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Available Online: 01 Jul 2024 Dry eye disease is a common age-related disease in the world. Vitamin B12 is an essential
© factor in maintaining eye health and has antioxidant properties that protect the surface of the eye from
damage caused by harmful factors, such as reactive oxygen species. Hyaluronic acid polymer is also
similar to natural eye tears with its biocompatibility and physical properties. This polymer is one of the
important components of the extracellular matrix.

[EISTISEE Due to the lack of formulations containing the combination of vitamin B12 and hyaluronic acid
in the country and the appropriate effects of these two compounds for dry eyes, this study formulates
and analyzes the stability of eye drop formulation based on hyaluronic acid and vitamin B12.

[VETELE First, the formulation of hyaluronic acid and vitamin B12 solution with borate buffer was
prepared and the stability of vitamin B12 was evaluated. Next, the physicochemical properties of the
prepared formulations were evaluated and a sterile ophthalmic solution was prepared from the selected
formulations under aseptic conditions. Finally, by choosing the final formulation, accelerated stability
was achieved.

(TS Accelerated studies after six months showed that the amount of vitamin B12 and its ultraviolet
absorption did not decrease, and the physicochemical properties, such as solution pH, color, and
viscosity did not change.

[&TTIMEET) This formulation could be a good candidate for industrial production and long-term stability
studies are recommended.
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Extended Abstract

Introduction

ry eye is one of the age-related diseases,

which is considered one of the most com-

mon eye diseases with more than 7 million

affected people (9% of the population) in

Iran. One of the most important known

treatments for eye diseases is the use of eye drops, which

in most cases can improve the patient’s condition. Among

the effective drops, we can indicate Artelac Rebalance

and Vitadrop eye drops, which contain vitamin B12

and hyaluronic acid. Vitamin B12 is an essential factor

in maintaining eye health and has antioxidant properties

that protect the surface of the eye from damage caused by

harmful factors such as reactive oxygen species (ROS).

Recently, injectable and topical forms of vitamin B12 are
used for eye pain and dry eye treatment [4].

One of the most important factors determining clini-
cal effectiveness and increasing patient acceptance is the
drug’s efficacy duration. The short shelf life of eye drops
can increase the need to use drops and reduce patient sat-
isfaction [8-11]. The high prevalence of eye diseases and
the significant need for specific medicines and consider-
ing the economic conditions of the country make it neces-
sary to prepare new eye treatment products with optimal
effectiveness inside the country, which, while meeting the
medical needs of the society, can help the economic de-
velopment of the country. Due to the positive effects of
vitamin B12 and hyaluronic acid, preparation and formu-
lation of an eye drop with the presence of these compo-
nents is necessary for the treatment of dry eye disease in
Iranian people, which can provide a platform for competi-
tion even with international companies.

Methods

Vitamin B12 was obtained from Raha Pharmaceutical
Company (Iran). Hyaluronic acid, boric acid and ben-
zalkonium chloride were obtained from Sigma Aldrich
Company (USA). The rest materials were obtained from
Merck Company (Germany). To prepare eye drops con-
taining 40 pg/ml vitamin B12 and 0.2% hyaluronic acid,
the materials shown in Table 1 were mixed. UV spectros-
copy was used to check the changes in the concentration
of vitamin B12 in the prepared formulation. The efficacy
of the protective agent (benzalkonium chloride) was in-
vestigated according to the USP 43 pharmacopoeia and
using the services of the Food and Drug Laboratory (Ta-
van Ingtitute, Iran) after 6 months of stability testing. To
check the stability of the prepared formulation, the eye
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drops were kept at a temperature of 40 and a humidity of
75% for 6 months. During this period, properties such as
color, uniformity, the presence of particles in the formula-
tion, the amount of B12 based on UV absorption, and the
amount of osmolarity and viscosity were examined every
month, and at the end of the study, the effectiveness of the
protective agent was tested.

Results

According to the results vitamin B12 had the maximum
absorption at the wavelength of 361 nm. The standard
curve for B12 is plotted. In the stability test, according
to the obtained equation, the amount of vitamin B12 was
evaluated at different times. The formulations prepared at
different times were evaluated and the results of the ac-
celerated stability test according to World Health Organi-
zation (WHO) guidelines after 6 months are presented in
Table 2. According to the results in Table 3, the selected
protective agent (benzalkonium chloride) in the prepared
concentration can be a suitable option to protect the oph-
thalmic formulation and the results are in accordance with
the USP pharmacopoeia.

Conclusion

The results obtained from the formulation prepared in
this study after the accelerated stability test according to
the WHO guidelines showed that the eye drops contain-
ing vitamin B12 have good stability after 6 months and
the amount of the effective substance has not changed.
On the other hand, in this study, the minimum concentra-
tion of the protective agent benzalkonium chloride was
used, which was able to maintain its effectiveness after 6
months of stability study. In this study, a 0.2% hyaluronic
acid was used in the formulation, which has been shown
in studies to effectively remove eye inflammation and to
be effective in dry eye disease, with no any complications.

According to the obtained results, it seems that the for-
mulation has the necessary efficiency as an artificial eye
drop and can effectively deliver vitamin B12 to the eyes.
This formulation with the minimum concentration of
benzalkonium chloride can be a suitable option for the
treatment of dry eyes with osmolarity, viscosity and pH
similar to commercial and acceptable formulations in the
pharmaceutical industry.
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Table 1. The materials used in the formulation

Material Dosage
H,0 350 (mL)
H,BO, 350 (mg)
Nacl 1/2 (gr)
CaCl, 5/17 (mg)
Mgcl, 21 (mg)
KCl 490 (mg)
Benzalkonium chloride 35 (mg)
Hyaluronic acid 7/0 (gr)
Vit B12 14000 (pg)
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Table 2. The stability test results of the formulation

Month pH Uniformity Prs:i;z;of Color Osmolarity (Osmol/kg) Viscosity (Cp) (u:/I;I-)
1 5.5 Uniform No Pink 250 5.11 40
2 5.5 Uniform No Pink - - 40
3 5.5 Uniform No Pink 254 5.11 40
4 5.5 Uniform No Pink - - 40
5 5.5 Uniform No Pink - - 40
6 5.5 Uniform No Pink 251 5.14 40
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Table 3. The results of testing the performance of the protective agent during 28 days

MicoarEanism Positive Control Test Group G.Ir:is:p Test Group Negative Specification Conforms
(CFU/mL) (10-1) (102) (10-3) Control Recovery (%)

Escherichia coli 141-149 142-145 141-144 143-146 Negative More than 50 Conform

Pseudomonas aeruginosa 132-138 131-134 135-137 136-133 Negative More than 50 Conform

Staphylococcus aureus 151-157 152-156 153-155 151-156 Negative More than 50 Conform

Candida Albicans 98-92 86-93 88-89 91-88 Negative More than 50 Conform

Aspergillus brasiliensis 61-67 63-65 66-62 65-60 Negative More than 50 Conform

Journal of
Guilan University of Medical Sciences

Rastegari A, et al. Preparation and Physiochemical Evaluation of Eye Drop. J Guil Uni Med Sci. 2024; 33(2):176-187. 178



http://journal.gums.ac.ir/index.php?slc_lang=en&sid=1

— Guilan University of Medical Sciences

Ethical Considerations
Compliance with ethical guidelines

This study was approved by the Ethics Committee of
Iran University of Medical Sciences, Tehran, Iran. (Code:
IR.JTUMS.REC.1399.1374).

Funding

The present study was financially supported by the
Vice-President of Research and Technology, Iran Uni-
versity of Medical Sciences, Tehran, Iran.

Authors' contributions

Conceptualization and study design: Ali Rastegari,
Zohreh Mohammadi, and Homa Faghihi; Data acquisi-
tion, analysis and curation: Ali Rastegari, Zohreh Mo-
hammadi, and Sanaz Rezaei; Writing: Ali Rastegari, and
Zohreh Mohammadi.

Conflicts of interest

The authors declared no conflict of interest.

Rastegari A, et al. Preparation and Physiochemical Evaluation of Eye Drop. J Guil Uni Med Sci. 2024; 33(2):176-187.



http://journal.gums.ac.ir/index.php?slc_lang=en&sid=1
https://en.iums.ac.ir/
https://en.iums.ac.ir/
https://en.iums.ac.ir/

This Page Intentionally Left Blank



. /:{’ &)
Y oslads YT 0,90 AFeY (sl %‘U"?(ﬁ%b ‘Lé'

93l Syl wluol 2 iy 0,105 (yga¥ 90,8 (o liouwnifS 58 (251 9 4t
B12 (yolizg

Y oboy bl @ 0 lod (0 shazmo 02 (0 ) g Sty e

Ol eyl eyl (S sypale olSKadls ¢ g 3lug o 0uSLails ¢ 219k (55909553 5l g ST guaslo )18 095"

Use your device to scan
and read the article online

[SETELTT Rastegari A, Mohammadi Z, Faghihi H, Rezaei S. [Preparation and Physicochemical Evaluation of Eye Drop Formulation Based
on Hyaluronic Acid and Vitamin B12 (Persian)]. Journal of Guilan University of Medical Sciences. 2024; 33(2):176-187. https://doi.
org/10.32598/JGUMS.33.2.1973.1

https://doi.org/10.32598/JGUMS.33.2.1973.1

'y § VEY 010 50 Y0 22l g o

SR e iaias
) : V¥ W sl g
Cudls i 53 (5595 Jule 3 BI2 Gualityg Sl (o 50 (o 2l b i yo il (6 Loy S it (S35 lens
OyamST Jlnd (sladisS wisle pie Jalge 5l bl (sl plys 0 pubir pedans 5145 ol  ShaguST 5T ol (6l g o o
Ol g0k (grads it SCil 4y (g0l el ( 3] S 508 Lle 9 (68 T a3 s 5 ) g yalled oy S g0 clabls
o (Jgboo )3 5 3le wien sl ) (S oy

Sl S5 99 (ol candio Syl g 49857 15 S 9lled s 9 B2 (ealing S 5 s9l> (igega b 9979 pus antrgily IR
S 5l g g 9 B12 (pnaling g g pollod sl sl | iz 0,108 190V 90 3 B mad o ety (S5

390 Ogeas¥pa 53 BI2 (raaling 5l 9 00 dugd Sy 3 B2 (pealing g el g fld Jolowa (ogenspn 3 ) (TS Lo jlgands
F ol (ot Joloe 9 ©8)5 8 (i)l 9590 00lidegs (slocigan¥onrd oliondsasnd (oly> cdad] ;.28,5 15 gy
b plovl oy (584l e 2la5 Jgo S L Calgs 0 0 g Sl Loyl yo A5l sl Jgo 3

Pl g bl alS haiy (lygle dnd i 9 B2 (yneling (e ol (L ole 31 g 00 ju (5 by lalllan

B12 (yaalig
] Sdg gl

ol 00,53 35 39Sy 9 S5y e JolaPH 0o ploandgSo3d 0518 ¢ ygunY go )5

29 o dsogi Dasily gl lalllne 5 4l iato g5 gl sronbio diz 35 Wl55 sn (pemipe ol i At SLIPIIEDE iz
RN -
1J 9o oy 93

&y e

2305 (555195 gli g ST gale )18 09,5 ¢ g 5Lusg I 0aSitils ol pyl S jspale olKitils o) 5 1 LS
+AA (YY) FF2-PAAY o oils
rastegari.a@iums.ac.ir :4obib/,

Copyright © 2024 The Author(s);

This is an open access article distributed under the terms of the Creative Commons Attribution License (CC-By-NC: https://creativecommons.org/licenses/by-nc/4.0/legalcode.en),
which permits use, distribution, and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.



http://journal.gums.ac.ir/index.php?&slct_pg_id=38&sid=1&slc_lang=fa
https://orcid.org/0009-0002-0105-3879
https://orcid.org/0000-0003-1505-4936
https://orcid.org/0000-0003-2952-7271
https://orcid.org/0000-0002-7365-3534
mailto:rastegari.a%40iums.ac.ir%20?subject=
https://journal.gums.ac.ir/index.php?slc_lang=en&sid=1
https://doi.org/10.32598/JGUMS.33.2.1973.1
https://crossmark.crossref.org/dialog/?doi=10.32598/JGUMS.33.2.1973.1
http://journal.gums.ac.ir/page/115/Open-Access-Policy
 https://creativecommons.org/licenses/by-nc/4.0/legalcode.en
 https://creativecommons.org/licenses/by-nc/4.0/legalcode.en

° / V .'./'
Wby

5 9,0l S o 5 58S (Ll Annngi dy SoS sl
Cute Ol g 55dS 10 (yaa¥ge,d (nl 99 Judo 4y a0
O gm0 9 4ngs ol Sig gllems 9 B12 (paliyg y90>
93,10 0958 (il dnal 5 iz (SaS g ko oy 2
b (s B oy ilgi 0 05 3 (3l slos 9 A5 & j50 50

S wal 3 ) allors (s slacs 3

LY
883! Ol 54055 g dgo

A ol (Ol oy s3lugle <S8 5l BI2 cpaling
S8 5l Al perigSlin 9 Syt Sl csl Sodggllen
A Gl S e es s
sl 05128 (yga¥ g0 8 dnt

Omelizg Sl ke 3 059,500 Be o caitir 0,ka8 angd (sl
32 i 4 2oy 1Y gl Sigpgllen il | B12
PUSTEO AV N LSRR W KL2 BRX WIS JPV ) PG [V Y P4
5 wiad o ol 1 ablS aeadS 5 Wbl pely wul)ls
Jobre 4 Lllxe osle plpicds wLlS pouisSlliy (s
9 KW Jg)}'.m‘ 5%93" .Ia.wss OMTCM»OA.? J}.L"u A8 aslsl
4 leeY 098 5 30 B12 ualiyg 9 dnsl S yollas (s
.A.:,..n‘ ;:.3‘)3.3 uéjﬁ‘ lg LQSJ‘ 39 Ao adlsl omw 09.“...»515.@)5
Wl adais £ 15 O/D 009050 4 Jge 8 dydund yl5me
B12 (ggl> ygm¥g0 )3 1 UV b ane

Oge¥gard 3 B12 (paling Clale sl oy
Jolo gl aazgils o solanl UV ol | oadiags
Sy 5 280 UV Ddir 2l ¥ 90 oo 53 B12 (il
&»}‘oéu@‘bj(ﬁ‘sjﬁm)éf;j)iﬁ \Ye Ao e ;Y’)

saidnS ygeilge 8 (58 Sluoguas g PH (o)
Sluogas al oolisul yie PH olKiws jIPH oy cyz
slagle) o Aiifgen 5 S, Llodf oddangs 03 y9l8 (5,0l

35 )8 i)l 090 alisee

8 At (g Vg0 8 iy Vganl g 4Ry j0Smmg (oo 2

(Brookfield viscometer, USA) a, 558 g (guw 2 <ot
oddidngs g ge,8(Gonotec, Germany) as Yaou! 4

2. Sigma-Aldrich

Y ol YY 090 NFeY ylowsls

.

LVRUTY

b o5 ol (o ) dtaly (slogs Lo aloxjl gt St
ozl 935 1 (e woyd A) Moy (yguken ¥ 3f Ji
S Eord Spion e oadr (slacs)lens (n RS
pi Sl b [ O] el jhne fla il 8 pie
oS oSS 5l A paasge Y el el ouds JSits ¥ Y 5
ol aibsgas SlaY wadl &Y o 5 3 g ool oad JuSits
1y 46,8 slasho 4y (Gl )50 5 41385 Sz canslin ame
ol 4y 0 s 5 0392 &Y (i oz 5 45 Gl Y 900
Y] ol o joess ) 65l 5 ity 3l 005y

sl slon lp endarslis slagles (nipte 3l
gl o oS el T mOge o ,ylad 5l oalazwl (o>
&3 lS Y gasms ok aalss lows Condg S el o)lge
Ar- )l (oot sloo,lad aiges s (s o0 (layd 8 S3e 9
oalisg (g9l 45 5,5 oLl Vitadrop 4 telac Rebalance
ol ole S B12 (bt g «Consl dn] g yolliss 5 B12
o) ST 5T ol (5110 § el iz Casdlas Lai> o
Jalge 51 o slocml 3l pir pelans cliblone s o5
a0 g 3l 0gi g0 | Jlad (ST sloisS il L]
345 s gt (S (gl e 5 LE B2 ualing
slop s g ool 51925 &0 o0 75 Sligyh stz 000
S layd g iz 99 12 B12 (paling (n290 9 ()35
Sl Siggllen yorly [F] 5558 oo 1,3 oolitl 090 ot
4 ded o (M S 528 9 5, Conns Sloogas b 5
695 Jlonmt 00 1y, S (rizred § Cond i (gl S
TS Se e pten (152 31 el Sy llem ponl (0] e
a9k w0 ol aile (B (lejnse g ol (Jobo
alsls las clalllas ¢l pegdle 2] cunl SYsb (s loline
2 oo O yasS WlgS oo sl Seg it ol 5l onlii
IV f] 08 sl ity S8l Caalies

ol g (il s HloassS (s Jalge (0 Soten 31 (S

Olejse ol i 0 gl (o8l Gloj low (Bndy
4 ks Gl el Wl oo (S (slo kb (5Tl eligS
Al ams 2alS ) Jlew culd, lime 5 oo o,k 5 ooliciud
2 Seingalln sl (gsl gtz o led 3l sslizl [1)
G aile (aulidl Jdo a4y Koo egan glacsil b anylis
Col 18,5 )18 ilews (Bpdy )90 i wider el (59,
@ 4595 B Lo g oot slas lons YU goud [V F-1Y]
S5 Lulpd 4 4 g g 9wy 5l bgype (polaisl glag)ls
1y oollas ‘;z"’-!ﬁ‘l-z S8 (slaodgl8 ags Dygpd 58S
Slos® Sl el (oud 45 S 00 (55902 H92S 5o 5

1. Reactive Oxygen Species (ROS)

B12 yualisg g ! g 199l pull i 0518 y9umii¥gn o8 (ot luonniiaS a8 (ot 35] 9 A5 -5 R02 g (5 )iy

VAY



http://journal.gums.ac.ir/index.php?&slct_pg_id=38&sid=1&slc_lang=fa
https://www.rahapharm.com/home/fa/
https://www.sigmaaldrich.com/AE/en
https://www.sigmaaldrich.com/AE/en
https://www.sigmaaldrich.com/AE/en

Y o)l Y'Y 0y90 NP lwsls

° / / .‘./'
Wby

°‘L‘:’A“~'QS &wyy)é 3® eou.'}.»:‘o)}o 0‘34 CMA:J -‘J’A?

odle o5 yan ik

H,0 350mL

H,BO, 350mg
NaCl 2/1gr

CaCl, 17/5mg
MgCl, 21mg

KCl 490mg
Benzalkonium chloride 35mg
Hyaluronic Acid 0/7gr
Vit B12 35ug
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