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Abstract:

Vitamin B12, an essential micronutrient with multifaceted roles in human physiology, encounters significant
challenges concerning its stability when exposed to light. The photolabile nature of Vitamin B12 poses a
substantial concern in various industries, necessitating innovative strategies to safeguard its stability and efficacy.
Cyclodextrins, notably beta-cyclodextrin and its derivative, hydroxypropyl beta-cyclodextrin, present promising
capabilities as host molecules, forming inclusion complexes with guest compounds. This study investigates the
potential of beta-cyclodextrin and hydroxypropyl beta-cyclodextrin to enhance the light stability of Vitamin B12
through inclusion complexation. The research aims to elucidate and compare the interactions between Vitamin
B12 and these cyclodextrins, specifically focusing on their efficacy in shielding Vitamin B12 from
photodegradation. Experimental methodologies include spectroscopic analyses, encapsulation efficiency studies,
and stability assessments under controlled light conditions. This study focused on formulating stabilized vitamin
B12 complexes using beta-cyclodextrin (3-CD) and hydroxypropyl-beta-cyclodextrin (HP-B-CD) in a 1:1 ratio.
Compatibility assessments via FT-IR indicated minimal interaction with B-CD and stability with HP-B-CD.
Differential Scanning Calorimetry (DSC) showed improved thermal stability of the complexes. Release profiles
revealed that 3-CD significantly enhanced vitamin B12 release, achieving over 100% within five minutes, while
stability studies confirmed consistent drug content under light exposure. The outcomes seek to discern the optimal
host-guest relationship, unraveling mechanisms underlying the formation of inclusion complexes and their role in
preserving Vitamin B12 integrity. The significance of this research lies in its potential to offer insights into novel
strategies for improving the light stability of Vitamin B12-containing formulations.

Key Word: Vitamin B12, Cyclodextrins, Inclusion Complexation, Light Stability, Photodegradation,
Hydroxypropyl Beta-Cyclodextrin.

I.  Introduction

Vita, meaning "life" in Latin, refers to vitamins, essential micronutrients crucial for various biological
processes. They help maintain optimal health, support metabolism, and can prevent chronic diseases by acting as
catalysts in energy production from lipids, proteins, and carbohydrates. Vitamins are categorized into two groups
based on solubility: water-soluble (B and C) and fat-soluble (A, D, E, K). Vitamin B12, a vital micronutrient, is
prone to degradation when exposed to light, posing challenges in pharmaceuticals and food fortification.

Cyanocobalamin, a synthetic form of vitamin B12, is used to treat deficiencies and plays critical roles in
methylation reactions necessary for cell division and growth. This research focuses on the indications,
mechanisms of action, pharmacokinetics, and safety profile of cyanocobalamin while addressing its importance
in treating vitamin B12 deficiency and related disorders.

The pharmacokinetics of cyanocobalamin includes rapid absorption after injection, transport via specific
binding proteins, and excretion primarily through the kidneys. Special considerations are necessary for patients
with hepatic or renal impairment, as well as during pregnancy and breastfeeding. Understanding these factors is
essential for optimizing vitamin B12 therapy in clinical practice.

Cyclodextrins (CDs) are water-soluble, non-toxic cyclic oligosaccharides composed of D-
glucopyranoside units linked by a-1,4-glycosidic bonds. The most prevalent types are a-CD, f-CD, and y-CD,
containing 6, 7, and 8 glucose subunits, respectively. Their unique structure features a hydrophilic exterior and a
hydrophobic cavity, enabling the formation of inclusion complexes with hydrophobic guest molecules. CDs have
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diverse applications in bio detection, biomedicine, bioimaging, and agriculture. Recent advancements have
focused on enhancing cyclodextrin performance and expanding their applications.

Notably, B-cyclodextrin and hydroxypropyl B-cyclodextrin have shown promise in stabilizing Vitamin
B12 (cyanocobalamin) against light-induced degradation. Cyanocobalamin is particularly vulnerable to
photodegradation when exposed to ultraviolet (UV) light, which can lead to a loss of potency and effectiveness
due to the breakdown of its chemical structure. The photodegradation of cyanocobalamin involves mechanisms
such as cobalt-carbon bond breaking and the formation of free radicals, which can significantly diminish its
biological activity. This degradation not only reduces the vitamin's efficacy but also shortens the shelf life of
formulations containing it.

Encapsulation of cyanocobalamin within cyclodextrins offers a protective strategy to mitigate these effects
by limiting light exposure and stabilizing the molecular environment. This research aims to investigate the efficacy
of B-cyclodextrin and hydroxypropyl B-cyclodextrin in forming inclusion complexes with Vitamin B12 to enhance
its light stability. By exploring their encapsulation capabilities and molecular interactions, this study seeks to
optimize the host-guest relationship for preserving Vitamin B12 integrity under light exposure. The findings from
this investigation could provide valuable insights into utilizing cyclodextrins as effective carriers for Vitamin B12,
potentially leading to more stable and efficacious formulations in pharmaceuticals and nutraceuticals.

I1. Material And Methods

METHODOLOGY

e List of materials and equipment’s.
Pre-formulation studies.
Formulation of stabilized Vitamin B12 powder
Characterization & Evaluation of stabilized Vitamin B12.
In vitro dissolution studies.
Stability studies.

Pre-formulation Studies on Vitamin B12 and Cyclodextrin Complexes

1. Organoleptic Properties:

The color and odor of Vitamin B12 were characterized using descriptive techniques.

2. Preliminary Solubility Analysis:

Vitamin B12 solubility was tested in solvents like ethanol, methanol, chloroform, isopropyl alcohol, ethyl ether,
and water. 1 mg of Vitamin B12 was dissolved in 10 mL of each solvent, stirred for 10 minutes using a magnetic
stirrer.

3. Determination Of A Max:

Preparation of Vitamin B12 Solutions for A Max Determination:

A stock solution of Vitamin B12 (10 mg/L) was prepared by dissolving 100 mg in 100 mL of water. Working
solutions were then diluted from this stock to achieve concentrations from 1 to 7 pg/mL.

The UV spectrophotometric A Max of Vitamin B12 was determined by scanning a standard solution (10 pg/mL)
between 200-400 nm. The maximum absorption was recorded at 360 nm.

METHODS:

These Methods Are for Vitamin B 12 And Beta Cyclodextrins Complexation.
Vitamin B12 = 1355.4 grams per mole (g/mol).

Beta-Cyclodextrin =1134.987 grams per mole (g/mol).

I. Kneading Method:
Weigh Vitamin B12 and B-cyclodextrin in a 1:1 molar ratio.
Prepare a paste of B-cyclodextrin using a methanol (1:1) mixture.
Add Vitamin B12 and knead for 3 hours.
Dry the mixture at 45-50°C for 24 hours, then powder and sieve.
I1. Solvent Evaporation:
Weigh Vitamin B12 and B-cyclodextrin (1:1 molar ratio).
Dissolve each in ethanol and mix.
Stir for 1 hour, evaporate solvent using a rotary evaporator, then dry the complex.
I11. Spray Drying:
Dissolve Vitamin B12 and B-cyclodextrin (1:1 ratio) in water/ethanol.
Mix and spray dry at 150-200°C.
Collect the resulting powder.
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IV. Freeze Drying:

Dissolve Vitamin B12 and B-cyclodextrin (1:1 ratio) in water.
Mix, freeze at -40°C, and freeze-dry.

Collect the dry powder.

These Methods Are for Vitamin B 12 And HP-Beta Cyclodextrins Complexation.
Vitamin B12 = 1355.4 grams per mole (g/mol).
HP-Beta-Cyclodextrin = 1375.4 grams per mole (g/mol).

I. Kneading Method:

Weigh Vitamin B12 and HP-B-CD in a 1:1 molar ratio.
Prepare a paste of HP-B-CD using ethanol or water.

Add Vitamin B12 and knead for 1-3 hours.

Dry the mixture at 40°C, then powder and store.

Il. Solvent Evaporation:

Weigh Vitamin B12 and HP-B-CD (1:1 molar ratio).
Dissolve each in ethanol, mix, and stir for 1-2 hours.
Evaporate the solvent, then dry the solid complex at 40°C.
I1l. Spray Drying:

Dissolve Vitamin B12 and HP-B-CD in water/ethanol (1:1 ratio).
Mix thoroughly and spray dry at 150-200°C.

Collect the resulting powder.

IV. Freeze Drying:

Dissolve Vitamin B12 and HP-B-CD (1:1 ratio) in water.
Mix, freeze at -40°C, and freeze-dry.

Collect the dry powder.

COMPATIBILITY STUDIES:

A. FT-IR (Fourier Transform Infrared Spectroscopy):

FTIR analysis confirmed the identity and interaction between Vitamin B12 and cyclodextrin by comparing the
spectra of pure and complexed forms.

B. Differential Scanning Calorimetry (DSC):

DSC was used to study the thermal properties of Vitamin B12 and its inclusion complexes, measuring melting
points over a temperature range of -20°C to 180°C.

MICROMERITIC STUDIES:

A. Angle of Repose:

The flow property of the powder was measured using the fixed funnel method and calculated based on the pile's
height and radius.

B. Bulk and Tapped Densities:

Bulk density was determined by measuring the volume occupied by the powder, while tapped density involved
mechanically compacting the powder and measuring the resulting volume.

C. Hausner’s Ratio:

This ratio was calculated to assess powder flowability, using tapped and bulk densities. Lower values indicate
better flow properties.

IN-VITRO DRUG RELEASE STUDY

The in-vitro dissolution studies were performed using a USP Type-II dissolution apparatus. The Vitamin B12
inclusive complex with different cyclodextrins was placed in a tea bag and submerged in 900 ml of distilled water,
maintained at 37 + 0.5°C with a stirring speed of 50 rpm. Samples of 5 ml were collected at predetermined
intervals, and the same volume of fresh medium was replaced. Sampling was done at 1, 2, 3, 4, and 5 minutes.
The drug concentration released was estimated using a UV spectrophotometer at a wavelength of 360 nm.

STABILITY STUDIES

Stability studies of the optimized batch were conducted to assess changes in parameters like physical appearance,
drug content, and in-vitro release profile during storage. The sample was exposed to short-term storage under D65
conditions (1SO 18909 standard for outdoor daylight) for 30 days. After 1.2 million lux hours, samples were
withdrawn and evaluated for any changes in physical appearance and drug content.
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I11. Result
Pre-Formulation Studies Of Vitamin B12

Table 1. Organoleptic characteristics & Solubility of Vitamin B12.

PROPERTIES REPORTED OBSERVED
Appearance Dark red crystals or an amorphous or an amorphous red powder
crystalline red powder

Odour Odorless Odorless
Ethanol Soluble Soluble

Methanol Soluble Soluble

Solubility water Soluble Soluble
DMSO Soluble Soluble

acetone Insoluble Insoluble

ether Insoluble Insoluble

chloroform Insoluble Insoluble

Determination of A max.

Solution of Vitamin B 12 (Cyanocobalamin) (100 pg/ml) was prepared using water and this solution was scanned
for absorbance 200-800 nm using UV spectrophotometer (Shimadzu, UV-1900i Japan, UV-
spectrophotometer). As shown in fig.1 peak was obtained at 360nm. The absorption maximum (Amax) was found

360nm. This value was selected for rest of the UV spectrophotometric analysis.
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Fig.1: A Max Of Vitamin B 12(Cyanocobalamin)

The absorption maximum (Amax) of Vitamin B12 was found to be 360 nm as shown in fig.1 Obtained peak were
similar to literature reported peak. This value was selected for further analysis.

Standard calibration plot.

Absorbances of all the solution was measured at 360 nm against blank and calibration curve was constructed by

taking concentration on x-axis and absorbance on y-axis.Asshown in fig. 1.

Table 2: Standard calibration data of Vitamin B 12(Cyanocobalamin).

Sl. no Concentration (png/ml) Absorbance + SD”
1 0 0
2 1 0.134+0.001
3 2 0.241+0.004
4 3 0.342+0.002
5 4 0.451+0.001
6 5 0.558+0.003
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7 6 0.672+0.002
8 7 0.761+0.002

*All the Values represents are mean of 3 readings (n=3) £SD- Standard deviation.
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Fig 2: Standard calibration plot of Vitamin B12 (CYANOCOBALAMIN)

The drug solution of 1pg/ml - 7ug/ml was prepared using water and absorbance measured using UV
spectrophotometer at the absorption maximum (A max) 360nm. The obtained absorbancedata is plotted against
the concentration of drug solution. Absorbance value remained linear and obeyed Beer’s Lamberts law in the
range of 0-7pg/ml with the slope value as y = 0.1081x+ 0.0167 and R? value of 0.9987. The values of the
absorbance at different concentration(pg/ml) in IPA are given in the table No.7 and the standard plot is shown in
fig 2.

COMPATIBILITY STUDIES USING FT-IR.

Compatibility of drug in physical mixture and formulation was analyzed by FT-IR. The prominent
functional groups were observed and interpreted.

Cyanacobalamin

Infrared Spectrum
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Fig 3 : Standard graph of FTIR spectrum Cyanocobalamin
The study of the inclusion complex between cyanocobalamin (Vitamin B12) and B-cyclodextrin (B-Cd) utilized
Fourier Transform Infrared (FTIR) spectroscopy to analyse distinct functional groups across various formulations.
Key findings include: the corrin ring absorption shifted slightly from 1545-1575 cm™ 1 to 1500-1573 cm™ 1; C=0
stretching vibrations changed from 1630-1675 cm™ 1to 1635-1668 cm™ 1 for F-1 and F-2, and specifically to 1668
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cm™ 1 for F-3; Co-C stretching remained stable at approximately 2130 cm™ %, varying slightly in formulations; O-
H stretching vibrations shifted from 3200-3400 cm™ * to 3365-3412 cm™ !, indicating interactions with $-Cd; C-

H vibrations for -Cd were detected at 2928 cm™ 1, with variations up to 2937 cm™ 1; C-C stretching appeared

consistently at 1157 cm™ %, and O-H bending was observed around 1029-1030 cm™ . These shifts suggest the

formation of an inclusion complex that may enhance the stability and solubility of vitamin B12, crucial for its

bioavailability.

Table 3 : Inclusive complex of cyanocobalamin and Beta Cyclodextrin FTIR For Different Formulations:

Wavelength from 400 to 4000 cm?
Functional groups
Vitamin B12 B-cyclodextrin F-1 F-2 F-3 F-4
(Cyanocobalamin)

Corrinring 1545-1575 - 1500-1572| 1500-1572 | 1502-1573 | 1500-1572
C=0 stretching 1630-1675 - 1639-1668 | 1635-1668 1668 1668
Co-C stretching 2130 - 2133 2133 2135 2133
O-H stretching 3200-3400 3200-3400 3412 3394 3394 3365

C-H vibration - 2928 2937 2931 2931 2928
C-C stretching - 1157 1157 1157 1155 1157

OH bending - 1029 1030 1030 1030 1030

vibration

Fig 4:
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Fig 5: graph of FTIR spectrum for F2 representing different bands, identifying their functional groups of

vitamin B 12 and B-CD
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Fig 6: graph of FTIR spectrum for F3 representing different bands, identifying their functional groups of
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Fig 7: graph of FTIR spectrum for F4 representing different bands, identifying their functional groups of
vitamin B 12 and B-CD

The FTIR analysis of the inclusion complex between cyanocobalamin (Vitamin B12) and hydroxypropyl-p-
cyclodextrin (HP-B-Cyd) reveals significant interactions among functional groups. The corrin ring absorption
peaks shifted slightly from 1575-1545 cm™ 1 to 1572-1573 cm™ 1 in formulations F-1 to F-4. C=0 stretching for
cyanocobalamin was detected between 1630 and 1675 cm™ !, shifting to 1033-1668 cm™ * with HP-B-Cyd,
indicating interactions. Co-C stretching remained stable around 2130 cm™ %, while O-H stretching for
cyanocobalamin (3200-3400 cm™ 1) and HP-B-Cyd (3200-3600 cm™ 1) suggested hydrogen bonding, with
formulations showing values between 3394 and 3419 cm™ 1. C-C stretching was absent in cyanocobalamin but
present in HP-B-Cyd (900-1000 cm™ %), with formulation values from 947 to 1033 cm™ 1. Overall, these findings
confirm the formation of an inclusion complex that may enhance the stability and solubility of vitamin B12.

Table 4: Inclusive complex of cyanocobalamin and HP-Beta Cyclodextrin FTIR For Different

Formulations:

Wavelength from 400 to 4000 cm™?
Functional groups ™ /jtamin B12 HP-p- F-1 F-2 F-3 F-4
(Cyanocobalamin)| cyclodextrin

Corrin ring 1575-1545 - 1572 1573 1573 1572
C=0 stretching 1630-1675 1000-1200 |1033-1668| 1033-1668 | 1033-1670 | 1035-1666

Co-C strectching 2130 - 2135 2135 2137 2135

O-H stretching 3200-3400 3200-3600 3396 3394 3419 3396
C-C strectching - 900-1000 949-1033 | 949-1033 | 947-1033 | 947-1035
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Fig 8: graph of FTIR spectrum for F1 representing different bands, identifying their functional groups of
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Fig 9: graph of FTIR spectrum for F2 representing different bands, identifying their functional groups of
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DIFFERENTIAL SCANNING CALORIMETRY (DSC)

The DSC analysis of cyanocobalamin complexes shows that pure cyanocobalamin has an onset temperature
of 250°C and an enthalpy change of -200 mJ. Formulations F1 to F4 vary slightly, with F1 at 252°C (-59 mJ), F2
at 256°C (-72 mJ), F3 at 249°C (-66 mJ), and F4 at 254°C (-101 mJ), indicating altered stability due to
complexation with B-cyclodextrin. In contrast, the complex with hydroxypropyl-p-cyclodextrin (HP-B-Cyd)
enhances thermal properties, where cyanocobalamin again shows an onset temperature of 250°C, but F1
demonstrates improved stability with an onset of 249°C and an enthalpy change of -290 mJ. F2 maintains a similar
onset but has a lower enthalpy change of -101 mJ, while F3 and F4 show lower stability with enthalpy changes

of -76 mJ and -78 mJ, respectively.

Table 5: Interpretation of DSC thermogram of inclusive complex of cyanocobalamin and beta cd.

Tp Peak Tp AHs

sample onset OC Oc End ©C mJ
cyanocobalamin 250 300 260 -200
F1 252 259 267 -59

F2 256 261 267 =72

F3 249 260 270 -66
F4 254 261 270 -101
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Fig 12: DSC thermogram of F1 Showing onset at 252 °C, peak at 259 °C, endset at 267 °C and AHrat -

59mJ
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Fig 13: DSC thermogram of F2 Showing onset at 256 °C, peak at 261 °C, endset at 269 °C and AHrat -72
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Fig 14: DSC thermogram of F3 Showing onset at 249 °C, peak at 260 °C, endset at 270 °C and AHrat -

66mJ
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psc Thermal Analysis Result
mw

BCD-4.tad DSC

File Name. BCD-4.tad

Detector. DSC-60

Acquisition Date 24/08/27

Acquisition Time 16:38:52(+0530)
20.00  sample Name: BCD-4
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Heat -371.55mJ Peak 261.44C Endset  336.90C
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Heat -101.50mJ
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Fig 15: DSC thermogram of F4 Showing onset at 254 °C, peak at 261 °C, endset at 270 °C and AHat -
101mJ

Table 6: interpretation of DSC thermogram of inclusive complex of cyanocobalamin and Hp-beta cd.

Sample Tp Peak Tp AHr
onset ©C Oc End Oc mJ
cyanocobalamin 250 300 260 -200
F1 249 257 278 -290
F2 249 257 271 -101
F3 247 255 263 -76
F4 250 256 266 -78
osc Thermal Analysis Result
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Fig 16: DSC thermogram of F1 Showing onset at 249 °C, peak at 257 °C, endset at 278 °C and AHtat -
290mJ
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psc Thermal Analysis Result
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Fig 17: DSC thermogram of F2 Showing onset at 249 °C, peak at 257 °C, endset at 271 °C and AHrat
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Fig 18: DSC thermogram of F3 Showing onset at 247 °C, peak at 255 °C, endset at 263 °C and AHrat -76mJ

DpSC Thermal Analysis Result
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Fig 19 : DSC thermogram of F1 Showing onset at 250 °C, peak at 256 °C, endset at 266 °C and AHr at -76 mJ

IN VITRO DRUG RELEASE STUDY

DISSOLUTION OF VITAMIN B 12 AND BETA CYCLODEXTRIN:

The %CDR data for vitamin B12 with p-cyclodextrin from formulations F1, F2, F3, and F4 shows varying release
profiles. At 1-minute, cumulative releases were 45.6% (F1), 72.0% (F2), 67.7% (F3), and 88.9% (F4). After 2
minutes, these increased to 50.8% (F1), 82.9% (F2), 92.7% (F3), and 95.8% (F4). By 3 minutes, F2, F3, and F4
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nearly reached complete release at 98.7%, 99.6%, and 100.6%. At 5 minutes, F1 was at 99.8%, while F2 and F4
slightly exceeded 100% at 102.1%. This highlights the enhanced release profile of vitamin B12 with B-
cyclodextrin.

Table 7 : Percentage Cumulative Drug Release Data Of Vitamin B 12 With Beta Cd Powder From
Different Formulations

Time (min) Cumulative drug release %
F1 F2 F3 F4
1 45.6 72.0 67.7 88.9
2 50.8 82.9 92.7 95.8
3 725 98.7 99.6 100.6
4 80.9 99.9 100.5 101.5
5 99.8 102.1 101.6 102.1

DISSOLUTION OF INCLUSIVE COMPLEX OF VIT B12 8BETA-CD

104
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98

96

94

92
90

%CDR

1 2 3 4 5
TIME (min)
=1 =@=F2 F3 ==@=F4
Fig 20: graph of percentage cumulative drug release data of vitamin b 12 with beta cd powder from
different formulations

DISSOLUTION OF VITAMIN B 12 AND HP-BETA CYCLODEXTRIN:

The cumulative drug release data for vitamin B12 with hydroxypropyl-p-cyclodextrin (HP-B-Cd) from
formulations F1, F2, F3, and F4 shows strong release percentages over time. At 1 minute, releases were 100.2%
(F1), 100.5% (F2), 99.9% (F3), and 95.5% (F4). After 2 minutes, these increased to 101% (F1), 101.6% (F2),
100.2% (F3), and 99.8% (F4). By 5 minutes, the cumulative releases reached 102.5% (F1), 102.7% (F2), 102.3%

(F3), and 102.0% (F4), indicating a robust release profile for all formulations.

28



Inclusion Complexation of Vitamin B12 With Cyclodextrins for Light Stability

Table 8: Percentage cumulative drug release data of Vitamin B 12 With Hp-Beta Cd powder from

formulations

Time (min) Cumulative % drug release
F1 F2 F3 F4
1 100.2 100.5 99.9 95.5
2 101 101.6 100.2 99.8
3 102.3 101.8 101.1 100.0
4 102.4 102.1 102.2 101.3
5 102.5 102.7 102.3 102.0

DISSOLUTION OF INCLUSIVE COMPLEX OF VIT B 12 & HP-BETA-CD.
104

102 /g—d
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Fig 21: Graph of Percentage cumulative drug release data of Vitamin B 12 With HP- Beta Cd powder

from different formulations.
MICROMERITIC STUDY
a. Angle of Repose(0):

The values of the angle of repose of inclusive complex of vitamin B 12 and cyclodextrins were in the range of 30—
400, which indicates the passable flow property of all the formulations. Values of the angle of repose are shown
in Table 14.

b. Carr’s Index (Ci):

The Carr’s index values for inclusive complex of vitamin B 12 and cyclodextrins were in the range 21-25% in the
beta-cd, which lies between the passable properties, and in the Hp-beta-cd, between 11-15%, which shows good

flow properties. Values of the carr’s index are shown in Table 14.
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C. Hausner’s ratio:

The Hausner’s ratio values for inclusive complex of vitamin B 12 and cyclodextrins were found to be in the range
1.26 to 1.27 in beta-cd; these values are within the range of 1.26-1.34 which indicates powder exhibited passable
flow properties. And 1.26-2.27 in the Hp-beta-cd; these values are within the range of 1.12-1.18, which indicated
that the powder mixture exhibited good flow properties. An obtained value of Hausner’s ratio is shown in Table

14,

d. Bulk Density and Tapped Density: The bulk and tapped density measurements of vitamin B12 formulations
with beta-cyclodextrin (B-CD) and hydroxypropyl-beta-cyclodextrin (HP-B-CD) show notable differences.
Formulations with -CD had bulk densities ranging from 0.233 to 0.253 g/ml and tapped densities from 0.307 to
0.322 g/ml, indicating lower packing efficiency. In contrast, HP--CD formulations exhibited higher bulk densities

of 0.416 to 0.465 g/ml and tapped densities of 0.487 to 0.540 g/ml, suggesting improved packing characteristics.

Table 9: Micromeritic properties of Vitamin B 12 Inclusive Complex of vitamin B12 and cyclodextrins.

Bulk Density | TappedDensity
Formulation Angle of repose (gm/ml) (gm/ml) Carr’s |HausnerRatio
code (90) index (%)

With Beta cyclodextrin
F1 38.65+0.24 0.253+0.02 0.322+0.01 21.42+0.4 1.2740.02
F2 37.95+0.31 0.243+0.01 0.307+0.01 20.84+0.2 1.26+0.04
F3 39.35+0.27 0.240+0.01 0.307+0.03 21.82+0.5 1.27+0.02
F4 37.88+0.24 0.233+0.01 0.323+0.01 20.66+0.01 1.26+0.08

With HP-Beta cyclodextrin
F1 32.61+0.18 0.465+0.02 0.540+0.02 13.83+0.6 1.1640.03
F2 30.54+0.35 0.444+0.03 0.513+0.02 13.3310.3 1.1540.02
F3 31.38+0.23 0.416+0.02 0.487+0.01 14.57+0.4 1.1740.02
F4 33.95+0.31 0.434+0.01 0.490+0.01 14.99+0.2 1.1440.04

*All the Values represents are mean of 3 readings (n=3) £S. D

STABILITY STUDIES

The stability studies of vitamin B12 with -cyclodextrin over 30 days showed initial drug content percentages
of 100.3% (F1), 101.9% (F2), 102.5% (F3), and 101.5% (F4). After 15 days, these values decreased slightly
to 99.7%, 100.1%, 100.4%, and 100.2%, respectively, and by day 30, they further declined
t0 98.3%, 99.9%, 98%, and 99%.Incomparison, with hydroxypropyl-B-cyclodextrin(HP-B-Cd),initial values were
102.1% (F1), 101% (F2), 102.2% (F3), and 100.1% (F4). After 15 days, they dropped to 100.1%, 99.3%, 99%, and
98.2%, and by day 30, to 98%, 97.9%, 98.2%, and 97.3%. All results indicate stable formulations throughout the
study period.

Table 10 : Stability studies of vitamin B12 with beta cyclodextrin inclusive complex product.

Time (days) Drug content (%)

F1 F2 F3 F4
0 100.3 101.9 102.5 101.5
15 99.7 100.1 100.4 100.2
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30

98.3

\ 99.9

‘98

99

*All the Values represents are mean of 3 readings (n=3)

Table 11 : Stability studies of vitamin B12 with HP-beta cyclodextrin inclusive complex product.

Time (days) Drug content (%)

F1 F2 F3 F4
0 102.1 101 102.2 100.1
15 100.1 99.3 99 98.2
30 98 97.9 98.2 97.3

*All the Values represents are mean of 3 readings (n=3)

1VV. Conclusion

In conclusion, the study recommends beta-cyclodextrin (B-CD) as the preferred excipient for formulating
stabilized vitamin B12 complexes due to its superior solubility, compatibility, and enhanced release profile. This
formulation approach holds promise for stability in particular photostability.
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