitations, the eyes absqgj:g“bnlj} atiny

The ophthalmic formulation extends t
medication removal. The low bioavailabil
cause‘cﬁ?ry precorneal medication elimin;
Precoth L loss  characteristics, includf
membrafigimpenetrability, and transien
bioavailgbility in ocular dosage forms. Due fo biological and ]

amount of.tlie=medications (1% or lesd)? Léhé%,;gi%g‘gf’(’j\’pkht 5‘%}6%‘*3%’% administration's intensity, amount, or
frequency can.adjust its effective dosage: drug delivery and retention period on the eye's surface. Efforts for
better ocular fr;ifqd'ii:a,tion bioavailability have centered on lengthening drug occupancy time in the sac
surroynding the conjunctiva and strengthening medication access through the cornea, the primary means of
medication entering the eye.?

3

Local instillation is a critical, harmless approach for treating anterior disorders. Ninety percent of commercial
ophthalmic products are administered using the traditional method, such as drops for the eyes. This might be
due to the simplicity of management and adherence by patients.’ Because of these factors, just under five
percent of the drug supplied enters the eye. Including permeation enhancers/cyclodextrins or raising solution
viscosity did not significantly improve results, Identifying and inhibiting medication efflux pumps has led to
¢nhanced ogular drug absorption. However, continuous usage of these inhibitors may lead to adverse
consequences.?
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Dryg.administration routes are different based on the target tissue. Both ocular and subconjunctival delivery
target the front region of the eye, while intravitreal and systemic therapies target the posterior. Following

. ...superficial application, drug pervmeati'qn.;o,c:cur:s in two ways: trans-corneal absorption occurs via lachrymal
———Alow-to-the-front-chamber, as well as transconjunctival and transscleral absorption from the exterior ocular
surface to the front uvea-ciliary bodies and eyeball. Hydrophilic medicines have increased trans-corneal
pérmeation compared to hydrophilic medications due to the corneal epithelium's lipidic composition. The
transconjunctival route is apptopriate for hydrophilic medicines and big molecules. Topical use is used to treat
anterior chamber diseases, including infection, allergies, corneal infection, and ulcerated corneas. Specialized
versions must match the following requirements: effectiveness, sterility, stability, and ocular tolerance.’
Drug distribution to the eyes- is esse %lgﬁ%ﬂg ers affgoting both the anterior and posterior
-portions. This review article hig%l‘féhﬁa vances in medicati deligg?fﬂgfrjfng.\the last decade. Disorders in
the front part of the eye are mg¥e accessible to cure than the poster%" regioﬁ Site-specific delivery of
medication devices ng‘l}& >ssary for addressing the eye's back parts, including the extracellular cavity, retinal
pigment epitheliali(&P@?‘*and choroid. Poor drug delivery can contribute to persistent,vision loss in disorders
of-the 'beh'ind‘své?@eﬁt, such as proliferating vitreoretinopathy (PVR), sinusitis, a virus called (CMV), age-
associated mﬁ&"]‘ar degeneration (AMD), and diabetes-related macular edema (DME).® Sqﬁejral medication
delivery x‘ﬁ&%;d ‘have been established t6 enharice ophthalthic availability and bypass deTf?_fef‘jf obstacles,
including&emilsions, aqueous gels, oin {SEESUSPeIS sznano micelles, dendrimers, nénogu'spension,
‘microneedles, in Sjtu thermosensitive gelSimplants ane f act lenses. The paper will offer an oVerview of
traditiondliand innovative 6phthaliic e j

of Oglét}iﬁﬁiﬁ Formulations as shown i
CO@%TIONAL DELIVERY SYSTEM -~

Melitation is given to the eye's surfac
inflammation of the cornea sicca .01"Intra
orglaucoma. The majority.of e’?i disori
Conyentional dosage forms nake upsrou
ConiVentional ophthalmic medicafig at 0 .

fluid “ turnover and washout. . Nearly: | netrafers,
nasolacgmal duct, with less than 5% re: :

L.

ng Lpfectioﬁr_ls like cataracts. Blep}larri_tjs,
rned’s surface for problems such as uveitis
1tional medicines such as drops for the eyes.
trently available commercial formulations.®
n significant precorneal loss due to tear
stemic via the conjunctive tissues -and
anial tissue's lens.’ o

Eyeﬂgqﬁis:

5

Eye_dfgjgﬁm_unc.on,taminat'éd, aqueo_us ) atiwashtand refresh the eyes. Excipients can affect the
pressure”of the osmotic fluid, the pH level: ) ¢ thicknessin formulations. Preservatives may be added to
multi-usé packaging.'? Drops for thg»ei?gféjéf%»gi;’ﬁlﬂiﬁféiﬁqﬁﬁ”éﬁff%frﬁs',« including oil and water solutions, fluid
emulsions, %nd:;_é,qspensi'OnsJ containing active ingredients. Multi-use packaging may contain preservatives.
“These kinds 6f solutions are sterile and isotonic conditions. Drops for the eyes should have a pH of around
7.4, similar to 't"é'a;r fluid. When opting to buffer a medicine, consider its stability and tissue tolerance. High pH
levels can induce pain, jrritation, and decreased medication absorption due to increased tearing. The optimal
pH range is 4-8."

Ointment and gels:

Oiritments are semi-solid products designed for external application. They are frequently made using mixtures

of semi-solid and firm hydrocarbons (paraffin), which have a boiling or softening point near the body's

~temperature and are harmless to the eye. Ointments can be primary bases, generating a single continuous

pﬁasc, or complicated bases, using a two-phased system (such as an emulsion). The therapeutic component is

combined with the base in solution or as a highly micronized powder. When administered within the eye,

- —ointments are dispersed into tiny droplets and operate as a drug store in the cul-de-sac for extended periods.
a
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" Qintments that are highly effective in increasing pharmaceutical bioavailability and prolongin'g the release of
. drugs. While secure and effectively accepted by the eye, these balms have a low compliance rate due to blurred
Yision and periodic discomfort. As a result, they are.commonly used as an evening drug.'?

Aqueous gels: |
The gel can be a viscosity enhancer, resulting in a longer precorneal residence duration. It provides advantages
such as less systemic exposure. Gel's high viscosity does not significantly enhance absorption, limiting dose
frequency to once per day. The excessive viscosity causes blurry vision and matted eyelashes, reducing patient
acceptance. Polymers widely used in aqueous Ege]«ﬁ include carbomer, HPMC, Hydroxy ethyl
cellulose, polyacrylamide, PVP, poloxam "f%ﬁd %Lg}’ ,ﬁljréthﬁ’]Vinyl%mermaleic anhydride. Hydrogels, or
insoluble in water polymer compbunds, withi distin t@%lﬁng ca !hbiliﬁ‘?.s in aqueous settings, may be
employed for the controlled admi ‘%‘tna 1on of drugs. Medicines are reias’&(gjﬁf}%ﬁﬁpcse systems by transferring
their solvent through\t}léggolylllé?x'c matrices, resulting in bloating. In this fitfalistage, the substance diffuses
into the inflated polymerit material, causing attrition and disintegration. Poly(acrylic acids), a hydrogel,
significantly en!g?ﬁ;é}gé{ tropicamide's optical absorption in humans compared to ~t'hick'?L§olutions or wax
ointments.”® . % 4

o snlatriserts:
cuserts ;mglacnserts.
E

Ocular ﬁm%‘éﬂs are a solid dosage form t v §acks of standard visual systemgyingluding
aqueouﬁs"f‘ ﬁﬁlticms, suspensions, and qint f y s
substitutes” the traditional pulse entran
suspenéibns: and ointments. This forrg; :
administration. The eye drops demonstrai‘
with trafisitory overdose, brief intervals ©
insértsslike controlled release systemss'h;
number of doses. The low use%qf‘;%*;ulalj
i 1

ing ophthalmic medication delivfs"" / System

rugs found in ocular aqueous sotutions,
: \p"i*bloqgled and continuous medjcation
for medic’é’t’ion}administration in the-eye,
d lengthy periods of underdosing. (léﬁiar
concentratjon in target tissues while loweringthe
K ﬁﬁégygﬁologléal %easons, such as the pga%%_t"s
B q;% weﬁ!}-]"?as infrequent therapeutic fajlures
pproaches:were used to create ocular inserts,

s11s : Bo . :
unwillingness to switch fro Lypieal liq

(e.g=eunrecognized ejection or membfaner
including soluble, erodible; non-erodible::

Lacriserts:

Merék{‘ _Sharp, and Dohme invented thi
keratitis=sicca 1981. They create a hydroj
lubricating’the cornea.!® -
Emulsion and.Suspension SRR AL TR AL
Emulsion: ' ,

The mixture of a number of immiscible liquids results in a system having both a dispersed and continuous
phase. The susceptibility of cornea and conjunctiva cells to detergents has limited the use of water-in-oil (W/Q)
or oils-in-water (/W) macroemulsions for ophthalmic medicine administration.'® They are the result of an
abnormally high. The high concentration of surfactants in the scattered phase may irritate when applied to the
eyes, as shown by the stinging sensation caused by even small quantities of alkaline soap. Long-term
emulsions with conventional surfactants can cause corneal lesions, even if they are not initially irritating. In
addition, the emulsion is more complex to make at clean conditions.'?

Suspension:
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The suspension is.one harmless ocular topical fluid me

a mixture of finely divided solid APl in

- ... substances. In other words, the messenger, The liquid

e

September 2024, Vol

a fluid solutio

ume 11, Issue 9 || www.tiier.or .

dication administration method. A suspension involves

n using an appropriate suspension and dispersing
‘ part of the system contains
~—=Suspended:particulates persist in the precorneal area for

an API-saturated solvent,

more time than medication solutions. The period of

,‘g}'& Table 1 Examples of Ocular Dosage Forms, API, and Therapeutic Use

her; ¢ use Reference ;
jurictivitis 33 o
34 51”
135

nd swelling |36
Ocfilar | 37 o
,f"é} 3 : oy

i 38 e

VESICULAR SYSTEM

of the eye

Allergic Conjunctivitis |48

Olopatadine | Suspension |,

nfection of | 39
caused by the ik
P _ . us N
j:,?éazlapteprednol Ointment treat: eye pain, | 39
s(*Etabonate ne‘g and swelling
Ktorolac " [ Ocular uﬁi ik edth itchy eyes | 40 -
s B “caused .y,?a]lergies
‘Izr_gg;;qinolone Ocularingert 4; (1 - “Tq: treat: macular edema | 41
atetonide : associated with uveitis
Terfoxicam Ocular insert Cataracts 42
Dexamethasone Emulsion Swelling and Redness ’ 43
| acetate .,
Erythromycin Emulsion Conjunetivitis 44
Ketotifen Emulsion To relieve the itching of | 45
allergic pinkeye
Ampbhotericin B Suspension Corneal Ulcers |46
Diclofenac Suspension To treat pain or swelling | 47
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Vesicular systems provide controlled ocular administration by preventing drug metabolism by enzymes on the

- corneal surface. Vesicles are a potential choice for ocular medication administration, providing the ease of a
drop whilg maintaining pharmacological action near the place of operation. Delivering drug molecules into
the-eye -via-a topically applied preparation is complex. Drug penetration rates are affected by the drug's
solubility and particle dimensions in suspensions and vehicle-specific properties. Vesicle dose forms contain
the medication in lipid vesicles, allowing it to pass cell membranes. Vesicles act as drug carriers, affecting
both absorption and disposal. Liposomes and niosomes are two standard vesicular drug delivery methods
utilized in ophthalmology. '

Liposomes: o f4 :

These are biodegradable and bigegfnpatiblescsllifidhical Atrietuges co}hpos”e"d.,of lipid bilayers. They range in
size between 10nm to 10um. Tﬂg‘*ﬂjp d bilayer form with an aqueous't 'ti;@pablcs the addition of each
lipophobic and hydrophigbic active molecule. Lipophobic compound drufs {can b encapsulated in the
liposomes or absogbé’;&j_ixﬁth‘e medium, whereas lipophilic pharmaceuticals are integ;‘atec‘i»i‘ to lipid bilayers.
The efficiency &fﬁig%somal formulations depends on several aspects, including thé dctive component,
liposome siz‘gs\g@d,-amrge. Liposomes are commonly used to manage eye ailmerits befi’gzgrsj‘é"gf their high
tolerance an&@acity to enhance medication permeation when administered topically. THigés due to their
ability to ¢ormmunicate with ocular ceIls,‘Es_g he cornea's outer layer. These provide sevéralsiiedication

deliver 'x%'és:ibilities, including prolonge on on the cornea's surface ang;@tinued
release after injection.?’ T
S o
. 4
NiOS-.O}'ﬂhes.' o F
g =

3 jngﬁrédienﬁg?dhal layers that funcfi‘?g;as
or e;éfic, and‘they develop when a surfactant

h ‘ajkyl family, is combined with lipid&nd
hydratéd in an aquatic soluticf Nicse inilamellar or rﬁ%ltilamellar, based on how th&y ate
prq&_cggi. The vesicle comprise__sf’: surfact vith lip hobictterminals visiblg on both sides and
hydrophobic chains faging each c]?ﬁ"&;rﬁ nttaps hydrophilic drugs, whereas hydrophebic
medications are embedded in the bilayer;.) Used to treat several ailments.?! E$g§ﬁ1es
of ABFand its dosage forms Table 2. :

Ni@%es are non-ionic substance droplet
inngvative medication delivery platforms
that is not ionized, belonging ?{)a;t,h@ dial

: ﬁs«;y Table 2 Examplesiof:Ocular. I rms; AP, and Therapeutic Use
of : : : T
“APP B ) ,_“Dosag'e'_jf tic use Reference
Flueghazole Liposomes # &% L. “Tyeats‘syeiinfections | 49 .
Hyaluronic acid | Liposomes | Increases tear film | 50 "
R ‘ “stability 3
Ibuprofén - Liposomes Reduce eye pain 51
Timolol maleate Liposomes Glaucoma 59
Acetazolamide Niosomes Glaucoma 53
Gatifloxacin Niosomes Bacterial 54
Conjunctivitis
Lomefloxacin Niosomes Bacterial 55
Conjunctivitis
Natamycin Niosomes Fungal Keratitis 56 ﬁj.
NOVEL OCULAR DRUG DELIVERY SYSTEM
| a
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In.recent decades, various methods have been used to treat eye problems. Nanotechnology-based ophthalmié

products are being tested for drug delivery across the anterior and posterior regions. Nanotechnology-based

--.ctreatments that use.suitable sizes-of particles can reduce discomfort while maintaining sufficient availability

- —and-ocular tissue compliance. Nanocatriers that included tiny particles, minor suspensions, nanoscale micelles,

and dendrimers were designed to carry medications directly to the eyes. Some studies have demonstrated
promising outcomes for increasing ocular bioavailability.??

Implants:

The implants are regulated medication delivery methods created from non-biodegradable and biodegradable
polymers. Typically, they are injected thr uﬁf&vﬁrqﬁﬁs ,,throughﬂ,,g_p incision in the optical pars plana.
positioned lateral to the pupil and,bé?&é%he etin ﬁ)e iMe{djsruptﬂ(e iffipact of the implantation approach.
implants offer various benefits f} eed the difficulties of the surgerfﬂhgsé” geneﬂts include overcoming
the blood-retina barrier,%]lowing medicine administration at therapeutic am ujflts directly into the intended
location, continuous%‘};@ 8tion administration, and decreasing the adverse effects frequently linked with
intravitreal injegtios,and systemic delivery.”® Implants have advantages in treating chronic ocular illnesses

such as CMV. ﬁﬁgtls Previously, polymers that were not biodegradable were utilized, but both installation

and-withdrawal required surgery. Degradation polymers, such as Polymer Lactate Acid, are safe and effective
at delivering¥dgugs into the retinal cavity %tho,tnt causing any damage.”!
2 i SR SR G R unabl e
e ; i A
- Tontophoresis:. - b

electrode for grounding with a different ¢| the body to finish the loop. The medicine
works &5 a conductor of electricity in thejcel ode is filled with the drug for delivery into

{0 tl%e*‘:eye.v_',l?his approach is easy to apply,

the*s¥es An electric field is used to inef
S e ST e B RNy e - . R o e
%1, addressing low bioavailability issues.

saﬁeﬁgand produces high medicagitn conc

¥
It addi 'ioga_l;lyﬁto_ler‘_atcs mﬁ“dxg%':l;‘ igit:

es #fgwer problems for people, it is not
deliyering medications to the eyes. This
%ue T4 proteins, peptides, antibiotics, and
an:b j?ninistered by transcorneal or transscleral
iontephdresis. Transscleral iontophoresisiprovides:sevier: I it %ver transcorneal distribution, including a
largei:%zce area, better drug delivery t ot teBion aad lower systemic absorption.? '
D,ehéﬁﬁ?‘r : e i

gl CEE £z
I?ep}d'rlr{]ef’s, },,for_rP of precisely specgﬁj;?:&o%ﬂg,gg& ‘7{%%%‘,’;&1 jilnd have.: severat.uses.l The;r_pltanc.hmg
layered designs with several controlled-terminal groups show great potential for biological applications,
mainly as drug’transporters. Dendrimers can be used as drug delivery vehicles by physical entrapment or
chemical conjugation, depending on their size and ratio to the medication. Few in vivo drug delivery studies
employ dendrimers since most research focuses on in vitro methods. Verify water solubility and
biocompatibility first. PAMAM dendrimers are the most frequently used for biological applications, including
medication delivery. Our phosphorus-containing dendrimers are helpful for physical purposes, including
transfection, anti-prion, antj-HIV, Alzheimer's disease, imaging, and activation of human monocytes and NK
cells.”’ :

Nanoparticles:

Initiatives have been made to increase medication bioavailability, release, and absorption rates through
formulations and dose forms. Nanodevices and nanostructures regulate human physiological processes at the
molecular and cell level. Nanoparticles (NPs) with sizes ranging from 10nm to 1000nm aid in the wansit of

a

PAG

T | TIJER - INTERNATIONAL RESEARCH JOURNAL www.tijer.org E \
. MER

o = =



£as A e i e mae e e et varn i AR AN

TIJER || ISSN 2349-9249 || © September 2024, Volume 11, Issue 9 || www.tijer.org
significant, water-soluble compounds through the ocular system. Drugs are unable to reach their intended
. location of action due to minimal difficulties. Drug-loaded nanomaterials offer beneficial biological features
such as prolonging. the duration.of residence of eye drops, lowering toxic effects, and allowing ARt
penetrate deeper parts of the ophthalmic tissue and liquid humor. They also reduce precorneal medication loss
due to high tear fluid turnover.?®

Microneedles:

Microneedles (MNs) are components constructed from polymers or metals and range in size from a few
micrometers ta 200um. MNs feature micro-sized projections, making them less intrusive. nature. These MNs
provide advantages over traditional d iv?eg{y 3 s"f“é'%%,g_ﬁ%liding bypassing ocular barriers and targeting
medications to precise sites gfg‘éﬂ? . Sale Wl efficient gppr_ ach for percutaneous medication
administration. MNs show encQuragi ng results in eye therapy and Wﬁ}gﬁgbe used for percutaneous
administration to the oral mucosa, gastrointestinal tract, and nails. Such micron-sized syringes are easily
insertable into the eye a_ncj T'a‘p'ﬂ)lpropriate: for many diverse functions. They are less unc,%mfoggble than ordinary
hypodermic neeg“@g g}’i‘d may be tailored to administer medication for an extended tinfe: A;ﬁ,ﬂa-result, repeated
administrationayduld be required.?

R 5
Microparticles:*
¥ e

3 o
.".>

oS

cles can travel across the blg

Micrdp‘"’“‘_ﬁ% have the benefit of delivetii
ons; Microparticles are injected usin

a corfibination of polymers and active cofii}
or not-biodegradable), microscopic pa
pha_ﬂ?ﬁ?_éeuti cal administration. Biodegraa*éb‘l
region=Microparticles enable the contro]
the-leftover drug from bre%kdogg@’ and ren

g them suitable for intraocular-delivery.
e, resulting in the same impact as several
thod. Microparticles are often fir%;adec'*from
& Polymer type (erodible, biodegradable,
dissolve from the injection site--after
ferrig for di@ofders affecting the p@;s_’i_f?ﬁor

oéiz_,:fbioaqgve substances while pro;t‘gﬂgg
la§sed based on their physical structure as

%

mi.er@jgﬂapsules or microspheres. Microcapst
strugture). The medication in microsphe

PR S by -

P

L

Insitu-gpiliﬁg:

Ophthalmig--in-situ gelling uses erngiE‘afjlf?{?ﬁ_lgnﬂiy.ii)bfljlmé‘i‘sj‘ ‘that can respond to changes' in pH,
environment, and ion strength. In-situ developing gels are fluids that rapidly form in the eye's cul-de-sac in
reaction to environmental changes. The medication is then slowly released under physiological circumstances.
By extending the gel's residence duration in situ, the medication is delivered in a prolonged way, improving
bioavailability, minimizing systemic absorption, and reducing frequent dosage, ultimately leading to increased

patient compliance, In-sity gelling systems offer several benefits, including easy manufacture, administration,
and exact dosage delivery.’!

Contact lenses:

Researchers are exploring new delivery techniques and technologies to address the limitations of traditional
¢ye drop treatment, A sound medicine administration system should be comfortable and convenient and not
interfere with vision or eye function. Therapeutic contact lenses offer prolonged wear and over 50%
bioavailability, making them ideal for regulated and sustained ocular medication administration compared to
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eye:drops. Therapeutic contact lenses distribute medications into the before and post-lens tears films, resulting

5}
in'a more extended residence period than eye drops (1-3 minutes). High drug residence time can enhance

bioavailability by up to 50%, resulting.in reduced dosage, frequency, systemic absorption, and related adverse
~—effects—Totreat anterior ocular disorders, therapeutic contact lenses have been created utilizing various
approaches, including soaking, chemical imprinting, or pharmaceutical-laden nanoparticle entrapment, drug
plates, ion-ligand polymeric systems, and supercritical liquids. Contact Jenses can effectively transport
medications. However, their expansion, retention modulus, ion permeation, accountability, and oxygen
penetration limit their use for medicinal purposes.®? Examples of API and its dosage forms Table 3.

g P f

#lx

Table 3 Examples of O‘EUIT‘}E*;, osage Forms, API, and Therapeutic Use
N . F L 2
API Dogage.form & & ¥ [“Pherapeutic use ; ™, | Reference
Fluocinolone ‘ Ifgp ants ~ To treat non-infectjout |57
acctonide %, & uveitis # %
PLGA Tyahd' | Implants Management Gt 6% o
dexamet 5@'@% . macular edemas due to o P
g R retinal vein occlusion A
Gangiclovir Implants Antiretroviral therapy | 57 ]
Ag?%@"ﬁ" . Tontophoresis For treating uveitis and | 58 ‘ J
A ot iflammatory '
ggfgefsiﬂoxacin J

- |
| Acetazolamide Nanopartigle Gl 63 B
P }-‘guorouracil .| Nanopartic : fibroblastic | 64
WaF o 1 and
% . S R equ w'»\écarring
"Cydlosporine A Nanoparfiéles 4 ¢ i, £[\Dry.eyekyndrome 65 —
Trizmcigolone Microparticles Edema and | 66
acetotifde + T Neovascularization
Ketorotag”™ - Microparticles For allergy symptoms | 66
Celecoxib-, Microparticles Diabetic Retinopathy | 66
Dexamethasone Microparticles Retinal vascular | 66
. diseases
Ciprofloxacin Insitu gel Treatment of corneal | 67
ulcers
Bimatoprost Insitu gel Open-angle glaucoma | 68
Acetazolamide Contact lens Glaucoma 69
Timolol Contact lens Glaucoma 69
Cyclosporin A Contactlens [ Dry eye 69 B
7 T a
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ﬁ(etotifen_fumal'ﬂtC ] Contact lens | Allergic conjunctivitis | 69 ]

~ CONCLUSION

Finally, effective management of ocular illnesses requires a thorough awareness of the many pharmacological
formulations available for therapy. This detailed analysis delves into the complexities of ophthalmic
formulations, which range from essential eye drops to cutting-edge nanotechnology-based delivery methods.
These preparations play an important role in treating illnesses such as glaucoma, dry eye syndrome,
conjunctivitis, and macular degeneration, giving pre}‘lrctitionke\rs a wide range of alternatives for tailoring therapy
to particular patient needs. Despite trenaendoﬂ?"i]nﬁpﬁﬂ/elﬁ'lé_nt in ocull,;;“g medication delivery, problems such

: 5 e . sty PN R OhE ey PR 4 . ;

as low bioavailability, patient ch]]pjlqpcgwc‘_bti’@erné, and the ! iequirement*for sustained-release formulations
remain. However, recent advanéﬁe‘\_saéimforﬁiﬁu]ation technologies show pr ,gugeiffgovercoming these barriers,
with novel techniques such as microemulsions, in-situ gels, and nanopei‘rti,f(:le-basggl carriers providing
improved drug deliivelll‘}(:,efﬁ&i¢11cy and therapeutic efficacy. In conclusion, this study, emphgsizes the value of
ongoing research and ihnovation in the field of ophthalmic preparations. By encouragirigicollaboration among
physicians, rgs&gi;rebers, and pharmaceutical scientists, we may continue to promote the d"éi‘/gl?)’pment of safe,
effective, andy a_tj’bnt-frie,ndly medicings for ocular disorders, eventually enhancing the quality,ef life for those
suffering frofthese ailments. "

s

References..

il .
1. Almeida H, Amaral MH, Lob#o P, Sousa Lobo JM, et al, Applications of poloxamers in ophthalmic
pharmaceutical formulations: an overy@m Expertoplmonon drug delivery. 2013 ;10:1223-37.
2. Pal Kaur I, Kanwar M. Ogular preggrationS' the formul%gion approach, et ql. Drug developmem and
sindustrial pharmacy. 2002;28:473-93.» :
3. "Le Bourlais C, Acar L, Zia H, Sado PA, Needham T, Leverge R, etal. Ophthalmic drug delivery systems—
~recent advances. Progress in retinal agg:_gy‘qn{egvewal:‘g‘ll‘;ml?9{2&]&;;%-58. y‘
4.'%Jain R, Majumdar S, Nashed Y, Pal D, Mitra AK, ¢t al. Circumventing P-glycoprotein-mediated cellular
~efflux of quinidine by prodrug derivatization. Molecular pharmaceutics. 2004;1:290-9.
5. "Gaudana R, Ananthula HK, Parenky ;M.i,tras AK, et al. Ocular drug delivery. The AAPS journal.
2010;12:348-60. N N N
6. ngor_i_a KG, Gunda S, Boddu SH, I\ﬂtra AK, etw
opinion on drug delivery. 2007;4:37I-SW@?}%?&%?@
7. Patel A, Cholkar K, Agrahari V, Mitra AK, et al. Ocular d
of pharmacology. 2013;2:47, I i e o
8. Felt O, Einmahl S, Furrer P, Baeyens V; Gurny R, et al. Polymeric systems for ophthalmic drug delivery.
Polymeric biomaterials. 2001:377-421.
9. Lang JC, et al. Ocular drug delivery conventional ocular formulations. Advanced drug delivery reviews.
1995:16(1):39-43.
10. Al-Tamimi DJ, Ammoo AM, Alani ME, Ibraheem JJ, et al. Review Article Ophthalmic Dosage Forms.
Karbala Journal of Pharmaceutical Sciences. 2020 (18). _
11. Baranowski P, Karolewicz B, Gajda M, Pluta J, et al. Ophthalmic drug dosage forms: characterisation and
research methods. The Scientific World Journal. 2014;2014,
12. Rathore KS, Nema RK, et al, An insight into ophthalmic drug delivery system. Int ] Pharm Sci Drug Res.
2009;1:1-5.
13. Patel P, Shastri D, Shelat P, Shukla A, etal. Ophthalmic drug delivery system: challenges and approaches.
Systematic Reviews in Pharmacy. 2010:1;113.

]
xproaches to retinal drug delivery. Expert

7

i
al. Novel a

: : ,
rug delivery systems: An overview. World journal

s

PAG
TIJER ~ INTERNATIONAL RESEARCH JOURNAL www.tijer.org E \*
MER
GFF



PNAAS AT Ll L oo e emiama =

TIJER || ISSN 2349-9249 || © September 2024, Volume 11 Issue 9 || www.tijer.or 5
14.4K}39khar P, Shukla V, et al. Ocular drug delivery system-A Review Based on Ocuserts. International
Journal of Pharma Research & Review. 2014;3:29-41, .
15. Paswan-SK, Verma P, Yadav MS, et al. Review-Advance Technique in Ocular drug delivery system. World
- Jjournal of Pharmacy and Pharmaceutical scistices. 2015 14:346-65.
16. Peng CC, Bengani LC, Jung HJ, Leclerc J, Gupta C, Chauhan A, et al. Emulsions and microemulsions for
ocular drug delivery. Journal of Drug Delivery Science and Technology. 2011;21:111-21.
17. Saettone MF, Giannaceini B, Monti D, et al. Ophthalmic emulsions and suspensions. Journal of
Toxicology: Cutaneous and Ocular Toxicology. 2001 ;20:183-201.
18. Remington JP. Remington, et al. the science and practice of pharmacy. Lippincott Williams & Wilkins;
AR NG T
19. Kaur IP, Garg A, Singla AK, Aggarwal D, et al. Vesicular systems in ocular drug delivery: an overview,
International journal of pharmaceutics. 2004;269:1-4. Pl
20. Lépez-Cano JJ, Gonzélez-Cela-Casamayor MA, Andrés-Guerrero V, Herrero-Vanre| R, Molina-Martinez
IT, et al. Liposomes as vehicles for topical ophthalmic drug delivery and ocular surface protection. Expert
opinion on drug delivery. 2021;18:819-47. -
21. .Biswag_Gii_,;I_\dajee SB, et al. Niosomes in ocular drug delivery. Eur. J. Pharm. Med. Res. 2017;4:813-9.
22. Patel A, CholkarK, Agrahari V, Mitra £ K, etal. Ocular drug delivery systems: An overview. World journal
of pharmacology. 2013;2:47. . »
23 EEVEZC}R, Fialho SL, Siqueira RC,Jorge R, CunhaJ unior AD, et al. Implants as drug delivery devices for
~ the freatment of eye diseases. Brazilian ‘Jduﬁial‘of‘Phw'armaccgtic_al Sciences. 2010;46:585-95.
24. Ramesh Y, Kothapalli CB, Reddigari JR, et al. A novel appréééhes on ocular drug delivery system. Journal
©f drug delivery-and therapeutics. 20 fi-f"};gi

25 fEljarrat-Binstock E, Domb AJ; et al. Tontophoresis: a‘"n‘dn;

invasive ocular drug delivery. Journal of

£ controlled release. 2006;110:479-89. %7 W el
26§legghan M, Mouzam M,(et al,lA'dv: 1 »gﬁhc‘) V‘S'i‘sAfOrdr.u\g deli\“{,ery. International Journal of Health
~Research. 2008;1. R M A ~

0 ;;,,D_L_iygn C, Eleég_ PP, Majoral JP, Caminade AM, et al.
Designing dendrimers for ocular drug-delivery. Euro eép Jjournal of medicinal chemistry. 2010;45:326-
34. 4 N NP o “

Nanoparticles in the ocular drug delivery.

27&3@[0 G, Malecaze F, TumnEQ,

28.Zhou HY, Hao JL, Wang S, Zheng Y, Zhang WS, et al
International journal of ophthalmology. 2013;6_:}9__

29. Gupta P, Yadav KS, et al. Applications of micronee
Life sciences. 2019:237:116907. yoriet wr g s A A

30. Herrero-Vanrell R, et al. Microparticles as-drug delivery systems for the back of the eye. InDrug product
development for the back of the eye 2011 (pp. 231-259). Boston, MA: Springer US.

31. WuY, LiuY, Li X, Kebebe D, Zhang B, Ren J, Lu J, Li J, Du S, Liu Z, et al. Research progress of in-situ
gelling ophthalmic drug delivery system. Asian journal of pharmaceutical sciences. 2019:14:1-5.

32. Maulvi FA, Soni TG, Shah DO, et al. A review on therapeutic contact lenses for ocular drug delivery. Drug
delivery. 2016;23:3017-26,

33. Liu §; Dozois MD, Chang CN, Ahmad A, Ng DL, Hileeto D, Liang H, Reyad MM, Bovd S, Jones LW, Gu
FX, etal. Prolonged ocular retention of mucoadhesive nanoparticle eye drop formulation enables treatment

_,_,@f_@f?ia?@ using significantly reduced dosage. Molecular pharmaceutics. 2016:13:2897-905.

34. Naguib 88, Hathout RM, Mansour 8, et al. Optimizing novel penetration enhancing hybridized vesicles

for augmenting the in-vivo effect of an anti-glaucoma drug. Drug delivery. 2017;24:99-108.

EASRE Pl ta)

dles in delivering drugs for various ocular diseases.
AN R R

PAG
T TIJER - INTERNATIONAL RESEARCH JOURNAL www.tijer.org E \*
' MER

~ee

e



TIJER || ISSN 2349-9249 || © September 2024, Volume 11, Issue 9 || www.tijer.org
© 35, 8iegl €, Kénig-Schuster M, Nakowitsch S, Koller C, Graf P, Unger-Manhart N, Schindlegger Y, Kirchoff

N, Knecht C, Prigschl-Grassauer E, Sipos W, et al. Pharmacokinetics of topically applied tacrolimus
dissolved in Matinasolv, a novel aqueous eye drop formulation.. European Journal of Pharmaceutics and

- -Biopharmaceutics. 2019;134:88-95.

36. Lorenzo-Veiga B, Sigurdsson HH, Loftsson T, et al. Nepafenac-loaded cyclodextrin/polymer
nanoaggregates: @ new approach to eye drop formulation. Materials. 2019;12:229.

37. Wang X, Zhang Y, Huang J, Tian C, Xia M, Liu L, Li Z, Cao I, Gui S, Chu X, et al. A novel phytantriol-
based lyotropic liquid crystalline gel for efficient ophthalmic delivery of pilocarpine nitrate. AAPS
PharmSciTech. 2019;20:1-4.

38. Abdelbary GA, Amin MM, Zakaria MY, et al Oculal ketoconazole loaded proniosomal gels: formulation,
ex vivo corneal permeation and In vivo studles Dtug delivery. 2017 24 309 ]9

39. Bao Q, Newman B, %’ ng Y~z\Chm S, Burgess DJ, et al. In vitro and "X vwé correlatlon of drug release
from ophthalmic §intmegrits. J Control Release. 2018;276:93-101. L

40. Bertens CJ, Martino C, van Osch MC, Lataster A, Dias AJ, van den Biggelaar FI Tulmcr R, Nuijts RM,
Gijs M, et al De51gn of the ocular coil, a new device for non-invasive drug delivery. European Journal of
Pharmaceutlcs and Biopharmaceutics. 2020;150:120-30. L

41. erzaeel S Berenjian K, Khazaei R, et al. Preparation of the potential ocular inserts by electrospinning

]one acetonide. Advanced phqrmaggutica]

42. Elsayed T, Saycd S et al. Tailored nanostruc ured platforms for boostmg transcorneal permeamon box—

Behnken statistical optimization, compxehenswe in vitro, ex vivo and in vivo characterization.
;Internatlonal Journal of Nanomedicine. 2017 7947-62. Z
43..;_~Mu]]er RH, Keck CM, Bou-Chacra NA etal. Mucoadheslve dexamethasone acetate-polymy*cm B sulfate
:v‘/catlomc ocular nanogmulswn—navel combmatorlal fmmu]atmn conccpt Dle Pharmazie-An International
TTournal of Pharmaceutical Sclences 20]6 71 327 33 # Fd e
444Mukhopadhyay S, Butola M, et al. Preparatlon and evaluation of erythromycin microemulsion for
m_Ethalmlc drug delivery. Journa] of Advanced Scientific Research. 2020 11:22-6.

45. Soltani S, Zakeri-Milani P, Barzegar-Jalall M, JerehgarJ M, et al. Design of eudragit RL nanoparticles by
nanoemulsion method as carriers for pphthalmxc drug dehvery aof ketotifen fumarate. Iranian Joumal of
basic medical sciences. 2016;19:550.& L

46. Das S, Suresh PK, et al, Nanosuspension: a new vehicle for the improvement of the delivery of druos to
the ocular surface. -Application to argpglwg?w; i Nanomedlcme Nanotechnology, Blolocy and
Medicine. 2011;7:242-7. g

47. AhUJa-Ivfw Dhake AS, Sharma SK; I\fawmdar DK et al chlofenac loaded Eudragit S100 nanosuspenclon
for ophthaJmlc delivery. ] Microencapsul. 2011;28:37-45.

48. Given UM, Yenilmez E, et al. Olopatadine hydrochloride loaded Kollidon® SR nanopaxtlcles for ocular
delivery: Nanosuspension formulation and in vitro—in vivo evaluation. Journal of Drug Delivery Science
and Technology. 2019;51:506-12,

49. Moustafa MA, El-Refaie WM, Elnaggar YSR, Abdallah OY, et al. Gel in core carbosomes as novel
ophthalmic vehicles with enhanced corneal permeation and residence. Int J Pharm. 2018;546:166-75.

30. Lin J, Wu H, Wang ¥, Lin J, Chen Q, Zhy X, et al. Preparation and ocular pharmacokinetics of hyaluronan
acid-modifed mucoadhesive liposomes, Drug Deliv. 2016;23:1144-51.

1. Dong Y, Dong P, Huang D, Mei L, Xia Y, Wang Z, et al. Fabrication and characterization of silk fbroin-
coated liposomes for ocular drug delivery, Eur J Pharm Biopharm. 2015;91:82-90.

PAG

T | TWER-INTERNATIONAL RESEARCH JOURNAL www.tijer.org | E \*
MER

GEF



R I .'._.:..',.Ay_‘;;._:.u‘\,:‘u...;L-..'-‘-.JL., Chedd s

. TIAJER. ]lrlSSN_2349-9249 || © September 2024, Volume 11, Issue 9 || www.tijer.org
52.Kaur IP, Aggarwal D, Singh H, Kakkar S, et al. Improved ocular absorption kinetics of timolo] maleatc

loaded into a bioadhesive niosomal delivery system. Graefes Arch Clin Exp Ophthalmol. 2010:248:1467—

“““‘?"53;3 \ggarwal D, Pal D, Mitra AK, Kaur IP, et al, Study of the extent of ocular absorption of acetazolamide

from a developed niosomal formulation, by microdialysis sampling of aqueous humor. Int J Pharm.
2007;338:21-6.

54. Zubairu Y, Negi LM, Igbal Z, Talegaonkar S, et al. Design and development of novel bioadhesive niosomal
formulation for the transcorneal delivery of anti-infective agent: in-vitro and ex-vivo investigations. Asian
J Pharm Sci. 2015;10:322-30. WP b

55. Abdelbary A, Salem HF, Khauﬂgﬁhg&_&a;%e , et al Wﬁ%’c& dhesiynigsomal in sit gel for ocular iesse

targeting: in vitro and in%ﬁgﬁﬁ;- =]ﬂ¥atxoxi of lomefoxacin Jhydgog Igride. Pharm Doy Tech o
2017;22:409-17. . 7 ;

56. El-Nabarawi MA-;AP%‘\E] Rehem RT, Teaima M, Abary M, El-Mofty HM, Khafagy MM, et al. Natamycin

. Ll . ; ; 7,
niosomes as éf“ﬁgrﬁ)smg ocular nanosized delivery System with ketorolac tromethamire for dual efects for
treamxeng_ggzagﬁﬁda rabbit keratitis; in vitro/in vivo and histopathological studies, Drug Dev Ind Pharm.
2019;45:922386.
57. Silva GR, Fialho SL, Siqueira RC, Jorge R, Cunha Jnior AD, et al. Implants as drug delivery devices for
lﬁg}g Phann_ac_e;g(cal Sciences. 2010:46:585-95.

the treatment of eye diseases. Brazilian Jour
S Fo AT St SR e R 0 o et MU 5 o maes S Ty s . . . .
58. Chen.y » Kalia YN, et al. Shori-di nontephoresis of ionizable aciclovir prodrugs: a new

, Avion Study I, et al. Evaluation of
r treating non-infectious anterior uveitis.

= . . : il % i X
‘ a%?g@@c‘h"to‘ treat herpes simplex inft or.and osterior segments of the eye. Int J Pharm.
20785536:292-300.
2o A% ‘
39.%m AE, Assang C, Patane MA

idexamethasone phosphate delivered
¢+ Ophthalmology. 2012;119:66-73:"

#
: . e e s
60% Bos Santos GA, Ferrelg_a—ﬁuges R, ,a: o]

g

o R"é AC,#Anjos JLV, Mendanha SA, etal.
mproj‘ed topical ocular delivery. Sci Rep.

-,

P Sifloxacin liposomes with positiyel

g

2020;10:19285. e
61. See GL, Sagesaka A, Sugasaw

% Ty
a wés?‘&T )
delivery to conjunctiva and ocular tissy
62. YA~ Shi H, Liu H, Bao Z, Dais
nafigparticles for ophthalmic drug del b
63. A’bc"lggkéashid RS, Helal DA, Omar A&?"; et al. Nanogel loaded with surfactant based
p ‘ & ! RGN s
nanoyesicles for enhanced ocular dg%j?/?_ry#%{a;ceztgazpl?mi‘deﬂ Int,J Nanomed. 2019;14:2973-83.
%4 e T4 A TERIRAN LN B . .
64. Fab’ianq“%;‘?ir‘as AM, Guazzelli L, Stor ) AY, etal. Impact of diferent mucoadhesive

‘(ﬁ :
dhesive dexamethasone-glycol chitosan
. 20201575:118943,

70N

orti B; Bizzarri R, Zambito
polymel‘icﬁ»hjhngparticlgs loaded in thermosensitive hydrogels on transcorneal administration of s-
fuorouracil. Pharmaceutics. 201 9;11:623.

65. ANarez-Traba@o J, Lopez-Garcia A, Martin-Pastor M, Diebold Y, Sanchez A, et al. Sorbitan ester
nanoparticles (SENS) as a novel topical ocular drug delivery system: design, optimization, and in vitro/ex
vivo evaluation. Int J Pharm. 2018:546:20-30.

66. Bravo-Osuna I, Andrés-Guerrero V, Arranz-Romera A, Esteban-Pérez S, Molina-Martinez 1T, Herrero-
Vanrell R, et al. Microspheres as intraocular therapeutic tools in chronic diseases of the optic nerve and
retina. Advanced drug delivery reviews, 20] 8;126:127-44,

67. Makwana SB, Patel VA, Parmar SJ, et al, Development and characterization of in-situ gel tor ophthalmic

* formulation containing ciprofloxacin hydrochloride. Results Pharma Sci. 2016;6:1-6.

PAG

T TIJER - INTERNATIONAL RESEARCH JOURNAL www.tijer.org E \*
- MER

~rr



TIJER || ISSN 2349-9249 || © September 2024, Volume 11, Issue 9 || www. tijer.org

68. Wadetwar RN, Agl'awalAR Kanopya PS, ctal. In situ gel containing Bimatoprost solid lipid nanoparticles
for ocular delivery: in-vitro and ex-vivo evaluation. J Dlug Deliv Sci Technol. 2020;56:101575.

69 Guzman-Arangugz A, Colligris B, Pintor J, et al. Contact lenses; promising devices for ocular drug
-delivery. Journal of ocular pharmacology and therapeutics. 2013;29:189-99.

s
et

PAG
T | TIER - INTERNATIQNAL RESEARCH JOURNAL www. tijer.org BV
MER
GEF





