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Use of HEPES in pharmaceutical products

Radiosynthesis of gallium-68 compounds often requires a labelling mixture with a pH of
3.5-5.0 to ensure good complexation of gallium-68 with the precursor. Buffers such as 4-
(2-hydroxyethyl) piperazine-1-ethanesulfonic acid (HEPES) and sodium acetate are ex-
tensively used in the labelling of radiopharmaceuticals with gallium-68. These buffers are
reported to have low metallic complexation properties making them suitable to adjust
pH during labelling and reduce formation of colloids (Bauwens et al. 2010).

HEPES, a zwitterionic buffer, is listed as a Good’s buffer with a pKa of 3.0 and 7.55
(Good et al. 1966). Velikyan et al. illustrated the beneficial effect of HEPES on specific
activity in radiolabelling bioconjugates (Velikyan et al. 2004). A number of references
indicate that adjusting the pH with HEPES during radiolabelling with gallium-68 pro-
vides optimum results in terms of molecular activity, reproducibility, reliability and
versatility (Bauwens et al. 2010; Eppard et al. 2014; Pfaff et al. 2018; Velikyan et al.
2004). The European Pharmacopoeia prescribes a strict limit of 200 pg per dose for the
HEPES content in radiopharmaceuticals intended for intravenous administration
(European Pharmacopeia 2017). However, the method described in the European
Pharmacopoeia to test for HEPES in radiopharmaceutical preparations has proven to
be unreliable (Antunes et al. 2020; Pfaff et al. 2018; Sasson et al. 2010). The low limit
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has hampered the use of HEPES in gallium-68 radiopharmaceuticals, despite its super-
ior buffering properties. A lack of toxicological data, especially after intravenous admin-
istration is generally cited as the main reason for these strict limits (Bauwens et al.
2010; European Pharmacopeia 2017; Sasson et al. 2010).

A chronic tolerance study of 4-(2-hydroxyethyl) piperazine-1-ethanesulfonic acid
(product code TVZ-7), published in 1997 by Theodore et al, provides important data
on HEPES toxicity in beagle dogs after intravenous infusion (Theodore et al. 1997a).
The animals were monitored for pharmacological or toxicological effects from increas-
ing HEPES doses of 5-500 mg/kg, administered over a period of 148 days. Initially
doses were administered daily via intravenous infusion but then changed to alternate
days because of a subjective observation of stress at doses reaching 300, 350 and 400
mg/kg. Routine clinical pathology evaluations consisted of complete blood count and
blood chemistry. Histopathology (bone marrow and liver biopsies) was done at the end
of the highest dose segment when clinical effects were observed. Important results from
the study included the following:

a) Vomiting, a pharmacological effect of HEPES administration, occurred in the first
two segments of the study but subsided when HEPES was administered before
feeds.

b) When LV. doses approached 400 mg/kg (4000 mg for a dog with an average weight
of 10 kg), significant changes in hematopoietic and reticuloendothelial system were
observed in some dogs. These included hypercellular bone marrow and
extramedullary hematopoiesis.

The study however concluded that no serious adverse effects are associated with
chronic intravenous administration of HEPES in doses ranging from 5 to 500 mg/kg. In
a patient with an average weight of 70 kg, this would amount to a maximum dose of
35,000 mg (35 g).

A more significant publication is the preliminary evaluation of a fixed dose of HEPES
in humans by Theodore et al. The investigators report on the use of HEPES to evaluate
its potential beneficial effects in clinical cancer (Theodore et al. 1997b). In this study,
most subjects received an average fixed daily dose of 5000 mg, administered intraven-
ously for 2 weeks. Thereafter, the same dose was administered three times per week for
2 more weeks. Patient response was evaluated at 4 weeks. A maintenance dose of 5000
mg, administered two to three times per week, was thereafter instituted. This study re-
ported minimal side-effects and toxicity, similar to what was reported in the study with
dogs.

The current limit for HEPES in radiopharmaceutical preparations specified by the
European Pharmacopoeia. is 200 pug/V, where V represents the maximum injected dose
in millilitre. This very strict limit translates to a maximum HEPES dose of 200 pg per
dose. Labelling of specific radiopharmaceuticals may require different volumes and con-
centrations of HEPES as reported by Antunes et al. (Antunes et al. 2020).Using these
examples, in a worst-case scenario where no HEPES is removed during the labelling
process, a total single dose between 283 and 714 mg HEPES would be intravenously ad-
ministered to a patient. This translates to a HEPES dose of 4.0-10.2 mg/kg for a 70 kg
patient. The highest single dose is much lower than the maximum mg/kg dose used in
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the chronic toxicity study in dogs. This is approximately 14% of the average dose ad-
ministered to humans in the preliminary fixed dose study by Theodore et al. It is
known that a considerable amount of HEPES is removed during the purification
process. The HEPES content is therefore significantly lower than the doses used in the
Theodore toxicity study and still far below the chronic dose of 400 mg/kg where signifi-
cant changes in the hematopoietic and reticuloendothelial systems were observed.

In 2015 the FDA approved ONIVYDE™ (irinotecan, Merrimack Pharmaceuticals), a
topoisomerase 1 inhibitor which also contains HEPES as a buffering system. The
pharmaceutical formulation contains 4.05 mg/ml HEPES in a 10 ml vial solution, to be
diluted in 500 ml dextrose 5% for intravenous administration (Baker and Levien 2017;
Merrimack 2015; Theodore et al. 1997a). The recommended dosage is 70 mg/m? irino-
tecan (4.3 mg/ml) resulting in an average male (1.9 m®) receiving a total amount of 133
mg of the drug and 126 mg of HEPES. This amount of administered HEPES is much
higher than the recommended 200 pg per dose for gallium-68 based radiopharmaceuti-
cals. Limiting the HEPES content to 200 ug/V as currently advised by the European
Pharmacopoeia may therefore be a far too strict limit.

The authors are aware that the studies reported are designed to evaluate the use of
HEPES as an active pharmaceutical ingredient or as an adjuvant/excipient for thera-
peutic anticancer formulations. Further toxicological studies in animals or humans may
be required to increase the European Pharmacopoeia limit for HEPES as an adjuvant
for radiopharmaceutical use.

To conclude: The expected HEPES content in radiopharmaceutical preparations is
significantly less than the doses used in the chronic toxicity study in dogs by Theodore
et al. and in the other FDA approved pharmaceutical. The HEPES content is also con-
siderably less that the dose used in humans to evaluate its effects in clinical cancer. It is
further highly unlikely that patients scheduled for Nuclear Medicine investigations will
receive a daily intravenous dose of 5000 mg HEPES dose as in the Theodore study.
Taking these factors into account, regulatory institutions may consider reviewing the
current strict limit for HEPES in radiopharmaceutical preparations.

Compliance with Ethical Standards
Not applicable.

Informed consent
Not applicable.

Authors’ contributions
JLR and JK was responsible for performing a literature search. JLR was responsible for writing the manuscript. JK and
SR was responsible for editing the manuscript. All authors read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
This article does not contain any studies with human participants or animals performed by any of the authors.

Competing interests
The authors declare no conflict of interest.



Roux et al. EJINMMI Radiopharmacy and Chemistry (2021) 6:15 Page 4 of 4

Author details
'NuMeRI Node for Infection Imaging, Central Analytical Facilities, Stellenbosch University, Stellenbosch, South Africa.
’Nuclear Medicine Division, Stellenbosch University, Stellenbosch, South Africa.

Received: 16 February 2021 Accepted: 23 March 2021
Published online: 01 April 2021

References

Antunes IF, Franssen GM, Zijima R, Laverman P, Boersma HH, Elsinga PH. New sensitive method for HEPES quantification in
68Ga-radiopharmaceuticals. EJNMMI Radiopharm. Chem. 2020;5(1):12.

Baker DE, Levien TL. Irinotecan liposome injection. Hosp Pharm. 2017;52(2):144-150. https://doi.org/10.1310/hpj5202-144.

Bauwens M, Chekol R, Vanbilloen H, Bormans G, Verbruggen A. Optimal buffer choice of the radiosynthesis of ®®Ga-Dotatoc
for clinical application. Nucl Med Commun. 2010;31(8):753-758. https.//doi.org/10.1097/MNM.0b013e32833ach99.

Eppard E, Wuttke M, Nicodemus PL, Rosch F. Ethanol-based post-processing of generator-derived ®*Ga toward kit-type
preparation of *®Ga-radiopharmaceuticals. J Nucl Med. 2014;55(6):1023-1028. https://doi.org/10.2967/jnumed.113.133041.

Good NE, Winget GD, Winter W, Connolly TN, Izawa S, Singh RMM. Hydrogen ion buffers for biological research. Biochem Int.
1966;5(2):467-477. Available from:. https.//doi.org/10.1021/bi00866a011.

Merrimack. ONIVYDE Prescribing Information; 2015. p. 1-18.

Pfaff S, Nehring T, Pichler V, Cardinale J, Mitterhauser M, Hacker M, et al. Development and evaluation of a rapid analysis for
HEPES determination in ®®Ga-radiotracers. EJNMMI Res. 2018:8:95.

European Pharmacopoeia. Gallium (68Ga) edotreotide injection; 2017.

Sasson R, Vaknin D, Bross A, Lavie E. Determination of HEPES in %®Ga-labeled peptide solutions. J Radioanal Nucl Chem. 2010;
283(3):753-756. https://doi.org/10.1007/510967-010-0449-0.

Theodore TR, Van Zandt RL, Carpenter RH. Pilot ascending dose tolerance study of parenterally administered 4-(2
hydroxyethyl)-1-piperazine ethane sulfonic acid (TVZ-7) in dogs. Cancer Biother Radiopharm. 1997a;12(5):345-349. https.//
doi.org/10.1089/cbr.1997.12.345.

Theodore TR, Van Zandt RL, Carpenter RH. Preliminary evaluation of a fixed dose of zwitterionic piperazine (TVZ- 7) in clinical
cancer. Cancer Biother Radiopharm. 1997b;12(5):351-353. https://doi.org/10.1089/cbr.1997.12.351.

Velikyan |, Beyer GJ, Ldngstrom B, Chemistry O. Microwave-supported preparation of “*Ga bioconjugates with high specific
radioactivity. Bioconjug Chem. 2004;15:554-560.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.1310/hpj5202-144
https://doi.org/10.1097/MNM.0b013e32833acb99
https://doi.org/10.2967/jnumed.113.133041
https://doi.org/10.1021/bi00866a011
https://doi.org/10.1007/s10967-010-0449-0
https://doi.org/10.1089/cbr.1997.12.345
https://doi.org/10.1089/cbr.1997.12.345
https://doi.org/10.1089/cbr.1997.12.351

	Abstract
	Use of HEPES in pharmaceutical products
	Compliance with Ethical Standards
	Informed consent
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Competing interests
	Author details
	References
	Publisher’s Note

