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Disclaimer

ChatGPT, an Al language model, was used to help organize ideas, improve writing clarity,
and enhance understanding of certain concepts with the prompt “Could you explain this better
[concept needing clarification]”. For example, the coloration of liquids titration method from the
European pharmacopeia. All content has been reviewed and validated for accuracy and original-
ity.
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1. Introduction

Heparin is a widely used anticoagulant medication for coagulation disorders. The two predom-
inant types of heparins are unfractionated heparin (UFH) and low molecular weight heparin
(LMWH), which differ in several significant aspects. The UFH possesses a higher molecular
weight, needs frequent monitoring and dose adjustments, and is administered intravenously or
subcutaneously. The LMWH offers more predictable pharmacokinetics, allowing for fixed-dose
administration without routine monitoring. LMWH also has a longer half-life, enabling once or
twice daily dosing compared to UFH's multiple daily doses. While LMWH generally poses a lower
risk of complications such as heparin-induced thrombocytopenia and osteoporosis, UFH remains
in use due to its rapid onset of action, shorter half-life, and easy reversibility with protamine. These
properties render UFH particularly valuable in situations requiring rapid anticoagulation adjust-
ments, such as in patients with high bleeding risk or those undergoing procedures (1,2).

The side effects of UFH are attributed to the variable biochemical composition and unpredict-
able pharmacokinetics of the drug (3). This phenomenon is attributed basically to the UFH being
a heterogeneous mixture of polysaccharide chains with varying molecular sizes, which can con-
tribute to inconsistencies between batches (4), and the source-dependent variation. A study con-
ducted by Banik et al., 2021 demonstrated that pharmaceutical preparations of heparin derived
from different animal sources can influence the chemical composition of the resulting drugs. For
example, heparins derived from bovine and porcine sources exhibit notable differences in their
1H NMR spectra and disaccharide compositions (5). The chemical inconsistencies can lead to
significant challenges in the composition of the active ingredient of unfractionated heparin be-
tween different batches. The instability of unfractionated heparin can result in inconsistencies
regarding pH and the degradation of components, which causes changes in coloration and tur-
bidity of the final product after autoclavation, and can also impact in the appearance of visible
particles. Such factors significantly affect medication production and require careful attention.

Preservatives are important within the pharmaceutical industry, particularly in the context of
the development and production of parenteral products. These compounds can be incorporated
into pharmaceutical formulations with different objectives. One of them is to prevent microbial
growth in multi-dose containers, it can inhibit the growth of microorganisms that may be intro-
duced from repeatedly withdrawing individual doses. Another reason why preservatives may be
introduced into parenteral formulations is to reduce pain on injection or discomfort for the patient
and it can also contribute to the overall stability of the formulation, potentially reducing degrada-
tion of active ingredients (6). One of the principal requirements for an efficacious preservative is
its capacity to act rapidly and reduce microbial populations even at low concentrations (7). Multi-
dose heparin formulations and other parenteral products have been preserved with benzyl alcohol
to prevent microbial growth. However, concerns have been raised about the use of this preserv-

ative, particularly in neonatal patients. A study from Hiller et al., 1986 demonstrated that benzyl
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alcohol has been reported to cause neurologic deterioration and death in very low birth weight
infants. Consequently, regulatory agencies have encouraged the use of alternative preservatives
or the absence of benzyl alcohol to minimize potential risks associated with this substance.

Other commonly used preservatives are parabens, specifically methylparaben and
propylparaben, which are typically used in combination. However, the utilization of these as pre-
servatives has also given rise to certain concerns. Parabens have been demonstrated to induce
allergic reactions, particularly when administered intravenously (9). Furthermore, there are con-
cerns regarding the potential effects of paraben exposure in neonates, particularly in the NICU
setting (10). Consequently, there is a growing reluctance to utilize parabens as preservatives,
particularly in more vulnerable populations.

In the domain of parenteral formulations, pH stabilizers play a pivotal role. They are employed
for multiple reasons, the foremost being the necessity to preserve an optimal pH level. This is
imperative to ensure that the formulation remains within the acceptable pH ranges for the various
routes of administration, thereby maintaining the pH close to physiological levels. This approach
not only ensures the stability of the formulation but also contributes to the reduction of irritation at
the injection site. The ability to regulate pH ensures enhanced stability, prevents the formation of
undesirable precipitates, optimizes the solubility of other compounds in the formulation, and ex-
tends the shelf life of the product (11,12). The utilization of pH stabilizers must be approached
with a degree of caution, as they are not without risk. It is noteworthy that certain pH stabilizers
may interact with the active pharmaceutical ingredient (API) or other excipients, thereby poten-
tially compromising the drug's stability or efficacy. It is imperative to employ these stabilizers at
minimal concentrations, as elevated concentrations of stabilizers have been observed to induce
local tissue irritation or discomfort upon injection, owing to the abrupt pH shift (13).

Given these complexities, this study aims to examine the impact of preservative-free formu-
lations and the influence of pH stabilizers, such as citric acid, on the chemical and physical sta-
bility of heparin 5,000 IU/mL over 90 days. The objective is to enhance the safety, efficacy, and
regulatory compliance of unfractionated heparin formulations. To this end, the study addresses

the issue of batch variability and instability.



2. Materials
Heparin, Sodium chloride, Disodium Hydrogen Phosphate anhydrate, Sodium dihydrogen phos-
phate dihydrate, Citric acid monohydrate, Benzyl alcohol, Hydrazine sulfate, Hexamethylenetet-
ramine, Ferric Chloride, Potassium iodide (KI), 0.1 M sodium thiosulphate (Na2S203), Cobalt
Chloride, Copper sulfate, Filters 0.22 um, Vials, caps and stoppers were kindly donated by Gilva-
san Pharma. Methylparaben (PHR1012) and Propylparaben (PHR1010) were purchased from
Sigma-Aldrich Chemie GmbH. Sterile water for injection 1000ml was purchased from B. Braun.
Hydrochloric acid and sodium hydroxide were prepared using laboratory-grade materials. Buffer

solutions (4.01, 7.00 and 10.01) were purchased from Xylem Analytics.

UV-vis Spectrophotometer from “Bio-Tek Instruments”, Labor-pH Meter inoLab® pH 7110 from
Xylem Analytics, Autoklav HV 85L from HMC Europe, Magnetruhrwerk MR 3000 from Heidolph,
Elmasonic Ultraschallreiniger P 30 H from Elma Schmidbauer GmbH, Memmert UNE 500
Trockenschrank were used during the study. Rotilabo syringe filters, PVDF, sterile, 0.22 uym, 33
mm was bought from Carl Roth GmbH. 96 Well Microplate, UV-Star, Half Area was bought from

Greiner Bio-one. 96 wells-F, Surface treated, Sterile was bought from VWR.



3. Methods

3.1. Formulation preparation
Six distinct formulations were prepared. Each formulation was prepared with three distinct heparin
batches called here as batches 1, 2 and 3. A total of 18 formulations were prepared, with the
corresponding sample names provided in Table 1. To ease the production process, the formula-
tions were prepared in three groups, designated as BA (comprising samples with benzyl alcohol),
CA (comprising samples without preservatives, only citric acid or buffer system), and PA (com-

prising samples with parabens).

Table 1: Matrix of formulations. Benzyl alcohol (BA), Parabens (PA), Citric acid (CA) and Buffer
system (B). Different heparin batches (1, 2 and 3).

BA CA PA
BA 1 BA_CA 1 CA B1 B 1 PA 1 PA_CA 1
BA 2 BA_CA 2 CA B2 B2 PA 2 PA_CA 2
BA 3 BA_CA3 CA B3 B3 PA 3 PA_CA3

The formulations BA and CA were produced as follows: all containers were sterilized before use
and all subsequent steps were performed under a laminar airflow (LAF) cabinet. The solid mate-
rials were weighed following Table 2, and dissolved in WFI (water for injection) and the heparin
was added under stirring. The pH was adjusted to 7, and the final volume was completed with
WEFI. After production, the formulations were filtered using a 0.22 ym membrane filter under LAF.
The non-autoclaved (NAC) formulations were stored at 4°C. The other vials were subjected to
autoclave for a period of 12 minutes at a temperature of 121°C.

The process applied to Group PA was different in some aspects. The addition of methylparaben,
propylparaben and heparin was done under stirring conditions. The formulation was sonicated for
five minutes at 40°C, after which the pH was adjusted to 7. Following this adjustment, the formu-
lation was sonicated for a further ten minutes at 40°C, and only after this the formulation was
filtrated and the vials filled.

After autoclavation, the vials from all the groups were submitted to a series of tests according to
the European Pharmacopeia. These included the coloration of liquids, the presence of visible

particles, pH measurements, and the assessment of color and appearance (turbidity).



Table 2: Composition of each formulation [mg] for 1 mL.

BA BA_CA [CA B |B PA PA_CA
Heparin-sodium [l.U.] 5000 | 5000 5000 5000 5000 5000 5000
I.U/mL + 3% excess
Sodium chloride [mg] 9 7.6 6.7 6.7 9 7.6
Disodium hydrogen phosphate | --- 215 1.53 1.53 -—- 215
anhydrate [mg]
Sodium dihydrogen phosphate | --- -—- 0.65 0.65 - -
dihydrate [mq]
Citric acid monohydrate [mg] - 0.34 04 - - 0.34
Benzyl alcohol [mg] 10 10 - - - -
Methylparaben [mg] - - - - 1.50 1.27
Propylparaben [mq] - - - - 0.15 0.13
HCI/NaOH Ad pH|Ad pH|Ad pH|Ad pH|Ad pH|Ad pH
7,0 7,0 7,0 7,0 7,0 7,0
WFI Ad1Tml|Ad1ml |[Ad1ml |Ad1ml|Ad1ml|Ad1ml
3.2, Coloration of liquids

The test was conducted following the standards outlined in the European Pharmacopoeia 6.0

(test 2.2.2). Three primary solutions were prepared in advance: a yellow solution, a red solution,

and a blue solution. The solutions were then diluted to create three standard solutions (brown,

brownish-yellow, and yellow). The standard solutions were employed in the preparation of the

reference solutions according to Figure 1. After 1, 30, and 90 days of the production, the vials

were then compared with the reference solutions in front of a white background.



A)

Volumes in millilitres

Reference Standard solution B Hydrochloric acid
solution (10 g/1 HCl)
B, 75.0 25.0
B, 50.0 20.0
B, 375 62.5
B, 25.0 75.0
B, 125 875
B, 5.0 95.0
B, 25 975
B, 1.5 98.5
B, 1.0 99.0
B) - C)
Volumes in millilitres Volumes in millilitres
Reference Standard solution BY Hydrochloric acid RF{"‘:““’ Standard solution Y Hydrochloric acid
solution (10 g/1 HCD solution (10 g/1 HCI)
BY, 100.0 0.0 Y, 100.0 0.0
EY, 75.0 25.0 L 7.0 25.0
BY, 50.0 50,0 Y 50.0 50.0
BY, 25.0 75.0 Y, 25.0 73.0
BY, 125 875 Y, 125 875
BY, 5.0 95.0 Y, 5.0 95.0
BY. 25 97.5 Y. 25 a7s

Figure 1: Reference solution preparation. A) Brown solution, B) Brownish-yellow solution, C) Yel-

low solution. Figures from European Pharmacopeia 6.0.

3.3. Visible particles
The test was conducted following the standards outlined in the European Pharmacopoeia 6.0
(test 2.9.20). Briefly, all the vials were observed in front of a white and a black panel for the

presence of any visible particles 1, 30 and 90 days after the production.

3.4. pH measurements
The pH measurements were conducted in accordance with the standards outlined in the Euro-
pean Pharmacopoeia 6.0 using a pHmeter. Prior to each measurement, the pH meter was cali-
brated with buffer solutions with a known pH of 4,01; 7,00 and 10,01. All vials and buffer solutions
were incubated for 30 minutes at a temperature of 25°C. The vials were opened, and three pH

measurements were taken from n=3 vials from the same batch.

3.5. Clarity and turbidity measurements
The test was conducted following the standards outlined in the European Pharmacopoeia 6.0
(test 2.2.1). The samples for turbidity measurements were taken from the same vial as pH meas-
urements immediately after pH determination. The Standard of opalescence (SO) was prepared

on the day of the measurement. Four dilutions from the SO were prepared according to table 3.
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The plate reader mode of the UV-Vis spectrophotometer was used, 250 uL of each sample was
pipetted into a 96-well plate. The optical density of samples was measured at a wavelength of
510 nm. The obtained optical density (OD) values were converted to nephelometric turbidity units
(NTU). A standard curve was generated by plotting OD against NTU values obtained from the
known dilutions of the SO (fig. 2). The relationship between OD and NTU was determined using
a linear regression equation: OD = 0.0005 x NTU + 0.0006. This equation was applied to convert
the OD values of the samples into NTU.

OD vs NTU
0.04-
0.03
_,_,,'.:';-"i
S 0.02- /i 4
0.01- /E'/
rd

0.004Z , , : ,

0 20 40 60 80

Opalescence values (NTU)

Figure 2: Graph of Opalescence values (NTU) vs OD values measured at 510 nm.

Table 3: Dilutions from standard of opalescence.

I Il 1 v
Standard of opalescence (SO)

5.0 mL 10.0mL | 30.0mL | 50.0 mL
Water 95.0 mL 90.0mL | 70.0mL | 50.0 mL

3.6. UV-VIS Spectroscopy
The test was performed to determine batch variability and impurities in the three different heparin
batches. 5 mg of each batch of heparin was weighed and dissolved in 10 ml of distilled water with
stirring. Each solution was filtered through a 0.22 ym membrane filter to remove particles. The
UV-VIS spectrophotometer was calibrated using distilled water as the solvent. Each batch was
read in the wavelength range 200-400 nm at a medium scan speed. All formulations before and

after autoclaving were tested in the same procedure.
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4. Results and Discussion

4.1. Coloration of Liquids

The NAC vials consistently exhibited a coloration indistinguishable from that of water, while
the AC vials maintained a brownish-yellow coloration after autoclavation in all groups. According
to the certificate of analysis provided for the heparin batches used, solutions should not exceed
the intensity of reference solution 5. For BA formulations, throughout the study period, the BA 1
and BA_CA 1 were consistently identified as intensity 4, while the other formulations remained
comparable in coloration (fig. 3A). For the CA, formulations CA_B 1 and B 1 were also classified
as intensity 4, while the other formulations remained within intensity 5 (fig. 3B). And for the PA,
formulations PA 1, PA 2, and PA 3 consistently demonstrated a coloration corresponding to Ref-
erence 6, while formulations PA_CA 1, PA_CA 2, and PA_CA 3 showed a slightly higher intensity,
analogous to Reference 5 (fig. 3C). No significant changes in coloration were observed in any of
the groups over time for either NAC or AC formulations.

All formulations exhibited alterations in coloration after autoclaving, with the CA demonstrating
the most significant change, followed by BA and PA. This phenomenon can be attributed to the
absence of a preservative in the CA formulations, which renders the solutions less stable, this
way contributing to the appearance of stronger coloration.

The coloration exhibited by all AC formulations could be attributed to Maillard reactions oc-
curring during the production of heparin, particularly during protease digestion stages lasting more
than 10 hours (14). The presence of amino acids in the formulation (from heparin or other sources)
provides the necessary components for the Maillard reaction to occur. (15). The presence of col-
oration could be indicative of impurities in the raw material. The UV spectra of pure heparin from
the reference study (16) exhibit a smooth decrease in absorbance from approximately 200 to 230
nm, with no pronounced peaks. In contrast, the non-pure heparin spectra display sharp peaks
around 260 nm, suggesting the presence of impurities or other UV-absorbing substances. The
UV spectra for heparin dissolved in water, no peak was found in the range compatible with
impurities (fig. 4). Minor variations in the UV spectra of Hep1, Hep2, and Hep3 may be attributable
to batch variability inherent in UFH heparin. However, the possibility of impurities in the other

components of the formulation, despite being from reliable sources, cannot be discounted.
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Figure 3: Heat map of coloration of liquids x Reference standards of turbidity. A) Group BA, B)
Group CA and C) Group PA.

Impurities analysis

- BLK

Hep 1
+— Hep 2
-+ Hep 3

250 300 350 400
Wavelenght (nm)

Figure 4: UV spectra of heparin batches diluted in water from 200 to 400 nm.

4.2, Visible Particles

Some particles appeared subsequent to the sterilization process, these were identified as
impurities that were likely introduced during the filling process, which was conducted under LAF.
It is hypothesized that the sterilization process may have dislodged or rendered visible small fib-
bers or lint that were present but not discernible prior to autoclaving. The presence of protein
aggregation or undissolved materials is not indicated. These observations remained consistent
over time. No visible particles were detected in any of the NAC vials throughout the study in any
of the groups.

4.3. pH Measurements

The pH behavior varied among the BA formulations (Fig. 5). Initially, NAC formulations BA 1,
2 and 3 exhibited highly unstable pH values, making it challenging to achieve a target pH of 7.
These formulations continued to display significant fluctuations, particularly after the autoclaving
process. Over time, the pH levels of the NAC changed reaching a range of approximately 8 and

a strong decrease to approximately 7 at 90 days. In contrast, NAC formulations BA_CA 1, 2 and
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3 maintained stable pH values throughout the study. These formulations remained within the 6.5—
7.5 range, showing only minimal fluctuations post-autoclaving. The AC formulations followed a
similar trend, with formulation BA 1 exhibiting a slight increase in pH, while formulations BA 2 and
BA 3 experienced a more substantial drop of nearly 1.0 unit at 30 days. Formulations BA _CA 1,
2 and 3 remained relatively stable, with only a slight decrease over time (Fig. 5).

The pH of all CA formulations remained within the range of 6.5—-7.5 throughout the study.
Initially, formulations CA_B 1 and B 1 exhibited a slight decline in pH following autoclaving but
remained within the desired range. Over time, a slight elevation in pH was observed across all
formulations, with NAC samples exhibiting a more pronounced increase compared to AC sam-
ples. By the final time point, all formulations exhibited a minor decrease in pH (ranging from 0.15
to 0.05), but this value falls within the range of error accepted. No substantial differences were
detected between samples stored at 25°C and 40°C.

The NAC PA formulations exhibited stable pH values, remaining close to 7 throughout the
study. Among the AC PA formulations, PA 1 and PA 2 exhibited greater pH instability, with a
decline to approximately 6, falling outside the designated range of 6.5-7.5. Formulation PA 3 also
experienced a decrease but remained within the acceptable range, although after 30 days the
formulation was out of the range (Fig. 7 B). Formulations PA_CA 1, 2 and 3 showed a slight pH
decline following autoclaving but consistently remained within the specified range of 6.5-7.5.

Following the process of autoclavation, some formulations from all groups exhibited a decline
in pH levels. This phenomenon can be explained by the autoclaving process, which has been
demonstrated to result in a modest breakdown of the heparin backbone, as evidenced by a slight
reduction in molecular weight and an increase in polydispersity. This degradation process may
result in the release of acidic fragments, which could contribute to a pH decrease (17). It is im-
portant to note that the same Maillard reactions that could be responsible for the observed color-
ation could also result in the production of acidic bioproducts (18). As expected, the function of
citric acid in maintaining the stability of the formulations following autoclavation and over time has
been substantiated. This assertion is evidenced by the fact that all formulations containing citric
acid remained within the acceptable range of 6.5-7.5, while those not containing citric acid exhib-

ited pH instabilities.
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Figure 5: pH of formulations with Benzyl alcohol. A) Day 1, B) Day 30 and C) Day 90.
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Figure 6: pH of formulations without preservative, only citric acid. A) Day 1, B) Day 30 and C)

Day 90.
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Figure 7: pH of formulations with Parabens. A) Day 1 and B) Day 30.

44, Clarity and turbidity measurements

The NAC formulations exhibited initial turbidity values close to zero, showing values compa-
rable to water (fig. 7 A, B and C). The BA AC formulations exhibited greater initial variation in
turbidity values. Formulations BA 1 was classified as Reference Ill and BA_CA 1 as Reference
IV, which is the highest turbidity reference before the standard of opalescence (fig. 8A). Formu-
lations BA 2, BA 3, BA_CA 2, and BA_CA 3 were situated within Reference II. Over time, only
formulation BA_CA 1, shifted to reference Ill while the others remained stable. The CA AC for-
mulations, however, showed variations in turbidity. Initially, formulations CA_B 1 and B 1 exhibited
the highest turbidity, falling within Reference lll. The other AC formulations were categorized

within Reference Il (fig. 8B). Over time, turbidity values changed depending on storage conditions.
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At 25°C, all CA AC formulations remained within the same reference range. At 40°C, differ-
ences in turbidity were observed in the formulations containing citric acid. Formulation CA_B 1
shifted from Reference Il to Il, formulations CA_ B 2 and CA_B 3 moved from Reference Il to I.
Formulation B 1 changed from reference lll to Il at day 90, while B 2 and 3 remained unchanged.
The combination of citric acid and heparin may exhibit better thermal stability at 40°C, maintaining
a clearer solution compared to lower temperatures where some components might be less soluble
or more prone to aggregation (19). Among the PA AC formulations, PA 1 showed values similar
to water at day 1 and shifted to Reference Il on day 30. PA 2, PA 3, PA_CA 2 and PA_CA 3
maintained turbidity levels similar to Reference I, indicating clarity. Formulation PA_CA 1 exhib-
ited slightly higher turbidity on day 30, falling within Reference Il (fig. 8C).

Heparin has been shown to lose N-sulfo groups under thermal stress, higher temperatures
and prolonged exposure can lead to increased N-sulfo group loss and decreased antithrombin-
binding affinity. This degradation could manifest as turbidity changes, indicating compromised
heparin quality (20). The PA formulations exhibited lower values of turbidity in comparison to
Groups BA and CA, which demonstrated analogous outcomes. This phenomenon can be at-
tributed to the enhanced compatibility of parabens with heparin relative to benzyl alcohol. The
utilization of parabens has been demonstrated to enhance the overall stability of heparin formu-
lations, thereby mitigating the potential for the formation of degradation products that could lead
to turbidity (21).

[ day 11 ™ day 11 C)
day 301 rerrv |CA_BA1 day 304 REF IV

L_day 901 L_day 304

" e
day 30- cABz|| day3o e

_day 90_ F REF I _day 90 REF Il

[ day 11 ™ day1 PA 2
day 30 day 304 . e

| _day 901 day 90 -

— .. REF Il o REF Il

| day 1 day 1 REF Il
BA_CA1| day30 day 30 B

| day 90 L_day %0 EAEA

‘_ day 1 REF | [ day 14 REF 1 GRS
BA_CA2| day 304 day 30 PA_CA2
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Figure 7: Heatmap of turbidity and reference standards of turbidity (NTU). A) Formulations

with benzyl alcohol, B) Formulations without preservatives, and C) Formulations with parabens.
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5. Conclusions
The findings of this study highlight the necessity of incorporating a pH stabilizer within the
formulation to ensure stability during the processes of autoclaving and extended storage. In the
absence of a pH stabilizer and a buffer system, even with meticulous aseptic preparation tech-
niques and terminal sterilization, the formulation remains unstable across all parameters. The
utilization of a preservative is thus essential to ensure stability. The batch variability of UFH was
confirmed, where between three different batches, one exhibited significantly lower stability com-
pared to the other two batches, even in the presence of benzyl alcohol. However, in the presence
of parabens, the formulations demonstrated greater similarity in terms of stability after autoclaving
and over time. It is not possible to rule out the possibility of the presence of impurities in the raw
material, even though they were provided from trustable sources this needs to be considered.
Future studies should individually assess all formulation components to rule out potential
contaminants. Additionally, microbiological tests should be conducted to confirm sterility and eval-
uate whether the pH stabilizer alone can prevent microbial growth. Investigating alternative auto-
claving conditions (e.g., different temperatures and durations) would provide further insights into
optimizing UFH formulation stability. Further research could explore alternative salts and pH sta-
bilizers to evaluate their interactions with heparin and their potential impact on formulation stabil-
ity. Addressing these factors would improve the reliability, safety, and efficacy of UFH formula-

tions, ultimately benefiting clinical applications.
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APPENDIX

&

Figure 9: Range of reference solutions Brownish yellow. 1-4 are out of the expected range, 5-7
are in the expected range. W refers to water.

BA1 BA2 BA3 BA CA1 BA_CA2 BA_CA3

A)

Figure 2: All formulations. A) Formulations with benzyl alcohol, B) Formulations without preserv-
atives and only citric acid, and C) Formulations with parabens.
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. Abstract
Unfractionated heparin (UFH) is a widely utilized anticoagulant agent. However, its inconsistency
between different batches poses significant challenges in pharmaceutical formulations. This study
investigates the impact of preservatives and pH stabilizers on the chemical and physical stability
of UFH formulations over a period of 90 days. A range of formulations, incorporating and exclud-
ing preservatives (benzyl alcohol and parabens) and pH stabilizers (citric acid), were meticulously
prepared and assessed for various stability parameters. These parameters encompassed, color-
ation of liquids, clarity and turbidity of formulations, pH measurements, and the presence of visible
particles. The results obtained demonstrate that formulations without pH stabilizers demonstrate
significant instability, with pH values fluctuating beyond the acceptable range (6.5-7.5). Following
autoclaving, turbidity and color changes were observed in all formulations. The samples devoid
of preservatives exhibited stronger coloration. Paraben-based formulations demonstrated supe-
rior stability, maintaining consistent pH levels and reduced turbidity variations. No significant
changes were observed over time. UV-VIS spectroscopy was employed to assess batch variabil-
ity among the heparin batches, while simultaneously ruling out the presence of significant impu-
rities. The findings emphasize the critical role of pH stabilizers in maintaining stability, particularly
during sterilization and long-term storage. The study also highlights the importance of preserva-
tive selection, showing that citric acid alone is not sufficient to maintain stability. Furthermore, the
study demonstrated that formulations containing parabens exhibited superior stability in compar-
ison to those comprising benzyl alcohol. Future research should explore alternative stabilizers,
optimize autoclaving conditions, and conduct microbiological assessments to further enhance

UFH formulations for clinical use.
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1l Zusammenfassung
Unfraktioniertes Heparin (UFH) ist ein weit verbreitetes Antikoagulans. Seine Inkonsistenz
zwischen verschiedenen Chargen stellt jedoch eine grolte Herausforderung fiir pharmazeutische
Formulierungen dar. In dieser Studie wird der Einfluss von Konservierungsmitteln und pH-
Stabilisatoren auf die chemische und physikalische Stabilitdat von UFH-Formulierungen Uber
einen Zeitraum von 90 Tagen untersucht. Eine Reihe von Formulierungen mit und ohne
Konservierungsmittel (Benzylalkohol und Parabene) und pH-Stabilisatoren (Zitronensaure)
wurden sorgfaltig hergestellt und auf verschiedene Stabilitatsparameter untersucht. Diese
Parameter umfassten die Farbung der Flussigkeiten, die Klarheit und Tribung der
Formulierungen, pH-Messungen und das Vorhandensein von sichtbaren Partikeln. Die
Ergebnisse zeigen, dass Formulierungen ohne pH-Stabilisatoren eine erhebliche Instabilitat
aufweisen, wobei die pH-Werte auflerhalb des akzeptablen Bereichs (6,5-7,5) schwanken. Nach
dem Autoklavieren wurden bei allen Formulierungen Trubungen und Farbverdnderungen
beobachtet. Die Proben ohne Konservierungsmittel wiesen eine starkere Farbung auf.
Formulierungen auf Parabenbasis wiesen eine Uberlegene Stabilitat auf, indem sie konstante pH-
Werte und geringere Tribungsschwankungen beibehielten. Im Laufe der Zeit wurden keine
signifikanten Veranderungen beobachtet. Die UV-VIS-Spektroskopie wurde eingesetzt, um die
Chargenvariabilitdit zwischen den Heparinchargen zu bewerten und gleichzeitig das
Vorhandensein signifikanter Verunreinigungen auszuschlieen. Die Ergebnisse unterstreichen
die kritische Rolle von pH-Stabilisatoren bei der Aufrechterhaltung der Stabilitat, insbesondere
wahrend der Sterilisation und Langzeitlagerung. Die Studie unterstreicht auch die Bedeutung der
Auswahl der Konservierungsmittel und zeigt, dass Zitronensaure allein nicht ausreicht, um die
Stabilitdt zu erhalten. Darlber hinaus zeigte die Studie, dass Formulierungen, die Parabene
enthielten, im Vergleich zu solchen mit Benzylalkohol eine héhere Stabilitat aufwiesen. Zukinftige
Forschungsarbeiten sollten alternative Stabilisatoren erforschen, die Autoklavierbedingungen
optimieren und mikrobiologische Bewertungen durchfihren, um UFH-Formulierungen fiir den

klinischen Einsatz weiter zu verbessern.
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