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Zusammenfassung

Nachgeburtsblutungen sind die Hauptursache fir Mattersterblichkeit in Landern mit
niedrigem und mittlerem Einkommen. Oxytocin und Misoprostol werden zur
Pravention und Behandlung von Nachgeburtsblutungen eingesetzt. Beide
Medikamente sind jedoch chemisch instabil und empfindlich gegentiber
Umwelteinflissen. Laut Studien ist die Pravalenz von minderwertigen Oxytocin- und
Misoprostol-Praparaten vor allem in Landern mit niedrigem und mittlerem
Einkommen oft hoch, fir Malawi und Ruanda lagen bislang jedoch keine Daten vor.
Im Rahmen dieser Doktorarbeit wurde daher die Qualitat von Oxytocin-Ampullen und
Misoprostol-Tabletten untersucht, die in randomisiert ausgewahlten
Gesundheitseinrichtungen und Apotheken, sowie von GroBhandlern in Malawi und
Ruanda gesammelt wurden. Die Lagertemperatur von Oxytocin und Misoprostol
wurde mithilfe von Temperaturloggern ermittelt. In Malawi wurden zudem auch Daten
tber die Verflgbarkeit von Oxytocin und Misoprostol, sowie das Wissen des
Gesundheitspersonals Uber die Lageranforderungen und die Anwendung der beiden
Medikamente mittels eines Fragebogens erhoben. Zusatzlich wurde die Stabilitat von
Oxytocin-Ampullen und Misoprostol-Tabletten, die von GroBhandlern in Malawi,
Ruanda und Europa gekauft wurden, durch beschleunigte Stabilitatsstudien geman
ICH/WHO-Richtlinien untersucht. Oxytocin-Proben wurden auf Identitat, Gehalt und
pH-Wert nach United States Pharmacopoeia 40 untersucht. Misoprostol-Proben
wurden auf Identitat, Gehalt, Wirkstofffreisetzung und verwandte Substanzen geman

der International Pharmacopoeia 2017 analysiert.

In Malawi war die Verflgbarkeit von Oxytocin ausgezeichnet, jedoch entsprachen die
Lagerbedingungen in den Gesundheitseinrichtungen oft nicht den Anforderungen.
Sieben von 65 Oxytocin-Proben verfehlten die Anforderungen des Arzneibuchs
knapp und enthielten nur 82,2 - 86,8% des angegebenen Oxytocin-Gehalts. Fliinf von
30 Misoprostol-Proben waren extrem minderwertig und enthielten nur 12,7 - 30,2%
der deklarierten Menge an Misoprostol. Das extrem minderwertige Misoprostol-
Praparat wurde den nationalen Behérden und der WHO gemeldet, was in Malawi zu
einem sofortigen Rlckruf des Praparates fihrte. Der in GroBbritannien anséssige
Zwischenhandler dieses Praparates schloss kurz darauf sein Unternehmen.

In Ruanda entsprachen die Lagerbedingungen gréBtenteils den Anforderungen. Von
den 57 Oxytocin-Proben enthielten alle neun Proben derselben Charge eines



chinesischen Herstellers zu viel Oxytocin (117,2 - 121,5% des deklarierten Gehalts),
wahrend eine andere Charge desselben Herstellers extreme Gehaltsschwankungen
des Konservierungsmittels Benzylalkohol aufwies. Von den 25 Misoprostol Proben
waren auch hier alle 10 Proben von zwei indischen Herstellern extrem minderwertig
mit 42,5 - 48,7% des deklarierten Gehalts. Auch hier wurden die minderwertigen

Misoprostol-Praparate von den Rwandischen Behdérden landesweit zurtickgerufen.

Die Ergebnisse der durchgeflhrten Stabilitatsuntersuchungen bestéatigen im Fall von
Oxytocin die auch von der WHO beflirwortete Politik "Buy Quality Oxytocin, Keep It
Cool".

AuBerdem zeigte das Konservierungsmittel Chlorobutanol bei 40 °C und in forcierten
Abbaustudien bei 80 °C eine bemerkenswerte stabilisierende Wirkung auf Oxytocin.
Im Falle von Misoprostol konnte die Notwendigkeit einer intakten Primarverpackung
fir die Stabilitdt von Misoprostol gezeigt werden.

Sowohl in Malawi als auch in Ruanda war die Oxytocin-Qualitat besser als in
friheren Studien aus anderen LMICs berichtet. In beiden Landern wurden extrem
minderwertige Misoprostol-Tabletten gefunden, die ein ernsthaftes Risiko flr die
Gesundheit der Mitter darstellen. Dies zeigt, dass weitere Anstrengungen zur
Qualitatssicherung bei der Arzneimittelbeschaffung und -registrierung sowie zur
Uberwachung nach dem Inverkehrbringen erforderlich sind.



Summary

Postpartum haemorrhage (PPH) is the leading cause of maternal mortality in low-
and middle-income countries (LMICs). Oxytocin and misoprostol are used for the
prevention and treatment of PPH. However, both medicines are chemically unstable
and sensitive to environmental conditions. Previous studies reported a high
prevalence of substandard oxytocin and misoprostol preparations in LMICs but no
information was available for Malawi and Rwanda. Therefore, the quality of oxytocin
injections and misoprostol tablets in randomly selected health facilities and
pharmacies and from wholesalers in Malawi and Rwanda was determined.
Temperature loggers were used to record the storage temperature of oxytocics. In
Malawi, the availability of oxytocics, as well as the knowledge of health workers on
storage requirements and use of oxytocics was also assessed. Additionally, the
stability of oxytocin injections and misoprostol tablets purchased from wholesalers
and medical stores in Malawi, Rwanda and Europe was investigated by accelerated
stability testing according to ICH/WHO guidelines. Oxytocin samples were analysed
for identity, assay (= quantity of oxytocin) and for pH value according to United States
Pharmacopeia 40. Misoprostol samples were analysed for identity, assay, dissolution

and related substances according to the International Pharmacopoeia 2017.

In Malawi, all visited hospitals and health centers had oxytocin available, however,
storage conditions at the health facilities often did not meet the requirements. Out of
65 oxytocin samples, seven showed moderate deviations from specification,
containing 82.2 — 86.8% of the declared amount of oxytocin. Out of 30 misoprostol
samples, five showed extreme deviations, containing only 12.7 — 30.2% of the
declared amount. The extremely substandard misoprostol was reported to the
national authorities and to WHO, leading to an immediate recall of the respective
brand in Malawi. The UK-based distributor of this brand closed its business shortly

thereafter.

In Rwanda, storage requirements were followed correctly with few minor deviations.
From the 57 oxytocin samples, all nine samples of one batch of a Chinese
manufacturer showed an excessive content of oxytocin (range 117.2 - 121.5% of
declared content), while another batch of the same manufacturer showed extreme
variations of the concentration of the preservative benzyl alcohol. While 15 out of the
25 misoprostol samples passed, all 10 samples of two brands from India failed with



extreme deviations, containing only 42.4 - 48.7% of the stated amount of misoprostol.
Similar to Malawi, the Rwandan authorities issued a recall of these two brands.

The results of the stability studies of oxytocin samples support the policy “Buy Quality
Oxytocin, Keep It Cool”, which is also advocated by WHO.

Additionally, at 40 °C, and in forced degradation studies at 80 °C, chlorobutanol
showed a remarkable stabilizing effect on oxytocin which may deserve further
investigation.

For misoprostol tablets, the present stability studies have shown the importance of
intact primary packaging to ensure the stability of misoprostol.

Both in Malawi and Rwanda, oxytocin quality was better than reported in previous
studies in other LMICs. However, in both countries, extremely substandard
misoprostol tablets were found, representing a serious risk to maternal health. This
shows the need for continued efforts for quality assurance in medicine procurement

and registration, as well as for post- marketing surveillance.
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Einleitung

Nachgeburtsblutungen sind die Hauptursache fir Mattersterblichkeit in Landern mit
niedrigem Einkommen. Sie sind definiert als 500ml Blutverlust oder mehr innerhalb
von 24 Stunden nach der Geburt (1). Die haufigste Ursache von
Nachgeburtsblutungen ist ein atonischer Uterus — die Gebarmutter zieht sich nach
der Geburt des Kindes nicht mehr zusammen. Dies kann mit Oxytokika wie dem
Nonapeptid Oxytocin als erste Wahl, oder dem Prostaglandin-Analogon Misoprostol
als zweite Wahl behandelt werden (Abbildung 1).
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Abbildung 1: Strukturformeln von Oxytocin (modifiziert nach (2)) und Misoprostol mit deren
typischen Zersetzungsmechanismen. Kommerzielles Misoprostol ist ein Gemisch aus der
abgebildeten Struktur, ihrem Epimer an C-16 und den Enantiomeren beider Verbindungen.
Entsprechende Stereocisomere werden fir die Zersetzungsprodukte von Misoprostol gefunden.
Modifiziert nach: Hagen et al. (3)

Vor allem in Landern mit geringem oder mittlerem Einkommen (low- and middle-
income countries, LMICs) werden Oxytocin und Misoprostol regular auch zur
Prophylaxe von Nachgeburtsblutungen im Rahmen der ,aktiven Leitung der
Nachgeburtsperiode” (engl. ,active management of the third stage of labour*,
AMTSL) eingesetzt (1). Beide bewirken durch Bindung an Rezeptoren im
Myometrium (Oxytocin an Oxytocin-Rezeptoren (4), Misoprostol an Prostaglandin-
Rezeptoren (5)) eine Gebarmutterkontraktion (1). Sowohl Oxytocin als auch
Misoprostol werden von der UN-Kommission fir lebensrettende Gater fur Frauen und
Kinder (The United Nations Commission on Life Saving Commodities for Women'’s
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and Children’s Health, UNCoLSC) unter den 13 lebensrettenden Guitern fir Frauen
und Kinder aufgefiihrt (6). Fir Oxytocin und Misoprostol wurde geschatzt, dass in
finf Jahren ca. 15.000 Mitterleben gerettet werden kdnnten, wenn die haufig
schlechte Qualitat dieser Arzneimittel verbessert werden kénnte, inre Aufnahme in
die nationalen Listen unentbehrlicher Arzneimittel sichergestellt und ihr
flachendeckender und bezahlbarer Zugang erreicht werden kénnten, so der Bericht
von 2012 (7).

Die Senkung der weltweiten Muttersterblichkeit auf weniger als 70 pro 100.000
Lebendgeburten ist auch eines der Ziele der Vereinten Nationen (UN) flr nachhaltige
Entwicklung (Sustainable Development Goals, SDGs) (8). Bis zur Erreichung dieses
Ziels ist es noch ein langer Weg, insbesondere in LMICs: Die Mittersterblichkeitsrate
in Malawi ist eine der héchsten der Welt, mit schatzungsweise 439 Todesfallen pro
100.000 Lebendgeburten gemaf der Malawi Demographic and Health Survey 2015-
16 (9), in Ruanda waren es 248 Todesfélle pro 100.000 Lebendgeburten im Jahr
2017 (10). In der flnften Ausgabe der malawischen Standard-Therapieleitlinien
(Malawi Standards Treatment Guidelines, MSTG) von 2015, die auch die Liste
essentieller Arzneimittel von Malawi (Malawi Essential Medicines List, (MEML))
beinhaltet, werden Oxytocin und Misoprostol als ,lebenswichtige" Oxytokika zur
Behandlung von Nachgeburtsblutungen aufgefiihrt (11). Oxytocin und Misoprostol
sind auch in der aktuellen nationalen Liste essentieller Arzneimittel fir Erwachsene

von Ruanda gelistet (12).

Beide Medikamente reagieren allerdings sehr empfindlich auf Umwelteinfllisse (13-
17). Die typischen Zersetzungsmechanismen von Oxytocin sind in Abbildung 1
dargestellt. Die Zersetzung von Oxytocin folgt einer Kinetik (pseudo-) erster Ordnung
und ist pH-Wert— und temperaturabhangig. Dabei kommt es zum Beispiel je nach
pH-Wert zu Desamidierungen und an der Disulfid-Briicke kénnen sich Tri- und
Tetrasulfide, sowie Dimere bilden (14). Bei pH 4,5 sind wassrige Oxytocin-Lésungen
am stabilsten (14), weshalb die Arzneibicher fir Oxytocin-Ampullen einen pH-Wert
in diesem Bereich vorschreiben — laut der United States Pharmacopeia (USP), sowie
der Internationalen Pharmacopeia (Ph. Int.) muss der pH-Wert im Bereich pH 3,0 -
5,0 liegen (18, 19). Wegen der Temperaturempfindlichkeit missen die meisten
Oxytocin-Produkte laut Packungsbeilage bei 2 - 8 °C gelagert werden, was
insbesondere in landlichen Gebieten in LMICs eine Herausforderung darstellen kann

(20-23). Da Misoprostol-Tabletten bei Raumtemperatur gelagert und oral verabreicht
19



werden kdnnen, bieten sie eine Alternative zu Oxytocin-Ampullen — vor allem an
Orten, an denen keine geeigneten Lagerbedingungen flir Oxytocin gewahrleistet
werden kdnnen, oder an denen kein geschultes Personal flr die parenterale
Verabreichung von Medikamenten zur Verfligung steht (24). Misoprostol wird auch
zur Prophylaxe und Behandlung von Geschwiiren verwendet, die durch nicht-
steroidal entziindungshemmende Medikamente (NSAIDs) ausgeldst werden, sowie
zur Geburtseinleitung und fir Abtreibungen (24-26). Wegen letzterer Indikation ist
der Einsatz aus Angst vor Missbrauch in vielen Landern eingeschrankt.

Auch die Instabilitat von Misoprostol ist schon seit Jahrzehnten bekannt (27). Die
wichtigste Zersetzungsreaktion ist die Dehydrierung, die zu Misoprostol A fihrt (Abb.
1). Toledo-Vasquez et al. (28) beschrieben, dass diese Reaktion in wassrigen
Lésungen einer Kinetik erster Ordnung folgt und bei 60 °C und pH 7,66 zu einer
Zersetzung von Misoprostol mit einer Halbwertszeit von nur 8,8 Stunden flihrt. Auf
die Dehydrierung folgt die wesentlich langsamere Isomerisierung zum
resonanzstabilisierten Misoprostol B (Abb. 1) (27, 28). Die Epimerisierung von
Misoprostol an C-8 ist ein weiterer Zersetzungsmechanismus, der bei héheren
Temperaturen auftritt (27).

Reines Misoprostol wird bei 55°C innerhalb von zwei Wochen zu 50% abgebaut (28).
Eine Dispersion von Misoprostol in Hydroxypropylmethylcellulose (HPMC) ist deutlich
stabiler, was die Verarbeitung zu Tabletten ermdglicht (17, 27-29). Misoprostol-
HPMC-Dispersionen missen jedoch sorgfaltig vor Feuchtigkeit geschitzt werden, da
die Zersetzungsgeschwindigkeit von Misoprostol stark ansteigt, wenn der
Wassergehalt der Dispersion 2% Ubersteigt (29), und Tabletten, die Misoprostol-
HPMC-Dispersionen enthalten, nachweislich sehr schnell Wasser absorbieren, wenn
sie ungeschuitzt gelagert werden (17). Wichtig ist die Erkenntnis von Hall (16), dass
Kunststoff-Aluminium-Blister, die haufig als Primarverpackung von Tabletten
verwendet werden, fir die Gewahrleistung der Stabilitdt von Misoprostol-Tabletten
vollig unzureichend sind. Diese Studie untersuchte 215 Misoprostol-Proben, die in
Asien, Afrika und Lateinamerika gesammelt wurden. Dabei wiesen alle in Kunststoff-
Aluminium-Blistern verpackten Proben, die zum Analysenzeitpunkt ein Jahr oder
alter waren, einen Misoprostol-Gehalt auf, der unter dem von der Ph. Int.
festgelegten Grenzwert (90% der deklarierten Menge) lag. Beidseitige Aluminium-
Blister boten einen besseren Schutz, aber ein Jahr oder langer nach der Herstellung

wiesen selbst von diesen Tabletten 28% einen Misoprostol-Gehalt unter dem von der
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Ph. Int festgelegten Grenzwert auf. Insgesamt waren 45% der 215 untersuchten
Proben minderwertig (16).

Die flr Oxytocin und Misoprostol bekannten Zersetzungsprodukte sind lediglich
inaktiv, aber nicht toxisch (17, 30). Wenn sie jedoch ihre Wirksamkeit verlieren, z.B.
durch unsachgemafe Lagerung, kann dies zu héheren Mortalitatsraten aufgrund von

Nachgeburtsblutungen flhren.

Mehrere Studien haben gezeigt, dass die Qualitat von Oxytocin, insbesondere in
Landern mit niedrigem und mittlerem Einkommen (LMIC), oft schlecht ist (13, 22, 23,
31-33). Laut einem Review aus dem Jahr 2016, der 8 Studien mit insgesamt 559
Oxytocin-Proben aus 15 Landern beinhaltete, wurden 57,5% der in Afrika
gesammelten Proben als minderwertig eingestuft (31). Eine 2018 von Anyakora et al.
veroffentlichte, in Nigeria durchgeflihrte Studie ergab, dass sogar 74,2% der

analysierten Oxytocin-Ampullen auBerhalb der Spezifikation lagen (23).

Die Qualitat von Misoprostol-Praparaten, die in LMICs zirkulieren, hat in der
wissenschaftlichen Literatur bisher viel weniger Aufmerksamkeit erhalten als die
Qualitat von Oxytocin. Neben der oben erwahnten Studie von Hall (16) haben auBBer
unserer Arbeitsgruppe bisher nur die ebenfalls schon erwéahnte Arbeitsgruppe von
Anyakora et al. (23) nebst Oxytocin-Ampullen auch Misoprostol-Tabletten untersucht
und ihre Ergebnisse veroffentlicht: 33,7% von 166 Misoprostol-Proben, die in
Gesundheitseinrichtungen in Nigeria gesammelt wurden, entsprachen nicht den
Spezifikationen der Internationalen Phamacopoeia fiir den Misoprostol-Gehalt. Leider
gaben die Autoren nicht an, in welchem Ausmalf3 diese Proben vom deklarierten

Gehalt abwichen.

Schlechte Qualitat von Oxytocin-Ampullen und Misoprostol-Tabletten kann auf
schlechte Herstellung (z.B. ungeeignete Formulierung, ungtinstige
Umweltbedingungen wahrend des Herstellungsprozesses oder inadaquate
Primarverpackung), auf schlechte Lager- und Transportbedingungen oder auf eine

Kombination dieser Faktoren zuriickgeflihrt werden.

Wie schon erwahnt, missen die meisten der derzeit auf dem Markt befindlichen
Oxytocin-Produkte geman der Herstellerangaben als Kiihlware bei 2 - 8 °C gelagert
werden. Mittlerweile sind aber auch mehrere Oxytocin-Praparate im Umlauf, die laut

Hersteller bei Raumtemperatur gelagert werden kénnen. Nach einem Bericht der
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Reproductive Health Supplies Commission gibt es fast 300 verschiedene Oxytocin-
Produkte von mindestens 100 Herstellern mit unterschiedlichen Angaben zur
Lagerung und fur viele Produkte ist nicht bekannt, ob es Stabilitdtsdaten gibt, die die
Kennzeichnung beziiglich Lagerung dieser Praparate rechtfertigen (34). Ahnliche
Bedenken wurden von der WHO in einem Bericht Gber die Qualitat von Arzneimitteln
fir die Gesundheit von Mutter und Kind geauBBert, der zu dem Schluss kam: ,Es ware
sinnvoll, zu Uberprifen, inwieweit die Herstellerangaben fir héhere
Lagertemperaturen auf zuverlassigen Stabilitadtsstudien beruhen® (35). In einer
umfassenden Literaturtibersicht Uber die Stabilitats- und Lagerspezifikationen von
Oxytocin durch das "Promoting the Quality of Medicine Program" der United States
Pharmacopeia wurde ebenfalls gefordert, systematische Stabilitatsstudien geman
den ICH-Richtlinien durchzuflhren, um die Angaben fir Lagerung und Laufzeit von

Oxytocin-Ampullen neu zu bewerten (36).

Die Stabilitat von pharmazeutischen Produkten muss von den Herstellern untersucht
und dokumentiert werden, nationale Arzneimittelbehdrden bestéatigen diese Daten in
der Regel nicht zusatzlich. Landern mit sogenannten Stringent Regulatory Authorities
(SRAs) wird in der Regel vertraut, dass sie vollstdndige und korrekte
Stabilitatsprifungen durch die Hersteller gewahrleisten. SRAs sind nationale
Arzneimittel-Aufsichtsbehérden, die Mitglieder, Beobachter oder assoziierte
Mitglieder des International Council of Harmonization of Technical Requirements for
Registration of Pharmaceuticals for Human Use (ICH) sind. Derzeit sind dies die
nationalen Aufsichtsbehérden der EU-Mitgliedstaaten, der USA, Japans, der
Schweiz, Kanadas, Australiens, Islands, Liechtensteins und Norwegens (37).
Dartber hinaus werden im Rahmen des WHO-Programms zur Praqualifikation von
Arzneimitteln fertige pharmazeutische Produkte fir bestimmte Indikationen,
einschlieBlich der reproduktiven und mutterlichen Gesundheit, auf der Grundlage der
von den Herstellern vorgelegten Informationen und auf der Grundlage von
Inspektionen der entsprechenden Herstellungsstatten praqualifiziert (38, 39).

Viele Medikamente in LMICs sind jedoch weder in einem Land mit einer SRA
hergestellt, noch von der WHO praqualifiziert. Nationale Zulassungsbehdérden flr
LMICs haben oft nur begrenzte Kapazitaten fir eine unabhangige Bewertung und
Analyse (40, 41) und mUssen sich bei der Registrierung von Arzneimitteln auf die
Daten der Hersteller verlassen. Unabhangige wissenschaftliche Bestatigungen der
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Herstellerangaben, z.B. zur Hitzestabilitat von Oxytocin-Préaparaten, sind daher

wulnschenswert.

Die ICH hat Richtlinien fir die Stabilitatsprifung von pharmazeutischen Produkten
(Q1A-Q1F) formuliert (42). Die Prifung der Stabilitat eines Produkts Uiber seine
gesamte Laufzeit ist sehr zeitaufwendig, daher sind beschleunigte Stabilitatsstudien
Uber einen kirzeren Zeitraum, aber bei héherer Temperatur und relativer
Luftfeuchtigkeit (RH) zulassig und werden haufig zur Vorhersage der Haltbarkeit und
der Lageranforderungen verwendet. Die genauen Bedingungen fiir beschleunigte
Stabilitatsstudien hangen von der beabsichtigten Lagerungsempfehlung sowie von
der Klimazone des Landes ab, in dem das Medikament registriert werden soll, wie
auch von ICH (43) und den Richtlinien der WHO (37) vorgegeben. Malawi wird
derzeit der Klimazone Il (subtropisch und mediterran) zugeordnet, Ruanda der Zone
IVa (heif3 und feucht) (44).

Forcierte Abbaustudien (45) werden bei noch héheren Temperaturen durchgefihrt.
Sie wurden in dieser Arbeit verwendet, um den Einfluss von Stabilisierungsmitteln

auf den Oxytocin-Abbau zu untersuchen.

Aber nicht nur die gute Qualitat von Oxytocin und Misoprostol ist flr die Senkung der
Mttersterblichkeit von entscheidender Bedeutung; ebenso wichtig ist deren
Verflgbarkeit und das Wissen des Gesundheitspersonals Uber den rationellen
Einsatz von Oxytocin und Misoprostol, z.B. wann und wie die Medikamente
verabreicht werden. Laut Weltgesundheitsorganisation (WHO) ist eine der
wichtigsten Interventionen zur Férderung eines rationellen Einsatzes die Anwendung

klinischer Leitlinien (46).
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Zielsetzung

Daten Uber die Verfligbarkeit von Oxytocin und Misoprostol in Malawi wurden
kirzlich veroffentlicht (47). Bislang gab es jedoch in der wissenschaftlichen Literatur
keine Daten Uber die Qualitat von Oxytocin und Misoprostol in Malawi, ebenso wenig
Uber die Lagerungsbedingungen dieser Medikamente, noch lber die Kenntnisse des
Gesundheitspersonals Uber die Lagerungsanforderungen und die rationelle
Anwendung von Oxytocin und Misoprostol in Malawi.

Auch fir Ruanda gab es keine Daten zu der Qualitat der im Land verfligbaren

Oxytocin- und Misoprostol-Praparate.

Die vorliegende Arbeit zielt darauf ab, diese Liicke zu schlieBen, indem Oxytocin-
und Misoprostol-Proben an verschiedenen Punkten der Versorgungskette (vom
GroBhéandler bis zum Kreissaal) und in verschiedenen Gesundheitseinrichtungen in
vier Distrikten Malawis und sechs Distrikten Ruandas gesammelt und ihre Qualitat
nach den Akzeptanzkriterien der United States Pharmacopeia bzw. der
Internationalen Pharmacopoeia analysiert wurden. Durch das Sammeln der Proben
von unterschiedlichen Stellen entlang der Versorgungskette sollte untersucht
werden, ob sich die Qualitat der Medikamente verschlechtert, was auf Zersetzung
aufgrund langer/inadaquater Lagerung deuten wurde:

Dariber hinaus wurden die Verfagbarkeit und die Lagerungsbedingungen von
Oxytocin und Misoprostol in Malawi untersucht, sowie das Wissen des
Gesundheitspersonals Uber die Lagerungsanforderungen und die rationelle

Anwendung dieser Medikamente mit Hilfe eines Fragebogens.

Ein weiteres Ziel dieser Doktorarbeit war es, die Stabilitdt ausgewahlter Oxytocin-
und Misoprostol-Praparate aus Malawi, Ruanda und Europa mithilfe beschleunigter

Stabilitatsstudien geman den ICH-Richtlinien zu untersuchen.

Zusatzlich wurde untersucht, wie sich die Stabilitat von Misoprostol-Tabletten
verandert, wenn die Primarverpackung beschadigt wurde.

Mithilfe forcierter Abbaustudien (45) bei 80 °C wurde der Einfluss von Hilfsstoffen wie
Puffern und dem weit verbreiteten Konservierungsmittel Chlorobutanol auf die
Stabilitat von Oxytocin untersucht.
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Ergebnisse

Design der Studie in Malawi

Das Studienprotokoll wurde auf Grundlage der MEDQUARG-Richtlinien (48) und der
WHO-Leitlinien far die Durchfihrung von Studien Uber die Qualitat von Arzneimitteln
(49) erstellt.

Die Durchflihrung der Studie wurden von der Forschungs- und Ethikkommission der
Medizinischen Hochschule in Malawi (College of Medicine Research and Ethics
Committee, COMREC, Aktenzeichen S.07/27/2215), sowie der Malawischen
Aufsichtsbehérde (Pharmacy, Medicines and Poisons Board, PMPB) genehmigt.

Die Studie wurde in vier Distrikten Malawis durchgefiihrt: Blantyre als urbaner Distrikt
mit gemaBigtem Klima, Ntcheu als I&ndlicher Distrikt mit gemaBigtem Klima,
Chikwawa als landlicher Distrikt mit heiBem Klima und Neno als landlicher Distrikt,
der sowohl Gebiete mit heiBem als auch mit gemaBigtem Klima aufweist. Oxytocin-
und Misoprostol-Proben wurden in den Distrikt- oder Zentralkrankenhausern, sowie
in randomisiert ausgewahlten 6ffentlichen und kirchlichen Gesundheitszentren,
Privatkliniken, Apotheken und Drugstores gesammelt.

Zusatzlich wurden Oxytocin- und Misoprostol-Proben auch vom nationalen
GroBhandler (Central Medical Stores Trust, CMST) und den 12 wichtigsten
pharmazeutischen GroBhandlern in Malawi angefragt.

Insgesamt wurden Oxytocin- und Misoprostol-Proben von 62
Gesundheitseinrichtungen, GroBhandlern, Apotheken und Drugstores angefragt. In
45 dieser Einrichtungen konnten Oxytokika gesammelt werden, die Lage dieser 45
Einrichtungen ist in Abbildung 2 dargestellt. In den meisten
Gesundheitseinrichtungen wurden Oxytokika sowohl im Medikamentenlager als auch
im Kreissaal aufbewahrt, wenn méglich wurden Proben von beiden Stellen

enthommen.
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Abbildung 2: Karte mit den 45 Einrichtungen, in denen Oxytocin und Misoprostol gesammelt
wurde. Gesammelt wurde in den 4 Distrikten, sowie von GroBhéndlern aus Blantyre and Lilongwe.

Aus: Hagen et al. (3)

Das Sammeln der Proben fand zwischen September 2017 (Pilotstudie im Distrikt
Ntcheu) und August 2018 (Distrikte Blantyre, Chikwawa und Neno) statt. Alle
Einrichtungen in einem Distrikt wurden innerhalb einer Woche besucht. Die Erlaubnis
zum Sammeln wurde zuvor beim zusténdigen District Health Officer eingeholt. Die
Besuche fanden jedoch ohne vorherige Benachrichtigung der jeweiligen Einrichtung
statt, um Verfalschungen der Ergebnisse durch Vorbereitungen der Einrichtung zu
verhindern.

In Krankenhdusern, Gesundheitszentren und privaten Apotheken wurde offen
gesammelt, das heifB3t die Einrichtungen wurden tGber den Zweck des Besuchs
informiert, und es wurde die Zustimmung zur Teilnahme an der Studie eingeholt. In
diesen Einrichtungen wurden auch Temperaturlogger platziert, und Interviews mit
Hilfe eines Fragebogens durchgefiihrt. Im Falle von GroBhandlern und Drugstores
wurde ein Mystery-Shopper-Ansatz angewandt, die Identitat der Probensammelnden
und der Zweck des Sammelns wurden also nicht preisgegeben. Daher wurden dort
weder Temperaturlogger platziert noch Interviews durchgeflhrt.

Wenn verschiedene Marken (Original- oder Generikapraparate) oder Chargen
verfligbar waren, wurde jede Marke und jede Charge als separate Probe gesammelt.
Fir jede Probe wurden, wenn mdglich, 10 Ampullen Oxytocin bzw. 50 Tabletten
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Misoprostol gesammelt, mindestens jedoch drei Ampullen Oxytocin oder sechs
Tabletten Misoprostol pro Probe.

Die Proben wurden per Flugzeug in einer Kiihltasche nach Deutschland transportiert
(< 24 Stunden Transportzeit) und am Pharmazeutischen Institut der Universitat
Tibingen in einem Kiihlschrank oder in einem klimatisierten Raum (< 25 °C) bis zur
Analyse gelagert.

Alle Proben wurden an der Universitat Tibingen untersucht. Zuerst wurden die
Umverpackungen und Beipackzettel auf sichtbare Mangel (z.B. Rechtschreibfehler,
manipulierte Verfalls- und Chargendaten, intakte Primarverpackung) begutachtet. Die
Oxytocin-Proben wurden anschlieBend auf Identitat, Gehalt und pH-Wert nach den
Methoden der United States Pharmacopeia 2017 (USP 40) analysiert. Misoprostol
Tabletten wurden auf Identitat, Gehalt und Wirkstofffreisetzung nach den Methoden
der Internationalen Pharmacopoeia 2017 untersucht. Wenn es Abweichungen im
Gehalt gab, wurde zusatzlich der Test auf Abbauprodukte durchgefiihrt.
Untersuchungsergebnisse zwischen 80 - 90% und 110 - 120% des deklarierten
Gehalts wurden als méaBige Abweichungen betrachtet, Gehalte von weniger als 80%
oder mehr als 120% wurden als extreme Abweichungen eingestuft (50). Geman der
Definition der WHO wurden Produkte, die ihre Identitat, Zusammensetzung oder
Herkunft absichtlich falsch darstellen, als gefalscht betrachtet (51).

Verfligbarkeit von Oxytocin und Misoprostol in Malawi

Geman der Malawi Essential Medicines List (MEML) 2015 sollte Oxytocin in
Gesundheitszentren, Distriktkrankenh&usern und Zentralkrankenh&ausern verfligbar
sein (11). Tatsachlich war in jedem der 27 besuchten Krankenhauser und
Gesundheitszentren (sowohl in 6éffentlichen als auch in kirchlich-betriebenen)
Oxytocin verflgbar. Auch drei von vier Privatkliniken hatten Oxytocin vorrétig; die
eine, die Oxytocin nicht vorratig hatte, bot keine routineméaiige Geburtshilfe an, hatte
jedoch Misoprostol fir Abtreibungen auf Lager. Im Gegensatz dazu hatte keine der

Apotheken Oxytocin vorrétig.
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Abbildung 3: Verfiigbarkeit von Oxytocin und Misoprostol in den besuchten Einrichtungen.
CMST= Central medical stores trust. *Drugstores ist es nicht erlaubt, Oxytocin oder Misoprostol zu
verkaufen, deshalb wurde dort eine 0%-Verfligbarkeit erwartet. Modifiziert nach: Hagen et al. (3)

Laut der MEML 2015 sollte Misoprostol auf Distrikt- und Zentralkrankenhausebene
verfigbar sein (11), jedoch nicht in Gesundheitszentren, es sei denn, diese verfligen
Uber spezielle klinische Expertise. Tatsachlich war Misoprostol in allen vier
untersuchten Krankenhausern verflgbar, jedoch nur in wenigen der
Gesundheitszentren und Privatkliniken. Misoprostol war auch in sechs der 10
besuchten Apotheken erhaltlich.

In Malawi sind Drugstores lizenzierte private Verkaufsstellen, die keinen Apotheker
bendtigen, sondern von einem pharmazeutisch-technischen Assistenten, einer
Krankenschwester oder einem “clinical officer betrieben werden kénnen (52). Sie
dirfen eine begrenzte Anzahl gangiger Arzneimittel verkaufen, jedoch keine
rezeptpflichtigen oder apothekenpflichtigen Arzneimittel und daher auch kein
Oxytocin oder Misoprostol. Nichtsdestotrotz wurden auch Drugstores mit
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einbezogen, da nach Angaben unserer lokalen Partner einige Drugstores Misoprostol
zur Verwendung bei Schwangerschaftsabbriichen illegal vertreiben. Alle acht
Drugstores, die von den Testkaufern besucht wurden, gaben jedoch an, kein
Oxytocin oder Misoprostol zu verkaufen.

Lagerbedingungen flr Oxytocin und Misoprostol in Malawi

Um die tatsachliche Lagertemperatur zu bestimmen, wurden an allen Orten, an
denen Misoprostol und Oxytocin in den Einrichtungen gelagert wurde (sowohl im
Kreissaal als auch gegebenenfalls im Lagerraum) Temperaturdatenlogger
aufgestellt, die die Temperatur etwa vier Monate lang aufzeichneten. Zur Auswertung
wurde die mittlere kinetische Temperatur (MKT) herangezogen. Die MKT
unterscheidet sich von dem arithmetischen Mittel der aufgezeichneten
Temperaturen, indem Temperaturschwankungen besonders berticksichtigt werden.
Sie wird haufig verwendet, um die Lagerbedingungen von Medikamenten zu
beschreiben (53).

Die aufgezeichnete MKT von Loggern, die auBBerhalb des Kihlschranks platziert
wurden, lag zwischen 21,4 und 31,0 °C (Median: 26,2 °C). Erwartungsgeman war
Chikwawa der heiBeste Distrikt mit einem Median der MKT von 28,1 °C. Die h6chste
Einzeltemperaturmessung (40,1 °C) wurde ebenfalls in einer Einrichtung in
Chikwawa gemessen. Aber auch flr finf der 17 in Kiihlschréanken platzierten Logger
wurden MKTs zwischen 10,6 und 18,3 °C aufgezeichnet. Drei davon wurden in
KreiBséalen aufgezeichnet, die taglich Stromausfélle meldeten.

Interviews mit Gesundheitspersonal

Anhand eines Fragebogens wurden Interviews mit den Personen geflihrt, die in den
jeweiligen Einrichtungen flr die Lagerung und/oder Verabreichung von Oxytokika
verantwortlich sind. In diesen Interviews gaben nur 24% der fir den
Medikamentenlagerraum verantwortlichen Personen und 32% der fir die
Verabreichung von Oxytokika in den KreiBsélen verantwortlichen Personen an,
jemals eine Schulung zur Lagerung, Verteilung und Handhabung von kiihlpflichtigen
Medikamenten erhalten zu haben. Von 61 befragten Personen berichteten sieben,
dass sie jemals in ihrer beruflichen Praxis unwirksames Oxytocin (n=5) oder
unwirksames Misoprostol (n=2) beobachtet hatten. Allerdings gaben nur zwei dieser
sieben Personen an, dass sie die Behérden (oder die Lieferanten) dartber informiert
hatten. Standardbehandlungsileitlinien (STGs) flir Oxytocin oder Misoprostol waren in
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23 (74%) der 31 besuchten Gesundheitseinrichtungen und in 66% der besuchten

KreiBBséle verfugbar.

Chemische Analyse von Oxytocin-Proben

Insgesamt wurden 65 Oxytocin-Proben im Laufe dieser Studie gesammelt (siehe

Abb. 4). Die visuelle Inspektion zeigte eine Uberraschend hohe Anzahl von

Rechtschreibfehlern in der Packungsbeilage der in China hergestellten Oxytocin-

Marke, gab aber ansonsten keinen Hinweis auf Qualitdtsméangel oder Félschungen.

Der Gehalt der Oxytocin-Proben wurde mittels HPLC bestimmt, auBerdem wurde der

pH-Wert gemessen. GemalR USP 40 missen Oxytocin-Ampullen zwischen 90 und

110% der deklarierten Menge Oxytocin enthalten und einen pH-Wert zwischen 3,0

und 5,0 aufweisen.

Sakar Healthcare

Rotexmedica GmbH Pvt.Ltd., Indien,
Arzneimittelwerk, Deutschland, ™ <25°G; 1
2-8°C; 2

Ningbo Pharma Biotech
| Co. Ltd., China, <25°C; 6

Biologici Italia Laboratories
s.r.l., ltalien, 2-8°C; 14

Indien, 2-8°C; 2

Gland Pharma Ltd.,

Umedica Laboratories .-—/"-'

PVT. LTD, Indien, <30°C; 1

Ciron Drugs & Pharmaceuticals
Pvt. Ltd., Indien, 2-8°C; 4

Aculife Healthcare Pvt. |
Ltd., Indien, <30°C; 2 |

" | Co. Ltd., China, <25°C; 2

Ningbo Pharma Biotech

MACIN Remedies India
Ltd., Indien, 2-8°C; 1

Ningbo Pharma Biotech
| Co. Ltd., China, <25°C; 30

= 55 Proben (85%) innerhalb der Spezifikationen (90-110% des deklarierten Inhalts)
* 3 Proben ( 5%) leicht unterhalb der Spezifikationen (statistisch nicht signifikant)

Abbildung 4: Gehaltsergebnisse der untersuchten Oxytocin-Proben inklusive Hersteller,

Herstellerland, Lagerbedingungen laut Etikett und Anzahl der Proben. Modifiziert nach: Hagen et

al. (3)

Der pH-Wert lag bei allen Proben innerhalb der Spezifikation. 55 der 65 Proben

(85%) entsprachen auch der Spezifikation flir den Oxytocin-Gehalt (Abb. 4). Drei

Proben enthielten knapp unter 90% der deklarierten Menge Oxytocin, aber ihre
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Abweichungen von der 90%-Schwelle waren angesichts der Standardabweichung
der Messung statistisch nicht signifikant. Sieben Proben (11%) wiesen Oxytocin-
Gehalte auf, die signifikant unter 90% des angegebenen Gehalts lagen (Bereich 82,2
- 86,8%). Eine der sieben minderwertigen Proben stammte von einem indischen
Hersteller, wahrend die anderen sechs aus einer einzigen Charge des chinesischen
Herstellers stammten, bei dem bereits Rechtschreibfehler in der Packungsbeilage
festgestellt worden waren. Alle Proben von zwei weiteren Chargen desselben
chinesischen Herstellers lagen innerhalb der Spezifikation, darunter eine Charge mit
einer krzeren Restlaufzeit als die minderwertigen Proben.

Das Alter der Proben zum Zeitpunkt der Analyse variierte zwischen drei und 34
Monaten. Es gab keine Korrelation zwischen dem Oxytocin-Gehalt und dem Alter der
Proben (r2 = 0,00024; p = 0,90). Der mittlere Gehalt der bei GroBhandlern
gesammelten Proben betrug 94,9%, wahrend der mittlere Gehalt der Proben aus den
Lagerraumen von Gesundheitseinrichtungen 96,0% und aus Krei3salen 94,7%
betrug. Es wurden also keine relevanten Unterschiede zwischen diesen Gruppen
beobachtet.

Keine der 23 Proben, die vom Hersteller fiir die Lagerung bei 2 — 8 °C deklariert
waren, waren minderwertig. Dahingegen fielen sieben der 39 Proben, die fir die
Lagerung bei < 25 °C gekennzeichnet waren, durch die Qualitatsprifung und zeigten
einen zu geringen Oxytocin-Gehalt. Nur drei Proben waren flr die Lagerung bei < 30

°C deklariert; keine dieser Proben fiel durch die Qualitatsprifung.

Chemische Analyse der Misoprostol-Proben

Im Rahmen dieser Studie wurden 30 Misoprostol-Proben gesammelt (Abb. 5). Bei
der visuellen Inspektion fiel die ungeeignete Primarverpackung bei zwei Marken auf
— eine Marke war in Aluminium-Kunststoff-Blistern (1 Charge, 3 Proben) verpackt, die
andere sogar in einfachen Plastikschraubdosen zu 100 Tabletten pro Packung (1
Charge, 2 Proben). Ansonsten gab es keinen Hinweis auf Qualitdtsmangel oder
Falschungen. Der Gehalt der Misoprostol-Proben sowie die Wirkstofffreisetzung
wurde mittels HPLC nach den Verfahren der Ph. Int. 2017 bestimmt. Gemafs der Ph.
Int. missen Misoprostol-Tabletten zwischen 90 - 110% des deklarierten Gehalts
enthalten, und mindestens 80% des Wirkstoffs missen unter den im Arzneibuch
beschriebenen Bedingungen innerhalb von 30 Minuten freigesetzt werden.
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Lincoln pharmaceuticals

Piramal Healthcare UK Limited, Ltd., Indien, Alu/Alu; 2

GroRbritannien, Alu/Alu; 1

swiss parenterals Pvt.
Ltd., Indien, Plastik/Alu; 3

Centurion Healthcare
Private Limited, Indien,
Plastikdose; 2

«<

Acme Formulation
Pvt.Ltd, Indien,
Alu/alu; 1

fourrts (India)
Laboratories Pvt. Limited,
Indien, Alu/Alu; 21

* 23 Proben (77 %): innerhalb der Spezifikation (90-110% des deklarierten Gehalts)

* 5 Proben (17 %): extreme Abweichung (13% - 30 % des deklarierten Gehalts)

¢ 2 Proben ( 7 %): extreme Abweichung (48 % - 53 % des deklarierten Gehalts),
waren zum Analysenzeitpunkt allerdings verfallen

Abbildung 5: Gehaltsergebnisse der untersuchten Misoprostol-Proben inklusive Hersteller,
Herstellerland, Art der Primérverpackung und Anzahl der Proben. Modifiziert nach: Hagen et al.

(3)

23 der 30 Proben (77%) entsprachen der Spezifikation fir den Misoprostol-Gehalt,
diese 23 erflllten auch die Spezifikation fur die Wirkstofffreisetzung. Wohlgemerkt
waren alle konformen Proben in Aluminium-Aluminium-Blister verpackt.
Demgegenlber erwiesen sich sowohl die beiden in Plastikdosen verpackten Proben
als auch alle drei in Kunststoff-Aluminium-Blistern verpackten Proben als extrem
minderwertig, allerdings auch alle Proben einer korrekt in Aluminium-Aluminium-
Blistern verpackten Marke.

Die in Plastikdosen verpackte Marke enthielt nur 53,0% (als versiegelte, ungedbffnete
Dose gesammelt) und 48,8% (bereits angebrochene, gedffnete Dose zum
Sammelzeitpunkt) des deklarierten Misoprostol-Gehalts. Insbesondere die Tabletten
in der gedffneten Dose zeigten ebenfalls eine schlechte Wirkstofffreisetzung (34,3%
des deklarierten Gehalts) mit einer extrem hohen relativen Standardabweichung
(RSD) zwischen den einzelnen getesteten Tabletten (RSD= 37,08% bei sechs
getesteten Tabletten). Dies deutet darauf hin, dass die Qualitat der Tabletten durch
die (ungleiche) Einwirkung von Feuchtigkeit stark beeintrachtigt worden war. Da
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diese Tabletten zum Zeitpunkt der Analyse verfallen waren, stellen diese Ergebnisse
keinen endgultigen Beweis flr eine schlechte Qualitat vor dem Verfallsdatum dar,
obwohl es sehr wahrscheinlich ist, dass sie bereits vor Erreichen des Verfallsdatums
auBerhalb der Spezifikation lagen.

Wie bereits erwahnt, lag eine Marke (Lincoln Pharmaceuticals Ltd., Indien), die in
Aluminium-Aluminium-Blistern verpackt war, dennoch extrem auBBerhalb der
Spezifikation und enthielt nur 29,7 oder 30,2% der deklarierten Misoprostolmenge.
Die Marke mit dem geringsten Misoprostol-Gehalt, die im Rahmen dieser Studie
entdeckt wurde, wurde in Indien von Swiss Parenterals PVT, Ltd. hergestellt. Sie war
in Kunststoff-Aluminium-Blister verpackt. Die HPLC-Analyse ergab einen
Misoprostol-Gehalt von nur 12,7 - 13,4% der deklarierten Menge, und es wurde
festgestellt, dass sich nur 7,9 - 9,5% des deklarierten Gehalts freisetzten. Die
Prufung der extrem minderwertigen Misoprostol-Praparate auf verwandte
Substanzen zeigte die in Abb. 1 genannten typischen Zersetzungsprodukte.

Produktrickruf in Malawi und SchlieSung des verantwortlichen Zwischenhandlers in
Grol3britannien

Die extrem minderwertigen Misoprostol-Praparate von Lincoln Pharmaceuticals Ltd.
und swiss parenterals Pvt. Ltd. wurden wahrend der Pilotstudie im September 2017
entdeckt. Wie im Studienprotokoll vorgesehen, wurden PMPB, CMST und die WHO
unverziglich Gber diesen Befund informiert. PMPB veranlasste daraufhin einen
Produktrickruf, und CMST stellte die Lieferung des minderwertigen Misoprostols ein.
Im anschlieBenden Hauptteil dieser Studie (August 2018), wurden keine weiteren
Proben der gemeldeten minderwertigen-Misoprostol-Praparate entdeckt, was darauf
hindeutet, dass der Rickruf wirksam war.

Das Misoprostol-Préparat von swiss parenterals Pvt. Ltd war mit "Distributed by
Premiumway International, www.premiumway.co.uk" gekennzeichnet. Wir
berichteten Uber diesen Fall auch im elektronischen Newsletter der Initiative "e-drug"
(54). Im August 2018 wies der Moderator dieses Newsletters darauf hin, dass der

Vertreiber Premiumway International laut der Website der Companies House

(https://beta.companieshouse.gov.uk/) der britischen Regierung an derselben
Adresse ansassig sei und von denselben Personen geleitet werde wie die Firma
Unimed International Ltd, die minderwertiges Propofol an die Regierung Sambias
vertrieben hatte (55, 56). Daraufhin bat die WHO uns, eine Probe der von
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Premiumway International vertriebenen Misoprostol-Tabletten an die britische
Arzneimitteloehérde (MHRA) zu schicken, die unsere Analysenergebnisse bestétigte.
Die genauen MaBnahmen, die die MHRA in der Folge ergriff, wurden der
Offentlichkeit nicht bekannt gegeben, aber wie auf der Website der Companies
House veréffentlicht wurde, 16sten sich sowohl Premiumway International als auch
Unimed International Ltd am 28. Januar 2019 freiwillig auf.

Studie in Ruanda

Basierend auf dem Studienprotokoll fir die Studie in Malawi, ist unter meiner
Mitbetreuung eine Dissertation eines ruandischen Doktoranden zu Oxytocin- und
Misoprostolqualitat in Ruanda entstanden.

Thomas Bizimana hat 57 Oxytocin- und 25 Misoprostol-Proben von 40 randomisiert
ausgewahlten Gesundheitseinrichtungen und 6 GroBhandlern in Ruanda gesammelt.
Die Daten der platzierten Temperaturlogger zeigten, dass die notwendigen
Lagerungsbedingungen gréBtenteils eingehalten wurden. Die Oxytocin-Proben
bestanden aus sieben verschiedenen Chargen von vier Herstellern. Alle 24 Proben
der drei européischen Hersteller waren innerhalb der Spezifikationen der USP.
Demgegenilber enthielten alle neun Proben aus derselben Charge eines
chinesischen Herstellers zu viel Oxytocin (117,2 - 121,5% des deklarierten Gehalts)
und eine andere Charge desselben Herstellers enthielt schwankende
Konzentrationen des Konservierungsmittels Benzylalkohol. Die 25 Misoprostol-
Proben bestanden aus 10 Chargen von sechs Herstellern, wovon 15 Proben von
guter Qualitat waren. Allerdings wurden, ebenso wie in Malawi, zwei extrem
minderwertige Misoprostol-Praparate gefunden, von denen alle 10 Proben zu wenig
Misoprostol enthielten (42,5 - 48,7% des deklarierten Gehalts). Beide Praparate
stammten aus Indien und waren nicht WHO-praqualifiziert. Auch hier wurde die
nationale Aufsichtsbehérde benachrichtigt, was auch hier zu einem Ruckruf der
minderwertigen Produkte flhrte.

Stabilitatsuntersuchungen von Misoprostol-Tabletten

Bei der Studienplanung wurden die ICH-Leitlinien, sowie die Leitlinien zur
Stabilitatstestung pharmazeutischer Produkte der WHO berticksichtigt (37, 43).

Von allen Marken und Chargen von Misoprostol-Tabletten, die im Zeitraum Februar-
Marz 2018 bei pharmazeutischen GroBhandlern in Malawi und Ruanda erhéltlich
waren, wurden 250 Tabletten pro Probe gekauft. Am Pharmazeutischen Institut der
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Universitat Tlbingen wurden alle Proben auf deren Gehalt vorgetestet. Alle Proben,
die zu diesem Zeitpunkt innerhalb der Spezifikationen der Internationalen
Pharmacopoeia lagen, wurden in die Stabilitdtsuntersuchungen aufgenommen. Zum
Vergleich wurde das Originalpraparat (Cytotec®) Uber die Apotheke des
Universitatsklinikums TUbingen bezogen.

Letztendlich wurden, wie in Tabelle 1 dargestellt, drei Marken (insgesamt flnf
Chargen) in die Stabilitatsprifung einbezogen. Das Originalpraparat war in
GroBbritannien hergestellt worden, d.h. in einem Land mit einer SRA. Eine weitere
Marke repréasentierte ein von der WHO praqualifiziertes Produkt, das in Indien
hergestellt wurde. Dessen Laufzeit endete innerhalb des Untersuchungszeitraums,
da es aber in der Vortestung noch innerhalb der Spezifikation lag, wurde es dennoch
in die Stabilitadtsstudie mit aufgenommen. Die dritte Marke war nicht WHO-

praqualifiziert und war ebenfalls in Indien hergestellt worden.
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20

Feuchtigkeit geschiitzt

Carboxymethylstarke,
Hydriertes Rizinusol

Gesammelt Hersteller Herstellerland Herstellungs/ | Charge Angegebene Angegebene Primar- Angegebene Pra-
in: (und Praparatename) Verallsdaten Laufzeit Lagerbedingungen verpackung Zusammensetzung qualifikations
Status
Fourrts (India) Jun 17/ Mai E0571 Unter 30°C an einem
. Laboratories Pvt. . 19 . . . .
Malawi Limited Indien Feb 17/ Jan 2 Jahre trockenen Ort. Vor Licht | Alu/Alu Blister | Nicht angegeben keiner
(KONTRAC 200) 19 D2205 geschiitzt
Acme Formulation Pvt. R . Misoprostol als HPMC
Ltd. Indien Sep 16/ Aug | )\ k160963 2 Jahre Unter 30°C vor Licht Alu/Alu Blister | dispersion (1%), WHO-PQ
. 18 geschiitzt .
(Ace Miso) excipients q.s.
Misoprostol-HPMC
Ruanda Dispersion (1%),
. mikrokristalline Cellulose,
Jul 171/ Jun 20 B17173 Nicht angegeben .
. Natrium-
Piramal Healthcare UK Carboxvmethvlstirke
Limited GroRBbritannien 3 Jahre! Alu/Alu Blister . v . y o SRA
(Cytotec®) Hydriertes Rizinusol
mikrokristalline Cellulose,
HPMC
1 o '’
Deutschland Feb 171/ Jan B16131 Unter 30°C vor Natrium-

Tabelle 1: Untersuchte Misoprostol-Proben. Alle Proben enthalten Misoprostol in der Starke 200 pg/Tablette.

HPMC: Hydroxypropylmethylcellulose. WHO-PQ: Von der WHO praqualifiziertes Produkt. SRA: hergestellt in einem Land mit stringenter Aufsichtsbehdrde

(,stringent regulatory authority“). ' diese Informationen waren nicht auf der Verpackung angegeben, sondern stammen aus Internet-Datenbanken (25, 26).
Modifiziert nach: Hagen et al. (57)
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Die Proben wurden in ihrer Original-Primarverpackung sechs Monate lang (April-
Oktober 2018) in Klimaschranken der Alpha-Pharma-Service GmbH, Heilbronn,
Deutschland, gelagert. Die Bedingungen wurden in Ubereinstimmung mit den ICH-
und WHO-Richtlinien fir Stabilitatsprifungen von pharmazeutischen Produkten
gewahlt (26, 31). Die beschleunigte Stabilitatsprifung wurde bei 40 °C +/- 2 °C und
75% +/- 5% relativer Luftfeuchtigkeit (RH) durchgeflihrt. Proben, die bei 25 °C +/- 2
°C und 60% +/- 5% RH, d.h. unter den ICH-Bedingungen fir Langzeittests von
ungekuhlten Produkten, Klimazone I, gelagert wurden, wurden zum Vergleich
untersucht. Nach 0, 1, 2, 3 und 6 Monaten wurden von jeder Probe 20 Tabletten aus
beiden Klimaschranken entnommen und an der Universitat Tibingen auf Gehalt,
Wirkstofffreisetzung und verwandte Substanzen nach der Monographie von
Misoprostol Tabletten der Internationalen Pharmacopoeia analysiert.

Wie in Abb. 4a zu sehen ist, blieben sowohl die Chargen des Originalpraparates als
auch die Charge des von der WHO praqualifizierten Produkts wahrend der gesamten
sechsmonatigen Testphase bei 40 °C und 75% RH in den Spezifikationen, d.h. ihr
Misoprostol-Gehalt blieb im Bereich von 90 - 110% der deklarierten Menge. Von den
beiden Chargen des Produkts, die in einem Nicht-SRA-Land hergestellt und nicht
von der WHO praqualifiziert worden waren, blieb jedoch nur eine Charge innerhalb
der Spezifikationen, wahrend die andere Charge einen Endgehalt von 86,2% der
deklarierten Menge aufwies, welcher auBBerhalb der Spezifikationen liegt. Die
Abnahme des Misoprostol-Gehalts dieser Probe betrug 14,5% Uber 6 Monate, was
signifikant mehr ist als die Abnahme, die bei den Originalpréparaten und bei den von
der WHO préaqualifizierten Proben beobachtet wurde (Abnahme tber 6 Monate:
8,9%, 7,4% bzw. 8,3%; alle p < 0,0001), und auch signifikant mehr als bei der
anderen untersuchten Charge desselben Herstellers (7,5% Abnahme Uber 6 Monate;
p < 0,0001). Entgegen den Erwartungen war die minderwertige Charge diejenige mit
der langeren verbleibenden Haltbarkeitsdauer (Tabelle 1), was darauf hindeutet,
dass ihre unterschiedliche Stabilitat nicht auf das Alter der Probe zurlickzufihren
war, sondern méglicherweise auf Unterschiede zwischen den einzelnen Chargen bei
der Herstellung dieses Produkts oder auf unterschiedliche Lagerbedingungen der

beiden Chargen vor dem Kauf der Proben.
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a) 40°C+/- 2°C;75%RH+/-5%

b) 25°C+/- 2°C;60% RH +/-5%

J Kontrac 200; D2205 Kontrac 200; D2205
100 = - /Cytntec; B17173 100 ~r—T /C\,rfn'rr*r; B16131
o | LSS =R 2 Cytotec; B16131 s ﬁqtmtcc: B17173
£ k \\::'3-:,: =™ Ace Miso \Ace Miso
< i N £ Kontrac 200; E0571
LG ™ Kontrac 200; E0571 =
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Abbildung 4: Veranderung des Misoprostol-Gehalts liber 6 Monate. Fehlerbalken zeigen die
Standardabweichung an. Die Internationale Pharmakopeia verlangt einen Misoprostol-Gehalt
zwischen 90 - 110% der deklarierten Menge. Dieser Bereich ist in der Abbildung markiert. Modifiziert

nach: Hagen et al. (57)

Auswirkung von beschadigten Blistern

Alle untersuchten Produkte waren korrekt in doppelseitigen Aluminiumblistern
verpackt. Um die Bedeutung einer intakten Primarverpackung fir die Stabilitat der
Misoprostol-Tabletten zu untersuchen, wurden die Blisterstreifen einer Probe
absichtlich beschadigt, indem in jede Alveole der Blister ein einzelnes Loch von ca. 1
mm Durchmesser gestochen wurde. Die Probe in diesen punktierten Blister wurde
parallel zu den Proben mit den intakten Blistern untersucht. Die Beschadigung der
Primarverpackung hatte erwartungsgemaf einen starken negativen Einfluss auf die
Stabilitat (Abb. 4a): Bereits nach zwei Monaten bei 40 °C und 75% RH war der
Misoprostol-Gehalt auBerhalb der Spezifikationen, und nach sechs Monaten betrug
die Restmenge an Misoprostol nur noch 48,2% des deklarierten Gehalts. Die Prifung
auf verwandte Substanzen zeigte deutlich die Abnahme des Misoprostol-Gehalts und
die damit einhergehende Zunahme der typischen Zersetzungsprodukte von
Misoprostol, d.h. Misoprostol A und in geringerem Mafe auch Misoprostol B und 8-
epi-Misoprostol (Abb. 5).
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Abbildung 5: HPLC Chromatogramme nach Testung auf verwandte Substanzen von
Misoprostol. Rot: beschadigte Blister nach 6-monatiger Lagerung bei 40 °C und 75% RH. Blau:
intakte Blister nach 6-monatiger Lagerung bei 25 °C und 60% RH. Verwendet wurden jeweils
KONTRAC 200 Tabletten von Fourrts (Indien), Charge E0571 (siehe Tabelle 1). Aus: Hagen et al. (57)

Wie aus Abb. 4b hervorgeht, blieben die Testergebnisse aller flnf untersuchten
Chargen unter Langzeitbedingungen bei 25 °C und 60% RH wéahrend der
sechsmonatigen Testphase innerhalb der Spezifikationen. Selbst die Probe mit den
durchstochenen Blistern blieb innerhalb der Spezifikationen, obwohl sie nach sechs
Monaten von allen untersuchten Proben den niedrigsten Misoprostol-Gehalt aufwies
(Abb. 4b).

Die Wirkstofffreisetzung der Proben mit intakten Blistern wurde bei beiden
Bedingungen kaum beeintrachtigt — bei allen Proben wurden mehr als die laut
Internationalen Pharmacopoeia geforderten 80% des deklarierten Wirkstoffes
freigesetzt. Wahrend bei 25 °C und 60% RH auch die Probe mit den beschéadigten
Blistern innerhalb der Spezifikation blieb, wurden nach sechs Monaten bei 40 °C und
75% RH nur 42,4% der deklarierten Misoprostolmenge freigesetzt, somit weit
auBerhalb der Spezifikation. Der gemessene Gehalt dieser Probe lag bei 48,2% bei
diesen Konditionen.

Stabilitatsuntersuchungen von Oxytocin-Ampullen

Auch hier wurden bei der Studienplanung die ICH-Leitlinien, sowie die Leitlinien zur
Stabilitatstestung pharmazeutischer Produkte der WHO berticksichtigt (37, 43).

Das Sammeln der Oxytocin-Proben verlief analog zu dem Sammeln der Misoprostol-
Proben flr die Stabilitdtsuntersuchungen. Im Falle von Oxytocin wurden 100
Ampullen pro Probe gekauft. Auch hier wurden alle Proben auf deren Gehalt

vorgetestet — alle Proben, die zu diesem Zeitpunkt innerhalb der Spezifikationen der
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USP 40 waren, wurden in die Stabilitdtsuntersuchungen einbezogen. Zum Vergleich
wurden zwei Praparate Uber die Apotheke des Universitatsklinikums Tabingen, sowie
vom internationalen GroBhandler Imres B.V. aus den Niederlanden bezogen.

Auch die Lagerung in den Klimaschréanken und Probeentnahmezeitpunkte erfolgte
analog zu den Misoprostol-Proben — allerdings wurden die Oxytocin-Proben in vier

verschiedenen Klimaschranken gelagert (siehe Tabelle 2).

Relative ICH / WHO" Bedingungen fiir Stabilititsuntersuchungen von:
Temperatur .. - . ~
Feuchtigkeit® Kiithlware Keine Kiihlware
5°C .
o). 3°C n.def. Langzeit -
o [v)

25 C 60% beschleunigt Langzeit, Zone II

+/-2°C +/-5%

30 C 65% beschleunigt® Langzelt ' Zone WVa,

+/-2°C +/-5% intermediat

40°C 75% - beschleunigt

+/-2°C +/-5%

Tabelle 2: Bedingungen fiir Langzeit- und beschleunigte Stabilitatsprifungen. Geman ICH/WHO
(37, 43) sollen Langzeittests die vorgeschlagene Haltbarkeitsdauer oder ein Minimum von 12 Monaten
zum Zeitpunkt der Markteinflihrung abdecken. Stabilitatsprifungen unter beschleunigten oder
intermedidren Bedingungen sollten mindestens sechs Monate abdecken. n.def., nicht definiert.

2 Die Klimaschranke entsprachen ebenfalls den Spezifikationen fur die relative Luftfeuchtigkeit der
WHO-Richtlinien, obwohl dies fiir die untersuchten Oxytocin-Praparate nicht relevant ist, da die
Ampullen als feuchtigkeitsundurchlassig gelten (37). ® Zusétzlich zu den in den ICH-Richtlinien
aufgeftihrten Bedingungen fihren die WHO-Richtlinien auch strengere Bedingungen fiir Produkte auf,
die in den Klimazonen IlI-1IV vermarktet werden sollen. Malawi wird der Klimazone Il, Ruanda der
Klimazone IVa zugeordnet (44). Modifiziert nach: Hagen et. al (58)

Letztendlich wurden acht Marken (insgesamt 11 Chargen) in die Stabilitéatsprifung
einbezogen. Vier dieser Marken waren in Belgien, Deutschland oder Italien
hergestellt worden, d.h. in LaAndern mit einer stringenten Aufsichtsbehérde (SRA)
(37). Eine weitere Marke wurde in Lettland hergestellt und stellte ein von der WHO
praqualifiziertes Produkt dar (59). Die anderen drei Marken stammten aus Indien und
China, d.h. aus Landern ohne stringente Aufsichtsbehérde. Sechs der acht Marken
waren flir die Lagerung bei 2 - 8 °C gekennzeichnet, wahrend zwei Marken, die in
China und Indien hergestellt wurden, fiir die Lagerung "unter 25 °C" bzw. "nicht Gber
30 °C" gekennzeichnet waren (Tabelle 3). Die deklarierte Haltbarkeit der
verschiedenen Produkte variierte zwischen zwei und vier Jahren, und alle Proben

blieben wahrend der gesamten Dauer der Studie innerhalb ihrer Haltbarkeitsdauer.
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Tabelle 3 zeigt auch die deklarierten (oder detektierten) Hilfsstoffe in den
untersuchten Praparaten. Fir eine optimale Stabilitdt von Oxytocin schreibt USP 40
vor, dass der pH-Wert zwischen 3,0 und 5,0 liegen muss. Dies wird in der Regel
durch den Zusatz von z.B. Acetat- oder Citratpuffern erreicht (2, 60-62). Fur die von
der WHO praqualifizierte Zubereitung sowie flr die vier Zubereitungen, die in
Landern mit einer stringenten Aufsichtsbehérde hergestellt wurden, wurde das
Vorhandensein solcher Puffersubstanzen korrekt deklariert. Flir das Sterop-Praparat
wurde zusatzlich das Vorhandensein von 5 mg/ml des Konservierungsmittels
Chlorobutanol deklariert.

Im Gegensatz dazu wurden bei den drei Préparaten aus China und Indien auBBer
Wasser fiir Injektionszwecke keine Hilfsstoffe auf der Verpackung angegeben (beim
Ciron-Praparat wurde nicht einmal das Wasser angegeben). Nichtsdestotrotz lag ihr
pH-Wert im korrekten Bereich von 3,0 - 5,0 was auch wahrend der Stabilitatsprifung
so blieb- Dies kénnte auf das Vorhandensein von nicht deklarierten Puffersystemen
hindeuten. Darlber hinaus zeigte die HPLC-Analyse das (nicht deklarierte)
Vorhandensein von 1,5 mg/ml und 5,0 mg/ml Chlorobutanol in den Praparaten von
Umedica bzw. Ciron. Chlorobutanol Iasst sich in der HPLC-Analyse leicht

nachweisen.
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Deklarierte (oder detektierte) Hilfsstoffe

2 Priquali-
Gesammelt | Hersteller Hersteller- Verfalls | Chargen- 3 Lagerung —- - 5 © o
. “ . Laufzeit . e 8 o £ fikations-
in: (und Praparatename, wenn nicht unter dem land datum nummer laut Etikett = H @ 2 3 Status
— - °
INN-Name vertrieben wurde) ] 3 g 60 'g N e
e o 3|a|3| 8| 2§
S S E| 8| 5| 5| 8| =
T < | @ © o | = c
< Q 2 w 2 ¥ N <
Ningbo Pharma Biotech Co., Ltd Aug 19 160802
& China 3 Jahre | unter 25°C + +2 | keinen
(WW-Oxy 10) Jan 19 160183
. . . Nicht Gber b a .
Malawi Umedica Laboratories PVT. LTD Indien Jan 20 JA802 2 Jahre 30°C + 1.5 mg/ml + keinen
Ciron Drugs & Pharmaceuticals Pvt. Ltd. Indien Aug 19 | 7EA01228 | 2Jahre | 2-8°C +¢ 5 mg/mlb keinen
Biologici Italia Laboratories S.r.l. Italien Mar 19 | UF6020N | 3Jahred | 2-8°C + + |+ | + SRA
Laboratoires STEROP Aug 19 160269
Belgien 3Jahre | 2-8°C + 5 mg/ml + | + SRA
Ruanda Laboratoires STEROP (Steroxine 10 1U/1ml) € Jan 19 160042
Rotexmedica GmbH Arzneimittelwerk Deutschland | Sep 20 70779A 3Jahre | 2-8°C + + | + + SRA
AS GRINDEKS Nov 20 37711116
Lettland 4 Jahre | 2-8°C + + + + + WHO-PQ
AS GRINDEKS Sep 21 38910917
Europa T
Hexal AG Deutschland | Jun 20 HC0075 3 Jahre 2-8°C + + + SRA

Tabelle 3: Untersuchte Oxytocin-Proben. Alle Proben sind 1mlI-Ampullen mit der Starke 10 IE/ml. WHO-PQ, von der WHO praqualifiziertes Produkt. SRA,

hergestellt in einem Land mit strenger Aufsichtsbehdrde.
a HPLC-Analyse zeigte zusatzliche Peaks, die auf zusatzliche, nicht identifizierte Inhaltsstoffe hindeuteten. ® Chlorobutanol nicht deklariert, aber mittels HPLC-

Analyse nachgewiesen. ¢ Wasser fiir Injektionszwecke nicht explizit deklariert. ¢ Herstellungsdatum nicht auf der Verpackung angegeben, Informationen

stammen von den Websites der MHRA (http://www.mhra.gov.uk) und der HPRA (http://www.hpra.ie/). ¢ Ein Marken- und ein Nichtmarken-Generikum der

Laboratoires STEROP wurden in Ruanda gefunden, mit identischer Zusammensetzung. f Herstellungsdatum nicht auf der Verpackung angegeben, Information

stammt vom Hersteller. Modifiziert nach: Hagen et. al (58)
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Die Bewertungskriterien fiir Stabilitatsprifungen sind in den erwahnten WHO-
Richtlinien (37) ausfuhrlich beschrieben, kénnen aber wie folgt zusammengefasst
werden: Ob eine Probe die beschleunigten Stabilitatsprifungen besteht, wird auf der
Grundlage von zwei Kriterien beurteilt: a) Uber sechs Monate muss die Probe
innerhalb der Spezifikation bleiben (bei Oxytocin: Wirkstoffgehalt zwischen 90 und
110% der deklarierten Menge und ein pH-Wert zwischen 3,0 und 5,0); b) innerhalb
von sechs Monaten darf keine signifikante Veranderung des Wirkstoffgehalts
auftreten, d.h. keine Veranderung des urspringlichen Wirkstoffgehalts um 5% oder
mehr (37, 43).

Die Temperaturbedingungen, denen die Oxytocin-Praparate bei beschleunigten
Stabilitatsprifungen standhalten missen, hangen mit den Lagerungsempfehlungen
zusammen, die der Hersteller auf dem Etikett angibt (37): Produkte, die als Kiihlware
(2 - 8 °C) gekennzeichnet sind, mlssen ihre Stabilitat fiir sechs Monate bei 25 °C
oder 30 °C nachweisen, und die Entscheidung flir eine dieser beiden Temperaturen
sollte "auf einer risikobasierten Bewertung beruhen". Produkte, die mit "nicht Gber 25
°C lagern" gekennzeichnet sind, wie z.B. die Oxytocin-Zubereitung von Ningbo
(Tabelle 3), missen fiir sechs Monate bei 30 °C stabil bleiben ("intermediare
Bedingung", falls sie bei 40 °C durchfallen). Und Produkte, die mit "nicht Gber 30 °C
lagern" gekennzeichnet sind, wie z.B. das Oxytocin-Praparat von Umedica (Tabelle
3), mussen ihre Stabilitat fir sechs Monate bei 40 °C nachweisen.

Das von der WHO praqualifizierte Praparat sowie die vier Praparate, die in Landern
mit einer SRA hergestellt wurden, bestanden die Stabilitatspriifung und weisen
Oxytocin-Gehalte zwischen 97,4% und 109,3% der angegebenen Menge nach sechs
Monaten bei 30 °C auf. Es gab auch keine signifikante Veranderung des
Wirkstoffgehalts und der pH-Wert blieb nach 6-monatiger Lagerung bei 30 °C
zwischen 3 - 5.

Bei dem Praparat von Ciron wurde nach sechs Monaten bei 30 °C ein Oxytocin-
Gehalt von 89,3% der deklarierten Menge bestimmt. Angesichts der relativen
Standardabweichung dieser Messung (RSD = 1,55%)) ist diese Abweichung von den
Arzneibuch-Grenzwerten (90 - 110%) statistisch nicht signifikant (p= 0,459), weshalb
dieses Praparat nicht als ,durchgefallen“ eingestuft wurde. Die Veranderung des
Wirkstoffgehalts dieser Zubereitung und ihr pH-Wert lagen innerhalb der zulassigen

Grenzen.
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A) Praparate, die nicht als Kiihlware deklariert sind:
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B) Préparate, die als Kithlware deklariert sind:
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Abbildung 6: Oxytocin-Gehalt nach 6-monatiger Lagerung bei verschiedenen Temperaturen.
Die vollstdndigen Namen der Hersteller und weitere Einzelheiten zu den untersuchten Praparaten sind
in Tabelle 3 aufgefiihrt. Die hier gezeigten Ergebnisse wurden mit der Ningbo-Charge N°160802, der
Sterop-Charge N° 160269 und der Grindeks-Charge N° 37711116 erzielt. Fehlerbalken zeigen die
Standardabweichung an. Modifiziert nach: Hagen et. al (58)
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Ein anderes Bild ergab sich flir die Praparate von Ningbo und Umedica, d.h. flr die
beiden Praparate, die von ihren Herstellern als nicht kiihlpflichtig gekennzeichnet
wurden. Wie aus Abb. 6 sofort ersichtlich ist, war ihre Stabilitat bei 30 °C und 40 °C
nicht besser, sondern geringer als die der als Kiihlware gekennzeichneten Praparate.
Das Produkt von Umedica war fiir die Lagerung mit "nicht Gber 30 °C"
gekennzeichnet, so dass es nach den WHO-Richtlinien sechs Monate lang bei 40 °C
innerhalb der Spezifikationen bleiben musste. Mit einem endgultigen Oxytocin-Gehalt
von nur 78,0% der deklarierten Menge war es jedoch weit auBBerhalb des in den
Pharmakopben angegebenen Bereichs von 90 - 110%. Dariber hinaus zeigte es
einen 21%igen Verlust seines Oxytocin-Gehalts Uber sechs Monate bei 40 °C, was
die zulassige Veranderung von 5% deutlich tbersteigt. Das Praparat von Ningbo war
fir die Lagerung "unter 25 °C" gekennzeichnet. Beide untersuchten Chargen
scheiterten eindeutig an der beschleunigten Stabilitatspriifung bei 40 °C (endgultiger
Oxytocin-Gehalt 69,5% bzw. 74,6%) und mussten daher nach WHO-Richtlinien bei
"intermediaten Bedingungen" von 30 °C getestet werden. Nach sechs Monaten bei
30 °C enthielten die zwei Chargen 86,5% und 90,7%, wobei die Anderung des
Oxytocin-Gehalts von Ersterer nur 3% betrug und damit noch innerhalb der

zulassigen Grenze von 5% lag.

Die unterschiedliche Stabilitat der untersuchten Praparate bei erhéhter Temperatur
ist in Abb. 7 deutlich sichtbar, die den zeitlichen Verlauf des Verlustes an
Wirkstoffgehalt Gber sechs Monate bei 40 °C zeigt. Diese Temperatur ist eine
extremere Bedingung als fir die Stabilitatsprifung von kihlpflichtigen Praparaten
empfohlen wird. Daher sind die in Abb. 7 dargestellten Daten fiir die meisten
Praparate nicht direkt relevant flr die Entscheidung ob das Produkt die
Stabilitatsprifung besteht, aber dennoch interessant im Hinblick auf die
stabilisierende Wirkung bestimmter Hilfsstoffe. Die auffalligste Beobachtung aus
diesen Daten ist, dass der Oxytocin-Gehalt bei den beiden Produkten am stabilsten
war, die 5 mg/ml des Konservierungsmittels Chlorobutanol enthielten. In deutlichem
Kontrast zu den anderen untersuchten Produkten zeigten diese beiden Praparate
jedoch deutliche Veranderungen ihrer pH-Werte bei 40 °C und erreichten einen
Endwert von 2,8 im Falle des Sterop-Produkts und 3,0 im Falle des Ciron-Produkts.
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A) Prdparate, die nicht als Kiihiware deklariert sind:
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Abbildung 7: Anderung des Oxytocin-Gehalts iiber 6 Monate bei 40°C. Die hier gezeigten
Ergebnisse wurden mit den gleichen Chargen erzielt, wie in Abb. 6 dargestellt. Der Anfangsgehalt und
der Anfangsgehalt minus 5% sind als gestrichelte Linien dargestellt. Fehlerbalken zeigen die
Standardabweichung an. Der endglltige Gehaltsverlust nach 6 Monaten wurde relativ zum
Anfangsgehalt berechnet. Modifiziert nach: Hagen et. al (58)
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Far drei der untersuchten Oxytocin-Marken wurden je zwei verschiedene Chargen
mit unterschiedlichen Herstellungs- und Verfallsdaten gesammelt.

Die fur die beiden verschiedenen Chargen derselben Marke gemessenen
Gehaltsverluste waren in allen drei Fallen sehr ahnlich, was darauf hindeutet, dass
die beobachteten Unterschiede in der Stabilitéat der verschiedenen Marken in erster
Linie auf Unterschiede in der Herstellung und der pharmazeutischen Formulierung
zurlckzuflhren sind und nicht auf Unterschiede im Alter oder in den
Lagerbedingungen der untersuchten Produkte vor dem Kauf der Proben.

Forcierte Abbaustudien bei 80 °C fur 5 Tage

Um den Einfluss der Zusatzstoffe auf die Stabilitat von Oxytocin weiter zu
untersuchen, wurden forcierte Abbaustudien bei 80 °C fir finf Tage mit den
verschiedenen Praparaten durchgefihrt (45).

Flr zwei der Praparate (Umedica und Biologici; Tabelle 3) reichte die Anzahl der
verbleibenden Ampullen fir dieses Experiment nicht aus, far die anderen sechs
Praparate sind die Ergebnisse in Abb. 8a dargestellt. In bemerkenswerter Ahnlichkeit
mit den Ergebnissen bei 40 °C (Abb. 7) wiesen die vier Praparate von Rotexmedica,
Grindeks, Ningbo und Hexal in dieser Reihenfolge eine abnehmende Stabilitat auf,
mit Oxytocin-Verlusten zwischen 55,9% und 67,5% innerhalb von finf Tagen. In
komplettem Gegensatz zu den bei 40 °C erzielten Ergebnissen zeigten jedoch die
beiden Praparate von Ciron und Sterop, d.h. die Praparate mit 5 mg/ml
Chlorobutanol, die héchsten Oxytocin-Verluste nach finf Tagen bei 80 °C (Verlust
von 75,2% bzw. 82,4%). Umgekehrt wiesen diese beiden Praparate nach einem Tag
bei 80 °C immer noch deutlich héhere Oxytocin-Gehalte auf als die anderen vier
(Abb. 8a).
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a) Kommerzielle Praparate b) Synthetisches Oxytocin + Zusatzstoffe
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Abbildung 8: a) Forcierte Abbaustudien mit kommerziellen Oxytocin-Formulierungen.
Einzelheiten zu den untersuchten Zubereitungen sind in Tabelle 3 aufgefihrt.

b) Forcierte Abbaustudien mit Oxytocin-Lésungen von Oxytocin 10 IE/ml in Gegenwart
verschiedener Zusatzstoffe. Modifiziert nach: Hagen et. al (58)

Es ist bekannt, dass Chlorobutanol bei erhéhter Temperatur unter Bildung von
Salzsaure und anderen sauren Reaktionsprodukten hydrolysiert wird (63). Dies
dirfte die bereits bei 40 °C beobachtete Anderung des pH-Wertes der Zubereitungen
mit 5 mg/ml Chlorobutanol erklaren. Wie zu erwarten, war dieser Effekt bei 80 °C
noch ausgepragter: beide Praparate zeigten nach finf Tagen einen pH-Wert von 2,0
- weit entfernt von dem Stabilitdtsoptimum von Oxytocin bei pH 4,5 (14).

Um die Wirkung von Hilfsstoffen auf die Oxytocinstabilitat weiter zu untersuchen,
wurden forcierte Abbaustudien mit reinem synthetischem Oxytocin in der
Konzentration von 10 IE/ml in Wasser mit und ohne Zusatz von Acetatpuffer pH 4,6
und/oder Chlorobutanol in Konzentrationen von 1,5 mg/ml bzw. 5 mg/mi
durchgefihrt. In reinem Wasser wurde das Oxytocin vollstandig abgebaut und fiel
innerhalb von finf Tagen unter die Nachweisgrenze (Abb. 8b). Dieser Abbau erfolgte
wesentlich schneller als bei allen untersuchten kommerziellen Praparaten (Abb. 8a),
was ein weiterer Hinweis darauf ist, dass alle kommerziellen Praparate Puffer- oder
Stabilisierungsmittel enthalten, auch wenn dies auf dem Etikett nicht angegeben ist.
Acetatpuffer hatte eine stabilisierende Wirkung auf die Oxytocinlésung (83,1%
Oxytocin-Verlust innerhalb von finf Tagen). Bemerkenswert ist, dass die Zugabe von

1,5 mg/ml Chlorobutanol eine noch starkere stabilisierende Wirkung hatte: nur 27,7%
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der Oxytocin-Menge gingen Gber 5 Tage bei 80 °C verloren; der gemessene pH-Wert
nach 5 Tagen lag bei 2,8. Der Zusatz von Chlorobutanol in einer Konzentration von 5
mg/ml war fUr die Stabilisierung weniger wirksam (56,1% Oxytocin-Verlust) - hier
wurde auch ein End-pH-Wert von 2,2 bestimmt, was weit unter dem
Stabilitatsoptimum von 4,5 liegt.

In einem letzten Experiment wurde der kommerziellen Oxytocin-Zubereitung von
Hexal Chlorobutanol zugesetzt, bevor es flinf Tage lang bei 80 °C gelagert wurde.
Wie in Abb. 8a gezeigt, erhdhte die Zugabe von 1,5 mg/ml die Stabilitat von Oxytocin
unter diesen Bedingungen stark (29,6% Oxytocin-Verlust, verglichen mit 67,5% in
Abwesenheit von Chlorobutanol; End-pH 2,8). Die Zugabe von 5 mg/ml
Chlorobutanol zum Hexal-Praparat war fiir die Stabilisierung weniger wirksam
(Oxytocin-Verlust 68,4%), was mit einer beobachteten drastischen Anderung des pH-
Wertes (End-pH 2,0) Ubereinstimmt. Diese Ergebnisse sind &hnlich denen, die mit
dem synthetischen Oxytocin beobachtet wurden (Abb. 8b).

Die HPLC-Analysen der bei den forcierten Abbaustudien entnommenen Proben
zeigten nicht nur einen quantitativen Effekt von Chlorobutanol auf die
Geschwindigkeit des Oxytocinabbaus, sondern auch einen auffalligen qualitativen
Effekt (Abb. 9). In Abwesenheit von Chlorobutanol traten gleichzeitig mit der
Abnahme des Oxytocin-Peaks (Retentionszeit 8,2 min) mehrere Peaks von
Zersetzungsprodukten mit héherer Retentionszeit (15,1 - 19,3 min) auf (Abb. 9a).
Dies ist vergleichbar mit den Beobachtungen von Avanti et al.,(2) die diese
Zersetzungsprodukte als Oxytocin-trisulfide und -tetrasulfide sowie als verschiedene
Disulfid-gebundene Oxytocindimere identifizierten, von denen einige an einer oder
mehreren der drei amidierten Carboxylgruppen des Oxytocins desamidiert wurden
(Abb. 1). Bemerkenswert ist, dass in der vorliegenden Studie diese
Zersetzungsprodukte bei Zusatz von 1,5 mg/ml Chlorobutanol nicht beobachtet
wurden (Abb. 9b) - dieselbe Beobachtung wurde fiir 5 mg/ml Chlorobutanol sowie fir
die Zubereitungen von Ciron und Sterop gemacht, die auch jeweils 5 mg/ml
Chlorobutanol enthielten. Im Gegensatz dazu wiesen alle untersuchten Lésungen,
die kein Chlorobutanol enthielten, Zersetzungsprodukte im Bereich von 15,1 - 19,3

min auf.
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a) Oxytocin in Wasser; 80°C
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Abbildung 9: HPLC-Chromatogramme von Oxytocin 10 IU/ml in Wasser unter forciertem Abbau
bei 80 °C, ohne (a) und mit Chlorobutanol 1,5 mg/ml (b). Modifiziert nach: Hagen et. al (58)

Weder in den beschleunigten Stabilitatsstudien noch in den forcierten Abbaustudien
wurden bei den untersuchten Produkten sichtbare Qualitatsmangel wie Partikel,
Ausfallungen oder Farbveranderungen beobachtet.

Diskussion

Die vorliegende Arbeit zeigte eine gute Verfligbarkeit von Oxytokika, insbesondere
von Oxytocin, in den Gesundheitseinrichtungen Malawis. Dies ist ein wichtiger
Beitrag zur Erreichung der SDGs, insbesondere zur Senkung der weltweiten
Muttersterblichkeit.

Andererseits offenbarte sie weit verbreitete Probleme bei der Einhaltung der
korrekten Lagertemperaturen der Medikamente. Dennoch war der Anteil der
minderwertigen Proben in Malawi mit 11% der untersuchten Oxytocin-Proben und
17% der untersuchten Misoprostol-Proben weit unter dem Anteil, der in anderen
Landern (6, 13, 16, 22, 23, 31-33) ermittelt wurde. Der bereits erwéhnte Review von
Torloni et al. aus dem Jahr 2016 (31) wurde 2020 Uberarbeitet und veréffentlicht (64).

Zu den 2016 untersuchten acht Studien Gber Oxytocin-Qualitdt kamen sechs weitere
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hinzu, darunter auch unsere Malawi-Studie (3). Von den insgesamt 979 Oxytocin-
Proben waren 39,7% minderwertig.

Die in Malawi gefundenen Misoprostol-Proben wiesen allerdings extreme
Abweichungen auf (mit nur 12,7 - 30,2% der deklarierten Menge des Wirkstoffs), was
ein ernsthaftes Risiko fur die Patientensicherheit in der mutterlichen
Gesundheitsversorgung darstellt. Ahnliches wurde auch in Ruanda beobachtet.
Bemerkenswert ist, dass sowohl nationale als auch internationale Behérden schnell
und effektiv auf diesen Befund reagiert haben.

Viele derzeit erhéltliche Oxytocin-Praparate sind flr die Lagerung bei 2 - 8 °C
gekennzeichnet. Genau wie frihere Studien in anderen Landern (23, 65) hat diese
Arbeit gezeigt, dass diese Lagertemperatur in mehreren Gesundheitseinrichtungen in
Malawi nicht zuverlassig eingehalten werden kann. Griinde dafiir waren fehlende
Kihlschranke, haufige Stromausfélle und das Fehlen von Notstromgeneratoren oder
Sonnenkollektoren in vielen Einrichtungen. In dieser Situation erscheint es
verlockend, die kihlpflichtigen Oxytocin-Marken durch Praparate zu ersetzen, die fir
die Lagerung bei héheren Temperaturen gekennzeichnet sind, oder sogar durch
Misoprostol-Tabletten, die keine Kiihlung benétigen. Die Ergebnisse dieser Arbeit
legen jedoch nahe, dass diese Strategie keine einfache und zuverlassige Lésung des
Problems bietet. Insbesondere wurde festgestellt, dass alle gesammelten Oxytocin-
Proben, die fiir die Lagerung bei 2 - 8 °C gekennzeichnet waren, innerhalb der
Spezifikationen lagen, selbst wenn sie in der Gesundheitseinrichtung falsch gelagert
wurden. In scharfem Kontrast dazu entsprachen 18% der Oxytocin-Praparate, die far
die Lagerung bei < 25 °C etikettiert waren, nicht den Spezifikationen.

Die Stabilitatsuntersuchungen haben diese Beobachtung bestétigt: Von den acht
untersuchten Oxytocin-Marken haben zwei die beschleunigten Stabilitatsstudien
nicht bestanden — beides Préparate, die nicht als Kihlware deklariert waren.

Im Laufe unserer Stabilitdtsuntersuchungen veréffentlichten Nguyen et al.(66)
ebenfalls Ergebnisse von Stabilitdtsstudien von finf Oxytocin-Produkten. Drei dieser
Produkte, die fiir die Lagerung bei 2 - 8 °C gekennzeichnet sind, wurden von uns
ebenfalls untersucht. Die von Nguyen et al. nach 1-, 2- und 3-monatiger Lagerung
bei 30 °C und 40 °C erzielten Ergebnisse stimmen hervorragend mit den Unseren
Uberein.

Nguyen et al. untersuchten auch eine europaische Oxytocin-Marke, die flr die

Lagerung bei < 25 °C etikettiert war, sowie ein argentinisches Produkt, das friher far
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die Lagerung bei < 25 °C etikettiert war, aber kurz vor ihrer Studie fur die
Kihllagerung umetikettiert worden war. Sie berichteten, dass diese beiden Praparate
bei 30 °C und 40 °C ein sehr ahnliches Stabilitatsprofil aufwiesen wie die drei als
Kihlware etikettierten Produkte. Erst nach vier Monaten bei 40 °C und insbesondere
beim forcierten Abbau bei 50 °C zeigte das europaische Produkt, das fir die
Lagerung bei < 25 °C etikettiert worden war, viel hbhere Oxytocin-Verluste als die
anderen, was mit einem starken Abfall des pH-Wertes einherging. Dieses Praparat
enthielt 5 mg/ml Chlorobutanol. Die Autoren kamen zu dem Schluss, dass von den
getesteten Produkten diejenigen, die flr die Lagerung bei < 25 °C vorgesehen
waren, keinen Stabilitdtsvorteil gegeniber den als Kihlware etikettierten Produkten
boten.

Die drei Praparate, die unsere beschleunigten Stabilitdtsuntersuchungen nicht oder
nur sehr knapp bestanden haben, waren alle in Landern ohne SRA hergestellt
worden. Keines der Praparate war WHO-praqualifiziert. Demgegeniber waren alle
finf eindeutig bestandenen Praparate in Landern mit SRA hergestellt worden oder
WHO-préqualifiziert. Ahnliches wurde bei den Stabilitdtsuntersuchungen von
Misoprostol-Praparaten beobachtet. Diese Beobachtung kann sicherlich nicht fur alle
Hersteller und Medikamente aus Landern ohne SRA lbertragen werden, macht aber
deutlich, wie wichtig eine sorgfaltige Lieferantenauswahl bei der
Arzneimittelbeschaffung ist.

Die Ergebnisse der vorliegenden Arbeit unterstitzen die Maxime "Buy Quality
Oxytocin, Keep It Cool", die von der Reproductive Health Supplies Coalition und
anderen internationalen Interessengruppen vertreten wird (36, 67-70).

Eine Mdglichkeit, gute Qualitat zu gewahrleisten, besteht darin, die Beschaffung auf
von der WHO praqualifizierte Arzneimittel (39, 59) und auf Arzneimittel zu
beschranken, die in LaAndern mit einer strengen Aufsichtsbehdrde (SRA) hergestellt
werden (37). Dies gilt nicht nur fir Oxytocin-Produkte, sondern insbesondere auch
fir Misoprostol-Préaparate.

Bei Misoprostol-Préparaten sollten nur jene mit einer geeigneten Prim&rverpackung,
z.B. Alu-Alu-Blister, beschafft und verwendet werden und das Gesundheitspersonal
und die Endnutzer sollten tber die Wichtigkeit der intakten Primarverpackung
geschult werden.

Versuche, hitzestabile Formulierungen von Oxytocin zu entwickeln, wurden in der

Literatur ausfuhrlich beschrieben (2, 14, 60-62, 71), wobei der Schwerpunkt auf der
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Einbeziehung bestimmter Puffer und zweiwertiger Metallionen lag. Die auffallige
Wirkung von Chlorobutanol, sowohl auf die Geschwindigkeit der Oxytocinzersetzung
(Abb. 8) als auch auf die Art der gebildeten Zersetzungsprodukte (Abb. 9) ist in der
Literatur bisher jedoch nicht ndher beschrieben worden. Diese stabilisierende
Wirkung wurde nur sehr kurz von Liu et al. erwahnt (72) und eine Molekulardynamik-
Computersimulation von Xu et al. (73, 74) legte nahe, dass Chlorobutanol die Anzahl
der Wasserstoffbriickenbindungen zwischen Oxytocin und Wasser reduzieren und
die Aggregation von Oxytocinmolekilen verhindern kann.

Die Beobachtung, dass Chlorobutanol-haltige Lésungen bei forcierten Abbaustudien
(ab 50 °C) zu einer Absenkung des pH-Wertes und vermutlich daraus resultierend zu
einer Abnahme der Oxytocin-Stabilitét flihren, mag bei den im Alltag Ublichen
Lagertemperaturen von Oxytocin mdglicherweise nicht relevant sein.

Weiterfilhrende Untersuchungen zur stabilisierenden Rolle des Chlorobutanols
gegenlber Oxytocin kénnten letztendlich zu vielversprechenden tatsachlich
hitzestabilen Oxytocin-Formulierungen fihren.

Angesichts des Mangels an konsistenten Beweisen daflir, dass die Produkte, die
momentan fUr die ungekihlte Lagerung gekennzeichnet sind, eine bessere
Temperaturstabilitat aufweisen als solche, die flir die Lagerung bei 2 - 8 °C
gekennzeichnet sind, und darlber hinaus angesichts der eindeutigen Hinweise
darauf, dass die Lagerungsempfehlungen der Hersteller von "unter 25 °C" und sogar
von "unter 30 °C" in vielen Einrichtungen in LMICs nicht zuverlassig eingehalten
werden kénnen (3), sollte die Beschaffung von Oxytocin-Ampullen auf Marken
beschrankt werden, die fur die gekihlte Lagerung gekennzeichnet sind, und
nationale Arzneimitteloehérden sollten in Erwagung ziehen, Oxytocin-Produkte nur
mit dieser Lagerungsempfehlung zu registrieren (67, 68). Dies wiirde auch dazu
beitragen, eine Verwirrung des Personals in Gesundheitseinrichtungen durch
unterschiedliche Lagerungsempfehlungen fiir verschiedene Oxytocin-Marken zu
vermeiden (3, 20, 75, 76).

In LMICs ist es jedoch mdglicherweise nicht immer mdglich, kurzfristige Expositionen
von Oxytocin bei Umgebungstemperaturen zu vermeiden. In diesem Zusammenhang
kénnten die in Abb. 6 dargestellten Daten von Interesse sein, die zeigen, dass alle
Produkte, die flir die Lagerung bei 2 - 8 °C gekennzeichnet sind, in der
Stabilitatsstudie bei 25 °C bemerkenswert stabil waren. Selbst bei 30 °C wurden tber

den untersuchten Zeitraum nur sehr moderate Verluste des Wirkstoffgehalts

53



beobachtet. Dies deutet darauf hin, dass eine versehentliche Lagerung solcher
Oxytocin-Praparate auBBerhalb der Kihlkette fir begrenzte ZeitrAume mdglicherweise
nicht die sofortige Entsorgung der Produkte erforderlich macht, was auch mit den
Informationen Ubereinstimmt, die z.B. in der Packungsbeilage des Grindeks-
Produktes (Tabelle 3) enthalten sind, wo es hei3t, dass es "bei bis zu 30 °C fiir drei
Monate gelagert werden kann, dann aber entsorgt werden muss".

Eine hitzestabile Formulierung von Carbetocin (77) , einem Oxytocin-Analogon, das
bereits seit langerem zur Prophylaxe von Nachgeburtsblutungen nach Kaiserschnitt
eingesetzt wird und nun auch seine Wirksamkeit als Prophylaxe von
Nachgeburtsblutungen nach nattirlicher Geburt bewiesen hat (78), wurde erst
kirzlich in die WHO-Liste der unentbehrlichen Arzneimittel aufgenommen (24). Wenn
die Anklindigung seines Herstellers in die Praxis umgesetzt wird, dass der Preis
dieses Produkts mit dem von Oxytocin in LMICs vergleichbar gemacht wird (79),
kann dieses Arzneimittel zu einer weiteren wertvollen Option werden, um eine
qualitativ hochwertige Medikation bei Nachgeburtsblutungen auch in Einrichtungen
sicherzustellen, in denen eine Lagerung bei 2 - 8 °C nicht gewéhrleistet werden

kann.

Bis dahin haben die Ergebnisse dieser Arbeit gezeigt, dass weitere Anstrengungen
zur Qualitatssicherung bei der Arzneimittelbeschaffung und -registrierung sowie zur
Uberwachung nach dem Inverkehrbringen im Rahmen eines funktionierenden

Pharmakovigilanzsystems erforderlich sind.

Dem wurde versucht, Rechnung zu tragen, indem bei einer Reise nach Malawi im
September 2019 die Ergebnisse dieser Arbeit den Behdrden und Institutionen, die im
Bereich der Muttergesundheit tatig sind, vorgestellt wurden. Zuséatzlich wurden
Trainingsworkshops fiir das Personal der Gesundheitseinrichtungen in den vier
Distrikten zu den Themen Arzneimittelqualitat, Lagermanagement und
Pharmakovigilanz, in Kooperation mit dem Pharmakovigilanz-Zentrum Malawis,

angeboten.

Der Fall der extrem minderwertigen Misoprostol-Tabletten macht auch deutlich, wie
wichtig die sofortige Meldung minderwertiger Medikamente an nationale und
internationale Behdrden, sowie in Foren wie ,e-drug” fir eine weitere Verbesserung

der Patientensicherheit nicht nur innerhalb eines Landes, sondern auch weltweit ist.
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Abstract

Background: Postpartum haemorrhage (PPH) is the leading cause of maternal mortality in low- and middle-income
countries (LMICs). Oxytocin and misoprostol are used for the prevention and treatment of PPH. However, both
medicines are chemically unstable and sensitive to environmental conditions. Previous studies reported a high
prevalence of substandard oxytocin and misoprostol preparations in LMICs.

Methods: In randomly selected health facilities of four districts of Malawi, the availability of oxytocin and
misoprostol was determined, and the knowledge of health workers on storage requirements and use of oxytocics
was assessed. Temperature loggers were used to record the storage temperature of oxytocics. Samples of oxytocin
injections and misoprostol tablets were collected from the health facilities and from wholesalers. Oxytocin samples
were analysed for identity, assay (= quantity of oxytocin) and for pH value according to United States
Pharmacopeia 40. Misoprostol samples were analysed for identity, assay, dissolution and related substances
according to the International Pharmacopeia 2017.

Results: All visited hospitals and health centers had oxytocin available. At non-refrigerated storage sites, the
recorded mean kinetic temperature exceeded the oxytocic's storage temperature stated on the labels in 42% of the
sites. At refrigerated storage sites, the required temperature of 2-8 °C was exceeded in 33% of the sites. Out of 65
oxytocin samples, 7 (11%) showed moderate deviations from specification, containing 82.2-86.8% of the declared
amount of oxytocin. Out of 30 misoprostol samples, 5 (17%) showed extreme deviations, containing only 12.7—
30.2% of the declared amount. The extremely substandard misoprostol was reported to the national authorities and
to WHO, leading to an immediate recall of the respective brand in Malawi. The UK-based distributor of this brand
closed its business shortly thereafter.

Conclusion: Availability of oxytocin was excellent in Malawi, and its quality was better than reported in previous
studies in other LMICs. However, storage conditions at the health facilities often did not meet the requirements.
Extremely substandard misoprostol tablets were found, representing a serious risk to maternal health. This shows
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Background

Post-partum haemorrhage (PPH) is the leading cause of
maternal mortality in low-income countries. It is defined
as blood loss of 500 ml or more within 24 h after birth
[1]. The most common cause of PPH is an atonic uterus.
This condition can be prevented and treated with oxyto-
cics like the nonapeptide oxytocin or the prostaglandin
analogue misoprostol (Fig. 1). Their mode of action is
uterine contraction [1]. Both oxytocin and misoprostol
are listed among 13 life-saving commodities for women
and children by the UN Commission on Life-Saving
Commodities for Women and Children (UNCoLSC) [3].
For oxytocin and misoprostol, it was estimated that 15,
000 maternal lives could be saved over 5years if com-
mon barriers like poor quality of these medicines, or
lack of their inclusion into national essential medicines
lists, could be overcome and” equitable access” could be
achieved, according to the commissioners’ report of
2012 [4].

Reducing global maternal mortality to less than 70 per
100,000 live births is one of the Sustainable Develop-
ment Goals (SDGs) of the United Nations (UN) [5].
There is still a long way to go to achieve this goal, espe-
cially in low-and-middle income countries (LMICs): The
maternal mortality ratio in Malawi is one of the highest
in the world, with an estimated 439 maternal deaths per
100,000 live births according to the Malawi Demo-
graphic and Health Survey 2015-16 [6]. One important
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intervention to reduce the maternal mortality ratio is the
prevention and treatment of PPH with oxytocics. In the
fifth edition of the Malawian Standard Treatment Guide-
lines (MSTG) including the Malawi Essential Medicines
List (MEML) of 2015, oxytocin and misoprostol are
listed as “vital” oxytocics to treat PPH [7]. Unfortunately,
these medicines are very sensitive to environmental con-
ditions like high temperatures (oxytocin, [8—10]) and hu-
midity (misoprostol, [11, 12]). Most oxytocin products
should be stored at 2-8°C according to the labelling,
and this can be challenging, especially in rural areas in
LMICs [13-16]. Since misoprostol tablets can be stored
at room temperature and can be administered orally,
they offer an alternative to oxytocin injections in places
where appropriate storage conditions for oxytocin can-
not be ensured, or where no trained staff is available to
administer medicines parenterally [17]. However, miso-
prostol tablets degrade when exposed to humidity (Fig.
1) and must be packed in aluminium-aluminium blisters
in order to avoid degradation [11, 12, 18]. Misoprostol is
also used in gynaecology and obstetrics for induction of
labour and for abortions [17]. Due to the latter, its use is
often restricted for fear of misuse.

The degradation products known for oxytocin or mi-
soprostol are inactive but not toxic [12, 19]. However,
when oxytocics lose their potency e.g. due to inappro-
priate storage, this might result in higher mortality
rates of PPH.
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Several previous studies have shown that the quality of
oxytocics, especially in low and middle-income countries
(LMIC), is often poor [8, 11, 15, 16, 20-22]. According
to a review from 2016, which included 8 studies with
559 oxytocin samples from 15 countries, 57.5% of the
samples collected in Africa were reported to be sub-
standard [20]. Similarly, 45% out of 215 misoprostol
samples collected in 15 low- and middle-income coun-
tries were substandard according to a paper published in
WHO Drug Information in 2016 [11]. A recently pub-
lished study conducted in Nigeria reported even 74.2%
of analysed oxytocin injections to be out of specification,
as well as 33.7% of analysed misoprostol tablets [16].
Poor quality of oxytocin vials and misoprostol tablets
can result from poor manufacturing (e.g. inappropriate
formulation, environmental conditions, or poor primary
packaging), from poor storage and transportation condi-
tions, or from a combination of these factors.

But not only availability and good quality of oxytocics
are essential for lowering maternal mortality; health
workers” knowledge of rational use of oxytocics, e.g.
when and how to administer oxytocics, is as important.
According to the World Health Organisation (WHO),
one of the key interventions to promote rational use is
the use of clinical guidelines [23].

A paper including data on the availability of oxytocin
and misoprostol in Malawi has recently been published
[24]. However, so far there are no data in the scientific
literature about the quality of oxytocin and misoprostol
in Malawi, and neither on the storage conditions of
these medicines, or on health workers’ knowledge of
storage requirements and of rational use of oxytocics.

The present study aimed to close this gap by collecting
oxytocin and misoprostol samples at different points of
the supply chain and in different health facilities in four
districts of Malawi, and by investigating their quality ac-
cording to the acceptance criteria of the United States
Pharmacopeia and the International Pharmacopeia. Fur-
thermore, availability and storage conditions of oxytocics
were investigated, and health workers’ knowledge of
storage requirements and rational use of these medicines
was examined by using a questionnaire (see below).

Methods

The study protocol was developed based on MED-
QUARG guidelines [25] and on the WHO guidelines on
the conduct of surveys of the quality of medicines [26].

Ethical approval

Ethical clearance to conduct this study has been granted
by College of Medicine Research and Ethics Committee
in Malawi (COMREC, Reference No. P.07/27/2215). We
also obtained support letters from the Malawian medi-
cine regulatory authority (Pharmacy, Medicines and
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Poisons Board, PMPB), as well as from the responsible
district health officers. Additionally, approval by German
authorities to import medicine samples for analysis was
obtained.

Written informed consent to participate in this study
was obtained from all interviewed persons (see Consent
Form in Additional File 2).

Sample size calculation

The sample size was calculated using the Cochran for-
mula ny = Z%pq/e* [27] with Z=1.96 at 95% confidence
level, p =57.5% estimated proportion of substandard
oxytocin samples [20], q=1-p, and e=10% margin of
error. This resulted in a minimum of 94 samples.

Selection of sampling sites

This study was conducted in four districts in central and
southern Malawi: Blantyre, Chikwawa, Neno and
Ntcheu. Blantyre represents an urban district with mod-
erate climate, Ntcheu a rural district with moderate cli-
mate, Chikwawa a rural district with hot climate, and
Neno a rural district which has areas with both hot and
moderate climate. A list of all health facilities in these
four districts was obtained from the government-
operated “Central Medical Stores Trusts” (CMST) and
from PMPB. This list included 4 district or central hos-
pitals, 61 public health centers, 28 faith-based health
centers, 103 private clinics (most of them in Blantyre),
26 licensed pharmacies (all of them in Blantyre) and 149
drug stores (most of them in Blantyre). For the present
study, the district or central hospital of each district was
selected. Furthermore, for each district two facilities of
each of the other five types were selected randomly if
available, using the RAND function of Microsoft Excel.
However, the very unequal distribution of facilities in
the four districts required an adjustment of the numbers
of selected facilities: licensed pharmacies existed only in
Blantyre district, and therefore eight pharmacies (and no
drug stores) were randomly selected in this district, plus
public and faith-based health centers, private clinics and
the central hospital. In Chikwawa and Ntcheu districts,
the missing pharmacies, drug stores and private clinics
were compensated for by inclusion of more public and
faith-based health centers, aiming at a total number of
11 health facilities for each of these two districts. For the
small Neno district, only 8 facilities in total were listed
by CMST and PMPB, therefor all of these were
included.

In the course of the study visits, eight of the selected
facilities were found to be out of operation, did not offer
maternity services, or refused to collaborate. These facil-
ities were excluded from this study and were replaced by
the geographically nearest facility of the same type, and
if that facility could not be included either, by the
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second nearest one. If both attempts were unsuccessful,
no further attempt was made to replace that facility.
Also if facilities were found to be out of stock for oxyto-
cics, sampling was attempted in the geographically near-
est facility of the same type, and if necessary in the
second nearest one, as described above.

In addition to health facilities, oxytocics were also re-
quested from CMST and from the 12 most important
pharmaceutical wholesalers in Malawi; five of these re-
ported that they did not stock oxytocics.

In total, oxytocics were requested from 62 health facilities
and drug outlets, and these are listed in Additional File 1.
Oxiytocics could be collected from 45 of these facilities, and
a map with the location of these 45 sampling sites is shown
in Fig. 2. At most health facilities, oxytocics were stored
both at the pharmacy (storage room) and at the maternity
ward, and in each facility, sampling was done from both
sites when possible, as listed in Additional File 1.

Page 4 of 18

Collection of samples
Sampling was conducted between September 2017 (pilot
study in Ntcheu district) and August 2018 (Blantyre,
Chikwawa and Neno districts). All facilities in one dis-
trict were sampled within 1 week. Permission to sample
was obtained from the responsible district health officer
prior to sampling, but facilities were visited without
prior notice to the respective facility to avoid bias which
might have arisen if the site prepared for our visit.
Sample collectors were the investigators F.K. and N.H.,
and 3rd year pharmacy students of the College of Medi-
cine, University of Malawi (Blantyre) who had been
trained prior to sampling. In hospitals, health centers
and private pharmacies, sampling was done by an overt
approach, i.e. facilities were informed about the purpose
of the visit, and consent to participate in the study was
obtained (see Additional file 2). In these facilities,
temperature loggers were placed, and interviews were
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Fig. 2 Map of the locations of the 45 sites from which oxytocics were collected. Medicines were collected from the indicated four districts, and
from wholesalers in Blantyre city and in Malawi's capital Lilongwe. Modified from: https://d-maps.com/carte.php?num_car=24744&lang=en




Hagen et al. BMC Pregnancy and Childbirth (2020) 20:184

conducted using a questionnaire (see below). In the case
of wholesalers and drug stores, a mystery shopper ap-
proach was used, and neither placement of temperature
loggers nor interviews were carried out.

If different brands (original, generic or branded) or
batches of oxytocics were available at a sampling site,
each brand and each batch was collected as a separate
sample. For each sample, 10 vials of oxytocin and 50
tablets of misoprostol were collected if possible. If only a
smaller amount was available, this smaller amount was
collected, but not less than three vials of oxytocin or six
tablets of misoprostol per sample. Additional File 1 lists
the number of samples, and the size of these samples,
collected from each sampling site.

In health facilities, replacements for the sampled medi-
cines were offered by the sample collectors in order to
avoid that stock-outs would result from this study. The
replacement medicines were obtained from CMST and
local wholesalers prior to the sampling visits. If the vis-
ited facilities preferred, the sampled medicines were paid
for, and this was obviously the rule in case of private
pharmacies.

Questionnaire

A short interview on the health worker’s knowledge
about storage requirements, and about rational use of
oxytocin and misoprostol, was conducted at all health
facilities, as well as in those private pharmacies which
stocked oxytocics. The questionnaire used for these in-
terviews is shown in Additional File 2. It was written in
English which is the language used in the training of all
health workers in Malawi. However, the native sample
collectors were free to use the local language (Chi-
chewa), and this was the language used in most of the
interviews. The sample collectors filled the questionnaire
on-site based on the responses of the health workers. As
shown in Additional File 1, the questionnaire was ap-
plied in 31 health facilities (hospitals, health centers and
private clinics) as well as in 6 private pharmacies. In 24
of the 31 health facilities, the interview was carried out
both in the storage room (pharmacy) and in the mater-
nity ward, with the person responsible for storage or for
administration of oxytocics at the respective site. In four
further health facilities, the interview was carried out
only at the maternity ward, and in three facilities, only at
the storage room. The interview was therefore con-
ducted with personnel from 28 maternity wards, 27 stor-
age rooms (pharmacies) of health facilities, and 6 private
pharmacy shops. In total 61 questionnaires were filled.

Recording of storage temperatures

Temperature data loggers (Tempmate S1 or M1 by imec
Messtechnik GmbH, Heilbronn, Germany) were placed at
all sites where misoprostol and oxytocin were routinely
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stored in the visited facilities, i.e. on storage shelves and/
or within the refrigerators, both at the maternity ward and
in the storage room (pharmacy) if applicable (see Add-
itional File 1). They were fixed in close proximity to the
medicines with adhesive tape. The loggers recorded the
temperature automatically every 10 min from the time of
placement (August or September) to the time of recollec-
tion by the study personnel (December; median recording
time 130 days). Recorded data was downloaded from the
loggers at College of Medicine in Malawi and analysed at
Tuebingen University in Germany. The mean kinetic
temperature (MKT) was calculated by the imec Messtech-
nik software.

Transport and storage of samples

Each sample was labelled with a unique code number
using pre-printed adhesive labels, and placed in zip-
locked plastic bags at the time of collection. All samples
were transported from the collection site to the Phar-
macy Department, College of Medicine, Blantyre, in the
vehicles of the investigators within the same day; sam-
ples labelled for storage at 2—8 °C were transported in a
12V plug-in refrigerator. They were subsequently stored
in the Pharmacy Department in an air-conditioned room
(<25°C) or in a refrigerator according to the storage re-
quirement stated on the label. Samples were hand-
carried to Germany via airplane in an insulating bag (<
24 h transport time) and stored at the Pharmaceutical
Institute of Tiibingen University in a refrigerator or in
an air-conditioned room (< 25 °C) until analysis. In order
to document the transport and storage conditions of the
samples, temperature loggers were placed with the sam-
ples from the day of collection until the day of analysis.

Sample analysis

All samples were first inspected visually by N.H. at
Tibingen University. Oxytocin injections were analysed
according to the United States Pharmacopoeia (USP 40,
Oxytocin injections) for identity, assay and pH value.
The assay was carried out by High Performance Liquid
Chromatography (HPLC, Agilent Infinity 1260 II with
binary pump, variable wavelength detector, refrigerated
autosampler and integrated column compartment; Agi-
lent Technologies, Santa Clara, CA, USA) with mobile
phase A (0.1 M NaH,PO, buffer) and mobile phase B
(acetonitrile: H,0 1:1 V/V) using the following gradient:
0 min, 30% B; 10 min, 40% B; 17.5 min, 65% B; 20.5 min,
65% B; 23.5min, 30% B; 26 min, 30% B. Flow rate was
1.5 ml/min, the injection volume was 70 pl, the column
with guard was Reprospher 100 (12.5 ¢cm x 4.6 mm, 5 pum
C18; Dr. Maisch GmbH, Tiibingen, Germany), and de-
tection was set at 220 nm. From each sample, three vials
were analysed independently. USP Reference Standard
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(batch N° F3K133) was obtained from Merck KGaA
(Darmstadt, Germany). Solvents were HPLC grade.

Misoprostol tablets were tested according to the Inter-
national Pharmacopeia 2017 (Misoprostol tablets) for
identity, assay and dissolution, using the HPLC system
mentioned above and a mixture of acetonitrile and water
(45:55 V/V) as isocratic mobile phase, with a flow rate of
1.5 ml/min, a ReproSil-XR 120 colunm (C18, 5 pm, 150
mm x 4.6 mm; Dr. Maisch GmbH, Tiibingen, Germany),
injection volume 100 pl (assay) or 250 ul (dissolution),
and UV detection at 200 nm. For assay, 5 tablets each
were dissolved in 50 ml mobile phase in two independ-
ent experiments, and each of the two solutions was ana-
lysed twice by HPLC, resulting in four measurements for
each sample. If less than 10 tablets were available for the
respective sample, the assay was conducted by dissolving
3-5 individual tablets independently in 10 ml mobile
phase each and analysing by HPLC, in order to have tab-
lets left for retesting. Misoprostol Ph. Eur. reference
standard (batch N° 3.0) was obtained from EDQM
(European Directorate for the Quality of Medicines)
Strasbourg. If the chromatogram of the assay showed
additional peaks, the sample was also tested for related
substances according to Kahsay et al. [28].

Dissolution was tested using a dissolution tester PT-WS
610 (Pharma Test Apparatebau AG, Hainburg, Germany).
For each sample, six tablets were investigated independ-
ently as described in the misoprostol tablets monograph
of the International Pharmacopeia, using 500 ml of water
R as dissolution medium. A paddle apparatus with 50 rpm
was used, and samples were drawn after 30 min through
an in-line filter. Dissolution tests were only performed if
at least 30 tablets were available for the respective sample.

For both oxytocin and misoprostol assay, and for mi-
soprostol dissolution, 5-point calibration curves were
prepared to assure linearity. Assay methods were vali-
dated according to USP 40 for system suitability, linear-
ity and precision. Sample analysis was conducted at the
Pharmaceutical Institute of Tiibingen University,
Germany, unblinded to packaging. All samples were
within their shelf life at time of analysis, with the excep-
tion of one oxytocin sample and two misoprostol sam-
ples. Classification as within specification or out of
specification was based for oxytocin injections on the
specifications of USP 40 for assay and pH value, and for
misoprostol tablets based on the specifications of Inter-
national Pharmacopeia 2017 for assay and dissolution.
Assay results between 80 and 90% and 110-120% of the
declared content were considered as moderate devia-
tions, contents of less than 80% or more than 120% were
considered as extreme deviations [29]. As per definition
of WHO, products that deliberately/fraudulently misrep-
resent their identity, composition or source were consid-
ered falsified [30].
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Registration status of medicine brands

PMPB was contacted to enquire the registration status
of the medicines collected. If they were registered, the
PMPB registration number was requested.

Statistical analysis

Statistical evaluation was done using JMP 14.2 (SAS
GmbH, Heidelberg, Germany). Confidence intervals
were calculated using descriptive distribution analysis,
significance of differences between storage sites were
calculated using one-way analysis of variance (ANOVA),
and correlation between age of samples and content was
calculated using bivariate analysis. Means and relative
standard deviations were calculated using Microsoft
Excel 2016 (Microsoft Corporation, Redmond, Washing-
ton, USA).

Information of national authorities and stakeholders
Following the study protocol and WHO guidelines [26],
the national medicine regulatory authority of Malawi
(PMPB) and the WHO Rapid Alert System were in-
formed immediately about confirmed out-of-
specification results representing a serious health risk.
After completion of the study and data analysis, the sur-
vey results were presented to PMPB, CMST, the Minis-
try of Health and national and international stakeholders
during a meeting in Lilongwe, Malawi, on Sept. 4th,
2019. Additionally, the findings were presented to health
workers in the four study districts Ntcheu, Blantyre,
Chikwawa and Neno on Sept. 5th, 10th, 11th and 12th,
2019, respectively, including appropriate trainings in co-
operation with the Malawi National Pharmacovigilance
Centre.

Results

Availability of oxytocics

Figure 3 shows the availability of oxytocin and misopros-
tol in the different health facilities and drug outlets in-
cluded into this study. According to the Malawi
Essential Medicines List (MEML) 2015, oxytocin should
be available in health centers, district hospital and cen-
tral hospitals [7]. Indeed, each of the 27 visited hospitals
and health centers (both public and faith-based) had
oxytocin available. Also, three out of four private clinics
had oxytocin in stock; the one not stocking oxytocin did
not offer routine delivery services, but did stock miso-
prostol for abortions. In contrast, none of the private li-
censed pharmacies had oxytocin in stock.

According to MEML 2015, misoprostol should be
available at district and central hospital level [7], but not
at health centers unless these have specialised clinical
expertise. Indeed, misoprostol was available at all four
investigated hospitals, but only in few of the health
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centers and private clinics. Misoprostol was also avail-
able at 6 of the 10 investigated private pharmacy shops.

Two hospitals, one faith-based health center and one
private clinic reported to have ergometrine in stock, but
none of the public health centers and none of the private
pharmacies. Ergometrine maleate is still listed as an oxy-
tocic in the MEML 2015, but is increasingly considered
as obsolete.

In the interviews, it was enquired whether stock-outs
of oxytocin and misoprostol had been experienced in the
last 6 months. In case of public and faith-based health
facilities and private clinics, this information was verified
by inspecting the stock cards for the respective medi-
cines. 73% of these facilities had not experienced oxyto-
cin stock-outs in the last 6 months, and the rest
reported less than 1 month of stock-out time. Out of the
12 health facilities and 6 private pharmacies which had
misoprostol in stock at the time of the visit, 11 (61%) re-
ported no stock-outs of misoprostol in the last 6
months, but 3 (17%) reported stock-out times of more
than 1 month. Detailed results on the reported stock-out
times are shown in Additional File 3.

In public and faith-based health facilities as well as
in private clinics, also the amount of oxytocin in
stock at the time of the visit was checked, and the
consumption over the last 6 months was calculated
from the stock cards; this information was available
in 29 of the 31 included health facilities. The amount
of oxytocin in stock was usually sufficient for 1.4
months (= median value; range: 0.1-25 months; mean:
4.0 months).

In Malawi, drug stores are licensed private outlets
which do not require a pharmacist but a pharmacy
technician, nurse, or clinical officer on their premises
[31]. They are allowed to dispense a limited number
of common medicines, but not prescription or
pharmacist-only medicines, and therefore not oxytocin
or misoprostol. Nevertheless, we decided to include
also drug stores, because according to local contact
persons some drug stores may illegally stock miso-
prostol for use in abortions. However, all of the eight
drug stores visited by the mystery shoppers in this
study stated that they do not sell oxytocin or
misoprostol.
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Storage conditions for oxytocics

According to the manufacturers’ information stated on
the labels, out of the six misoprostol brands collected in
the course of this study, two brands (representing four
samples) needed to be stored below 25 °C, three brands
(representing 24 samples) below 30°C, and one brand
(representing two samples) showed no information
about the storage temperature on the label.

Out of the nine brands of oxytocin collected, five
brands (representing 23 samples) were labeled for stor-
age at 2-8°C, two brands (representing 39 samples)
were labeled for storage below 25°C, and two brands
(representing three samples) were labeled for storage
below 30°C (see Tables 1 and 2 and Additional File 1).
Therefore, for correct storage of 35% of the oxytocin
samples a refrigerator was required. Out of the 31 health
facilities (hospitals, health centers and private clinics),
one public health center and two faith-based health cen-
ters stated to have no functioning refrigerator. While
two of these three facilities correctly used oxytocin
brands which, according to the label, did not require re-
frigerated storage, one was found to stock a brand which
required storage in a refrigerator (Additional File 1, facil-
ity no. 17).

All of the six licenced pharmacies where the interview
was conducted stated to have a functioning refrigerator.

All refrigerators were operated with electricity. In 41%
of the visited facilities the health worker stated that there
were power failures every day. Only 51% of the facilities
reported to have generators or solar panels as potential
back-ups in case of power failures, while 27% stated that
there were no measures taken to maintain appropriate
storage conditions in the event of power failures.

Out of the 17 oxytocin samples labelled for storage at
2-8°C and collected at health facilities, 13 had been cor-
rectly stored in a refrigerator, while four had been stored
at ambient temperature, in violation of correct storage
procedures. These four samples had been collected in
public health centers in Blantyre, Chikwawa and Ntcheu.
At one of these sites, the responsible person answered to
the question how oxytocin should be stored “at room
temperature”, indicating a lack of knowledge of correct
storage procedures. Notably, at most facilities there was
only one stock card for oxytocin, regardless of the pres-
ence of different oxytocin brands with different storage
requirements and therefore different storage locations.

Out of the 36 oxytocin samples labelled for storage at
<25°C or<30°C and collected at health facilities, 29
had indeed been stored at ambient temperature. The
other 7 had been stored in the refrigerator, which is no
problem for oxytocin stability and therefor no violation
of correct storage procedures.

To determine actual storage temperature, temperature
data loggers were placed at all sites where misoprostol
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and oxytocin was stored in the facilities (both at the ma-
ternity ward and in the storage room if applicable), and
temperature was recorded for approximately 4 months
(see Methods). Additional File 1 shows the mean kinetic
temperature (MKT) recorded at each site. MKT, rather
than the simple arithmetic mean of the recorded tem-
peratures, is the relevant measurement for the stability
of pharmaceuticals [34].

The MKT recorded at non-refrigerated storage sites
ranged from 21.4 to 31.0°C (median: 26.2°C). As ex-
pected, Chikwawa was the hottest district with a median
MKT of 28.1°C. The highest single temperature meas-
urement (40.1°C) was also recorded in a facility in
Chikwawa.

35 of the oxytocin samples collected in health facilities
(hospitals, health centers and private clinics) were la-
belled for storage below 25°C. However, this
temperature was exceeded in 16 of the places where
these samples had been collected from, and the median
MKT in these 16 places was 27.3 °C.

Only three oxytocin samples collected in the course of
this study were labelled for storage below 30 °C (one col-
lected in a private clinic, two from wholesalers). How-
ever, even this temperature was exceeded in 4 of the
facilities visited in this study (median MKT in these four
places = 30.2 °C; see Additional File 1).

17 of the oxytocin samples collected in health facilities
were labelled for storage at 2—8 °C. As mentioned above,
four of these samples were incorrectly stored outside the
refrigerator. But also for five of the respective storage
sites inside refrigerators, MKTs between 10.6-18.3°C
were recorded (see Additional File 1). Three of these
were recorded at maternity wards who reported that
there were power failures every day.

Interviews with health workers

Using a questionnaire, interviews were conducted with
the persons responsible for storage and /or administra-
tion of oxytocics in the respective facilities (see
Methods). In these interviews, only 24% of the persons
responsible for the storage room (pharmacy), and 32% of
the persons responsible for administration of oxytocics
in the maternity wards, reported to have received a
training on storage, distribution and handling of cold
chain medications. Out of 61 interviewed persons, 7
reported that they had observed ineffective oxytocin
(n =5) or ineffective misoprostol (n =2) in their pro-
fessional practice. Notably, only 2 of these 7 stated
that they had notified the authorities (or the sup-
pliers) about this.

Standard Treatment Guidelines (STGs) for oxytocin or
misoprostol were available at 23 (74%) out of the 31 vis-
ited health facilities, and at 66% of the visited maternity
wards. At maternity wards, all interviewed health workers
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Table 1 List of all oxytocin samples collected in the course of this study. Assay values which are out of specification are marked by
“I"_RSD = relative standard deviation; HC = Health Center; CMST = Central Medical Stores Trust

Mean
Stated assay
storage Brand name and | Registe Manf. / (% of Mean RSD Age of
requireme stated red by Expiry | Facility Facility declared RSD pH pH samples
nts Origin manufacturer PMPB* Batch No. Date No.? type Site in facility | content) | Assay | value | value | (months)®
OXYTOCIN 10; 5 | publicHc mate";"y 9.9 |ose%| 42 | 012% 22
Rotexmedica Dec 16/ wari
Germany GmbH no 60670 Dec 19 maternit:
. ity
Arzneimittelwerk 7 public HC ward 100.9 0.45% 4.2 0.42% 22
Oct 16/
OXYTOCIN 6EA03254 Sep 18 56 wholesaler - 101.5 0.36% 4.3 2.14% 15
INJECTION BP; yes Jul 16/
CironDrugs& | pwpayp | 6EB04194 [ “% [ 52 | wholesaler - 1059 [0.42% | 41 [ 0.82% 18
Pharmaceuticals | 388/62 sep17/| 52 | wholesaler - 92.7 1.69% | 45 | 2.38% 8
Pvt. Ltd. 7EA01228
Aug 19 56 | wholesaler - 94.9 051% | 4.4 | 0.16% 8
India | Oxytocin 101U 3 :'Strfc'l mate";'ty 101.7 | 080% | 44 | 2.76% 23
INJECTION BP; Nov 16/ ospita war
Gland Pharma ne EE618X Oct 18 faith: maternity
o o
raec Ltd. 24 based HC ward 100.5 1.20% 4.2 1.08% 23
OXYKOP;
MACIN Nov 16/ s . .
Remedies India no 0T1641 Oct 18 54 wholesaler - 87.4 4.27% 4.0 0.18% 18
Ltd.
4 N
UF5080N ?\;’;ié 26 baf:;hl'* o | storageroom | 1038 | 190%| 37 | 0.41% 33
Aprl6°/ )
UF6010N Mar 19 17 public HC | storage room 100.8 0.60% 3.8 2.45% 21
3 :(')Sst;:tc; mi;:’;'ty 986 |026%| 39 | 0.49% 30
district
Apri6®/ 3 hospital storage room 97.7 1.41% 3.9 0.48% 30
UF6020N Mar 19 P —
6 public HC ward Y 98.1 1.47% 3.9 0.68% 30
14 public HC | storage room 100.0 0.42% 3.9 0.50% 30
OXYTOCIN 10 53 wholesaler - 101.8 131% | 3.7 | 0.50% 21
1U/ml; distri -
’ istrict maternit
Italy Biologici Italia no 4 hospital ward v 102.2 130% | 3.7 | 0.53% 21
Laboratories Apri6’/ district
s.r.l. UF6030N N’I)ar 19 4 hospital storage room 104.3 0.36% 3.8 1.50% 21
faith-
25 based HC storage room 103.1 1.67% 3.8 2.43% 21
district o o
Novi7* 2 hospital storage room 99.2 0.68% 3.9 0.35% 10
UF7010N /0ct20 P
s | publicHc miv‘::';' y 989 |o018%| 39 | 1.40% 10
district maternity
4 0, 0,
UF7020N 78\,3270 2 hospital ward 99.1 0.49% 39 0.73% 10
¢ 9 public HC | storage room 99.0 1.11% 3.9 0.35% 10
1 central maternity 983 |o075%| 43 | 0.46% 34
hospital ward
1 ;s:;rtaa'l mi;‘:’;'ty 969 |042%| 42 | 038% 34
1 lfsgg:taall storage room 95.4 0.49% 4.4 0.67% 34
8 | publicHc ma;:/::';'ty 99 |172%| a1 | 0.62% 33
8 public HC | storage room 92.9 1.94% 4.1 0.49% 33
N . WW-Oxy 10; Yes Jan 16/ . maternity
below 25 °C China Ningbo Pharma PMPB/P 160183 Jan 19 10 public HC ward 92.6 1.94% 4.1 0.80% 33
Biotech Co. Ltd. | L381/16 4
11 | public HC mf;::';“y 925 | 167% | 41 | 1.12% 33
12 | publicHe mi;‘:’;'ty 935 | 234%| a1 | 1.27% 33
13| public HC m?:;:';"y 952 |o09s%| 41 | 0.66% 33
13 public HC | storage room 96.5 0.52% 4.1 1.02% 33
14 | publicHc | Maternity 960 |o049%| a1 | 032% 33
ward
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Table 1 List of all oxytocin samples collected in the course of this study. Assay values which are out of specification are marked by
“I"_RSD = relative standard deviation; HC = Health Center; CMST = Central Medical Stores Trust (Continued)

15 | public HC mi;::';'ty 913 | 1.09% | 40 | 1.09% 12
15 public HC | storage room 90.7 1.13% 39 1.38% 12
16 | public HC m?:::';'ty 914 | 131% | 39 | 1.50% 12
16 public HC | storage room 91.5 0.98% 4.0 1.05% 12
17 | public HC m?:’::';'ty 931 | 1.82%| 39 | 132% 12
18 public HC | storage room 90.9 1.05% 4.0 1.92% 12
20 baf:;hl'* . mﬁ:‘;'w 967 | 145%| 42 | 0.44% 33
faith-
20 based HC storage room 98.7 1.50% 4.2 0.49% 33
2 baf:e'tdhl'_‘ . ma\;z:’;'ty 917 | 191%| 41 | 0.87% 33
faith-
22 based HC storage room 95.9 0.74% 4.2 0.57% 33
23 baf:e'zhl'_l c m?:/::’;'w 945 |o0se%| 41 | 071% 33
faith-
23 | paeiric | storage room 954 | 129%| 41 | 0.70% 33
24 baf:;h;* . ma;/z:’;"y 924 |oea%| 42 | 2.20% 33
faith-
25 based HC storage room 92.5 0.32% 3.9 0.34% 12
27 baf:e'tdhl'_‘ . mit‘::g'ty 923 |os8s%| 39 | 0.86% 12
29 pcr;i\::tce storageroom | 1004 | 0.08% | 41 | 0.43% 33
53 cmsT - 920 |113%] 39 [ 043% 24
53 cMmsT - 949 |o087%| 41 | 0.ss% 28
19 baf:;hl'* c m”;::’;"y 8681 |133%| 40 | 0.48% 26
faith-
19 based HC storage room 86.2! 1.39% 4.1 0.77% 26
21 baf:e'tdh"_‘ . mzx:zltv 89.2° |285%| 42 | 0.98% 26
faith- maternity
| o, o
nogte/| 20| based e . 8641 | 144%| 40 | 1.15% 26
160802 -
Aug 19 faith-
21 based HC storage room 85.2! 1.29% 4.0 1.10% 26
28 pcrl'i"n"’:tce storageroom | 8541 |025%| 4.0 | 0.76% 26
30 pcr;i\::tce ma;/z:’;"y 8541 |098%| 40 | 0.79% 26
55 wholesaler - 89.0° 1.41% 3.9 0.63% 21
170002 | PPV central | rageroom | 1020 | 123% | 25 | 031% 19
Apr 20 hospital
OXYCIN-10; Mayie/
India Sakar Healthcare no 116043 A ?‘118 50 wholesaler - 82.2! 1.83% 3.8 0.81% 20
Pvt.Ltd. P
OXYNIR; 28 private maternity 9.1 |167%| 40 | 0.22% 29
Aculife May16/ clinic ward
Healthcare ne 5860239 Apr 18
ot L P 51 | wholesaler ; 986 |345%| 39 | 0.41% 20
) OXYTOCIN
below30°C | India yes
ow @ | nvecTION BP 10 | pripesp
1U/ml; 1155/7; Feb 18/ o 0
Umedica POM- JA802 Jan 20 56 wholesaler 98.1 1.29% 4.2 1.24% 3
Laboratories 30/06/1
PVT. LTD 4

'PMPB = Pharmacy, Medicine and Poisons Board of Malawi; for registered medicines, the PMPB registration number is given; 2 facility number as listed in Additional File
1; % at time of analysis; * manufacturing date not stated on packaging; information from the websites of MHRA (http://www.mhra.gov.uk) and HPRA (http://www.hpra.
ie/); * assay value out of specification, but deviation from the 90% threshold not statistically significant considering the standard deviation of the measurement

correctly stated that oxytocin for prevention or treatment
of PPH is given “always after delivery of the child”. Further
results from the interviews are summarized in Additional

File 3.

Overview of collected oxytocin samples

Table 1 lists the 65 oxytocin samples collected in the
course of this study. As depicted in Fig. 4, the two most
frequently encountered preparations were a branded
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generic preparation from China labelled for storage at <
25°C (38 samples, three batches), and a generic prepar-
ation from Italy labelled for storage at 2-8°C (14 sam-
ples, six batches). Both were distributed by the
government-operated Central Medical Stores Trust
(CMST) to the public (and partly also faith-based) health
facilities. The remaining 13 samples represented 7 differ-
ent brands (nine batches) from India and from Germany.
Most of these were collected outside of the government
health facilities.

The total shelf life of the samples declared by the
manufacturer varied from 2 to 4years. Only a single
oxytocin sample was expired at time of collection; it was
found in the maternity ward of a private clinic.

Out of the 9 brands collected, only 3 were registered
by the Pharmacy, Medicines and Poisons Board (PMPB)
of Malawi, 6 were not (Table 1).

Chemical analysis of oxytocin samples

Visual inspection showed a surprisingly high number of
spelling errors in the leaflet of the oxytocin brand pro-
duced in China, but otherwise gave no indication of
quality defects or falsification. The content of the oxyto-
cin samples was determined by HPLC and the pH value
was measured, following the procedures of USP 40 (see
Methods). According to USP 40, oxytocin injections
have to contain between 90 and 110% of declared
amount of oxytocin, and to show a pH value between
3.0 and 5.0.

Table 1 shows the pH and assay values determined for
all samples. The pH value was found to be within speci-
fication for all samples. 55 of the 65 samples (85%) also
complied with the specification for the oxytocin content
(Fig. 4). Three samples showed assay values slightly
below 90%, but their deviations from the 90% threshold
were not statistically significant considering the standard
deviation of the measurement. Seven samples (11%)
showed oxytocin contents which were significantly lower
than 90% of the declared content (range 82.2—-86.8%).
One of the seven failed samples was from an Indian
manufacturer, while the other six derived from a single
batch produced by the Chinese manufacturer whose
preparations had already been noted for spelling errors
in the leaflet. Two other batches from that same Chinese
manufacturer were found to be within specification, in-
cluding a batch with a shorter remaining shelf-life than
the failed samples.

The age of the samples at time of analysis (i.e. the time
elapsed after their manufacturing date) varied from three
to 34 months. As shown in Fig. 5, there was no correl-
ation between oxytocin content and age of samples
(r* =0.00024; p =0.90). The mean content of samples
collected from wholesalers was 94.9%, while the mean
content of samples from the storage rooms (pharmacies)
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of health facilities was 96.0%, and from maternity wards
94.7%. Therefore, no relevant differences were observed
between these groups.

As mentioned above, four samples of oxytocin labelled
for storage at 2—8 °C had been found to be incorrectly
stored at ambient temperatures. Nevertheless, all of
these were within specification (98.1-100.8% of declared
content). Seven samples labelled for storage below 25 or
below 30 °C had been found to be stored in the refriger-
ator. Nevertheless, two of these seven samples were out
of specifications.

None of the 23 samples labelled by the manufacturer
for storage at 2-8 °C was found to be out of specifica-
tion. In notable contrast, seven of the 39 samples la-
belled for storage < 25°C failed quality testing, showing
insufficient oxytocin content. Only three samples la-
belled for storage < 30 °C were found in this study, and
none of these failed quality testing.

Notably, all 32 oxytocin samples collected from gov-
ernment health facilities were within specifications. Of
the seven failed samples, four had been collected in
faith-based health centers, two in private clinics, and one
from a wholesaler.

Overview of collected misoprostol samples
Table 2 lists the 30 misoprostol samples collected in the
course of this study. As depicted in Fig. 6, all but one of
these samples were manufactured in India. The most fre-
quently encountered brand was a branded generic prepar-
ation (21 samples, 5 batches) correctly packaged in
aluminium-aluminium blisters and distributed by CMST,
as well as by a private wholesaler. Three further brands
were also correctly packaged in aluminium-aluminium
blisters: one originator brand from the UK (one sample)
and two branded generics from India (3 samples, 2
batches); one of these latter ones represented a WHO-
prequalified product (see Table 2). Another branded gen-
eric from India (3 samples, 1 batch) was incorrectly pack-
aged in aluminium-plastic blisters; it was collected both at
CMST and in a district hospital. One further generic prep-
aration from India (2 samples, 1 batch) was even packaged
in screw-cap PVC bottles containing 100 tablets, offering
no protection of the individual tablets against humidity
once the bottle is opened. Such packaging is grossly inad-
equate for misoprostol tablets. This brand was found in
the pharmacy of the central hospital. The two samples of
this brand (one sealed bottle and one already opened bot-
tle) had just expired in the month before collection, and
had correctly been quarantined by the facility. In view of
the highly unusual packaging, it was decided to collect
and analyse them nevertheless.

None of the other 28 samples was expired. The total
shelf life declared by the manufacturers varied from two
to 3 years.
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Table 2 List of misoprostol samples. Assay and dissolution values which are out of specification are marked by “I". RSD = relative

standard deviation; HC = Health Center; CMST = Central Medical Stores Trust

Mean Mean
assay dissolution
Primary Brand name Registe Manf. / (% of (% of RSD Age of
packagin and stated red by Batch Expiry | Facility Facility Site in declared RSD declared | Dissolu | samples
g Origin manufacturer | PMPB' No. Date No.? type facility content) | Assay content) tion (months)®
Cytotec© 200;
Piramal BNB1341 | Jan 16" . storage o 5 s
UK Healthcare UK no 1 /Dec 18 14 public HC room 97.4 1.47% ) ) 32
Limited
MISOCLEAR; yes
Acme PMPB/ | MCL1801 | Jan 18/ o o
Formulation PL394/ 01 Dec 19 57 wholesaler 102.9 0.84% 101.2 3.64% 4
pvt.Ltd® 1
Oct 16/ faith- storage o o
D1233 Sep 18 23 based HC room 98.1 1.46% 97.7 2.78% 23
faith- storage o 5 5
D1270 2“ 1&/ 3 based HC room 919 6.93% 23
€|
P 52 wholesaler - 95.2 0.30% 93.0 6.12% 15
Alu/Alu 1 central maternity 949 | 1.01% 93.0 5.42% 20
Blister hospital ward
India 1 central storage 940 | 0.21% 90.9 2.26% 20
KONTRAC 200; yes Feb 17/ hospital room
fourrts (India) PMPB/ D2205 district storage
2 . 98.4 0.17% 95.4 2.03% 19
Laboratories | PL299/ Jan 19 hospital room i °
Pvt. Limited 22 istri
3 district storage 984 | 0.37% 97.4 2.09% 19
hospital room
53 CMST - 104.3 0.43% 103.2 1.97% 14
faith- maternity N 5 5
20 based HC ward 95.1 0.72% - - 15
28 private storage 9%6.4 | 0.86% 94.8 3.42% 15
£0571 Jun 17/ clinic room
May 19 32 pharmacy - 96.8 0.26% 91.5 5.26% 15
33 pharmacy - 93.1 0.92% 89.7 3.23% 15
36 pharmacy - 97.0 0.40% 94.1 5.05% 15
52 wholesaler - 100.7 0.82% 99.2 0.98% 10
7| publichc | SoreEe 940 | 197% | 936 | 3.45% 8
21 faith- storage 927 | 0.38% 94.0 4.73% 8
based HC room
Jan1g/ | 31 private storage 9.1 | 195% | 899 | 4.96% 8
E2291 Dec 19 clinic room
34 pharmacy - 97.1 0.88% 93.6 4.89% 8
35 pharmacy - 94.5 0.79% 94.6 3.84% 8
36 pharmacy - 94.2 2.60% 89.9 4.78% 8
37 pharmacy - 93.7 0.80% 92.9 5.16% 8
L-ill 200; 16 | publicHc | MMV L3001 | 524% s s 23
Lincoln Feb 18/ ward
harmaceuticals no 156001 Jan 18
P Ltd 55 wholesaler - 29.7! 4.58% 21.3! 7.45% 23
Mi tol
PVC- soprosto 1 central storage 488" | 2.66% 343 | 37.08% 29
Tablets 200mcg; hospital room
Bottle . Sep 15/
. Centurion no M-0001
with 100 Healthcare Aug 17 central storage
tablets N P 1 . 6 53.0° 0.29% 43.1 17.89% 29
Private Limited hospital room
. district storage
Misoprostol 4 hospital room 13.2! 0.99% 9.2! 9.72% 19
Plastic/ Tablets 200mcg; Jun 16/ e p' -
. 9
Alu swiss no 178 | \ay10| 4 N 'StrfCtl mate";'ty 1341 | 1.78% 951 13.57% 19
Blister parenterals Pvt. ospita warl
Ltd. 53 CMST - 12.7! 1.44% 7.9! 15.13% 19

'PMPB = Pharmacy, Medicine and Poisons Board of Malawi; for registered medicines, the PMPB registration number is given; ? facility number as listed in Additional File
1; 3 at time of analysis; 4 manufacturing date not stated on packaging; information from the websites of HPRA (www.hpra.ie) and emc (www.medicines.org.uk/emc); s
no dissolution testing due to small sample size; © WHO-prequalified finished pharmaceutical product 32, 33]; 7 collected in Sep 17 as open PVC-bottle, analysed in Feb
18; & collected in Sep 17 as sealed PVC-bottle, analysed in Feb 18; ° incomplete information; manufacturer may have won a tender with CMST and may therefore have
undergone accelerated registration
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Out of the six brands collected, only two were regis-
tered by PMPB in Malawi, four were not (Table 2).

Chemical analysis of misoprostol samples

Visual inspection showed the above-mentioned short-
comings of the packaging of several samples, but other-
wise gave no indication of quality defects or falsification.
The content of the misoprostol samples, as well as dis-
solution of the active pharmaceutical ingredient (API),
was determined by HPLC following the procedures of
the International Pharmacopeia 2017 (see Methods). Ac-
cording to the International Pharmacopeia, misoprostol
tablets have to contain between 90 and 110% of the de-
clared content, and at least 80% of the API must dissolve
within 30 min under the conditions described in the
pharmacopeia.

Table 2 shows the assay and dissolution values deter-
mined for all samples. 23 of the 30 samples (77%) com-
plied with the specification for the misoprostol content
(Fig. 6), and all of these also complied with the specifica-
tion for dissolution. Notably, all compliant samples were
packaged in aluminium-aluminium blisters.

In contrast, both samples of the brand packaged in
PVC bottles and all three samples of the brand packaged
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in plastic-aluminium blisters were found to be extremely
out of specification, but also one brand packaged cor-
rectly in aluminium-aluminium blisters (Table 2).

The brand packaged in PVC bottles contained only
53.0% (sealed bottle) and 48.8% (opened bottle) of the
declared misoprostol content. Especially the tablets in
the opened bottle also showed poor dissolution (34.3%
of the declared content), with an extremely high stand-
ard deviation between the individual tested tablets
(Table 2). This suggests that the quality of the tablets
had been severely affected by (unequal) exposure to hu-
midity. Since these tablets were expired at the time of
analysis, these results do not represent definitive proof
of poor quality before expiry, though it appears very
likely that they had been already out of specification be-
fore reaching their expiry date.

As mentioned, one brand (by Lincoln Pharmaceuticals
Ltd, India) which was packaged in aluminium-
aluminium blisters was nevertheless extremely out of
specification (Table 2), containing only 29.7 or 30.2% of
the declared misoprostol amount.

The worst brand discovered in the course of this study
was manufactured in India by Swiss Parenterals PVT,
Ltd. It was packaged in plastic-aluminium blisters. HPLC

Rotexmedica GmbH

Sakar Healthcare
Pvt.Ltd., India; 1

Ningbo Pharma Biotech

Arzneimittelwerk, Germany; 2

Biologici Italia Laboratories
s.r.l., Italy; 14

Gland Pharma Ltd.,
India; 2

PVT. LTD, India; 1

Ciron Drugs & Pharmaceuticals
Pvt. Ltd., India; 4

Aculife Healthcare
Pvt. Ltd., India; 2

Fig. 4 Assay results of oxytocin samples from different manufacturers

Umedica Laboratories -

* 55 samples (85%) within specification (90-110% of declared content)
* 3 samples ( 5%) slightly below specification (not statistically significant)

‘ Co. Ltd., China; 6

Ningbo Pharma Biotech
_—"  Co.Ltd., China; 2

8 [ MACIN Remedies

India Ltd., India; 1

Ningbo Pharma Biotech
Co. Ltd., China; 30
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analysis revealed a misoprostol content of only 12.7-
13.4% of the declared amount, and only 7.9-9.5% of the
declared content was found to dissolve. Testing of the
extremely substandard misoprostol preparations for re-
lated substances (Additional File 4) showed the typical
degradation products named in Fig. 1. Obviously, it can-
not be decided whether all of the degradation occurred
after manufacturing of the tablets, or whether the tablets
were manufactured using an already partially degraded
APL

The age of the misoprostol samples at time of analysis
was between four and 32 months.

Product recall in Malawi, and closure of the responsible
distributor in the United Kingdom
The extremely substandard misoprostol preparations by
Lincoln Pharmaceuticals Ltd. and Swiss Parenterals PVT
Ltd. were discovered in the first part of this study, by
sample collection in September 2017. As foreseen in the
study protocol, PMPB, CMST and WHO were informed
immediately about this finding. PMPB thereupon issued
a product recall, and CMST discontinued supplying the
substandard misoprostol. In the subsequent main part of
this study, with sample collection in August 2018, no
further substandard misoprostol samples were discov-
ered, indicating that the recall had been effective.

The misoprostol preparation by Swiss Parenterals PVT
Ltd. was labelled as “Distributed by Premiumway
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International. U.K. www.premiumway.co.uk”. Our find-
ing of the poor quality of this preparation was also re-
ported in the electronic newsletter of the initiative “e-
drug” [35]. In August 2018 it was pointed out by the
moderator of that newsletter that, according to the UK
government website Companies House (https://beta.
companieshouse.gov.uk/), the distributor Premiumway
International was located at the same address, and man-
aged by the same directors, as the company Unimed
International Ltd. who had been reported to distribute
poor-quality propofol (an anaesthetic medicine) to the
government of Zambia [36, 37]. In the ensuing corres-
pondence, WHO asked the authors of this paper to send
a sample of the misoprostol tablets distributed by Pre-
miumway International to the British medicine regula-
tory authority (MHRA) for confirmatory analysis. The
precise actions taken subsequently by MHRA have not
been released to the public, but as published on the UK
government website Companies House, both Premium-
way International and Unimed International Ltd. went
into voluntary liquidation on 28. January 2019.

Discussion

The present study showed good availability of oxytocics,
especially of oxytocin, in the health facilities of Malawi.
On the other hand, it revealed widespread problems with
the maintenance of correct medicine storage tempera-
tures. Nevertheless, the majority of the investigated

105 | A
100 |

95 | A

% of declared content

0 10 20

manufacturing date and date of analysis in months

(L[ —

. I
Q@ | )
C) =) m ! Pharmacopeial
8 B e | limits: 90-110%
) i
A l = !
A . i
........... i_._._._.._.,._._ A —
B A ... Wholesaler
m - Storage room
e - Maternity ward
30 40

Age of samples (months)

* within specification (90-110% of declared content)

Fig. 5 Oxytocin content in relation to age and collection site of the samples (n = 65). The age of the sample denotes the time between
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Piramal Healthcare
UK Limited, UK; 1

fourrts (India)
Laboratories Pvt.
Limited, India; 21

but expired at time of analysis

Fig. 6 Assay results of misoprostol samples from different manufacturers
.

Lincoln pharmaceuticals

*

* 23 samples (77 %): within specification (90-110% of declared content)
 5samples (17 %): extreme deviation (13% - 30 % of declared content)
 2samples ( 7 %): extreme deviation (48 % - 53 % of declared content),

Ltd., India; 2

swiss parenterals Pvt.
Ltd., India; 3

Centurion Healthcare
Private Limited, India; 2

Acme Formulation
Pvt.Ltd, India; 1

oxytocics showed good quality. However, 11% of the
oxytocin samples showed moderate deviations from spe-
cification (containing 82.2-86.8% of the declared
amount of the API), and 17% of the misoprostol samples
even showed extreme deviations (containing only 12.7—
30.2% of the declared amount of API). The latter finding
represents a serious risk to patient safety in maternal
health care. Notably, both national and international au-
thorities reacted swiftly and correctly to this finding.

The excellent oxytocin availability in the investigated
government and faith-based health facilities is an im-
portant contribution to the attainment of the SDGs, es-
pecially to the reduction of global maternal mortality.
Our finding is consistent with data from the Malawi Ser-
vice Provision Assessment 2013—14, according to which
95% of the facilities (hospitals, health centers, clinics,
dispensaries, health posts) which offered delivery ser-
vices had oxytocin available [38].

Nearly half of the oxytocin and misoprostol samples
collected in this study were labelled for storage below

25 °C. Using temperature loggers which automatically re-
corded the storage temperatures over approximately 4
months, our study clearly proved that this storage re-
quirement cannot be complied with in many health fa-
cilities in Malawi. Improvements in the construction of
storage rooms may reduce this problem, but air condi-
tioning is most likely not an economically and practically
feasible solution in rural health facilities of a low-income
country such as Malawi. One feasible solution may be
the procurement of medicines which have been proven
to be stable at storage temperatures of up to 30°C, as
recommended by WHO for very hot countries (climatic
zones III and IVA/IVB) but currently not for Malawi
[39]. We recorded mean kinetic temperatures even
higher than 30°C in four health facilities in Malawi
(Additional File 1). However, the 30°C threshold was
only exceeded by small margins (measured MKTs: 30.1,
30.2, 30.2 and 31.0°C), and the period of our measure-
ments (August/September until December) included the
hottest season in Malawi.
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Many currently available oxytocin preparations are la-
belled for storage at 2—8°C. Just as previous studies in
other countries [16, 40], our investigation showed that
this storage temperature could not be reliably main-
tained in several health facilities in Malawi. Reasons for
this included lack of refrigerators, frequent power fail-
ures, and lack of back-up generators or solar panels in
many facilities. In this situation, it appears tempting to
replace the oxytocin brands requiring storage at 2-8 °C
by preparations labelled for storage at higher tempera-
tures, or even by misoprostol tablets which do not re-
quire refrigeration. Unfortunately, our study suggests
that this strategy does not offer a straightforward and re-
liable solution of the problem. Notably, all collected oxy-
tocin samples labelled for storage at 2—8 °C were found
to be within specifications, even when incorrectly stored
in the health facility. In sharp contrast, 18% of the oxyto-
cin preparations labelled for storage below 25°C were
found to be out of specification. A heat stable formula-
tion of carbetocin, an oxytocin analogue, has just re-
cently been added to the 2019 Model List of Essential
Medicines of the World Health Organisation (WHO)
and may become an alternative to other oxytocics [41].
However, it is not yet included into the Malawi Essential
Medicines List, and we did not encounter any carbetocin
samples in the course of our study.

In this study, only a small number of different oxyto-
cin brands was found and investigated, therefore a
generalization of the present results to the global situ-
ation may not be possible. But clearly, the present study
shows an urgent need to reconfirm the stability claims
of oxytocin preparations labelled for room temperature
storage. Furthermore, it shows the importance of the
procurement of good quality medicines from reliable
manufacturers. This applies not only to oxytocin but
even more to misoprostol, of which at least two ex-
tremely substandard brands were found in circulation in
Malawi.

One option to ensure good quality is to restrict pro-
curement to WHO-prequalified medicines [32, 33] and
medicines produced in countries with a stringent regula-
tory authority (SRA) [42]. Of the 95 oxytocin and miso-
prostol samples collected in the present study, one
(Misoclear®) represented a WHO-prequalified product
and 17 were manufactured in countries with an SRA.
Notably, none of these 18 samples was out of specifica-
tion. On the other hand, also 5 brands of oxytocin and
misoprostol manufactured in countries without an SRA,
and not prequalified by WHO, comprised no samples
which were out of specification. This demonstrates the
importance of supplier prequalification in medicine pro-
curement. The Medical Abortion Commodities Database
(www.medab.org) has listed misoprostol products likely
to be of good quality, as well as information on their
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availability. Of the six misoprostol preparations investi-
gated in this study, two are listed in this database, and
indeed these were found to be of good quality (i.e. within
compendial specifications).

As mentioned above, the total number of different
oxytocic preparations encountered in this study was
small (9 oxytocin brands, 6 misoprostol brands). This
may be a reflection of the small market size of Malawi
and the resulting reluctance of manufacturers and inter-
national distributors to engage in medicine sales in this
country. Unfortunately, this reluctance may severely re-
strict the possibilities to procure affordable, good-quality
medicines. In spite of the above-mentioned problems,
11% of oxytocin samples investigated in this study were
out of specification, much less than the 57.5% out-of-
specification rate of oxytocin samples collected in Africa
reported in a review of studies from 15 LMICs [20], and
also than the 74.2% reported from a study in Nigeria
[16]. In the latter study, all oxytocin samples were tested
for identity, assay, pH value, sterility, and fill volume; all
failing samples failed due to the assay values, while no
samples failed in any of the other criteria [16].

All oxytocin samples collected in government health
facilities in Malawi were of good quality, and the Malawi
public health services deserve praise for this achieve-
ment, despite the observed problems with the quality of
some misoprostol preparations.

The seven failing oxytocin samples showed API con-
tents between 82.2 and 86.8% of the declared content.
Following the terminology of an authoritative WHO
study on medicine quality [29], we classified these as
“moderate deviations” and marked them in Fig. 4 in yel-
low colour. Even moderate deviations from medicine
specifications are not acceptable and need to be ruled
out by appropriate measures. Nevertheless, the risk to
patient safety posed by these oxytocin preparations is
probably limited. However, this situation is clearly differ-
ent for the five extremely substandard misoprostol prep-
arations identified in this study, which are marked in red
in Fig. 6. They contained only 12.7-30.2% of the de-
clared content of misoprostol, and treatment failures will
result from such extremely substandard medicines.

Misoprostol is an exceptionally instable API, and mi-
soprostol tablets must therefore be produced compe-
tently using appropriate stabilizing agents. To improve
misoprostol stability, a 1% dispersion of the API in
hydroxypropylmethylcellulose (HPMC) is usually used
[18, 43, 44]. Furthermore, a recent publication in WHO
Drug Information [11] clearly demonstrated the supreme
importance of aluminium-aluminium blisters for pack-
aging of misoprostol tablets and for their protection
from humidity. However, our finding of a misoprostol
brand using plastic-aluminium blisters, and even of a
brand using a PVC bottle with no individual blistering of
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the tablets, shows that this information is not yet suffi-
ciently applied in misoprostol manufacturing and pro-
curement practice.

Conclusions

The availability of oxytocin in the four investigated dis-
tricts of Malawi was found to be very good, and its qual-
ity was notably better than reported in previous studies
carried out in other LMICs. However, storage conditions
for oxytocin and misoprostol at the health facilities often
did not meet the requirements stated by the manufac-
turers on the labels. The observed occurrence of sub-
standard oxytocics apparently resulted both from
shortcomings in the manufacturing process, including
inappropriate formulation and packaging, and from de-
terioration during storage, accelerated by inappropriate
storage conditions. Yet, this small study could not supply
evidence at which part of the supply chain deterioration
primarily occurs. Extremely substandard misoprostol
tablets were found which represented a serious risk to
maternal health. This shows the need for continued ef-
forts for quality assurance in medicine procurement and
registration, as well as for post-marketing surveillance
within a functioning pharmacovigilance system. The case
of the extremely substandard misoprostol tablets also
highlights the importance of the immediate reporting of
substandard medicines to national authorities, inter-
national stakeholder and the medical community, for a
further improvement of patient safety within the country
and worldwide.
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PARTICIPANT INFORMATION LEAFLET AND CONSENT FORM (COPY FOR INVESTIGATOR)

Title of the research project: A survey on quality, availability and knowledge of rational use
and storage requirements of oxytocics in Malawi.

Principal investigator:

Felix Khuluza, Pharmacy Department, College of Medicine, University of Malawi
Private Bag 360, Chichiri, Blantyre 3, Malawi

Tel. Secretariat +265 (0) 187 4107; www.medcol.mw

Mobile: +265 (0)999 289874

Email: fkhuluza@medcol.mw or fkhuluza@cartafrica.org

Nhomsai Hagen, Pharmaceutical Institute, University of Tuebingen, Auf der Morgenstelle 8,
72076 Tuebingen, Germany; Tel. Secretariat: +49 (0)7071 2972460; www.uni-tuebingen.de
Email: Nhomsai.hagen@uni-tuebingen.de

You are being invited to take part in the survey as titled above. Please take some time to
read the information presented here, which will explain the details of this survey. Please ask
the study staff any questions about any part of this project that you do not fully understand.
It is very important that you are fully satisfied that you clearly understand what this research
entails and how you could be involved. Also, your participation is entirely voluntary and you
are free to decline to participate. If you say no, this will not affect you negatively in any way
whatsoever. You are also free to withdraw from the study at any point, even if you do agree
to take part.

This study has been approved by the College of Medicine Research and Ethics Committee
and will be conducted according to the ethical guidelines and principles of the
international Declaration of Helsinki, Malawi Guidelines for Good Clinical Practice.

What is this research study all about?

» This study will be conducted in various districts in Malawi

» The aim of the study is to investigate quality, availability and knowledge of rational
use and storage requirements of oxytocics at different points of care and different
points of the supply chain in Malawi

Why have you been invited to participate?

> You have been asked to participate in this study because you are involved in
distribution and / or administration of oxytocics and your knowledge and
experience in this area will help in collecting vital information for this study.

What will your responsibilities be?

> Your responsibility is to provide samples of oxytocics and all information that you
know on the questions asked, as honestly and as openly as you can.



> To investigate storage conditions of oxytocics, we will place single-use temperature
loggers where you store oxytocin and misoprostol, which will be re-collected after
three months. Please ensure, that these loggers are not moved during these three

months.

Will you benefit from taking part in this research?

> The benefits of participating in this study is that the data will help policy makers on
possible ways of improving quality and availability of oxytocics in the country as
such you will not directly benefit.

Are there any risks involved in yoUr taking part in this research?

» There are no risks in taking part in this research and all participants’ names and
places will be kept confidential, nor will they be published.

if you do not agree to take part, what aiternatives do you have?

> You are free to decline to take part in this study. Nothing will happen to you if you
decide to decline. You can also decide to decline parts of the study (e.g. placing
temperature loggers) '

Who will have access to the records of the data?

> The data will be kept confidential. Only the investigator in this study will have
access to the data. When the data is published, we will not use names or any other
information that may lead to readers identifying you.

> Results will be presented to you via a letter to your DHO, before being made
available to any other party or to the public or being published in reputable
journals.

Will you be paid to take part in this study and are there any costs involved?

> No you will not be paid to take part in the study. There will be no costs involved for
you, if you do take part. The samples you provide will be replaced or paid for.

Is there anything else that you should know or do?

> You can contact Pl at tel: 0999289874 if you have any further queries or encounter
any problems.

> You can contact the Secretariat of College of Medicine Research and Ethics
Committee at 0111871 911 if you have any concerns or complaints that have not
been adequately addressed by the study staff.

> You will receive a copy of this information and consent form for your own records.



Declaration by participant

By signing b
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requirements of oxytocics in Malawi.
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| declare that:

e | have read or had read to me this information and consent form and it is written in a
language with which | am fluent and comfortable.

® | have had a chance to ask questions and all my questions have been adequately
answered.

e | understand that taking part in this study is voluntary and | have not been
pressurized to take part.

* | may choose to leave the study at any time and will not be penalized or prejudiced in

any way.

Signed at (place) .......cccoeuveeuveveceennnen. s O [BAEE] wissssismsnsimnsanamsne 2018.

Signature of participant

Declaration by investigator

e |encouraged him/her to ask questions and took adequate time to answer them.

o |am satisfied that he/she adequately understands all aspects of the research, as
discussed above and that his/her participation is voluntary

e | did not use an interpreter.

Signed at (p/ace) ....ccceeeevevvieiceee e, Ol {HALe) comswsverimminminismnse 2018.

Signature of investigator
Further queries should be addressed to:

The Chairperson

College of Medicine Research and Ethics Committee (COMREC)
Private Bag 360, Chichiri, Blantyre 3

Tel: + 265 (0) 1871 911



Additional File 3: Results from Interviews

1) Stockout times of oxytocin and misoprostol at health facilities in the last 6 months

Oxytocin Misoprostol
No stock outs — No stock outs FESESE—_——E—
<1 weekm™ <1 week
<1 month === <1 month
>1 month >1 month m
No information m No information m
Do not stock g Do not stock s =
E B “ = “ o 2 1 6 8 10 12 14 16 18 20
m district / central hospital m public health center faith-based health center
n=4 n=14 n=9
W private clinic pharmacy n=6

n=4

In case of public and faith-based health facilities and private clinics, this information was verified by
inspecting the stock cards for the respective medicines. n= number of facilities.



2) Availability of Standard Operating Procedures (SOPs) for (oxytocic) storage

Availability of SOP for storage of medicines
pharmacy / storage room (n=33)

no information
no I
yes NS

0 5 10 15 20

B central/district hospital M public health center
m faith-based health center W private clinic

pharmacy

Availability of SOP for storage of medicines
maternity ward (n=28)

no information [T
no | .
ves NN

0 5 10 15 20

M central/district hospital M public health center

m faith-based health center M private clinic

Specific SOPs just for the storage of oxytocin or misoprostol were not available at any health facility
/pharmacy.



3) Profession / training level of person responsible for oxytocics / who administers oxytocics

Training level pharmacy / storage room (n= 33)

no information

lower / other education
pharmacy attendant
pharmacy assistant
pharmacy technician

pharmacist
0 2 4 6 8 10 12 14 16
M central/district hospital B public health center
m faith-based health center M private clinic
pharmacy

Training level maternity ward (n= 28)
lower / other education ¥
nurse | .
pharmaceutical background

0 5 10 15 20 25 30
W central/district hospital M public health center

m faith-based health center M private clinic



4) Work experience of person responsible for oxytocics / who administers oxytocics

Work experience maternity ward (n=28)

more than 12 years
8-12 years

4-7 years

1-3 years

less than 1 year

(=

2 4 6 8 10

W central/district hospital ™ public health center

M faith-based health center W private clinic

Work experience pharmacy / storage room (n=33)

no information
more than 12 years
8-12 years

4-7 years

1-3 years

less than 1 year

o

2 4 6 8 10 12
W central/district hospital M public health center
m faith-based health center W private clinic

pharmacy



5) Storage of misoprostol

How should misoprostol be stored (facilities who stock
misoprostol, n=18)

in alu blisters |G

at a dry place, atroom temperature, in alu
blisters [

atadry place, atroom temperature |
atadryplace |
at room temperature |

Question as multiple choice. The importance of aluminium /aluminium blisters as primary packaging
is not well known (only 3 out of 18 ticked “in aluminium / aluminium blisters”); n= 18 (12 health
facilites + 6 pharmacies)

6) At what time do you switch off the fridge in the facility?

One health worker from a public health center ticked “in the evening” on the question “at what time
do you switch of the fridge in the facility?”. One health worker from a faith-based health center
ticked “over the weekend” when asked this question. All other health worker ticked “never switched
off”.

7) When do you give misoprostol do prevent / treat PPH? Multiple answers possible

When do you give misoprostol to prevent/treat
PPH? Multiple answers possible! (n=12)

m if oxytocin is not available /home delivery planned
m if oxytocin is not working
® to induce labour

N. det.

Answers of all 12 health facilities, who stock misoprostol. N.det.: not determined.



8) Numbers of deliveries at health facilities, and PPH rates

number of % reported
Type of | Facility | deliveriesinthe | PPH/deliveries last 6 have N° of deliveries increased
facility | number last 6 months months /decreased?
central 1 6768 N.det. decreased
hospital
o 2 2130 3.38 NA (person new at facility)
district -
. 3 780 1.58 increased
hospital -
4 3847 0.94 increased
5 260 0.38 N.det.
6 N.det. N.det. N.det.
7 1455 1.24 increased
8 1680 0.36 increased
9 520 N.det. increased
10 203 0.99 increased
public - :
health 11 30 33.3 varies with months
ea
12 318 3.1 increased
center
13 141 0 N.det.
14 620 N.det. increased
15 330 3.3 increased
16 540 1.1 N.det.
17 59 3.39 varies with months
18 N.det. N.det. N.det.
19 N.det. N.det. N.det.
20 1293 1.47 increased
. 21 1800 1.3 increased
:)a'th(; 22 78 3.85 decreased
ase 23 220 0.9 decreased
health
center 24 290 6.21 decreased
25 23 0 increased
26 32 6.25 increased
27 241 0.83 increased
28 15 0 neither
private 29 7 0 decreased
clinic 30 92 0 N.det.
31 no delivery services

N.det: not determined. PPH: Post-partum haemorrhage




As reasons for increased numbers of deliveries were mentioned:

e Lack of familiy planning (n=8)

e Increased teenage pregnancies (n=2)

e People prefer delivering in health center rather than at home (n=3)
e Closing of nearby health center (n=1)

As reasons for decreased numbers of deliveries were mentioned:

e  Successful family planning campaign (n=2)

e Women are referred to district hospitals due to birth complications (n=1)
e Expensive, people prefer public health center (n=1, private clinic)

e NA(n=1)
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Additional File 4: Related substances chromatogram of Misoprostol Tablets 200mcg by swiss
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Chromatographic conditions according to Kahsay et al. 2015 (Ref. 28):

HPLC: Agilent Infinity 1260 I

Column: Dr. Maisch ReproSil-XR 120 C18, 5um, 150mm x 4,6 mm with guard

Mobile phase A: ACN-H>0-MeOH, 28:69:3 (v/v/v); mobile phase B: ACN-H,0-MeOH, 47:50:3 (v/v/v)
Gradient (time [min]/%B): 0/0, 5/0 to 15/35, 20/35 to 25/95, 30/95 to 32/0, 35/0

Flow rate: 1.5ml/min; UV detection: 200nm

Column oven: 35°C. Samples in refrigerated autosampler at 4°C

Injection volumes: 200 ul (sample, 0.4mg/ml), 50 ul (reference, 2mg/ml)

Misoprostol Ph.Eur. reference standard (batch N° 3.0) was dissolved in ACN-H,0 45:55 (v/v) at a

concentration of 2mg/ml. For forced thermal degradation, this solution was placed for 1h in an oven
at 80 °C.

Sample solution was prepared as described in Kahsay et. al., using 3 tablets per sample.
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Stability of Oxytocin Preparations in Malawi and Rwanda: Stabilizing Effect of Chlorobutanol

Nhomsai Hagen,! Thomas Bizimana,? Pierre Claver Kayumba,® Felix Khuluza,* and Lutz Heide'*

'Pharmaceutical institute, Eberhard Karls University Tiibingen, Ttibingen, Germany; 2School of Medicine and Pharmacy, College of Medicine and
Heaith Sciences, University of Rwanda, Kigali, Rwanda; 3East African Community Regional Centre of Excellence for Vaccines, Immunizations and
Health Supply Chain Management (EAC RCE-VIHSCM), University of Rwanda, Kigali, Rwanda; *Pharmacy Department, College of Medicine,

University of Malawi, Blantyre, Malawi

Abstract. Oxytocin is used for the prevention and treatment of postpartum hemorrhage, the leading cause of maternal
mortality in low- and middle-income countries. Because of the high instability of oxytocin, most products are labeled for
storage at 2-8°C. Some other products are on the market which are labeled for non-refrigerated storage, but independent
evaluations of their stability hardly exist. In the present study, seven brands (nine batches) of oxytocin were purchased
from wholesalers and medical stores in Malawi and Rwanda and investigated by accelerated stability testing according to
the ICH/WHO guidelines. Two oxytocin brands approved by a stringent regulatory authority (SRA) or by the WHO
Prequalification of Medicines program and purchased in Europe were used as comparison. All investigated brands which
were either produced in countries with SRAs, or were WHO-prequalified products, were labeled for storage at 2-8°C, and
all of them passed stability testing with very good results. Even exposure to 25°C or 30°C for several months hardly
affected their oxytocin content. However, two other investigated brands were labeled for non-refrigerated storage, and
both of them had been produced in countries without SRAs. These two preparations showed not higher but lower stability
than the brands labeled for storage at 2-8°C, and, for both of them, noncompliance with pharmacopoeial specifications
was found after accelerated stability testing. At 40°C, and in forced degradation studies at 80°C, chlorobutanol showed a
remarkable stabilizing effect on oxytocin, which may deserve further investigation. The results of the present study

support the policy “Buy Quality Oxytocin, Keep It Cool.”

INTRODUCTION

Oxytocin is listed in the essential medicines list of the
WHO' and is used for the prevention and treatment of
postpartum hemorrhage (PPH).2 Postpartum hemorrhage
is the leading cause of maternal mortality in low-income
countries.? One of the sustainable development goals of the
United Nations is “to reduce the global maternal mortality
ratio to less than 70 per 100,000 live births by 2030.”% To
achieve this, prevention and treatment of PPH with oxytocin
is an essential step.

Several previous studies have shown that the quality of
oxytocin, especially in low- and middle-income countries
(LMICs), is often poor.*~"® This may result from poor manufacturing
(e.g., inappropriate formulation or packaging), from poor
storage and/or transportation conditions, or from a combi-
nation of these factors. The nonapeptide oxytocin is known
to be very sensitive to high temperatures.* 47 The typical
degradation mechanisms are shown in Figure 1. If oxytocin
is not stored properly, thenit may loseits potency, which can
result in higher mortality rates of PPH.

Most of the currently marketed oxytocin products have to
be stored at 2-8°C according to the labeling information.
Maintaining this storage temperature can present a challenge,
especially in rural health facilities in LMICs.®%'3181% Seyeral
oxytocin preparations are now on the market which are la-
beled for non-refrigerated storage. However, according to a
report of the Reproductive Health Supplies Commission, there
are nearly 300 different oxytocin products, offered by at least
100 manufacturers, and there is considerable confusion about
the storage and labeling requirements for these.?° Similar
concerns were raised by the WHO in a report on the quality of
medicines for maternal and child health, which concluded for

*Address correspondence to Lutz Heide, Pharmaceutical Institute,
Eberhard Karls University TUbingen, Auf der Morgenstelle 8, Tibingen
72076, Germany. E-mail: heide@uni-tuebingen.de

2129

oxytocininjections: “It would be useful to verify to which extent
manufacturers’ instructions for higher storage temperatures
were based on reliable stability studies.”’ The Promoting the
Quality of Medicine Program of the U.S. Pharmacopeia stated
a need to conduct “systematic stability studies [...] in accor-
dance with the ICH guidelines [.. ], to reassess the specifi-
cations for storage and shelf life of oxytocin injections.”? It
was with these recommendations in mind that we decided to
investigate the stability of selected oxytocin preparation
according to the ICH guidelines (see Methods).

The stability of pharmaceutical products must be in-
vestigated and documented by the manufacturers, and
National Medicines Regulatory Authorities (NMRAs) usually
do not confirm these data independently. Countries with the
so-called stringent regulatory authorities (SRAs) are usually
trusted to ensure complete and correct stability testing by the
manufacturers. Stringent regulatory authorities are NMRAs
who are members, observers, or associates of the Inter-
national Council of Harmonization of Technical Requirements
for Registration of Pharmaceuticals for Human Use (ICH) and
currently comprise the national regulatory authorities of the
EU member states, the United States, Japan, Switzerland,
Canada, Australia, lceland, Liechtenstein, and Norway.?? In
addition, the WHO prequalification of medicines program
(now called “WHO Prequalification Team: medicines”) pre-
qualifies finished pharmaceutical products for certain indica-
tions, including reproductive and maternal health, based on
information submitted by manufacturers and on inspections of
the corresponding manufacturing sites.2%24

However, many medicines circulating in LMICs are neither
approved by a stringent regulatory authority (SRA) nor WHO
prequalified. National regulatory authorities of LMICs often
have only limited capacity for independent evaluation and
analysis®®?® and need to rely on manufacturers’ data when
registering medical products. Independent scientific confir-
mations of manufacturers’ claims, for example, on heat-
stability of oxytocin preparations, are therefore important.
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Ficure 1.  Structure of oxytocin and its typical degradation mech-
anisms. Modified from Avanti et al.3° This figure appears in color at
www.ajtmh.org.

The ICH has formulated guidelines for stability testing of
pharmaceutical products (Q1A-Q1F).2” Testing a product’s
stability over its entire shelf life is very time consuming;
therefore, accelerated stability studies for a shorter time, but at
higher temperature and relative humidity (RH), are permissible
and are frequently used for the prediction of shelf life and
storage requirements. The precise conditions for accelerated
stability studies depend on the intended storage recommen-
dation, as well as on the climatic zone of the country where the
medicine will be registered, as specified by the ICH?® and by
the WHO?? guidelines. Malawi is currently assigned to WHO
climatic zone Il (subtropical and Mediterranean) and Rwanda
to zone IVa (hot and humid).?®

The so-called forced degradation studies®® are carried out
at even higher temperatures. They were used in the current
study to investigate the influence of excipients such as buffers
and the widely used bacteriostatic agent chlorobutanol on the
stability of oxytocin.

MATERIALS AND METHODS

Study design and ethical approval. This study followed
the WHO guidelines on the conduct of surveys of the quality of
medicines®! and the MEDQUARG guidelines,>? where appli-
cable. Ethical clearance to conduct this study was received
from the College of Medicine Research and Ethics Committee
in Malawi (Reference no. P.07/27/2215). Approval was also
granted by the Malawi National Regulatory Agency (Phar-
macy, Medicines and Poisons Board [PMPB]), as well as by
the Ministry of Health, Rwanda (Reference no. 20/1361/
DGPHFIS/2018).

TaBLE 1

Sample collection. In Malawi and Rwanda, all brands
of oxytocin available during the time of sample collection
(February-March 2018) at government and faith-based medical
stores (i.e., at the Central Medical Stores Trust in Malawi, the
Rwanda Biomedical Center/Medical Production, Procurement
and Distribution Division of Rwanda, and the Bureau des For-
mations Médicales Agréées du Rwanda in Rwanda) and fromall
pharmaceutical wholesalers located in Blantyre and Lilongwe
(Malawi) and in Kigali (Rwanda) were purchased by local re-
searchers (F. K. and T. B.). For comparison, additional samples
were purchased from the pharmacy of the university hospital in
TUbingen, Germany, and from an international wholesaler
(Imres B.V., Lelystad, The Netherlands). A mystery shopper
approach was used when ordering from commercial whole-
salers. An overt approach was used when samples were col-
lected in person from government or faith-based medical
stores. For each brand, 100 vials of oxytocin were purchased. If
different batches of a certain brand were available, then sam-
ples from each batch were purchased. After purchase, samples
were stored according to the manufacturers’ specifications,
and temperature loggers were kept with all samples until their
placement in stability chambers. Samples were hand-carried by
the investigators from Malawi or Rwanda to Germany via air-
plane, with traveling time of less than 24 hours. At the Phar-
maceutical Institute of Tlbingen University, samples were
pretested for assay and pH according to the U.S. Pharmaco-
peia. All samples that were within specifications at the time of
pretesting were included into the stability study.

Storage in stability chambers. Samples were stored in
four different stability chambers (Table 1) for 6 months
(April-October 2018) at Alpha-Pharma-Service GmbH, Heil-
bronn, Germany. Conditions were chosen in accordance with
the ICH and WHO guidelines for stability testing of pharma-
ceutical products.?2:28 At different time points (months 0, 1, 2,
3, and 6), samples were withdrawn from the chambers and
analyzed at the Pharmaceutical Institute at Tibingen Univer-
sity, Germany.

Sample analysis. At the Pharmaceutical Institute of TUbin-
gen University, Germany, samples were visually inspected,
and tested for identity, assay, and pH value according to the
monograph of the U.S. Pharmacopoeia (USP 40, oxytocin in-
jections). Methods were validated according to USP 40. Analysis
was conducted via high-performance liquid chromatography
(HPLC, Agilent Infinity 1260 Il with a binary pump, a variable
wavelength detector, a refrigerated autosampler, and an in-
tegrated column compartment; Agilent Technologies, Santa
Clara, CA). Solvents were HPLC grade.

For analysis, a gradient system of mobile phase A (0.1 M
NaH,PQO, buffer) and mobile phase B (ACN: H,0 1:1 V/V) with

Conditions for accelerated stability testing and controls

ICH/WHO* stability testing conditions

Temperature (°C) Relative humidity (%)

For refrigerated products

For non-refrigerated products

5+3 n. def. Long term -
25+2 60+5 Accelerated Long term, zone Il
302 65+5 Accelerated, more severe* Long term*, zone IVa, intermediate
40+2 75+5 - Accelerated

n. def. = not defined. According to the ICH/WHO,???® long-term testing should cover the proposed shelf life or a minimum of 12 months at the time of submission. Stability testing

under accelerated or intermediate conditions should cover a minimum of 6 months.

*In addition to the conditions listed in the ICH guidelines, the WHO guidelines list also more severe conditions for products that are intended to be marketed in climatic zones III-IV. Malawi is

assigned to climatic zone Il and Rwanda to climatic zone IVa.?®
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the following gradient was used: 0 minutes, 30% B; 10 min-
utes, 40% B; 17.5 minutes, 65% B; 20.5 minutes, 65% B; 23.5
minutes, 30% B; 26 minutes, 30% B; flow rate, 1.5 mL/minute;
injection volume, 70 uL; column with guard from Dr. Maisch
GmbH, Ammerbuch, Germany (Reprospher 100: 12.5 cm x
4.6 mm, 5 ym C18); and detection at 220 nm. The U.S. Phar-
macopoeia Reference Standard (batch N° F3K133) was
obtained from Merck KGaA, Darmstadt, Germany. pH values
were tested with a pH-combination microelectrode (N 6000
BNC) from Sl Analytics GmbH, Mainz, Germany. From each
sample, three vials were analyzed.

Five-point calibration curves were prepared at each time point
(i-e., months O, 1, 2, 3, and 6) to assure linearity. Intermediate
precision®® was calculated from the data of the calibration curves
of the reference standards, which showed relative SDs (RSDs)
of less than 2.1% for the reference solution corresponding to
100% of the declared content (Supplemental Table S3).

Forced degradation study. Both the ICH and WHO guide-
lines mention forced degradation studies (sometimes referred to
as stress testing); however, they do not fix specific conditions
under which forced degradation studies should be performed. In
the present study, the conditions described by Blessy et al.>° in
2013 were used. The commercial preparations of oxytocin were
investigated in their original glass vials, and the commercial
preparation of oxytocin from Hexal with added chlorobutanol
(5 and 1.5 mg/mL) was investigated in tightly sealed flasks.
Furthermore, solutions prepared from solid synthetic oxyto-
cin (Sigma-Aldrich/Merck, Taufkirchen, Germany; Batch N°
103H05241; purity > 97% by HPLC), in a concentration of 10
IU/mL in either distilled water or 0.2 M sodium acetate buffer
pH 4.6, both either with or without addition of chlorobutanol
(1.5 or 5 mg/mL), were prepared and investigated. All samples
were stored for 5 days at 80°C. After 24, 72, and 120 hours, one
sample of each formulation was removed from the heat cham-
ber and stored at 4°C until analysis. For each formulation, a
sample stored at 4°C was used as control. Analysis was carried
out as described previously.

Registration status of medicine brands. The PMPB of
Malawi was contacted to inquire the registration status of the
medicines collected in Malawi. For the preparations by Ningbo
Pharma Biotech Co. Ltd., Ningbo, Zhejiang, China, Umedica
Laboratories Pvt. Ltd., Mumbai, India, and Ciron Drugs & Phar-
maceuticals Pvt. Ltd., Mumbai, India, it was confirmed that they
were registered, but registration could not be confirmed for the
product by Biologici ltalia Laboratories S.r.l., Masate, ltaly. The
Rwanda Food and Drug Authority (RFDA) was contacted to in-
quire the registration status of the medicines collected in
Rwanda. However, the RFDA’s process of full registration of
medicines had not yet been in effect at the time of sample col-
lection. It could not be confirmed which of the collected prepa-
rations were preregistered according to the previous procedures.

The preparations of Biologici ltalia Laboratorie S.r.l., of
Rotexmedica GmbH, Trittau, Germany and of AS Grindeks,
Riga, Latvia, were also registered in European countries, as
was the preparation of Hexal AG, Holzkirchen, Germany. How-
ever, no oxytocin preparation by Laboratoires Sterop, Brussels,
Belgium, was found in the medicine registers of the European
Heads of Medicines Agencies (https://mri.cts-mrp.eu/Humany/)
and in the national medicines register of Belgium (https://
banquededonneesmedicaments.afmps-fagg.be/#/query/
human/), indicating that the Sterop preparations collected
in Rwanda are manufactured for export only.

Statistical analysis. Statistical evaluation was carried out
using JMP 14.2 (SAS GmbH, Heidelberg, Germany). Signifi-
cance of differences between active pharmaceutical in-
gredient (API) content and pH values at different conditions
and months were calculated using uni- and multivariate
analysis of variance and Student’s t-test.

Information of national authorities and stakeholders.
This article was shared with the PMPB of Malawi, with the
RFDA, and with the WHO Rapid Alert System. In addition, the
results were presented to the PMPB, the Malawi Central
Medical Stores Trust, the Ministry of Health and national and
international stakeholders during a meeting in Lilongwe,
Malawi, on September 4, 2019. First results of this study were
also presentedinalecture by L. H. during avisit to the RFDA on
December 4, 2018.

RESULTS

Overview of investigated oxytocin samples. Nine brands
of oxytocin, that is, five brands in Malawi and four in Rwanda,
were collected. Two of the purchased brands had to be ex-
cluded from the subsequent investigation: oxytocin inj. 5 U/
mL from MACIN Remedies Ltd., Moga, India, collected in
Malawi, was not available in a sufficient amount for stability
testing. Oxytocin inj. 10 IU/mL from Jiangxi Xierkangtai
Pharmaceutical Co. Ltd., Pingxiang, Jiangxi, China, collected
in Rwanda, showed a large peak of an undeclared substance
(later identified as the commonly used preservative benzyl
alcohol®*) in HPLC analysis, which precluded precise quanti-
tative analysis of oxytocin because of lack of baseline sepa-
ration of the closely adjacent HPLC peaks of benzyl alcohol
and oxytocin. Therefore, seven brands collected in Malawi
and Rwanda were included into the subsequent stability
testing. For two of these brands, two different batches were
offered at the time of collection, and, in each case, both
batches were collected and investigated. As a comparison,
two further oxytocin preparations were purchased in Europe:
one preparation which is commonly used in Germany, pur-
chased through the pharmacy of the University Hospital
Tubingen, and one of the two oxytocin preparations which
had been prequalified by the WHO at the time of sample col-
lection; the latter preparation was purchased from the manu-
facturer in Latvia via Imres B.V. because it was not registered
in Germany. A different batch of the latter brand had also been
purchased in Rwanda.

Therefore, as shown in Table 2, eight brands (total 11
batches) were included into the stability testing. Four of these
brands had been produced in Belgium, Germany, or Italy, that
is, in countries with an SRA.22 As mentioned, one further brand
was produced in Latvia and represented a WHO-prequalified
product.®® The other three brands were from India and China,
that is, from countries without an SRA. Six of the eight brands
were labeled for storage at 2-8°C, whereas two brands, pro-
duced in China and India, were labeled for storage “below
25°C” and “not exceeding 30°C,” respectively (Table 2). The
declared shelf life of the different products varied between 2
and 4 years, and all samples remained within their shelf life
during the entire duration of the study. Pretesting for assay
and pH showed that 10 of the 11 samples were clearly within
USP 40 specifications at the beginning of the stability study.
One sample (Ningbo batch no. 160802) showed an assay
value of 89.0%. Given the RSD of this measurement (RSD =
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1.41%; Supplemental Table S1), this deviation from the
pharmacopoeial limits (90-110%) was not statistically signif-
icant (P = 0.236); therefore, this preparation was not classified
as being out of specifications.

Table 2 also shows the stated (or detected) excipients in the
investigated preparations. For optimal stability of oxytocin,
USP 40 specifies that the pH value must be between 3.0 and
5.0. This is usually achieved by the inclusion of, for example,
acetate or citrate buffers.33® For the WHO-prequalified
preparation, and for the four preparations produced in coun-
tries with an SRA, the presence of such buffering substances
was correctly declared on the packaging. According to the
label information, four of these five preparations also con-
tained sodium chloride (usually included for tonicity). For the
Sterop preparation, in addition, the presence of 5 mg/mL of
the bacteriostatic agent chlorobutanol was declared.

In clear contrast, for the three preparations from China and
India, no excipients were stated on their packaging beyond
water for injection (for the Ciron preparation, not even water
was stated). Nevertheless, their pH value was found to be in
the correct range of 3.0-5.0, and remained so during stability
testing, which may indicate the presence of undeclared buff-
ering agents. Furthermore, HPLC analysis showed the (un-
declared) presence of 1.5 and 5.0 mg/mL chlorobutanol in the
preparations by Umedica and Ciron, respectively. Chlor-
obutanol can be readily detected in the HPLC analysis.

Accelerated stability studies of oxytocin. All eight brands
(11 batches) listed in Table 2 were subjected to accelerated
stability testing according to the current WHO guidelines for
stability testing of finished pharmaceutical products.?? Sta-
bility chambers used, operated by a commercial company
specialized in pharmaceutical stability testing, also complied
with the specifications for RH of the WHO guidelines, although
this is not relevant for the investigated oxytocin preparations
which were packaged as aqueous solutions in sealed glass
vials which are considered to be moisture impermeable.??

The evaluation criteria for stability testing are described in full
detail in the mentioned WHO guidelines,?® but may be sum-
marized as follows: pass/fail decisions of accelerated stability
testing are made on the basis of two criteria: 1) for 6 months, the
sample must remain within specification, that is, in the present
study, oxytocin samples still had to show an API content be-
tween 90% and 110% of the declared amount (as specified by
the USP, International Pharmacopeia, and British Pharmaco-
peia), and a pH value between 3.0 and 5.0; 2) no significant
change of the API content must occur within 6 months, that is,
no change of the initial content of the APl by 5% or more.?228

Obviously, the temperature conditions which the oxytocin
preparations must be able to withstand in accelerated stability
testing are related to the storage recommendations which the
manufacturer states on the label?® products labeled for re-
frigerated storage (2-8°C) must demonstrate their stability for
6 months at 25°C or 30°C, and the decision for either of these
two temperatures should be “based on a risk-based evalua-
tion.” As described in the following text, in the present study,
results obtained at 25°C and at 30°C were similar. Products
labeled as “do not store above 25°C,” such as the oxytocin
preparation by Ningbo (Table 2), must demonstrate their sta-
bility for 6 months at 30°C (“intermediate” condition, tested in
case they failed at 40°C). And products labeled as “do not store
above 30°C,” such as the oxytocin preparation by Umedica
(Table 2), must demonstrate their stability for 6 months at 40°C.

Figure 2 shows the oxytocin content of all eight brands lis-
ted in Table 2 after 6 months of storage at 5°C, 25°C, 30°C, or
40°C. Clearly, the WHO-prequalified preparation as well as the
four preparations produced in countries with an SRA passed
this stability test, showing oxytocin contents between 97.4%
and 109.3% of the declared amount after 6 months at 30°C.
Supplemental Table S1 lists the individual assay values de-
termined for each preparation at each time interval (0, 1, 2, 3,
and 6 months); none of the mentioned five brands showed a
significant change of the API content over 6 months at 30°C;
that is, all passed the stability testing also by this criterion.
Supplemental Table S2 shows all pH values determined in this
study. In all five mentioned preparations, the pH value
remained well within specifications, that is, within the 3.0-5.0
range at 30°C.

For the preparation by Ciron, an API content of 89.3% of the
declared amount was determined after 6 months at 30°C.
Given the RSD of this measurement (RSD = 1.55%,
Supplemental Table S1), this deviation from the pharmaco-
poeial limits (90-110%) is not statistically significant (P =
0.459); therefore, this preparation was not classified as failing
stability testing. The change of the API content of this prepa-
ration, and its pH value, was within the permitted limits.

A different picture emerged for the preparations by Ningbo
and Umedica, that is, for the two preparations in this study
which were labeled by their manufacturers as not requiring
refrigerated storage. As immediately obvious from Figure 2,
their stability at 30°C and 40°C was not better but rather lower
than that of the preparations labeled for refrigerated storage.
The product by Umedica was labeled for storage “not ex-
ceeding 30°C” and, by WHO guidelines, therefore had to re-
main within specifications for 6 months at 40°C. It clearly failed
this test, showing a final API content of only 78.0% of the
declared amount, far outside of the 90-110% range specified
by the pharmacopoeias. Furthermore, it showed a21% loss of
its APl content over 6 months at 40°C, grossly exceeding the
permitted 5% change. The preparation by Ningbo was labeled
for storage “below 25°C.” Clearly, both investigated batches
failed accelerated stability testing at 40°C (final API content
69.5% and 74.6%, respectively; Figures 2 and 3 and
Supplemental Figure S1) and, by WHO guidelines, therefore
had to be tested at “intermediate conditions” of 30°C. After
6 months at 30°C, the API content of batch 160802 was found
to be 86.5% of the declared amount and was therefore out of
specification, even though the change of the API content was
3% and therefore within the permitted limit of 5%. Batch
160183 showed an API content of 90.7% after 6 months at
30°C and therefore remained in specifications.

The different stability of the investigated preparations under
temperature stress conditions is clearly visible in Figure 3,
which depicts the time course of the loss of the API content
over 6 months at 40°C. This temperature is a more extreme
condition than recommended for stability testing of prepara-
tions labeled for storage at 2-8°C; therefore, the data depicted
in Figure 3 are not directly relevant for pass/fail decisions for
most of the preparations, but are still interesting in terms of the
stabilizing effect of certain excipients. The most striking ob-
servation from these data is that the highest stability of oxy-
tocin was shown by the two products which contained 5 mg/
mL of the bacteriostatic agent chlorobutanol. However, in
clear contrast to the other investigated products, these two
preparations showed marked changes of their pH values,
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Oxytocin content after 6 months at different temperatures:
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Ficure 2. Accelerated stability testing of commercial oxytocin preparations: oxytocin content after 6 months at different temperatures. Full
names of the manufacturers, and further details of the investigated preparations, are listed in Table 2. Results shown here were obtained with Ningbo
batch N° 160802, Sterop batch N° 160269, and Grindeks batch N° 37711116 (see Table 2). The U.S. Pharmacopoeia specifies that the oxytocin
content must be between 90% and 110% of the declared amount. This range is marked in the diagrams. Error bars show SD. This figure appears in
color at www.ajtmh.org.

reaching a final value of 2.8 in case of the Sterop product and different manufacturing and expiry dates. Supplemental
3.0 in case of the Ciron product (Supplemental Table S2). Figure S1 shows the results of the stability testing for these
As mentioned earlier, for three of the investigated oxytocin additional three batches, depicted in the same way as in

brands, two different batches had been collected, with Figures 2 and 3. Notably, API losses measured for the two
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Change of oxytocin content over 6 months at 40°C:
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Ficure 3.  Accelerated stability testing of commercial oxytocin preparations: change of oxytocin content over 6 months at 40°C. Full names of the
manufacturers, and further details of the preparations, are listed in Table 2. Results shown here were obtained with the same batches as shown in
Fig. 2. In stability testing, a “significant change” of the API content is defined as a 5% change of the initial content.?>28 Initial content and initial
content minus 5% are shown as dashed lines. Error bars show SD. Final loss of content after 6 months is calculated relative to the initial content. This

figure appears in color at www.ajtmh.org.

different batches of the same brand were very similar in all
three cases, indicating that the observed differences in the
stability of different brands were primarily because of differ-
ences in manufacturing and pharmaceutical formulation, not

to differences in age or in pre-sampling storage conditions of
the investigated products. Individual measurements for all
investigated batches are shown in Supplemental Tables S1

and S2.
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Thermal forced degradation studies of oxytocin. The
markedly different stability of the investigated preparations in
accelerated stability testing (Figures 2 and 3) stimulated our
interest to additionally conduct a forced degradation study at
higher temperature, that is, at 80°C for 5 days.® For two of the
preparations (Umedica and Biologici; Table 2), the number of
remaining vials was insufficient for this experiment, but for the
other six brands, the results are shown in Figure 4A. In re-
markable similarity to the results at 40°C (Figure 3), the four
preparations by Rotexmedica, Grindeks, Ningbo, and Hexal
showed decreasing stability in that order, with API losses
between 55.9% and 67.5% within 5 days. However, in sharp
contrast to the results obtained at 40°C, the highest losses in
the API content after 5 days at 80°C were shown by the two
preparations by Ciron and Sterop, that is, the preparations
containing 5 mg/mL chlorobutanol (API losses of 75.2% and
82.4%, respectively). Conversely, after 1 day, at 80°C, these
two preparations still had clearly higher API contents than the
other four (Figure 4A).

Chlorobutanol is known to undergo hydrolysis under ele-
vated temperature, forming hydrochloric acid and other acidic
reaction products.*® This is likely to explain the change of pH
of the preparations containing 5 mg/mL chlorobutanol which
had been observed already at 40°C (Supplemental Table S2).
As may be expected, this effect was even more pronounced at
80°C, with both preparations showing a pH of 2.0 after 5 days,
far out of the stability optimum of oxytocin at pH 4.5.

To further investigate the effect of excipients on oxytocin
stability, pure synthetic oxytocin in the solid form was pur-
chased from Sigma-Aldrich/Merck and dissolved to a con-
centration of 10 IU/mL in water, with and without the addition
of acetate buffer pH 4.6 (200 mM, i.e., as approximately iso-
tonic solution) and/or chlorobutanol in concentrations of 1.5
mg/mL (8.5 mM) or 5 mg/mL (28 mM). These solutions were
subjected to forced degradation at 80°C, and the result is
shown in Figure 4B. In pure water, oxytocin degraded com-
pletely, falling below the limit of detection within 5 days. This
degradation is much more rapid than that observed for any of
theinvestigated commercial preparations (Figure 4A), and that
is a further indication that all commercial preparations may
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have contained buffering or stabilizing agents, even if not
declared on the label. Inclusion of acetate buffer had a stabi-
lizing effect on oxytocin solution (83.1% API loss within
5 days). Notably, inclusion of 1.5 mg/mL chlorobutanol had an
even stronger stabilizing effect: only 27.7 % of the APl amount
was lost over 5 days at 80°C; the final pH value was de-
termined as 2.8. Inclusion of chlorobutanol in a concentration
of 5 mg/mL was less effective for stabilization (56.1% API
loss), and, in this case, the final pH value was found to be 2.2,
that is, more unfavorable for oxytocin stability.

The stabilizing effects of acetate buffer and chlorobutanol
were not additive: in acetate buffer without chlorobutanol,
oxytocin degraded with similar velocity as in acetate buffer
with added chlorobutanol (1.5 or 5 mg/mL). In the latter ex-
periments, the pH values of the solutions after 5 days at 80°C
were 4.6 and 4.5, respectively, indicating that the buffer ca-
pacity of 200 mM acetate buffer pH 4.6 was sufficient to
compensate for the effect of any acidic hydrolysis products of
chlorobutanol.

In a final experiment, chlorobutanol was added to the
commercial oxytocin preparation of Hexal, and stability was
investigated for 5 days at 80°C. As shown in Figure 4A, ad-
dition of 1.5 mg/mL greatly increased the stability of oxytocin
under these conditions (29.6% API loss, compared with
67.5% in the absence of chlorobutanol; final pH 2.8). The
addition of 5 mg/mL chlorobutanol to the Hexal preparation
was less effective for stabilization (API loss 68.4%; Supplemental
Table S4), consistent with an observed drastic change of the pH
value (final pH 2.0; Supplemental Table S5). These results are
similar to the ones observed with the synthetic oxytocin from
Sigma-Aldrich/Merck (Figure 4B).

The HPLC analyses of the samples taken during forced
degradation studies showed not only a quantitative effect of
chlorobutanol on the velocity of oxytocin degradation but also
a striking qualitative effect (Figure 5). In the absence of
chlorobutanol, concomitantly to the decrease in the oxytocin
peak (retention time 8.2 minutes), several peaks of degrada-
tion products with higher retention time (15.1-19.3 minutes)
appeared (Figure 5A). This is similar to the HPLC observations
of Avanti et al.,® who identified these degradation products as
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(A) Forced thermal degradation studies of commercial oxytocin formulations. Details of the investigated preparations are givenin Table

2 and in Supplemental Tables S4 and S5. (B) Forced thermal degradation studies of solutions of oxytocin (Sigma-Aldrich/Merck; 10 IU/mL) in the
presence of different excipients. This figure appears in color at www.ajtmh.org.
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Ficure 5. High-performance liquid chromatography chromatograms of oxytocin (Sigma-Aldrich/Merck; 10 1U/mL) in water under forced deg-
radation at 80°C, in the absence and presence of chlorobutanol 1.5 mg/mL. This figure appears in color at www.ajtmh.org.

oxytocin trisulfides and tetrasulfides, and as various disulfide-
linked oxytocin dimers, some of these showing deamidation of
one or more of three amidated carboxyl groups of oxytocin
(Figure 1). Notably, in the present study, these decomposition
products were not observed in water containing 1.5 mg/mL
chlorobutanol (Figure 5B), and the same observation was
made for 5 mg/mL chlorobutanol, as well as for the prepara-
tions of Ciron and Sterop which each contained 5 mg/mL
chlorobutanol. By contrast, all investigated solutions not
containing chlorobutanol showed degradation products in the
15.1- to 19.3-minute range.

Neither in the accelerated stability studies nor in the forced
degradation studies, visible quality defects such as particles,
precipitations, or color changes were observed in any of the
investigated products.

DISCUSSION

An encouraging result from the present study is that six of
the eight investigated oxytocin brands passed the accelerated
stability testing conducted according to the WHO/ICH.?2:28
This is even more encouraging as the products were not
purchased ex-factory, but from the supply chains in Malawi
and Rwanda (and in case of the Hexal product in Germany).
Therefore, the extended storage before testing, possibly even
at less than optimal storage conditions, had not affected the
quality and stability of these products in regard to the tested
criteria.

However, two other samples were found not to comply with
specifications after accelerated stability testing, and these
were the two brands labeled for non-refrigerated storage. The
Umedica product carried a storage recommendation “not
exceeding 30°C” and therefore had to be tested at 40°C. It
clearly failed at this temperature (Figures 2 and 3), and only

complied with the stability testing at 30°C, which is appro-
priate for products labeled for refrigerated storage. By con-
trast, batch 160802 of the Ningbo product even failed assay
testing after 6 months at 30°C, and at 40°C, it showed the
poorest result of all eight tested brands. The initial APl content
(at month 0) of this Ningbo batch was 89.0% of the declared
amount. Although it may be argued that the low initial content
could have been caused by inappropriate storage before
sample collection, it is noteworthy that also two oxytocin
samples stating Ningbo as the manufacturer name had been
investigated in a survey conducted by the WHO, and both
samples failed assay testing because of the insufficient API
content.’ In the present study, a second batch of Ningbo
showed an initial APl content of 94.9% of the stated amount. It
also failed testing at 40°C, although it passed the test at 30°C.

While this study was in progress, Nguyen et al.’” published
an investigation of the stability of five oxytocin products pur-
chased ex-factory. Three of these products, labeled for stor-
age at 2-8°C, have also been investigated in the present
study, that is, the products by Grindeks, Biologici, and
Rotexmedica. The results obtained by Nguyen et al. after 1, 2,
and 3 months of storage at 30°C and 40°C are in excellent
agreement with those of our study. Nguyen et al. did not test
for the full period of 6 months; therefore, results at that time
point cannot be compared, but there is no evidence pointing at
any relevant differences. Nguyen et al. also investigated one
European oxytocin brand labeled for storage at <25°C, as well
as one Argentinian product which had formerly been labeled
for storage at < 25°C but had been relabeled for refrigerated
storage just before their study. They reported that, at 30°C and
40°C, these two preparations exhibited very similar stability
profiles as the three products labeled for refrigerated storage.
Only after 4 months at 40°C, and especially in a forced deg-
radation study at 50°C, the European product labeled for
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storage at < 25°C showed much higher API losses than the
others, concomitant with a sharp decrease in the pH value.
That preparation contained 5 mg/mL chlorobutanol. The au-
thors concluded that, of the products tested, those desig-
nated for storage at < 25°C provided no stability benefit over
those labeled for refrigerated storage.

The present study investigated six oxytocin brands labeled
for storage at 2-8°C, as well as two brands labeled for storage
at < 25°C and at < 30°C. The two latter products had been
manufactured in China and India, respectively. The data of
the present study are therefore complementary to the data
provided by Nguyen et al. in regard to the range of tested
products. Our study results give further support to the
conclusion that products designated for storage at < 25°C
do not provide stability benefits over those labeled for re-
frigerated storage. In addition, our study shows that some of
the former products may even fail the relevant WHO/ICH
specifications for the stability of finished pharmaceutical
products.

Five of the eight oxytocin brands investigated in this study
passed stability testing with excellent results, that is, with final
API contents not more than 2.6% below the amount stated on
the label after 6 months at 30°C (Supplemental Table S1).
Notably, all these five brands were WHO prequalified and/or
produced in countries with SRAs. By contrast, of the three
preparations produced in India and China, that is, in countries
without SRAs, two showed noncompliance with pharmaco-
poeial specifications after accelerated stability testing, and
one passed testing with just borderline results. These poor
stability outcomes must not be generalized to all manufac-
turers and medicines from non-SRA countries. There are
certainly manufacturers (usually larger companies), for ex-
ample, in India and China, whose products are as good as
generic medicines produced in countries with SRAs.*! How-
ever, there are also companies (usually smaller ones) in these
two countries whose products show a large rate of sub-
standard medicines.*? It should be both an ethical and an
economical interest of the authorities in India and China to
address and eliminate this problem.

For the brands which were WHO prequalified and/or pro-
duced in countries with SRAs, excipients were correctly de-
clared. By contrast, for the three preparations without WHO
prequalification and produced in countries without SRAs, the
excipients were not declared correctly, which is a violation of
registration requirements in most countries.

The results of the present study strongly support the maxim
“Buy Quality Oxytocin, Keep It Cool” which is advocated by
the Reproductive Health Supplies Coalition and other inter-
national stakeholders.?’**=6 Given the lack of consistent
evidence that products labeled for non-refrigerated storage
show better temperature stability than those labeled for stor-
age at 2-8°C, and furthermore given the clear evidence that
manufacturers’ storage recommendations of “below 25°C”
and even of “below 30°C” cannot be reliably complied with
in many facilities in LMICs,'® procurement of oxytocin injec-
tions should be limited to brands labeled for refrigerated
storage, and national medicines regulatory agencies should
consider to only register oxytocin products with this storage
recommendation.*>#* This will also help to avoid confusion
of the personnel in supply chains and health facilities by
different storage recommendations for different oxytocin
brands.®184748 A|| efforts should be made to maintain the

cold chain for oxytocin from the manufacturer up to the pa-
tient. The WHO/UNICEF recommendation to allow storage of
oxytocin in the ubiquitous cold chain facilities of the Expanded
Program on Immunization should be implemented as widely
as possible for this purpose.*®

Given the current shortcomings of the cold chain facilities in
LMICs, however, it may still not be possible to avoid short-
term exposures of oxytocin to ambient temperatures. In this
context, the data depicted in Figure 2 may be of interest,
showing that all products labeled for storage at 2-8°C were
remarkably stable at 25°C in our stability study. Even at 30°C,
only very moderate losses of the API content were observed
over the investigated period. This indicates that accidental
storage of such oxytocin preparations outside of the cold
chain for limited time periods may not necessitate the imme-
diate disposal of the products, and this is consistent with the
information given, for example, in the leaflet of the Grindeks
product (Table 2), stating that it “may be stored up to 30°C for
3 months, but must then be discarded.”

According to Hawe et al.,'* degradation of oxytocin ina 10-
IU/mL solution of pH 4.5 has an activation energy of 128 + 3.8
kd/mol and follows (pseudo-) first-order kinetics. Using the
Arrhenius equation,’® we calculated that a temperature in-
crease just from 25°C to 30°C would increase the degradation
reaction rate by a factor of 2.3. Thakral et al.?! extrapolated
rate constants for oxytocin degradation at 25-40°C from ex-
perimentally obtained rate constants at higher temperatures,
under the assumption that the mechanism of reaction remains
unchanged. Thereby, they calculated the time required for a
10% loss of oxytocin content at temperatures of 25°C, 30°C,
and 40°C as 183 days, 82 days, and 17 days, respectively, at pH
4.5. Figures 2 and 3 of the present study clearly show that the
degradation rates observed experimentally at these tempera-
tures for commercial oxytocin products were much lower, in-
dicating different reaction mechanisms at lower temperatures
and/or the presence of stabilizing agents.

Attempts to devise more heat-stable formulations of oxytocin
have been described extensively in the literature,'*36-3950
mostly focusing on the inclusion of certain buffers and divalent
metal ions. However, to the best of our knowledge, the striking
effect of chlorobutanol, a bacteriostatic agent widely used as a
preservative in pharmaceuticals,*® both on the velocity on
oxytocin degradation (Figure 4) and on the type of degradation
products formed (Figure 5) has not been described in the lit-
erature in any detail up to now. This stabilizing effect has only
been very briefly mentioned in an abstract by Liuetal.,*' anda
molecular dynamics computer simulation by Xu et al.®?%3
suggested that chlorobutanol can reduce the number of
hydrogen bonds between oxytocin and water and prevent
oxytocin molecules from aggregating. Evidence has been
presented that divalent metal ions may lead to a change of
the conformation of oxytocin in certain buffers, thereby
shielding the intramolecular disulfide bond (Figure 1) and
diminishing degradation reactions which involve that site of
the molecule.®®=2° It is tempting to speculate that chlor-
obutanol may have a similar effect on oxytocin. Possibly,
200 mM acetate buffer may prevent this conformational
change, explaining the lack of a stabilizing effect of chlor-
obutanol observed in this buffer (Figure 4B).

Chlorobutanol itself degrades at higher temperatures, as
clearly visible in Figure 5 which shows 47.5% degradation of
chlorobutanol in 5 days at 80°C under the used conditions.
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The degradation leads to acidic degradation products*® and
lowers the pH value, which then may strongly deviate from the
oxytocin stability optimum (pH 4.5), especially when a high
concentration of chlorobutanol (i.e., 5 mg/mL) is used in
weakly buffered solutions. The detrimental effect of the pro-
gressive lowering of the pH value would then compete with the
stabilizing effect of chlorobutanol on oxytocin, and this may
offer a plausible explanation for the observation depicted in
Figure 4A (Ciron and Sterop products) that chlorobutanol 5
mg/mL firstincreased and later on lowered oxytocin stability at
80°C. The lowering of the pH and the resulting decrease in
oxytocin stability was also observed in the forced degradation
experiment by Nguyen etal.,’” similarto our results. This effect
may, however, not be relevant at actual storage temperatures
of oxytocin because the hydrolysis of chlorobutanol only oc-
curs at higher temperatures.

It may well be worthwhile to investigate the mechanism of
the stabilization of oxytocin by chlorobutanol using appropriate
methods, especially liquid chromatography-mass spectrometry
(LC-MS) analysis for the identification of the degradation prod-
ucts® and nuclear magnetic resonance (NMR) spectroscopy to
investigate conformational changes of oxytocin.*® However,
such investigations exceed the scope of the present study.

A heat-stable formulation of carbetocin,®* an oxytocin an-
alogue which is already widely used for the prevention of PPH
after caesarean delivery, has very recently been added to the
WHO Essential Medicines List for use in PPH.! If the an-
nouncement of its manufacturer is put into practice that the price
of this product will be made comparable to that of oxytocin in
LMICs,®® then this medicine may become a further valuable
option to ensure good-quality medication against PPH also in
facilities where storage at 2-8°C cannot be ensured.

Limitations of this study. As mentioned earlier, in this study,
oxytocin samples were investigated which had been purchased
from wholesalers and medical stores in Malawi and Rwanda,
that is, preparations which reflect the quality and stability of
medicines circulating in these countries. It has to be considered
that these samples had already been stored for extended pe-
riods after manufacturing, and that the conditions of this stor-
age are not known. Samples were not purchased from retail
outlets to minimize the influence of varying conditions during
prior storage on the study results. Although the observed dif-
ferences in the stability of the investigated samples are valid
and important, the data provided here do not provide definitive
proof that certain products did not comply with their stability
requirements already at the time of manufacture.

Received April 7, 2020. Accepted for publication June 23, 2020.
Published online August 3, 2020.
Note: Supplemental figure and tables appear at www.ajtmh.org.

Acknowledgments: We are grateful to the Malawian and Rwandan
authorities for permission and support for this study; to Julia Gabel,
Tubingen University, for help in medicine collection and data entry; to
Mona Tawab and Jiirgen Meins of the Zentrallaboratorium Deutscher
Apotheker (Eschborn, Germany) for advice on oxytocin analysis; to
Albert Petersen and Christine Haefele-Abah (German Institute for
Medical Mission, Tibingen, Germany) for encouragement and advice
during the initiation of this study; to Simon Schéaferman (formerly
Tubingen University, now Regierungsprasidium Tubingen) for advice
and help in statistical analysis; and to management, faculty, and staff
of the University of Tlbingen for continuous support. We also want to
thank Giinther Hanke and Euthymia Diekmann from Alpha-Pharma-
Service GmbH (Heilbronn, Germany) for advice and for permission to

use their stability chambers, and Imres BV, the Netherlands, for pro-
vision of oxytocin vials.

Financial support: This study was funded by German (Gesellschaft fur
Internationale Zusammenarbeit (GIZ) GmbH) and by the Baden-
Waurttemberg-STIPENDIUM for University Students—BWS plus, a
program of the Baden-Wirttemberg Stiftung. Gesellschaft flr Inter-
nationale Zusammenarbeit and the Baden-Wirttemberg Stiftung
were not involved in the design of the study; in the collection, analysis,
and interpretation of data; or in writing the manuscript.

Authors’ addresses: Nhomsai Hagen and Lutz Heide, Pharmaceutical
Institute, Eberhard Karls University Tubingen, Tibingen, Germany,
E-mails: nhomsai.hagen@uni-tuebingen.de and heide@uni-tuebingen.de.
Thomas Bizimana, Department of Pharmacy, School of Medicine and
Pharmacy, College of Medicine and Health Sciences, University of
Rwanda, Kigali, Rwanda, E-mail: bizimanathomas@gmail.com. P.
Claver Kayumba, East African Community Regional Centre of Excel-
lence for Vaccines, Immunizations and Health Supply Chain Man-
agement (EAC RCE-VIHSCM), University of Rwanda, Kigali, Rwanda,
E-mail: pclaver.kayumba@gmail.com. Felix Khuluza, Pharmacy De-
partment, College of Medicine, University of Malawi, Blantyre, Malawi,
E-mail: fkhuluza@medcol.mw.

This is an open-access article distributed under the terms of the
Creative Commons Attribution (CC-BY) License, which permits un-
restricted use, distribution, and reproduction in any medium, provided
the original author and source are credited.

REFERENCES

1. WHO, 2019. World Health Organization Model List of Essential
Medicines 21st List 2019. Available at: https://apps.who.int/
iris/bitstream/handle/10665/325771/WHO-MVP-EMP-IAU-
2019.06-eng.pdf?ua=1. Accessed July 22, 2020.

2. WHO, 2012. WHO Recommendations for the Prevention and
Treatment of Post-Partum Haemorrhage. Available at: http://
apps.who.int/iris/bitstream/10665/75411/1/9789241548502_
eng.pdf. Accessed July 22, 2020.

3. UN, SDGs, 2020. Goal 3: Ensure Healthy Lives and Promote
Welil-Being for All at All Ages: United Nations. Available
at: http://www.un.org/sustainabledevelopment/health/. Accessed
March 30, 2020.

4. Hogerzeil HV, Walker GJA, De Goeje MJ, 1993. Stability of In-
jectable Oxytocics in Tropical Climates: Results of Field Surveys
and Simulation Studies on Ergometrine, Methylergometrine
and Oxytocin. Geneva, Switzerland: WHO Action Programme
on Essential Drugs. Available at: https://apps.who.int/iris/
bitstream/handle/10665/59411/WHO_DAP_93.6.pdf?sequence=1
&isAllowed=y. Accessed July 22, 2020.

5. Stanton C, Koski A, Cofie P, Mirzabagi E, Grady BL, Brooke S,
2012. Uterotonic drug quality: an assessment of the potency of
injectable uterotonic drugs purchased by simulated clients in
three districts in Ghana. BMJ Open 2: e000431.

6. Karikari-Boateng E, 2013. Post-market quality surveillance proj-
ect. Maternal Health Care Products (Oxytocin and Ergometrine)
on the Ghanaian Market. Accra, Ghana: Ghana Food and Drugs
Authority. Available at: https://www.usp-pgm.org/sites/default/
files/pgms/article/ghana-mch_magm_report_final-mar_27_2013_
rdct.pdf. Accessed July 22, 2020.

7. Stanton C, Nand DN, Koski A, Mirzabagi E, Brooke S, Grady B,
Mullany LC, 2014. Accessibility and potency of uterotonic
drugs purchased by simulated clients in four districts in India.
BMC Pregnancy Childbirth 14: 386.

8. Torloni MR, Gomes Freitas C, Kartoglu UH, Metin Guimezoglu A,
Widmer M, 2016. Quality of oxytocin available in low- and
middle-income countries: a systematic review of the literature.
BJOG 123: 2076-2086.

9. Anyakora C, OniY, Ezedinachi U, Adekoya A, Ali I, Nwachukwu C,
Esimone C, Abiola V, Nwokike J, 2018. Quality medicines in
maternal health: results of oxytocin, misoprostol, magnesium
sulfate and calcium gluconate quality audits. BMC Pregnancy
Childbirth 18: 44.

10. Lambert P, Nguyen TH, McEvoy C, Minhas RS, Wright P,
Deadman K, Masururu LM, Mcintosh MP, 2018. Quality of
oxytocin ampoules available in health care facilities in the



2140

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25,

26.

27.

28.

29.

Democratic Republic of Congo: an exploratory study in five
provinces. J Glob Health 8: 020415.

WHO, 2015. Survey of the Quality of Medicines Identified by the
United Nations Commission on Life-Saving Commodities for
Women and Children. Available at: https://apps.who.int/
iris/handle/10665/255550. Accessed July 22, 2020.

FDA Ghana, 2017. FDA Alert on the Use of Substandard Uterotonics
in Hospitals and Clinics. Available at: https:/fdaghana.gov.gh/
wp-content/uploads/2017/06/UTEROTONIC-ALERT.pdf.
Accessed July 22, 2020.

Hagen N, Khuluza F, Heide L, 2020. Quality, availability and
storage conditions of oxytocin and misoprostol in Malawi.
BMC Pregnancy Childbirth.20: 184.

Hawe A, Poole R, Romeijn S, Kasper P, van der Heijden R, Jiskoot
W, 2009. Towards heat-stable oxytocin formulations: analysis
of degradation kinetics and identification of degradation
products. Pharm Res 26: 1679-1688.

Wisniewski K, Finnman J, Flipo M, Galyean R, Schteingart CD,
2013. On the mechanism of degradation of oxytocin and its
analogues in aqueous solution. Biopolymers 100: 408-421.

Donnan F, Senarathna S, Ware B, Rawlins MDM, Dontham C,
Chuang VTG, Batty KT, 2020. Ergometrine stability in post-
partum haemorrhage kits: does temperature and light matter?
Aust N Z J Obstet Gynaecol 60: 344-349.

Nguyen T-H, Lambert P, Minhas RS, McEvoy C, Deadman K,
Wright P, Prankerd RJ, Mogatle S, McIntosh MP, 2019. Tem-
perature stability of oxytocin ampoules labelled for storage at
2°C-8°C and below 25°C: an observational assessment under
controlled accelerated and temperature cycling conditions.
BMJ Open 9: e029083.

Tran DN, Bero LA, 2015. Barriers and facilitators to the quality use
of essential medicines for maternal health in low-resource
countries: an Ishikawa framework. J Giob Health 5: 010406.

Yan LD et al., 2018. Equity dimensions of the availability and
quality of reproductive, maternal and neonatal health services
in Zambia. Trop Med Int Health 23: 433-445.

Schocken C, 2014. Business Case: Investing in Production of High-
Quality Oxytocin for Low-Resource Settings. Available at: https://
www.conceptfoundation.org/wp-content/uploads/2015/06/
BusinessCase_Oxytocin_web.pdf. Accessed July 22, 2020.

Thakral S, Suryanarayanan R, Evans L, Nkansah P, 2018. Revisiting
the Stability and Storage Specifications of Oxytocin Injection: A
Literature Review. Available at: https://www.usp-pgm.org/sites/
default/files/pgms/article/stability-storage-oxytocin-jul2018.pdf.
Accessed July 22, 2020.

WHO, 2018. WHO Expert Committee on Specifications for Phar-
maceutical Preparations Fifty-Second Report. WHO Technical
Report Series No. 1010. Available at: https://apps.who.int/iris/
bitstream/handle/10665/272452/9789241210195-eng.pdf?
ua=1. Accessed July 22, 2020.

WHO, 2019. WHO Prequalified Lists. Available at: https://
extranet.who.int/prequal/content/prequalified-lists Accessed
March 30, 2020.

‘t Hoen EF, Hogerzeil HV, Quick JD, Sillo HB, 2014. A quiet rev-
olution in global public health: the World Health Organization’s
Prequalification of Medicines Programme. J Public Health
Policy 35: 137-161.

Caudron JM, Ford N, Henkens M, Mace C, Kiddle-Monroe R,
Pinel J, 2008. Substandard medicines in resource-poor set-
tings: a problem that can no longer be ignored. Trop Med Int
Health 13: 1062-1072.

Roth L et al., 2018. Expanding global access to essential medi-
cines: investment priorities for sustainably strengthening
medical product regulatory systems. Global Health 14: 102.

ICH, 2019. Quality Guidelines. Available at: https://www.ich.org/
products/guidelines/quality/article/quality-guidelines.html.
Accessed March 30, 2020.

ICH, 20083. Stability Testing of New Drug Substances and Prod-
ucts Q1A(R2). Available at: https://database.ich.org/sites/
default/files/Q1A%28R2%29%20Step4.pdf.

WHO, 2009. Annex 2: Stability Testing of Active Pharmaceutical
Ingredients and Finished Pharmaceutical Products. WHO Tech-
nical Report Series No. 953. Available at: http://academy.gmp-
compliance.org/guidemgr/files/WHO_TRS_953_ANNEX2.PDF.
Accessed July 22, 2020.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

HAGEN AND OTHERS

Blessy M, Patel RD, Prajapati PN, Agrawal YK, 2014. Develop-
ment of forced degradation and stability indicating studies of
drugs—a review. J Pharm Anal 4: 159-165.

WHO, 2016. Annex 7: Guidelines on the Conduct of Surveys of the
Quality of Medicines. WHO Technical Report Series No. 996.
Available at: https://www.who.int/medicines/publications/
pharmprep/WHO_TRS_996_annex07.pdf?ua=1. Accessed July
22, 2020.

Newton PN et al., 2009. Guidelines for field surveys of the quality
of medicines: a proposal. PLoS Med 6: e52.

ICH, 2005. Validation of Analytical Procedures: Text and Meth-
odology Q2(R1). Available at: https://database.ich.org/sites/
default/files/Q2_R1__Guideline.pdf. Accessed July 22, 2020.

EMA, 2017. Benzy! Alcoho! and Benzoic Acid Group Used as
Excipients. Available at: https://www.ema.europa.eu/en/
documents/report/benzyl-alcohol-benzoic-acid-group-used-
excipients-report-published-support-questions-answers-
benzyl/chmp/508188/2013-t_en.pdf. Accessed July 22,
2020.

WHO, 2019. Prequalified Lists - Medicines/Finished Pharmaceu-
tical Products. Available at: https://extranet.who.int/prequal/
content/prequalified-lists/medicines Accessed March 30,
2020.

Avanti C, Oktaviani NA, Hinrichs WL, Frijlink HW, Mulder FA, 2013.
Aspartate buffer and divalent metal ions affect oxytocin in
aqueous solution and protect it from degradation. int J Pharm
444: 139-145.

Avanti C, Amorij J-P, Setyaningsih D, Hawe A, Jiskoot W, Visser J,
Kedrov A, Driessen AJM, Hinrichs WLJ, Frijlink HW, 2011. A
new strategy to stabilize oxytocin in aqueous solutions: I. The
effects of divalent metal ions and citrate buffer. AAPS J 13:
284-290.

Avanti C, Hinrichs WL, Casini A, Eissens AC, Dam AV, Kedrov A,
Driessen AJ, Frijlink HW, Permentier HP, 2013. The formation of
oxytocin dimers is suppressed by the zinc-aspartate-oxytocin
complex. J Pharm Sci 102: 1734-1741.

Avanti C, Permentier HP, Dam A, Poole R, Jiskoot W, Frijlink HW,
Hinrichs WL, 2012. A new strategy to stabilize oxytocin in
aqueous solutions: Il. Suppression of cysteine-mediated in-
termolecular reactions by a combination of divalent metal ions
and citrate. Mol Pharm 9: 554-562.

Nair AD, Lach JL, 1959. The kinetics of degradation of chlor-
obutanol. J Am Pharm Assoc 48: 390-395.

Waning B, Diedrichsen E, Moon S, 2010. A lifeline to treatment:
the role of Indian generic manufacturers in supplying anti-
retroviral medicines to developing countries. J Int AIDS Soc
13: 35.

Schéfermann S et al., 2020. Substandard and falsified antibiotics
and medicines against noncommunicable diseases in western
Cameroon and northeastern democratic Republic of Congo.
Am J Trop Med Hyg, 103: 894-908.

Theunissen FJ, Cleps |, Chinery L, Bochaton F, Vemer H, 2018.
Oxytocin Quality-Evidence for Action. Available at: https://
www.conceptfoundation.org/wp-content/uploads/2018/03/
Oxytocin-Quality-Evidence-for-Action.pdf. Accessed July 22,
2020.

PATH, USAID, Reproductive Health Supplies Coalition, 2018. Buy
Quality Oxytocin, Keep It Cold. Available at: https://www.
rhsupplies.org/uploads/tx_rhscpublications/Buy_Quality_
Oxytocin__Keep_It_Cold.pdf.

USAID, 2019. Manual for Procurement & Supply of Quality-
Assured MNCH Commodities. Available at: https://www.
conceptfoundation.org/wp-content/uploads/2019/01/
Procurement-and-Suppy-of-QA-MNCH-Commodities-ap-
1-4-18-002.pdf. Accessed July 22, 2020.

WHO, UNICEF, UNFPA, 2019. Appropriate Storage and Man-
agement of Oxytocin — A Key Commodity for Maternal Health.
Available at: https://www.who.int/reproductivehealth/publications/
appropriate-storage-management-oxytocin/en/. Accessed July
22, 2020.

Ejekam CS, Okafor IP, Anyakora C, Ozomata EA, Okunade K,
Oridota SE, Nwokike J, 2019. Clinical experiences with the
use of oxytocin injection by healthcare providers in a south-
western state of Nigeria: a cross-sectional study. PLoS One 14:
0208367



STABILITY OF OXYTOCIN PREPARATIONS IN MALAWI AND RWANDA 2141

48. Oliver VL et al., 2018. Knowledge, perception and practice to-
wards oxytocin stability and quality: a qualitative study of
stakeholders in three resource-limited countries. PLoS One 13:
€0203810.

49. WHO, UNICEF, 2015. Temperature-Sensitive Heaith Products in
the Expanded Programme on Immunization Cold Chain. Avail-
able at: https://www.rhsupplies.org/uploads/tx_rhscpublications/
EPI-cold-chain-WHO-UNICEF-joint-statement_A4_rev2_5-14-
15-3.pdf. Accessed July 22, 2020.

50. Zhu C, Estrada M, White J, Lal M, 2018. Heat-stable sublingual
oxytocin tablets as a potential needle-free approach for pre-
venting postpartum hemorrhage in low-resource settings. Drug
Deliv Trans! Res 8: 853-856.

51. LiuM, Gungordul, Lee N, Wu HH, Shemirani Al, Murphy K, Zaman
M, 2016. The degradation of pharmaceutical oxytocin samples
in Nepal and Vietnam. Ann Glob Health 82: 534.

52. XuY-Q,WuY-L,MengF-C,RenY, Tan D-J, Mei M, 2018. The MD
simulation of the effect of chlorobutanol on the distribution of
oxytocin in solution. Chin J New Drugs 27: 2564-2571.

53. Xu Y-Q, Zhang Y, Meng F-C, Ren Y, Tan D-J, Mei M, 2018. MD
simulation of the substitutes of chlorobutanol in the oxytocin
injection solution. Chin J New Drugs 27: 2238-2244.

54. Malm M, Madsen I, Kjellstrom J, 2018. Development and stability
of a heat-stable formulation of carbetocin for the prevention of
postpartum haemorrhage for use in low and middle-income
countries. J Pept Sci 24: e3082.

55. Ferring Pharmaceuticals, 2019. Press Release: Ferring State-
ment on Subsidised Pricing of Heat-Stable Carbetocin for
the Prevention of Postpartum Haemorrhage in Low- and Lower-
Middle income Countries. Available at: https://www.ferring.
com/ferring-statement-on-subsidised-pricing-of-heat-stable-
carbetocin-for-the-prevention-of-postpartum-haemorrhage-in-low-
and-lower-middle-income-countries/. Accessed March 30, 2020.



Yo s
yuow
R s ., wem 2.0v [2.0€ 2.52| 2.5 - 2.0V [2.0€ J.52| 3.5 o
* 09 " X ES
o — M B 1 —— o S — 1 B H —— o S
o= o S w.: o
o 3 — i N 1 —— 0 o — 1 N R —— 08 o
- % 9% 08 2 g g
06 m / w ] 1 ] 1 I 06 wl ] I I 06 W
a 06 2 8 3
M ‘\\\\\\\\\\\V/\\\/\\, ) - H o H — ecﬁm ooﬁm
3 "T3u33u05 eIl 5 o g o P 2
- 3 T
H 0TT o
Zv009T N Ydieg doiais LT60T68E .N Yy2ieg sydpulip T009T N ydieg dosars LT60T68E N Yydieg s)3pulin
syauo
s s, 2,07 08| IuST oS N
09 /o X
%1z - ° 5 n H — o 9,
% T2 ) . Py
08 by 2
@ H H ——— 06 Q
. 06 o
et SN 3 + S
13165 [eAIl oot 3 1,01 1€ syuow g 1an0 o g :saunjesadwa) JUSIDHIP I8
w 3U33U09 UO3AXO Jo asuey) or”  SyUOW 9 JI93J€ JUIIUO0I UPOIAXO
€8T09T N Ydieg oq3uIN €8T09T .N Yoieg oqSuIN

saydieq |euonippe Jo s} nsai :suojesedasd uP0IAXO |eIIBWWO0I JO Sulisal Alljiqels palesaladdy (TS a4nSi4

NOILVINHO4NI AYVLININITddNS



%8€0 | 7'86 %780 |€86 %0v'0 | S00T %0L0 | 10T %ST0 | 10T |exaH
%8v'0 | v'L6 %9r'0  |9°S6 %Lv'0 | €66 %S0 |0T0T %S9T | 666 LT60T68E SHIPULD SY
%6L0  |9'86 %680 |8L6 %590 | ¥'10T %S0 |610T %80  |6°00T 9TTTTLLE SIOPUMD SY | %S -/+ HY %S9
%790 |S00T %Sr'0  |9°66 %0 | 8€0T %910 |2 70T %680 | ¢0T BJIpaWXal0Y | o€ -/+ .0€
%G5S0 | €601 %800 | 6701 %870 | 080T %CE0 | L'80T %790 |8L0T Zv009T dosayg |  SUOHIPUOd
%560 | €107 %10 |06 %€00 | 886 %IT0  |9°66 %ITT  |9°66 6920971 doJa1s QHM,H,_
%180 |96 %S0 |8S6 %960 | ¢t %8E0 | ¥CO0T %E€S0  |S66 PIBOIOIA | oo iosirey
%SST | €68 %€9°0 |56 %0LT  |S¢6 %S0 |16 %69T |16 UoID | pajesspErdy
%SvT | V6 %6€0  |T€6 %70 |166 %Ly'0 | 0°00T %6CT | 186 epawn | ‘e auoz
%080 | L06 %ETT  |9°€6 %8LT |0°86 %6CT  |SL6 %(80 |676 €8109T 0q3uIN
%090 |5 98 %¥9°0  |198 %EV0 | SL8 %(80 |€06 %Ir'T | 068 2080971 0qSuIN
%or'0 | €LL %780 |88 %S00  |Cv6 %690 |86 %ST0 | 2101 |exaH
%650 | 9°€8 %Lv0  |€68 %660 |ST6 %¥S0 |86 %S9T  |666 LT60T68E SHIPULID SY
%Ir'0 | S8 %€80 |7 06 %990 |196 %LET | 00T %80 6001 9TTTTLLE SIOPULD SY
%670 | 968 %SST  |S€6 %ES0 | 866 %080 | €0t %680 | ¥¢0T EJIP3WX3I0Y
%LL0  |€vO0T %750 | 6°€0T %Sv'0 | 1907 %Z10 | 8L0T %790 | 8L0T Zv009T douais | oS */* HY %SL
%080 |56 %I0T |76 %610  |8L6 %LL0  |€L6 %ITT  |966 692091 dosss | mﬂ.hmﬁ“
%S0 |SS8 %970 |06 %STT  |8L6 %70 | 00T %€S0  |S66 PIBOIOIE | 3o 100y
%8ET | V8 %v€T  |098 %0TC  |698 %0L0 |vv6 %69T |16 uoi
%00  |08L %0€0  |C V8 %90T  |0€6 %80 | 696 %6CT | 186 esjpawin
%ECT  |9WL %9L0 |8¢8 %vLT  |CT6 %69T | T 6 %(80 |676 €8109T 0qSuIN
%S0T | 569 %S9T  |SLL %870 | €68 %060 |198 %IvT  |068 20809T 0qSuIN

asd| 9 ywonw asd| € ywuonw asd| cywonw asd| T ywonw asy | 0 Yuow ajdwes uonipuo)

(1ua1u0d pase|rap Jo %) Jud1U0d ueaw uPoIAXp

saanjesadwa)l JUdIDHIP 18 SYIuow 9 SN0 JUUO0I UIPO0IAXO Jo d8ueyd :suonesedasd uP0IAXO [e1IBWWOD JO SulIsal AMjiqels palela|dddy TS djqel




AXQ
91U02 U0}
UuBSW 3y} Se palejnojed 1ud}

0

S3|NSaJ 9y} 4

EL . . . . . . _
_ |
.

|exaH

.HoH %S0 10T LT60T68E SY2pulID m«
WL %60 |6 %SOT |66 STTTTLLE HIFPUMD §
nx..N@.O .V NO Qmm.o H.HOH - m.OO._” NU_“WEXWHOE om |\+ om
%SS'0 | °00T . 9101 i 201 %80 . o 1915 | pajesasiuyal
0 [9€0T o 766 #5V0 ‘€01 %550 |€ %680 |vcOT ¢v009t €0 ‘suopIpuod
nXumm. 00T %201 o %S0 ._V.m %900 L¥0T %790 8 /0T 692097 douais m:_um.w“w wiay
%870 o1 %LL0 L %E€80 S°'S0T %020 1'60T = 966 niSojoig m_ |0J3u0)
%901 ST 0 8001 : <801 0 00T %IT : e Su
% €01 %61 - %6¢°0 %S20 00 %€S0 566 uoJi
%L8°0 s %870 9's0T : v'66 i - ‘20T %E : awn
%ES 0 %8v'0 | 186 0 |9€0t BRI % . SuIN

0 [9€01 % v'76 #1019 c %vL0 %6LT 186 E8T09T 0q=ul
%9v - S 001 %6¢'T — %991 9 MOH %E€9°0 5001 50 676 Z0809T 0G3UIN
%16 %010 %6E°0 L : v'L6 > ‘68

. €56 : . %6 . %80°0 %IrT |0
%Y1 e %260 N.mM %051 S'L6 %10 3'3% % |exaH
%90°T %0T°0 06 : L10T % ‘66 L6 uuo sy
%S T 916 ° ‘10T %L8°0 . %S9°'T 6’6 9TTTTLLE S}3pul %S -/+ HY %09
Rum. mmm ﬁx..m.mo m H nxuomo H HOH QNWO moo.ﬁ mu_uWEXWHox N |\+ OMN

N . N (o} o

. 1101 %060 96 %1 o.oo %120 €201 %680 ¥'20T Zb009T doJals HOI
%060 6 %S8°0 m. %€6'0  [0°Z0T %950 30T 0 g0t 692091 doia1s pajesasiyay
%v'0 m. %611 £'86 %690 o0votl oomN.o ¥L0T &Nw. 9°66 piSojoig pajess|ddy
e A CE L o | e <66 WD ouez

; i 6 ;
%CE0 €0t %980 v'L6 : 8ot % : £v6 %69 : SuiN
roe 0 |so0t %0e 0 8'76 AL moH %80 | TTOT %80 |66 208091 0G3UIN
%8V’ %0C'T %/€0 €0 " 20071 ° .
: : 068
%EE0 | ST6 w0 |TS6 ek A WTT
e 6'L6 A 96 #LYT %LEO |8

%0171 56 %S/'0 69 %90°T 06
%¥8°0 m. 5 %¢ST 098
%vv0 T8




%690 |vv %9€0 |V %6ET |9 %ITT [T %ET0  |TV |exaH
%670  |Tv %Iv'0 |0 %ZCT  |vv %950 |0V %r0  |Tv LT60T68E SHIPULD SY
%80 |Tv %LEO |0 %TT  |vv %€S0 |0V %790 |Tv 9TTTTLLE SIOPUMD SY | %S -/+ HY %S9
%9€0  |TV %rv0 | 6€ %OvT €V %580  |6°€ %Ly0 |0V BJIpaWXal0Y | o€ -/+ .0€
%9.0 |S€ %SL'0 | V'€ %0ST  |6€ %6L0 |9°€ %ZC0  |8'€ Zv009T dosayg |  SUOHIPUOd
%L90 |S€ %€9°0 |9°€ %8ST |0V %6L0 |L€ %LS0 |0V 6920971 doJa1s QHM,H,_
%8€E0 |0V %S0 |8€ %IST  |Tv %Lv0  |8€ %560 |8€ PIBOIOIA | oo iosirey
%SrT  |8€ %8ET |6€ %wLT  |vv %680 |0V %8ET  |ST UoID | pajesspErdy
%ZEO  |EV %6LT |1 %rT  |ST %EY0  |T¥ %wTT  |Tv epawn | ‘e auoz
%8E0  |TV %S0 |0 %t |vv %790 |0V %880 |Tv €8109T 0q3uIN
%050 |T¥ %STT |6€ %8S T |€v %LL0 |6€ %€90  |6€ 2080971 0qSuIN
%8v T |ST %9r'0 |Ev %SLT |9 %0CT [T %ET0  |Tv |exaH
%EE0  |TV %670 |0 %69T  |vv %EE0 |0V %9r0  |T¥ LT60T68E SHIPULID SY
%ZE0  |TV %ZEO |0 %E6T  |v v %vr0 |0V %v90  |T¥ 9TTTTLLE SIOPULID SY
%0€0  |TV %TE0 |6€ %06T  |€v %Lv0  |6€ %Lv0 |0V EJIP3WX3I0Y
%Sr'T 8T %8TT |6C %LET |S€ %Z0T  |€€ %TC0 |8°€ Zv009T douais | oS */* HY %SL
%SET 8¢ %6vT |0°€ %I8C  |S€ %6TT €€ %LS0 |0V 692091 dosss | mﬂ.hmﬁ“
%Sv0 |0V %660 |8'€ %60C |1V %9r'0  |8€ %560  |8€ PIBOIOIE | 3o 100y
%8TC  |0€ %TT |T€ %v6C |L€ %69T  |S€ %BET  |ST uoi
%vL0  |Ev %0€0 |1 %Z9T  |ST %0r0 |1V %vTT | esjpawin
%LS0 |€v %590 |0 %TT  |vv %LEO |0V %880 |T'¥ €8109T 0qSuIN
%v0T  |Tv %80 |6¢€ %8CTT  |Ev %EET  |6€ %€90  |6¢€ 20809T 0qSuIN

asd| 9YIWOA| as¥| € Yiuonw asd| cywonw asd| T ywonw asd| o ywonw ajdwes uonipuo)

sonjen-Hd ueaw upPolAXp

saanjesadwd) JUIHIP 1 syruow 9 43N0 anjen Hd jo 98ueyd :suoniesedasd uip01AXo |elIaWWOI Jo Sullsa) Alljiqels paleld|addy (s djgel




‘9)dwes Jad sjuswainseaw g Sulp|alA ‘921M] pa3sal |BIA Yyoea ‘Djdwes Jad S|eIA [BNPIAIPUL 9343
10 53INSaJ 9y} JO uBSW BY3 Se pale|ndjed sanjeA Hd ‘Alpluny aA11e[3J (HY "UOIIBZIUOWJEBH UO 3JU3J3JU0) [BUOIIBUIDIU| (HD| "UOIIBIASP pJepuels SAIle|94 :QSY

%650 |€V %650 [TV %09T  |SV %ve0 |1V %ET0 | C'Y |exaH
%EY'0 |V %Ir'0 |0V %v9T  |SY %Zr0 |0V %r0 |1V LT60T68E SY3PULID SY

%Zr'0  |Cv %9r'0 |0V %'l | vy %LED |0 %v90 |1V 9TTTTLLE SPULD SY

%6E0 |1V %920 |6€ %v9T  |€V %CS0 |6°€ %Lv'0 |0V eAPIWEIOY | oy
%950 |6°€ %99°0 | L€ %LT |1V %0v'0 |L'€ %CC0 |8°€ Tr009T dosAlS | pajesadiiyel
%vv'0 |0V %880 |6€ %6v'T | €V %10T  |8'€ %LS0 |0 69209T d0J21S |  ‘suoiipuod
%550 |0 %LS0 |8€ %ELT | T %Lv'0 |8'€ %560 |8°€ piSojoig | Sunsel wudy
%8TT | vY %vZ0 |CTv %v8'€E |87 %0v'T [P %8ET  |SV uoip| Buoljosuo)
%vE0 |EV %EE0 | TV %60T  |SV %IL0 |1V %vTT | edtpawin

%vL0  |Tv %vS0 |0V %ETT  |vY %90 |1V %880 |1V €8T09T 0qSUIN

%180 |1V %CST |6€ %66 T |€V %TT |6°€ %€90  |6°€ 2080971 0qSuIN

%r'0  |vY %850 TV %6ST |9 %0LT |0 %ET0  |CV |exaH

%60 |Tv %90 |0 %6r'T  |vY %r'0 |0V %r0 |1V LT60T68E SHIPULID SY

%L90 |Tv %90 |0 %LST |V %870 |0V %v90  |Tv 9TTTTLLE SYAPULD SY

%0E0 |1V %S¢0 |6€ %vST  |€V %0L0 |6°€ %Lv'0 |0V eJ1pawixa10y | %S /+ HY %09
%850 |L°€ %.8°0 |9°€ %SST |0V %ITT |9°€ %TC0 | 8€ Zv009T doumys | of /*.ST
%590 |8°€ %SS0 |8'€ %veT  |Tv %080 |8'€ %LS0 |0V 69209T doJais Bﬁﬂw..:é
%LS0 |0V %670 |8'E %L0T |TV %vL0 |8'€ %560 |8°€ PIBOIOIE | o6 51300y
%IL'S  |€V %ES0 |1V %TCT  |SV %E0E  |TV %8ET  |SV uoi ‘11 307
%090 |€V %LY0 |1V %19T  |SV %L9T |TV %veT  |Tv eajpawin

%580 |Cv %950 |0V %S6T  |vv %990 |0V %880 |1V €8T09T 0qSUIN

%EV0 |1V %E0'T |6€ %8CT  |€V %vS0  |6€ %€90  |6°€ 20809T 0q3uIN




Table S3: Determination of intermediate precision® of oxytocin assay, using data from five-point calibration curves

Mean Mean Mean Mean Mean

AUC AUC AUC AUC AUC Mean AUC

(mAU*s) (mAU*s) (mAU*s) (mAU*s) (mAU*s) (mAU*s)

Month 0 |RSD Month1 |RSD Month 2 |RSD Month 3 |RSD Month 6 |RSD all months | RSD
USP Reference
11.51U/ml 795.37 | 1.25% 809.72| 0.09% 818.59 | 0.43% 807.35| 0.23% 770.90 0.62% 800.39 2.31%
USP Reference
10 IU/ml 697.92 | 1.31% 699.32 | 0.24% 708.83 | 0.37% 699.52 | 0.29% 670.62 0.79% 695.24 2.08%
USP Reference
7 1U/ml 478.30| 0.67% 483.76| 0.86% 495.49 | 0.08% 485.75| 1.02% 468.38 0.87% 482.33 2.07%
USP Reference
51U/ml 333.61| 1.52% 342.19| 0.28% 344.07 | 0.24% 34491 | 1.73% 322.33 1.19% 337.42 2.83%
USP Reference
21U/ml 123.83 | 3.24% 131.64| 0.92% 130.95| 1.01% 140.46 | 2.71% 120.89 1.10% 129.56 5.89%

AUC: area under the curve. RSD: relative standard deviation. IU: international units. Each mean AUC value was calculated from on three HPLC measurements,

but each mean AUC value of USP Reference 10 IU/ml from five HPLC measurements.

'Reference: ICH, 2005. Validation of analytical procedures: Text and methodology Q2(R1). Available from:
https://database.ich.org/sites/default/files/Q2_R1__Guideline.pdf.
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Abstract

Misoprostol is listed in the WHO essential medicines list and can be used for induction of
labour, for prevention and treatment of post-partum haemorrhage, and for abortions. The
compound is unstable, and substandard misoprostol preparations have been detected in
low- and middle-income countries. We now investigated the stability of misoprostol tablets
according to the international guidelines for stability testing of pharmaceutical products.
Three brands (four batches) of misoprostol tablets were collected in Malawi and Rwanda:
the originator product, a WHO-prequalified product, and a generic product without WHO
prequalification. A further batch of the originator product was collected in Germany. To
investigate the effect of damage to the primary packaging, additional blister strips of one
sample were intentionally damaged with a needle and investigated in parallel. Samples
were placed in stability chambers for six months at 40°C/75% relative humidity (RH) and at
25°C/60% RH. After 0, 1, 2, 3 and 6 months, misoprostol content was determined according
to the International Pharmacopeia. At 40°C/75% RH, all samples showed a decline of miso-
prostol content, but four of the batches still remained within the pharmacopeial specifica-
tions, while one of the two batches of the generic product without WHO-prequalification
showed a final content of 86.2% which is out of specifications. Damage to the primary pack-
aging greatly decreased stability, resulting in a final content of only 48.2% of the declared
misoprostol amount. At 25°C/60% RH all samples remained in specifications for six months,
even the sample with the damaged blister. Dissolution of misoprostol remained in specifica-
tions of the pharmacopoeia for six months for all batches, except for the sample with dam-
aged blisters stored at 40°C/75% RH. This study confirms that the stability of misoprostol
tablets must be ensured by intact, good-quality primary packaging. Careful supplier qualifi-
cation is required in the procurement process.
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Introduction

Misoprostol (Fig 1), a prostaglandin analogue, is listed in the essential medicines list of the
World Health Organization (WHO) [1] as a uterotonic and can be used for prevention and
treatment of post-partum haemorrhage (PPH). PPH is the leading cause of maternal mortality
in low-income countries. It is defined as a blood loss of 500 ml or more within 24 hours after
giving birth [2]. Oxytocin, the medicine of first choice for prevention and treatment of PPH, is
very sensitive to environmental conditions. It degrades at high temperatures and usually has to
be stored at 2-8 °C [3-7]. This storage requirement can be challenging, especially in rural
areas of low- and middle-income countries (LMICs) where infrastructure is poor and ambient
temperatures are often high [8-12]. Indeed, several previous studies have shown that the qual-
ity of oxytocin, especially in LMICs, is often poor [3, 10-17].

Misoprostol is available in form of tablets which can be administered orally and which do
not require refrigerated storage. Therefore, misoprostol tablets appear to offer an attractive
alternative to oxytocin injections in the prophylaxis and treatment of PPH in places where no
trained staff is available to administer medicines parenterally, or where appropriate storage
conditions for oxytocin cannot be ensured [1, 18, 19]. Misoprostol is also used for the induc-
tion of labour, for treatment and prevention of ulcers induced by non-steroidal anti-inflamma-
tory drugs (NSAIDs) and for abortions [1, 20]. Concerns about its latter use have motivated
some countries to restrict its availability.

The instability of misoprostol has been known since decades [21]. The most important deg-
radation reaction is dehydration, leading to misoprostol A (Fig 1). Toledo-Vasquez et al. [22]
described that in aqueous solutions, this reaction follows first-order kinetics, and at 60°C and
pH 7.66 results in a degradation of misoprostol with a half-life of only 8.8 hours. Dehydration
is followed by the much slower isomerization to the resonance-stabilized misoprostol B [21,

Misoprostol

at elevated
temperatures dehydration

o o Q
..\\\“‘\\/\/\)J\O/. s o
iIsomerization HO
= 16 = 16

8-epi-Misoprostol Misoprostol A Misoprostol B

Fig 1. Structure of misoprostol and its typical degradation mechanisms. Commercial misoprostol is a mixture of the depicted structure at its epimer
at C-16, as well as the enantiomers of both compounds. Corresponding stereoisomers are found for the degradation products.

https://doi.org/10.1371/journal.pone.0238628.9001
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22] (Fig 1). Epimerization of misoprostol at C-8 is a further degradation mechanism occurring
at higher temperatures [21].

Pure misoprostol shows 50% degradation within two weeks at 55°C [22]. Fortunately, a dis-
persion of misoprostol in hydroxypropyl methylcellulose (HPMC) is much more stable, allow-
ing the formulation of finished pharmaceutical products [21-24]. However, these misoprostol-
HPMC dispersions have to be carefully protected from humidity, since the degradation veloc-
ity of misoprostol increases sharply when the water content of the dispersion exceeds 2% [24],
and tablets containing misoprostol-HPMC dispersions have been shown to absorb water very
quickly when stored without protection [23]. Importantly, Hall [25] demonstrated that plastic-
aluminium blisters which are frequently used for the packaging of pharmaceutical products
are grossly inadequate for ensuring the stability of misoprostol tablets. This study investigated
215 samples of misoprostol tablets of different age after manufacture, collected in Asia, Africa
and Latin America. When one year or more had elapsed after manufacture, all samples pack-
aged in plastic-aluminium blisters showed a misoprostol content below the limit specified by
the International Pharmacopeia (90% of the declared amount). Double-sided aluminium blis-
ters provided better protection, but one year or more after manufacture, even of those 28%
were reported to show misoprostol contents below the pharmacopeial limit [25].

The quality of misoprostol preparations circulating in LMICs has received much less atten-
tion in the scientific literature than the quality of oxytocin. Besides the above-mentioned study
by Hall [25], only two reports have been published: Anyakora et al. [11] investigated 166 sam-
ples of misoprostol tablets collected in health facilities in Nigeria. 33.7% of these were reported
to fail the specifications of the International Pharmacopeia for misoprostol content, but the
report did not specify how far these samples deviated from declared content. Our group
recently investigated the quality of oxytocin and misoprostol samples collected in health facili-
ties and drug outlets in Malawi. Out of the 30 misoprostol samples, five (17%) showed extreme
deviations, containing only 12.7-30.2% of the declared content [12]. In the scientific literature,
no systematic stability study of finished pharmaceutical products of misoprostol has been pub-
lished so far.

During the registration of medicines, National Medicines Regulatory Authorities (NMRAs)
examine the stability data provided by the manufacturers, usually they do not carry out inde-
pendent experiments to confirm these data. The NMRAs of the EU member states, USA,
Japan, Switzerland, Canada, Australia, Iceland, Liechtenstein and Norway are currently con-
sidered as “Stringent Regulatory Authorities” (SRAs) [26], and medicines produced under
supervision of an SRA are usually regarded with trust in regard to their manufacturers’ specifi-
cations for quality and stability. Similar trust is given to medicines which have received “WHO
Prequalification” status, based on information submitted by manufacturers to WHO and on
inspections of the respective manufacturing sites by experts mandated by WHO [27, 28].
Among the medicine types which are currently eligible for WHO prequalification status are
medicines for reproductive and maternal health, including oxytocin injections and misopros-
tol tablets. However, only a small part of the medicines circulating in LMICs are approved by a
SRA or WHO-prequalified [29]. In the present study, we investigated different batches of
three misoprostol preparations: one preparation which was produced in a country with an
SRA, another one which was a WHO-prequalified product, and one preparation which was
produced in a non-SRA country and was not WHO-prequalified.

Rules for stability testing of pharmaceutical products have been devised by the International
Council of Harmonization of Technical Requirements for Registration of Pharmaceuticals for
Human Use (ICH), most importantly guidelines Q1A-Q1F [30]. Obviously, the aim of testing
is to confirm the stability of the product over the entire shelf-life, but testing durations of sev-
eral years are difficult from an economic viewpoint. Therefore, so-called accelerated stability
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studies are permissible. They are carried out for shorter time periods but at higher tempera-
tures and relative humidities. These studies allow to predict the shelf life of the products under
given storage conditions, and their results are used to decide about the label statements regard-
ing shelf life and storage requirements for the respective products. Guidelines by ICH [31] and
by WHO [26] specify the precise conditions for accelerated stability studies. Obviously, these
conditions are related to the climatic zone of the country where the medicine will be registered.
Malawi is currently assigned to WHO climatic zone II (subtropical and Mediterranean), and
Rwanda to zone IVa (hot and humid) [32].

In the present study, accelerated stability testing of misoprostol tablets collected in Malawi
and Rwanda was carried out according to the ICH guidelines for stability testing of pharma-
ceutical products [31].

Materials and methods
Study design and ethical clearance

This study was designed observing the recommendations contained in the WHO guidelines
on the conduct of surveys of the quality of medicines [33], the MEDQUARG guidelines [34],
and the ICH and WHO guidelines for stability testing of pharmaceutical products [26, 31].
The College of Medicine Research and Ethics Committee (COMREC) in Malawi gave ethical
clearance to conduct this study (Reference No. P.07/27/2215), as well as the Ministry of Health,
Rwanda (Reference No. 20/1361/DGPHFIS/2018). Approval was also granted by the Malawi
National Regulatory Agency (Pharmacy, Medicines and Poisons Board, PMPB).

Sample collection

The brands of misoprostol tablets available at government medical stores and pharmaceutical
wholesalers in Malawi and Rwanda during the time of sample collection (February-March
2018) were purchased by local researchers (F.K. and T.B.). If different batches of a certain
brand were available, samples from each batch were purchased. From each brand and batch,
250 tablets were purchased. Samples were not collected from individual health facilities or pri-
vate pharmacies, to minimize the influence of possibly incorrect storage conditions on the
results of this study. Also, these facilities usually do not stock sufficient amounts of misoprostol
tablets for stability testing. After purchase, samples were stored according to the manufactur-
ers’ specifications. Temperature data loggers were kept with the samples until these were
placed into the stability chambers for testing. The investigators hand-carried the samples from
Malawi or Rwanda to Germany via airplane; this transport required less than 24 hours. Sam-
ples were pre-tested for their misoprostol content according to International Pharmacopeia.
Those samples which were within specifications at the time of pretesting were included into
the stability study.

Storage in stability chambers

The samples were stored in their original primary packaging in stability chambers of Alpha-
Pharma-Service GmbH, Heilbronn, Germany, for six months (April-October 2018). Condi-
tions were chosen in accordance to ICH and WHO guidelines for stability testing of pharma-
ceutical products [26, 31]. Accelerated stability testing was carried out at 40°C +/- 2°C and
75% +/- 5% relative humidity (RH). Samples stored at 25°C +/- 2°C and 60% +/- 5% RH, i.e. at
the ICH conditions for long-term testing of non-refrigerated products, climatic zone II, were
investigated for comparison. After 0, 1, 2, 3, and 6 months, 20 tablets of each sample were
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removed from both chambers and analysed at Tuebingen University, Germany (by N.H. and
T.B.).

Sample analysis

Samples were visually inspected and subsequently tested for identity, assay and dissolution fol-
lowing the procedures described in the monograph for misoprostol tablets of the International
Pharmacopeia 2017. Prior to the experiments, the methods were validated according to the
International Pharmacopeia. Misoprostol was identified and quantified by high performance
liquid chromatography (HPLC), using an Agilent Infinity 1260 II with binary pump and vari-
able wavelength detector (Agilent Technologies, Santa Clara, CA, USA), with acetonitrile/
water (45:55 V/V) as mobile phase, flow rate 1.5 ml/min, column ReproSil-XR 120 C18, 5 pm,
150 mm x 4.6 mm (Dr. Maisch GmbH, Ammerbuch, Germany), and UV detection at 200 nm.
The injection volume was 100 pl for identity and assay, or 250 ul for dissolution. For identity
and assay, five tablets were dissolved in 50 ml mobile phase; two independent experiments
were carried out, and of the resulting solutions two aliquots each were analysed by HPLC,
yielding four measurements for each sample. The HPLC autosampler was set to 4 °C to avoid
misoprostol degradation. Samples showing additional peaks were also tested for related sub-
stances according to Kahsay et al. [35], using freshly prepared solutions from three tablets per
sample and performing the tests without delay.

Dissolution was investigated with a dissolution tester PT-WS 610 (Pharma Test Apparate-
bau AG, Hainburg, Germany). Six tablets per sample were tested separately as described in the
monograph for misoprostol tablets in the International Pharmacopeia, with 500 ml of water R
as dissolution medium, a temperature of 37°C, and a rotating paddle with 50 revolutions per
minute. Samples were withdrawn after 30 min through an in-line filter. Misoprostol reference
standard Ph. Eur. (batch N* 3.0) was obtained from the European Directorate for the Quality
of Medicines (EDQM), Strasbourg, France.

At each time point during the stability testing, 5-point calibration curves were prepared to
assure linearity. Intermediate precision [36] was calculated from the data of the calibration
curves of the reference standards, (see S2 Table).

Statistical analysis

Statistical evaluation was done using JMP 14.2 (SAS GmbH, Heidelberg, Germany). Signifi-
cance levels of differences were calculated using uni- and multivariate analysis of variance
(ANOVA) and student s t-test. Differences were considered significant when p< 0.05.

Results
Overview of investigated misoprostol samples

In this study, misoprostol samples were investigated which were offered by government medi-
cal stores and private wholesalers in Malawi and Rwanda, i.e. preparations which reflect the
actual quality and stability of medicines distributed in these two African countries. In February
and March 2018, the local investigators (F.K. and T.B.) enquired about the available brands
and batches of misoprostol tablets. Samples were then purchased from private wholesalers
using a mystery shopper approach (i.e. ordering with the help of a licensed pharmacy shop),
and from government medical stores in an overt approach. If different batches of a certain
brand were available, samples from each batch were purchased. In Malawi, certain brands of
misoprostol tablets had recently been withdrawn from the market [12], and only one single
brand was offered for sale at the time of sample collection, in form of two different batches;
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Table 1. Investigated misoprostol samples. All samples represented tablets with a stated content of 200 ug/ tablet.

Collected | Collected at:

m:

Malawi wholesaler

Central
Medical
Stores Trust

Rwanda | government
district

pharmacy

wholesaler

Germany | pharmacy of
Tuebingen
university

hospital

Stated
manufacturer
(and brand
name)

Fourrts (India)
Laboratories
Pvt. Limited
(KONTRAC
200)

Acme
Formulation
Pvt. Ltd. (Ace
Miso)

Piramal
Healthcare UK
Limited
(Cytotec)

Country of | Mfg. Batch Stated |Stated storage |Primary |Stated excipients / Prequalifi-
manufacture | date/ number shelf |requirements |packaging |formulation cation
Exp. life status
date
India Jun 17/ E0571 2years | Below 30°Cin | alu/alu none declared none
May 19 a dry place. blister
Eeb17/ | D2205 Protect from
Jan 19 light
India Sep 16/ | ACE160963 | 2 years | Below 30°C alu/alu misoprostol as HPMC | WHO-PQ
Aug 18 protected from | blister dispersion (1%),
light excipients q.s.
UK Jul 17/ B17173 3 none alu/alu misoprostol-HPMC SRA
Jun 20 years1 blister dispersion (1%),
cellulose
(microcrystalline),
sodium carboxymethyl-
amidon, hydrogenated
castor oil
Feb 17/ B16131 Below 30°C cellulose
Jan 20 protected from (microcrystalline),
humidity HPMC, sodium

carboxymethyl-amidon,
hydrogenated castor oil

HPMC: hydroxypropyl methylcellulose. WHO-PQ: WHO-prequalified product. SRA: produced in a country with stringent regulatory authority.
! information not stated on the packaging, but obtained from internet data bases [20, 37].

https://doi.org/10.1371/journal.pone.0238628.t001

both batches were purchased. In Rwanda, three brands were offered at the time of sample col-
lection (only a single batch of each brand), and each brand was purchased. However, one of
these brands showed an insufficient API content already in pre-testing, and had to be excluded
from the subsequent investigation. The Rwanda Food and Drug Authority (RFDA) was alerted
about this substandard brand. Further investigations initiated by RFDA confirmed our find-
ings, and effective from February 2019, RFDA recalled the substandard brand from the Rwan-
dan pharmaceutical market. As a comparison, the originator brand (Cytotec™) was purchased
through the pharmacy of the University Hospital Tuebingen. This is the brand most com-
monly used in Germany. A different batch of this originator brand had also been purchased in
Rwanda.

Therefore, as shown in Table 1, three brands (total 5 batches) were included into the stabil-
ity testing. The originator brand had been produced in the UK, i.e. in a country with an SRA.
One further brand represented a WHO-prequalified product, manufactured in India. The
third brand was not WHO-prequalified, and had also been produced in India.

Surprisingly, packaging and leaflet of the originator brand collected in Rwanda did not
state any storage requirements, while packaging and leaflet of the same brand collected in Ger-
many stated that storage below 30°C was required. The same storage temperature was stated
by the manufacturers of the two other brands. The stated requirements for protection from
light and humidity were somewhat different between the brands (Table 1). All samples had
double-sided aluminium blisters as primary packaging. Pre-testing for content of misoprostol
showed that these samples were within the specifications of the International Pharmacopoeia
at the beginning of the stability study.
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a) 40°C+/- 2°C;75%RH+/-5%

% of declared content

100

80

60

The three manufacturers were contacted and were requested to confirm the authenticity of
the samples. The two manufacturers from India confirmed that label information and appear-
ance of the samples conformed to their products. The latest response from Pfizer (the market-
ing authorization holder)/Piramal was that they were still investigating this matter.The
declared shelf life of the investigated brands was either two or three years. While four of the
five investigated batches remained within their shelf life during the entire duration of the
study, the WHO-prequalified product by Acme expired during the stability testing. Neverthe-
less, it was found to remain within specifications during the entire testing period, even after
storage for six months at 40 °C and 75% RH (see below).

Table 1 also shows the stated excipients for the investigated preparations. Notably, for the
product Kontrac 200" which was neither SRA-approved nor WHO-prequalified, no excipi-
ents were declared at all.

Accelerated stability study

According to the current ICH/WHO guidelines for stability testing of finished pharmaceutical
products [26, 31], accelerated stability testing of medicines which are labelled for storage
below 30 °C has to be performed at 40 “C and 75% RH for six months. All five collected
batches of misoprostol tablets were tested under these conditions. The results are depicted in
Fig 2a, and the exact misoprostol amounts determined at each time point, together with the
standard deviation of the measurements, are listed in S1 Table. As visible in Fig 2a, both
batches of the originator brand as well as the batch of the WHO-prequalified product
remained in specifications over the entire six months testing period, i.e. their misoprostol con-
tent remained in the range of 90-110% of the declared amount. However, of the two batches
of the product which had been produced in a non-SRA country and which had not been

b) 25°C+/- 2°C;60 % RH +/-5 %

Kontrac 200; D2205 Kontrac 200; D2205
~ / Cytotec; B17173 100 — _{/ Cytotec; B16131
i Cytotec; B16131 ’ —~= ¥ —Cytotec; B17173
I —p Yy ’ ool ‘\ ;
! - ™ Ace Miso = =2\ MAce Miso
N g Kontrac 200; E0571
™~ Kontrac 200; E0571 c
3 80
’ S Kontrac 200; E0571;
t ] .
g 5 punctured blister
©
Q
L]
Y
5}
X 60
| Kontrac 200; E0571;
= punctured blister =
01 2 3 45 6 01 2 3 45 6
months months

Fig 2. Change of misoprostol content in tablets store for 6 months a) at 40°C and 75% relative humidity (RH) and b) at 25°C and 60% RH. Error
bars show standard deviation. The International Pharmacopeia requires a content of misoprostol between 90-110% of the declared amount. This range
is marked in the figure.

https://doi.org/10.1371/journal.pone.0238628.9002
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mAU

700

o

WHO-prequalified, only one batch remained in specifications, while the other batch showed a
final content of 86.2% of the declared amount, which is out of specifications. The decrease of
the misoprostol content of this sample was 14.5% over 6 months, which is significantly more
that the decrease observed in the originator and the WHO-prequalified samples (decrease over
6 months: 8.9%, 7.4% and 8.3%, respectively; all p < 0.0001), and also significantly more than
in the other investigated batch from the same manufacturer (7.5% decrease over 6 months;

p < 0.0001). Contrary to expectations, the failing batch was the one with the longer remaining
shelf life (Table 1), indicating that its different stability was not due to the age of the sample,
but possibly due to batch-to-batch differences in the manufacturing of this product, or due to
different storage conditions of the two batches prior to sample collection.

Effect of damaged blisters

All investigated products were correctly packaged in double-sided aluminium blisters. In
order to investigate the importance of the intactness of the primary packaging for the stability
of the misoprostol tablets, the blister strips of one sample were intentionally damaged by punc-
turing a single hole of approximately 1 mm diameter into each alveolus of the blisters (S1 Fig),
allowing access of air and humidity to the tablets. The sample in these punctured blisters was
investigated in parallel to the samples with the intact blisters. As expected, damage to the pri-
mary packaging had a strong detrimental influence on stability (Fig 2a and S1 Table): already
after two months at 40 “C and 75% RH, the misoprostol content was out of specifications, and
after six months the remaining amount of misoprostol was as low as 48.2% of the declared con-
tent. HPLC analysis of this sample for related substances according to Kahsay et al. [35] clearly
showed the decrease of the misoprostol content and the concomitant increase of the typical
degradation products of misoprostol, i.e. misoprostol A and, to a smaller extent, misoprostol B
and 8-epi-misoprostol (Fig 3).

Stability at long-term storage conditions

Parallel to the accelerated stability testing at 40°C and 75% RH, a control experiment was con-
ducted at 25 °C and 60% RH, which represents the long-term storage condition for non-

Misoprostol (

I
( V

|
\
8-epi-Misoprostol “, Misoprostol B

(
\ ‘

\

\

0 s

Misoprostol A

10 15 20 25 33

min

Fig 3. HPLC analysis of misoprostol tablets stored in damaged blisters at 40 °C and 75% RH for six months (red line). KONTRAC 200 tablets of
Fourrts (India), batch E0571 (see Table 1) were used for this experiment. Tablets of the same batch stored in intact blisters at 25 °C and 60% RH for six
months are shown as comparison (blue line). HPLC analysis for related substances was carried out according to Kahsay et al. [35].

https://doi.org/10.1371/journal.pone.0238628.9003
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refrigerated products in climatic zone II [26, 31]. As shown in Fig 2b and in S1 Table, the assay
results of all five investigated batches remained in specifications under these conditions for

the six months testing period. Even the sample with the punctured blisters remained in
specifications, though it showed the lowest final misoprostol content of all investigated samples
(Fig 2b).

Also at 25 °C and 60% RH, a decline of the misoprostol content over six month was visible
(Fig 2b). Assuming that misoprostol degradation followed first-order kinetics [22], i.e. with a
linear relationship between the logarithm of the content and time, we calculated from the mea-
surements depicted in Fig 2b the expected misoprostol content at the time point two years
after the date of manufacture upon continued storage at 25 “C and 60% RH. This calculation
predicted that four of the investigated batches would show contents between 90.2 and 96.6% of
the declared amount, i.e. would remain in specifications for assay during that time period. In
contrast, the batch which had failed assay testing after accelerated stability testing (KONTRAC
200, batch E0571) was predicted to show a content of 87.3% at the time of its expiry date,
which would be out of specifications. Results of such extrapolations need to be evaluated with
care, but still they indicate that the differences in stability observed at 25°C were consistent
with those observed at 40°C.

Dissolution testing

All collected batches, as well as the sample with the intentionally punctured blisters, were also
tested for dissolution of the active pharmaceutical ingredient (API). The International Phar-
macopoeia requires that at least 80% of the declared amount of misoprostol dissolves under
the defined conditions (see Methods). As shown in Table 2, all five investigated batches per-
fectly complied with this requirement, showing nearly complete dissolution of the API. Storage
in intact blisters for six months at 40°C and 75% RH resulted only in moderate decreases of
the dissolution values (Table 2). These mainly reflected the loss of the API content described
above, while the dissolved percentage of the API showed only small changes over six months
(Table 2, right columns). All five batches remained within specifications, but the batch of the
non-SRA product which had failed assay testing after storage under these conditions showed a

Table 2. Dissolution testing results of misoprostol tablets stored at two different conditions, 0 and 6 months.

Storage condition
40°C+/-2°C

75% RH +/- 5%

25°C+/-2°C

60% RH +/- 5%

Dissolution (% of declared content) Dissolution (% of assay
determined at the respective
month [see S1 Table])

Kontrac 200, batch E0571

Kontrac 200, batch D2205

Ace Miso

Cytotec, batch B16131

Cytotec, batch B17173

Kontrac 200, batch E0571; punctured blister
Kontrac 200, batch E0571

Kontrac 200, batch D2205

Ace Miso

Cytotec, batch B16131

Cytotec, batch B17173

Kontrac 200, batch E0571; punctured blister

RSD: relative standard deviation. RH: relative humidity.

https://doi.org/10.1371/journal.pone.0238628.t002

Month 0 RSD Month 6 RSD Month 0 Month 6
99.2 0.98% 81.3 2.81% 98.6 94.3
100.4 5.76% 95.1 1.72% 96.3 98.2
99.7 2.59% 90.8 1.57% 97.7 96.9
104.0 3.03% 92.3 1.86% 101.1 98.3
99.9 2.82% 91.0 2.26% 97.5 95.8
99.2 0.98% 42.4 3.87% 98.6 87.9
see above 90.6 2.93% see above 95.6
93.1 2.21% 94.6
93.0 2.93% 96.8
93.1 1.97% 96.3
94.6 1.88% 97.9
89.7 2.46% 97.5
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final dissolution value of 81.3%, passing the 80% threshold of the pharmacopoeia only by a
narrow margin.

The sample with the punctured blisters clearly failed dissolution specifications after six
months at 40°C and 75% RH, showing 42.4% dissolution of the declared API amount. Assay
testing had shown a final API content of 48.2% of the declared amount. Therefore, storage in
damaged blisters at these conditions strongly reduced the API content, and to some extent also
reduced the dissolved percentage of the remaining API (Table 2).

After storage at 25°C and 60% RH, all tested samples, including the one with the punctured
blisters, still complied with the specifications of the pharmacopeia for dissolution of misopros-
tol (Table 2).

Discussion

The results of the present study confirm that the limited stability of misoprostol represents a
problem for safeguarding the quality of misoprostol tablets especially in countries with hot
and humid climates. This problem can be reasonably managed by appropriate packaging and
by professional formulation of the tablets. The two investigated batches of the originator prod-
uct, as well as the WHO-prequalified product, were found to remain within the specifications
of the International Pharmacopoeia over six months of accelerated stability testing at 40°C and
75% RH, despite the fact that already 11, 16 and 19 months had elapsed since their date of
manufacture when they entered stability testing, respectively. The WHO-prequalified product
even exceeded its expiry date 2 months before the end of the stability test, and still conformed
to specifications both in assay and in dissolution at the end of the six-months testing period.
This may be seen as a further example that WHO-prequalification is a reliable assurance of the
good quality of medicines. However, of the two tested batches of a product without WHO-pre-
qualification and produced in a country without stringent regulatory authority (SRA), one
batch was clearly out of specifications at the end of the accelerated stability testing. The other
batch of this manufacturer showed much less degradation during accelerated stability testing.
The clearly different results between the two batches may raise doubts about the batch-to-
batch consistency in the manufacturing of this product.

In this study, misoprostol tablets were included in the stability test only if they were within
specifications at the beginning of the test. One brand of misoprostol tablets collected in
Rwanda (packaged in double-sided aluminium blisters; manufactured in a country without
SRA; not WHO-prequalified) had to be excluded due to extreme deviations from specifica-
tions in the assay. Furthermore, Hall [25], Anyakora et al. [11] and Hagen et al. [12] have
reported insufficient misoprostol contents in many misoprostol preparations collected in
LMICs. Therefore, quality and/or stability problems are certainly not a rare observation in
misoprostol tablets circulating in LMICs.

The observation that several batches investigated in this study remained in specifications
during accelerated stability testing does not prove the absence of stability problems. The cur-
rent ICH/WHO guidelines [26, 31] require not only that the investigated preparations remain
in specifications over the six-months testing period, but also that the content of the API does
not change by more than 5%. None of the five investigated batches complied with this criterion
in our accelerated stability test. This result has to be interpreted with care, since the products
had been stored for extended periods of time, at unknown conditions, before the stability test
was conducted. Therefore, the present results do not prove that the preparations failed their
stability requirements at the time when they left the manufacturing company. Nevertheless,
the data reported in the present study confirm that the stability of misoprostol tablets is prob-
lematic. This is also stated in the assessment report of the WHO prequalification programme
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for the misoprostol tablets produced by Acme (Table 1): “The product is chemically not very
stable; the data show an increase of degradation with time at accelerated and long term storage
conditions, though within justified limits” [38].

In the present study, a decrease of the misoprostol content was observed both at 40°C and
75% RH and at 25°C and 60% RH (Fig 2). An investigation of the storage conditions of miso-
prostol tablets in health facilities in Malawi had shown mean kinetic temperatures at the differ-
ent storage sites ranging from 21.4°C to 31.0°C [12]. In view of these observations, a reduction
of the stated shelf-life of the originator brand (Table 1) from three to two years may be advis-
able, especially for those batches which are exported to countries with hot and humid climates.
Also the omission of a storage requirement on the packaging of the originator product mar-
keted in Rwanda is surprising and should be corrected by the manufacturer.

Manufacturers are aware of the stability problems of misoprostol. They frequently manu-
facture tablets with an initial content of more than 100% of the stated amount, to ensure that
the misoprostol content of their preparations does not fall below the pharmacopeial limit of
90% of the declared amount within their shelf-life. This was observed in the present study: the
content of all preparations at the beginning of the stability testing exceeded 100% of the stated
amount, despite the time which had elapsed since manufacture. The data reported by Hall [25]
showed that out of 215 samples of misoprostol tablets which were investigated at an age
between zero and three years after their date of manufacture, approximately 43% contained
between 100-110% of the stated content, and 5% even exceeded the pharmacopeial limit of
110% at the time of analysis. It has to be expected that the prevalence of overdosed prepara-
tions would be even higher if all of them had been investigated shortly after their date of manu-
facture. Also for the preparations investigated in the present study, extrapolation of the data
shown in Fig 2b indicates that their misoprostol content at the time of manufacture may have
exceeded the pharmacopeial limit of 110%. However, as mentioned above, results of such
extrapolations need to be interpreted with care.

It is encouraging that all brands of misoprostol tablets distributed by wholesalers and gov-
ernment stores in Malawi and Rwanda at the time of sample collection were packaged in dou-
ble-sided aluminium blisters. This may be a consequence of the report by Hall [25] that
plastic-aluminium blisters are grossly inadequate to ensure stability of misoprostol tablets.
According to the information listed on the website of the WHO prequalification of medicines
programme [39], all three WHO-prequalified brands of misoprostol tablets are packaged in
double-sided aluminium blisters for protection of the tablet against moisture, and are pro-
duced from 1:100 misoprostol dispersion in HPMC [38].

Both the originator product [40, 41] and at least one generic preparation produced in India
[12, 25] are also marketed in screw-cap plastic bottles containing 60 or 100 tablets. While such
bottles in principle offer good protection if also a desiccant in sufficient amount is included in
the packaging [42], their use in LMICs is not advisable since proper closure of the bottle may
not always be ensured and thereby access of humidity may severely affect the quality of the tab-
lets. A preparation packaged in such bottles found in Malawi contained only 48.8% of the
misoprostol amount declared on the label 29 months after the date of manufacture [12].

For misoprostol tablets packaged in double-sided aluminium blisters, the intactness of the
blister is of principal importance for the stability. This was reported by Berard et al. [23] and
has been clearly confirmed in the present study. If the blister was damaged, we observed more
than 50% loss of misoprostol within 6 months at 40°C and 75% RH. The velocity of the degra-
dation was strongly dependent on the environmental conditions: at 25°C and 60% RH, only
8.7% loss occurred within 6 months. 1.5% loss was observed in the first month under these
conditions. This is somewhat different from the time pattern reported by Berard et al. [23],
who had investigated another brand of misoprostol tablets for a period of one month after
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complete removal from their blister packs. At 25°C and 60% RH, these authors reported a loss
of misoprostol content of approximately 10% within the first week, followed (somewhat sur-
prisingly) by a loss of only about 0.5% per week in the following three weeks.

The results of our study show that unprotected storage of misoprostol tablets for extended
periods at high temperature and humidity is extremely detrimental, while unprotected storage
for one month at 25°C and 60% RH only had a small effect on the misoprostol content. Never-
theless, in view of the instability of misoprostol, storage outside of intact blisters should be
avoided, even for short periods.

The key stability problem of misoprostol tablets is the degradation of the AP, especially in
the absence of proper protection from humidity. In contrast, dissolution of misoprostol was
hardly affected during accelerated stability testing in this study, and even unprotected storage
did not affect dissolution of the remaining amount of misoprostol very strongly (see Table 2).

Limitations of this study

This study investigated only those brands and batches of misoprostol tablets which were avail-
able at government medical stores and pharmaceutical wholesalers in Malawi and Rwanda
during the time of sample collection, and may not be representative for other brands or
batches. Furthermore, while this approach to sample collection provides a realistic picture of
the stability of the products which were distributed in these countries at that time, it does no
give a precise picture of the condition of the samples at the time when they left the manufactur-
ing companies. Differences in the results obtained for different brands and batches may be
influenced by the different age of samples at time of analysis, and by their different storage
condition prior to collection.

Conclusions

The stability of misoprostol tablets is problematic and must be ensured by intact, good-quality
double-sided aluminium blisters and by appropriate manufacturing using HPMC as stabilizing
agent. Misoprostol tablets of very different quality and stability are on the market, and careful
supplier qualification is required in the procurement process. In doubt, procurement should
be restricted to WHO-prequalified products, and/or products manufactured under supervi-
sion of a stringent regulatory authority. In the prevention and treatment of PPH, misoprostol
tablets offer the advantage over oxytocin injections that they do not need parenteral adminis-
tration. However, the notion that misoprostol tablets present fewer stability problems than
oxytocin injections may be misleading, especially in hot and humid climates.

Supporting information

S1 Fig. Intentionally punctured blister of misoprostol tablets (Kontrac 200, batch E0571).
Needle punctures are highlighted by arrows.
(DOCX)

S1 Table. Assay testing results of misoprostol tablets stored at two different conditions
over 6 months.
(DOCX)

S2 Table. Intermediate precision of misoprostol assay and dissolution.
(DOCX)
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Abstract

Sustainable Development Goal 3.1 calls for a reduction of the maternal mortality ratio to less
than 70 per 100,000 live births by 2030. The most important cause of maternal mortality is
post-partum haemorrhage (PPH). Oxytocin injections and misoprostol tablets are medicines
of first choice for the management of PPH in low- and middle-income countries (LMICs).
Unfortunately, both substances are chemically unstable, and previous studies have
revealed serious quality problems of these medicines in LMICs. The present study is the
first report on their quality in Rwanda. From 40 randomly selected health facilities (hospitals,
health centers, retail pharmacies and private clinics) in different parts of Rwanda, as well as
from six wholesalers and government stores, oxytocin injections and misoprostol tablets
were collected. Oxytocin storage temperatures in the health facilities were monitored for six
months using temperature data loggers, and found to correctly follow the storage require-
ments stated by the manufacturers (2-8°C, or room temperature) with few minor deviations.
Oxytocin injections (57 samples, representing seven batches of four brands) were tested for
their oxytocin content and pH value according to the United States Pharmacopeia. Twenty-
four samples from three European manufacturers passed all tests. However, all nine sam-
ples of one batch of a Chinese manufacturer showed an excessive content of oxytocin
(range 117.2-121.5% of the declared amount). Another batch of the same manufacturer
showed extreme variations of the concentration of the preservative benzyl alcohol. Miso-
prostol tablets (25 samples, representing ten batches of six brands) were tested for content
and dissolution according to the International Pharmacopoeia. Fifteen samples passed, but
all 10 samples of two brands from India failed with extreme deviations, containing only 42.5—
48.7% of the stated amount of misoprostol. In conclusion, oxytocin quality in Rwanda was
better than reported from other African countries. However, two extremely substandard
brands of misoprostol tablets were found. The Rwandan authorities reacted quickly and effi-
ciently, and recalled these substandard medicines from the market. For oxytocin and miso-
prostol, with their well-known problems of quality and stability, procurement should possibly
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be restricted to medicines which are WHO-prequalified or which have been manufactured in
countries with stringent regulatory authorities.

Introduction

In the year 2017, an estimated number of 295,000 women around the world died due to compli-
cations of pregnancy and childbirth [1]. The highest maternal mortality ratio is observed in the
sub-Saharan region of Africa [1, 2]. Post-partum hemorrhage (PPH) is the most important
cause of maternal mortality, and 50% of all cases of PPH worldwide occur in Africa [3]. Rwanda,
a low-income country in sub-Saharan Africa [4], has successfully lowered its maternal mortality
ratio from 1160 down to 248 per 100,000 live births in the years from 2000 to 2017 [1]. Efforts
are made by the government of Rwanda to further reduce the maternal mortality ratio to less
than 70 per 100,000 live births by 2030, in accordance with the Sustainable Development Goal
(SDG) 3.1 [5, 6]. To achieve this target, oxytocic medicines which are used to treat and prevent
PPH are of principal importance. Oxytocin injections and misoprostol tablets are among the
medicines of first choice for the prevention and treatment of PPH [3, 7]. They are included as
oxytocics (uterotonics) in the WHO model list of essential medicines [8] and in the Rwanda
National List of Essential Medicines for adults [9]. Also, they have been included in the list of 13
life-saving items prepared by the United Nations Commission on Life-Saving Commodities for
Women and Children (UNCoLSC) [10], as the only medicines for the management of PPH.

The use of substandard and falsified medicines has been shown to result in serious public
health problems [11]. Especially in LMICs, the quality of medicines often fails to meet the
pharmacopeial specifications, and this has far-reaching adverse consequences for patients,
families, national health systems and the economy [11, 12]. The use of substandard oxytocin
or misoprostol preparations in the management of PPH may lead to therapeutic failure in the
treatment of excessive bleeding, and even to the death of the patient [13, 14]. Avoiding such
preventable deaths is one of the key measures required to reach SDG 3.1.

Unfortunately, oxytocics are sensitive to environmental conditions. Oxytocin itself is a pep-
tide hormone containing nine amino acids with an intramolecular disulfide bridge (Fig 1)
[15]. It is highly sensitive to elevated temperatures and may degrade quickly when inappropri-
ately stored, especially in tropical climates [16, 17]. The World Health Organization (WHO)
recommends to store all preparations of oxytocin in the refrigerator, i.e. between 2°C and 8°C
[16]. However, some commercial oxytocin preparations carry recommendations for non-
refrigerated storage [18, 19]. Oxytocin stability furthermore depends on the pH value, with an
optimum stability at pH 4.5 [20]. Both the United States Pharmacopeia (USP) and the Interna-
tional Pharmacopeia (Ph. Int.) demand that oxytocin injections must have a pH value between
3.0and 5.0 [19].

A systematic review published by Torloni et al. in 2016 [13] listed eight studies on the qual-
ity of oxytocin conducted in LMICs. In a subsequent systematic review published by the same
authors in 2020 [14], the number of included oxytocin quality studies had increased to 14.
Overall, 39.7% of the oxytocin samples investigated in all these studies had been reported to
fail quality testing. An insufficient content of the active pharmaceutical ingredient (API) repre-
sented by far the most frequently found deficiency. The overall percentage of failing samples
had been 31.4% for studies conducted in the time period of 2000-2011 (n = 363 samples), but
had increased to 44.4% for studies conducted from the year 2012 onwards (n = 611 samples)
[14]. This indicates that in the last two decades, the quality problems of oxytocin have
increased rather than decreased.
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The percentage of oxytocin samples reported to fail quality testing varies notably between
different studies. Anyakora et al. [22] reported that 74.2% of the 159 oxytocin samples collected
in Nigeria failed quality testing. Similarly, Stanton et al. [23] reported a failure rate of 73.9%
upon investigation of 46 oxytocin samples from Ghana. On the other hand, Hagen et al. [24]
showed that only 11% out of 65 oxytocin samples collected in Malawi failed testing, and only
with moderate deviations from the pharmacopeial specifications. Another study conducted in
Ethiopia reported a failure rate of only 4% within 45 oxytocin samples [25]. In all these studies,
the failure rate resulted nearly exclusively from an incorrect API amount determined in the
samples [14]. Therefore, the different failure rates reported are not due to different parameters
being tested in the different studies.

Misoprostol (Fig 1) is an analog of prostaglandin E1. Commercial preparations contain a
mixture of both its epimers at C-16, and their enantiomers [26]. Misoprostol is a viscous oil at
room temperature and is extremely unstable in the presence of water [27]. Both the raw mate-
rial and the finished products have to be carefully protected from humidity [27, 28]. In finished
pharmaceutical products, misoprostol must be stabilized in form of a 1% dispersion in hydro-
xypropyl methylcellulose (HPMC) [29], since in the absence of HPMC misoprostol quickly
undergoes dehydration, isomerization and epimerization reactions (Fig 1), resulting in a loss
of activity. A study by Hall [28] on 215 misoprostol samples, collected in 15 LMICs, reported
an incorrect API content in 45% of the samples, and a decomposition of misoprostol in those
samples which were packaged in plastic-aluminium blisters. Therefore, it has been strongly
recommended that misoprostol tablets should be packaged in double-sided aluminium blisters
to protect them from moisture [28]. Storage of misoprostol tablets outside the blisters exposes
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them to moisture and has been shown to quickly decrease the amount of the active ingredient,
and also to reduce hardness and increase friability of the tablets [27]. In spite of these well-doc-
umented problems, misoprostol quality in LMICs has received much less attention than oxyto-
cin quality. The above-mentioned review published by Torloni et al. [14] lists, besides the
study by Hall, only two further studies which investigated the quality of misoprostol tablets:
Anyakora et al. [22] reported that 56 (33.7%) out of 166 misoprostol samples collected in Nige-
ria failed quality testing due to incorrect API content, but the study did not state the exact
amount of API detected in the samples. Hagen et al. [24] reported that 5 (17%) out of 30 miso-
prostol samples from Malawi failed pharmacopeial specifications, notably all five with extreme
deviations since they contained only 12.7-30.2% of the declared amount.

So far, no data on the quality of oxytocin injections and misoprostol tablets in Rwanda have
been published, although the above-mentioned findings from other LMICs indicate that the
presence of substandard preparations is likely. Therefore, in the present study samples of oxy-
tocin injections and misoprostol tablets were collected from randomly selected government,
faith-based and private health facilities and drug outlets, as well as from government medical
stores and private wholesalers in Rwanda, and were investigated for their quality according to
the United States Pharmacopeia (USP) and the International Pharmacopeia (Ph. Int.), respec-
tively. In parallel to this study, an evaluation of the availability and prices of essential medicines
in health facilities of Rwanda, also beyond oxytocin and misoprostol, has been carried out, and
the results have been published elsewhere [30].

Methods
Study design and ethical approval

The study protocol and the methods for collection and investigation of the samples were
designed following the MEDQUARG guidelines [31] and the WHO Guidelines on the Con-
duct of Surveys of the Quality of Medicines [32]. Ethical approval to conduct this study was
obtained from the College of Medicine and Health Sciences Institutional Review Board
(CMHS-IRB) of the University of Rwanda with approval notice No. 026 /CMHS IRB/2018. An
authorization to access health facilities and to conduct this study was kindly granted by the
Ministry of Health, Rwanda (reference No. 20/1361/DGPHFIS/2018). In fulfilment of the
requirements for sample transfer from Rwanda to Germany, a Material Transfer Agreement
(MTA) was signed between investigators and the Rwandan Ministry of Health. Consent to
import medicine samples for analysis was also obtained from German authorities (Regierung-
sprasidium Tibingen, Leitstelle Arzneimittelilberwachung).

Selection of sampling sites

Samples of oxytocin and misoprostol were collected in Kigali city and in five districts repre-
senting the provinces of Rwanda, i.e. Bugesera district (Eastern Province), Karongi district
(Western Province), Musanze district (Northern Province), and Muhanga and Kamonyi dis-
tricts (Southern Province). Government, faith-based and private facilities were included, i.e.
government district hospitals and health centers, faith-based district hospitals and health cen-
ters, private retail pharmacies and private clinics/hospitals. A list of these health facilities in
Kigali city and in the five selected districts was obtained from the Ministry of Health, compris-
ing altogether 13 district hospitals (government or faith-based), 77 government health centers,
44 faith-based health centers, 36 private clinics, and 234 private retail pharmacies. For each of
the five districts and for Kigali city, two hospitals and two health facilities of each of the other
categories (government health centers; faith-based health centers; private retail pharmacies;
private clinics) were randomly selected using the RAND function of Microsoft Excel.
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However, in each of the two districts Muhanga and Kamonyi only a single district hospital
existed; these were included into the study. In Musanze district, no district hospital existed,
but a government referral hospital, and this was included. Therefore, a total of 57 health facili-
ties and private retail pharmacies were selected. In the course of the study visits, it turned out
that one of the selected district hospitals was a specialized orthopedic hospital and did not
stock oxytocin or misoprostol. Also, 11 of the 12 selected private clinics stated that they did
not store these medicines, and 5 of the 12 retail pharmacies had none of these two medicines
available. Therefore, oxytocin and/or misoprostol could be collected from 40 health facilities
and retail pharmacies, and these are listed in S1 Table.

In addition to health facilities and retail pharmacies, oxytocics were also collected from the
government central medical store (Medical Procurement and Production Division [MPPD]),
from two government district pharmacies and from three large private wholesalers. Therefore,
samples were collected from a total of 46 different facilities. Fig 2 shows the location of the
facilities on a map of Rwanda.

30 km
— 1 ——

————
20 mi

© d-maps.com

Muhanga

Karongi

Musanze

Kamonyi Kigali city

% hospital (government or faith-based)
4 health center (government or faith-based)
A private retail pharmacy
private clinic
¢ government district pharmacy or private wholesaler
¢ government central medical store

Fig 2. Map of the location of the 46 facilities from which oxytocics were collected. Reprinted (with modifications) from https://d-maps.com/conditions.php?lang=en
under a CC BY license, with permission from d-maps.com, original copyright 2007-2020.

https://doi.org/10.1371/journal.pone.0245054.9002
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In health facilities which stored oxytocics both in their pharmacy stores and in their mater-
nity wards, samples were collected from both sites if these medicines were available there.
Thereby in total samples were collected from 44 storage rooms and 20 maternity wards, as
listed in S1 Table.

Sample collection

Sampling was done by the investigator T.B. in March 2018 for the pilot study in Muhanga dis-
trict, and in September-October 2018 for the main study in the other districts and Kigali city.
At each sampling site, from every available brand and batch, 10 vials of oxytocin and 50 tablets
of misoprostol were collected if available. A minimum amount of 5 vials of oxytocin and 10
tablets of misoprostol was collected.

When sampling from government and faith-based health facilities, the collected vials and
tablets were replaced with medicines which had been purchased by the investigator from the
government central medical store or two government district pharmacies, in order to avoid
causing stock-outs in the health facilities by the sampling. Samples collected from private facil-
ities (retail pharmacies, private clinics and wholesalers) were paid for in cash. In health facili-
ties and retail pharmacies, samples were collected by an overt approach, i.e. the investigator
informed the staff about the purpose of the visit, and the “Sample Site & Drug Purchase Rec-
ords” shown in S1 Fig were filled and signed by the investigator and by the responsible person
at the health facility. Samples from private wholesalers were obtained through a local retail
pharmacy using a mystery shopper approach, and no “Sample Site & Drug Purchase Records”
were prepared for these purchases.

Upon sample collection, each sample was immediately labeled with a unique sample code.
All samples of oxytocin were transported to a central collection site in Rwanda in a 12 V plug-
in refrigerator, and subsequently stored between 2°C and 8°C until shipment to Germany.
Misoprostol tablets were transported and stored at a temperature not exceeding 25°C. Samples
were hand-carried to Tiibingen University, Germany, by the investigator T. B. on commercial
passenger flights in May 2018 (for the pilot study) and in November 2018 (for the main study).
They were placed into appropriate storage conditions at Tiibingen University within 24 hours
after departure from Rwanda. A temperature data logger was kept with the samples at all times
to record the temperature during transport and intermediate storage.

Assessment of oxytocin storage temperatures

Oxytocin storage temperatures were recorded using temperature data loggers (Tempmate M1
by imec Messtechnik GmbH, Heilbronn, Germany). These were placed by the investigator at
the storage sites of oxytocin at the time of sample collection, and they automatically recorded
the temperature every 10 minutes. Private wholesalers were contacted by a mystery shopper
approach, and therefore no temperature data logger could be placed. Temperature data loggers
were recollected by the investigator after six months, and the mean kinetic temperature
(MKT) was calculated by the imec Messtechnik software.

Registration status of collected medicines

To enquire the registration status of the medicines collected in Rwanda, the Rwanda Food and
Drug Authority (RFDA) was contacted. However, the full registration process of medicines by
RFDA had not yet been in effect at the time of sample collection. It could not be established
which of the collected preparations had been pre-registered according to the previous
procedures.
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Packaging examination

The information stated on the packaging and in the package inserts of the samples were exam-
ined visually for the presence of irregularities or inconsistencies, such as spelling mistakes,
unusual batch numbers, unexpected or modified manufacturing or expiry dates, or signs of
repacking. The individual dosage units (oxytocin vials and misoprostol tablets) were inspected
for visible deficiencies, like color changes, suspended particles within vials, etc. In addition, for
misoprostol tablets the material of the primary packaging was recorded, as this is important
for misoprostol stability [28].

HPLC analysis

Oxytocin injections were analyzed for identity, assay and pH value following the respective
monograph of the United States Pharmacopoeia 40 (USP 40). The assay was performed using
High Performance Liquid Chromatography (HPLC; Agilent Infinity 1260 II with binary
pump, refrigerated autosampler, integrated column compartment and variable wavelength
detector; Agilent Technologies, Santa Clara, CA, USA). A Reprospher column 100 C18, 5 um;
12.5 cm x 4.6 mm (Dr. Maisch GmbH, Ammerbuch, Germany) was used with a column tem-
perature of 21°C. A linear gradient of mobile phase A (0.1 M aqueous NaH,PO, buffer) and
mobile phase B (acetonitrile/water 1:1) was used: 0 min, 30% B; 10 min: 40% B; 17.5 min: 65%
B; 20.5 min, 65% B; 23.5 min, 30% B; 26 min, 30% B. Flow rate: 1.5 ml/min. Detection: 220
nm. Injection volume: 70 pl. The diluent used to prepare standard solutions was prepared by
dissolving 500 mg of chlorobutanol in 0.5 ml glacial acetic acid, adding 500 mg of ethyl alcohol,
110 mg of sodium acetate and filling up to 100 ml with bi-distilled water. Analysis was per-
formed for three different vials per sample, each injected twice, yielding six measurements per
sample. Oxytocin USP Reference Standard purchased from Merck KGaA, Darmstadt, Ger-
many, was used for comparison. The pH value was measured twice for each vial, testing three
vials from each sample of oxytocin, and the average value was calculated.

The concentration of the preservative benzyl alcohol, which was only contained in the oxyto-
cin samples manufactured by Jiangxi Xierkangtai Pharmaceutical Co. Ltd, China, was deter-
mined using a method modified from Rego and Nelson [33]. The analysis was carried out using
HPLC (Agilent 1200 Series with a diode array detector; Agilent Technologies, Santa Clara, CA,
USA), with the same column as described above. The mobile phase was composed of 20% aceto-
nitrile and 80% water. Flow rate: 1.5 mL/min. Detection: 254 nm. Injection volume: 50 pl. Sam-
ples were diluted 1:30 with bi-distilled water prior to injection, except for sample QOR04 which
was injected without dilution. Analysis was performed for at least two different vials per sample,
each injected twice. Benzyl alcohol pharmaceutical secondary standard (SIGMA-ALDRICH,

St. Louis, MO, USA; Lot LRAC1678; certified purity of 99.98%) was used as reference material.

Misoprostol tablets were analyzed following the respective monograph of the International
Pharmacopoeia 2017 (Ph. Int. 2017) for identity, assay and dissolution testing. The Agilent
Infinity 1260 IT HPLC instrument described above was used with a stainless-steel column
packed with ReproSil-XR 120 C18, 5 pm, 150 mm x 4.6 mm (Dr. Maisch GmbH, Ammerbuch,
Germany) and a guard column containing the same material. The column oven was kept at
35.0°C. A premixed mobile phase composed of acetonitrile and bi-distilled water in a ratio of
45:55 was used, at a flow rate of 1.5 ml/min in isocratic mode. The injection volume was 100 pl
for assay and 250 pl for dissolution testing. HPLC vials were kept in a cooled autosampler at
4°C until sample injection to avoid degradation. Detection was carried out by UV at 200 nm.
Sample and standard solutions were freshly prepared using the mobile phase as diluent. For
misoprostol assay, two separate determinations were carried out for each sample. For each
determination, five tablets were placed into 50 ml of the mobile phase. In the case of three of
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the collected samples, the number of available tablets was insufficient for this procedure, and
in these cases for each of the two determinations one tablet was placed into 10 ml of the mobile
phase. Misoprostol was dissolved from the tablets using an ultrasonic bath, and ice was added
to the bath to avoid degradation by heat. The solution was filtered through Rotilabo PTFE

0.20 um filters (Carl Roth GmbH & Co. KG, Karlsruhe, Germany) and injected into the
HPLC, with three injections of each of the two solutions, yielding six measurements per sam-
ple. European Pharmacopoeia Reference Standard (batch N° 3.0) from the European Director-
ate for the Quality of Medicines (EDQM) was used for comparison.

Misoprostol tablets were analyzed for related substances according to Ph. Int., using the
same HPLC instrumentation and the same column as described above for the assay. The mobile
phases consisted of acetonitrile, water and methanol in the ratio 28:69:3 (mobile phase A) and
47:50:3 (mobile phase B), and were used in the gradient mode described in Ph. Int., at a flow
rate of 1.5 ml/min and a column temperature of 35°C. The injection volume was 200 pl. Detec-
tion was carried out by UV at 200 nm. Sample solutions were prepared as described in Ph. Int.
For comparison, a misoprostol standard solution 20 pg/ml in mobile phase A, and the same
standard solution heated for 1 hour at 80°C, were used. Each of the sample and standard solu-
tions was injected twice. The different degradation products of misoprostol (Fig 1) were identi-
fied as described by Ph.Int., based on their relative retention times compared to misoprostol.

Dissolution testing was conducted according to Ph. Int. using a dissolution tester PT-WS
610 (Pharma Test Apparatebau AG, Hainburg, Germany). Into each of the six dissolution ves-
sels filled with 500 ml of de-ionized water, one tablet was placed. The test was conducted at
37 + 0.5°C with a paddle rotational speed of 50 revolutions per minute. Samples were with-
drawn after 30 min through an in-line filter, and 250 pl of these solutions were injected into
the Infinity 1260 II HPLC system described above.

The system suitability for the method for oxytocin assay was verified according to USP 40,
and for the methods for misoprostol assay and dissolution according to Ph. Int.

For the determination of the benzyl alcohol concentration, linearity and precision of the
applied method were validated according to the International Council for Harmonization (ICH)
guideline Q2(R1) [34]. Relative standard deviation of the measurements (repeatability) was 0.2%.

Sample analysis was conducted unblinded to packaging. All oxytocin and misoprostol sam-
ples were analyzed before reaching their expiry dates.

Mass spectrometric analysis

Gas chromatography-mass spectrometry (GC-MS) was carried out using a Hewlett Packard/
Agilent HP6890 GC system coupled with a HP5973 mass selective detector. The injector tem-
perature was 280°C. An Agilent HP-5ms Ultra Inert (5%-phenyl)-methylpolysiloxane column
30 m x 0.25 mm with a film thickness 0.25 pm was used. The temperature gradient was 40 to
320°C with 10°C/min, followed by 10 min 320°C isothermal. Helium was used as carrier gas
with a flow rate of 1.2 ml/min. Electron impact ionization (EI) was carried out with 70 eV, and
a single quadrupole analyzer was used.

HPLC-MS/MS analysis was conducted on a Thermo Scientific UltiMate 3000 HPLC-Sys-
tem coupled with an ESI-TOF Bruker maXis 4G (Bruker Daltonics, Bremen, Germany) in the
positive mode.

Definitions for substandard and falsified medicines

Samples were classified as within specification or out of specification (= substandard) based on
the criteria of USP 40 for assay and pH value in case of oxytocin injections, and based on the
criteria of the Ph. Int. 2017 for assay and dissolution in case of misoprostol tablets. According
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to these pharmacopoeias, both oxytocin injections and misoprostol tablets must contain not
less than 90.0% and not more than 110.0% of the declared amount of the active pharmaceutical
ingredient (API). For oxytocin vials, the pH value must be between 3.0 and 5.0. For dissolution
testing of misoprostol tablets, the amount in solution must not be less than 80% (Q) of the
amount declared on the label.

Following the terminology introduced by earlier studies of WHO, assay results deviating
more than 20% from the declared API content, and dissolution results falling more than 25%
below the pharmacopeial Q value, were considered as extreme deviations [35, 36]. Lesser devi-
ations from pharmacopeial specifications were considered as moderate deviations. As per defi-
nition of WHO [11], products that deliberately/fraudulently misrepresent their identity,
composition or source were considered falsified.

Data analysis

Excel (Microsoft Office Professional Plus 2019) was used to calculate means, medians and percen-
tiles, and relative standard deviations (RSD). Figures of the distribution of the assay test results for
oxytocin injections and misoprostol tablets, and the dissolution test results for misoprostol tablets,
were generated using the statistical software JMP 14.2 (SAS GmbH, Heidelberg, Germany).

Information of national authorities and stakeholders

Following the request stated in the permission No 20/1361/DGPHFIS/2018 from the Ministry of
Health of Rwanda to conduct the present study, the authors have submitted on December 2, 2018,
an alert letter to the Rwandan authorities about two extremely substandard brands of misoprostol
tablets found to circulate in Rwanda (see Results section). Furthermore, this manuscript was shared
with the Rwandan Food and Drug Authority (RFDA) and with the WHO Rapid Alert System.

Results
Overview of sampling sites

As shown in Table 1, oxytocics could be collected from 40 of the 57 randomly selected health
facilities and retail pharmacies, as well as from three government medical stores and three pri-
vate wholesalers (see Methods section). In health facilities, samples were collected both from
medicine storage rooms and from maternity wards if available.

Notably, oxytocin injections were available in every visited government and faith-based
health facility, i.e. both in hospitals and health centers, consistent with the recommendations
of the Rwanda National List of Essential Medicines (REML) [9]. According to the REML,
misoprostol tablets are expected to be available as oxytocics in hospitals but not in health cen-
ters. Indeed, all eight hospitals but only three of the 24 visited health centers, had misoprostol
tablets available in a sufficient amount for sampling.

A total of 12 retail pharmacies had been randomly selected and visited, but only seven had
misoprostol tablets available, and none stored oxytocin injections. Of the 12 randomly selected
private clinics, most stated that they do not offer maternity services, and oxytocin could be col-
lected only from a single private clinic.

A detailed list of all sampling sites, with the numbers of oxytocin vials and misoprostol tab-
lets collected at each site, is shown in S1 Table.

Overview of collected oxytocin samples

A total of 57 oxytocin samples were collected. All of these were packaged in vials of 1 ml, with
a concentration of 10 IU/ml. As shown in Table 2, the 57 samples represented only four
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Table 1. Overview of sampling sites for oxytocin injections and misoprostol tablets.

Category of health facility Number of Sites in facility | Number of Number of oxytocin samples Number of misoprostol samples
facilities sites collected collected

Government hospitals 3 storage rooms 3 3 4*
maternity 2 2 1
wards

Faith-based hospitals 5 storage rooms 5 5
maternity 5 5 2
wards

Government health centers 12 storage rooms 11 11
maternity 6 6
wards

Faith-based health centers 12 storage rooms 11 11
maternity 7 7 0
wards

Private clinics 1 storage rooms 1 1

Retail pharmacies 7 storage rooms 7 0

Government central medical 1 storage rooms 1 2*

store

Government district 2 storage rooms 2 1 2

pharmacies

Private wholesalers 3 storage rooms 3 3 1

Total 46 64 57 25

* Two brands collected in one sampling site.

https://doi.org/10.1371/journal.pone.0245054.t001

different brands and a total of seven different batches. In addition to the facilities listed in
Table 1, three further private pharmaceutical wholesalers in Kigali were contacted, as well as
the procurement organization for faith-based health facilities, i.e. the Bureau de Formations

Table 2. List of oxytocin brands and batches collected in this study.

Brand name and stated manufacturer | WHO Pre-Qualified/ | Stated storage temperature requirement | Batch N° | Manufacture/ | Number of samples
SRA Expiry Date
Oxytocin injection - room temperature * 1606573 | Jun 16/ ]Jun 19 24
Jiangxi Xierkangtai Pharmaceutical Co. Ltd 1604521 | Apr 16/ Apr 19 9
China
Steroxine 10 IU/1 m1® SRA 2-8°C 160042 Feb 16/ Jan 19 1
Laboratoires Sterop
Belgium 160269 | Sep 16/ Aug19
Oxytocin 10 TU/ml WHO-PQ 2-8°C 37611016 | Oct 16/ Oct 20 4
AS Grindeks
Latvia © 37711116 | Nov 16 / Nov 20 1
Oxytocin 10 SRA 2-8°C 70779A | Sep 17/ Sep 20 17
Rotexmedica GmbH Arzneimittelwerk
Germany

WHO-PQ = WHO-prequalified medicine; SRA = manufactured in a country with stringent regulatory authority.

“ Storage requirement stated on packaging: "Store in a cool dry place, away from light"; storage requirement stated on the package insert: "Store in a dark place at room
temperature, protect from light."

® Batch 160269 was labeled with the unbranded generic name “Oxytocin 10 IU/1 ml”, all other information was identical as in batch 160042.

¢ Marketing authorization holder: Peckforton Pharmaceuticals Ltd., United Kingdom.

https://doi.org/10.1371/journal.pone.0245054.t002
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Médicales Agréés du Rwanda (BUFMAR), but none of these had any other oxytocin brands or
batches in stock than those shown in Table 2. Therefore, the preparations listed in Table 2
appear to represent most (or all) oxytocin batches which were in circulation in Rwanda at the
time of sample collection.

The most frequently encountered preparation, representing 33 samples, was stated to be
manufactured by Jiangxi Xierkangtai Pharmaceutical Co. Ltd, China. On its secondary packag-
ing, the storage requirement was stated as "Store in a cool dry place, away from light", while in
the package insert, the storage requirement showed a slightly different wording: "Store in a
dark place at room temperature, protect from light."

The three other brands (Table 2) were stated to be manufactured in European countries
with stringent regulatory authorities (SRAs) [37], and all of them were labeled for refrigerated
storage (i.e. storage at 2-8°C). The product manufactured by AS Grindeks, Latvia (marketing
authorization holder: Peckforton Pharmaceuticals Ltd., UK) was a WHO-prequalified medi-
cine [38, 39].

The stated shelf life of three out of the four brands was three years, and four years in case of
the preparation by Grindeks. The package inserts of the preparations by Sterop (Belgium),
Grindeks (Latvia) and Rotexmedica GmbH Arzneimittelwerk (Germany) stated the excipients,
i.e. sodium chloride, different buffering agents, water for injection, and in case of the Sterop
preparation also chlorobutanol, a preservative and stabilizing agent [40]. In contrast, no excip-
ients were stated for the product by Jiangxi Xierkangtai.

The preparations by Jiangxi Xierkangtai (China), by Rotexmedica (Germany) and by Grin-
deks (Latvia) were all found in both government and faith-based facilities. In contrast, the
preparation by Sterop (Belgium) was only found in two private pharmaceutical wholesalers at
the time of sample collection. No expired samples of oxytocin were found to be in circulation.

Oxytocin storage conditions

Out of 57 samples of oxytocin, 33 were labeled for room temperature storage, and 24 for refrig-
erated storage. The actual storage place in the facilities could be inspected at 52 of the 56 sam-
pling sites; it could not be inspected at the pharmaceutical wholesalers which were contacted
by a mystery shopper approach. Notably, in all inspected sites the actual storage place (i.e.
inside or outside the refrigerator) correctly corresponded to the storage recommendation of
the manufacturer.

Temperature data loggers were placed at the storage places of oxytocin and recollected after
six months. In five cases, the loggers failed to record data or got lost in the facility, but from 47
oxytocin storage sites temperature recordings were obtained. These comprised 18 refrigerated
and 29 non-refrigerated storage places. The results recorded at the individual sites are listed in
S1 Table.

In 13 out of the 18 refrigerated oxytocin storage sites, the recorded mean kinetic tempera-
ture (MKT) ranged from 4.3°C to 7.3°C, compliant with the manufacturers’ storage require-
ment of 2-8°C. In one site, the recorded storage temperature was too low (MKT = -1.3°C). At
this site, except for short temperature spikes (possibly due to opening of the refrigerator), the
recorded temperature was constantly around -2°C. Though this indicates an incorrect temper-
ature setting of the refrigerator, it is unlikely to have caused freezing of the preparation, due to
the presence of excipients in the oxytocin vials. In three sites, the recorded MKTs in the refrig-
erators were slightly too high (8.5°C, 9.1°C and 10.5°C, respectively). And in one further site
(a maternity ward of a faith-based hospital), oxytocin was not stored in a refrigerator but in a
cool box, reportedly only for immediate use and for not more than 24 hours. Indeed, the tem-
perature data logger at that site recorded alternating periods of cold temperature and room
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temperature. The MKT in this cool box over the entire recording period resulted as 15.8°C,

but the storage temperature at the times of oxytocin storage may well have been correct.

In most of the other storage sites, the temperatures were largely constant over the entire
recording period. Only in one case larger fluctuations (between +15°C and -2°C) of longer
duration were observed. Five sites showed few very brief periods of temperatures above 8°C
which may have been due to occasional power failures, as also mentioned by the staff of these

facilities.

At the 29 non-refrigerated oxytocin storage sites, the median value of the recorded MKTs
was 23.5°C (range 19.8-26.3°C), reflecting the temperate climate of Rwanda, most of which is

situated at an altitude of approximately 1500 m.

Packaging examination and visual inspection of oxytocin samples

Packaging examination revealed no irregularities except for a few minor mistakes in the use of
upper and lower case letters on the packaging and in the package inserts of the product stated
to be manufactured by Jiangxi Xierkangtai (China). However, one sampling site (private clinic)
stored the vials of oxytocin not in their original secondary packaging but in a box labeled as
dexamethasone. Visual inspection showed no deficiencies like color changes or suspended

particles.

Chemical analysis of oxytocin samples

The presence of oxytocin could be confirmed for all samples, therefore neither packaging
examination nor chemical analysis indicated the presence of any falsified oxytocin samples.
Also the pH value which is important for oxytocin stability was within USP specifications
(3.0-5.0) for all samples (S2 Table). Fig 3 shows the distribution of the assay results for the
investigated brands and batches. Notably, none of the 57 samples showed an insufficient con-

tent of oxytocin.

Jiangxi Xierkangtai
batch 1606573

Svy

Jiangxi Xierkangtai
batch 1604521

Laboratoires Sterop
batch 160042

Laboratoires Sterop
batch 160269

AS Grindeks
batch 37611016

AS Grindeks
batch 37711116

Rotexmedica
batch 70779A

il e e e e e
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© complies
<> moderate deviation
@ extreme deviation 1
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Fig 3. Content of oxytocin determined in each of the investigated samples. The arrow marks a sample with deviating content of

the active pharmaceutical ingredient oxytocin and of the preservative benzyl alcohol (see main text and Fig 4).

https://doi.org/10.1371/journal.pone.0245054.g003
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The 17 samples of Rotexmedica (Germany) all belonged to one single batch and showed a
median content of 103.8% of the declared amount. These samples had been collected at differ-
ent points of the supply chain (government central medical store; hospitals; government and
faith-based health centers), but nevertheless showed a very uniform API content (range 102.0-
105.9% of the declared amount). Likewise, the samples of AS Grindeks (Latvia) showed a very
uniform content (range 99.9-102.8% of the declared amount). The two samples of Sterop (Bel-
gium), belonging to different batches, contained 99.6 and 107.8% of the declared amount.

In sharp contrast, all nine samples of batch no. 1604521, stated to be manufactured by Jiangxi
Xierkangtai (China) were found to deviate from USP specifications (90-110% of the declared
amount) by containing too high amounts of oxytocin (median 118.0%). For two of these sam-
ples, the obtained assay result even exceeded the declared content by more than 20%, which rep-
resents an extreme deviation following the definition used in previous studies of WHO [35, 36].

In the other batch by Jiangxi Xierkangtai (batch no. 1606573), 23 of the 24 samples ranged
in their content from 95.6 to 105.5% of the declared amount, well inside the content range
specified by USP. However, for one sample of this batch, collected from a private wholesaler
(sample no. QOR04; collected from facility no. 44 in S2 Table), the oxytocin content deter-
mined for three investigated vials was 89.7%, 90.4% and 91.0% of the declared amount, respec-
tively, therefore on the borderline of USP specifications.

Fig 3 shows that the oxytocin content varied between different brands and batches. The
results of the chemical analysis of each oxytocin sample, and the age of the samples at the time
of analysis, are shown in S2 Table. In case of Jiangxi Xierkangtai batch no. 1606573, samples
which were collected during the pilot study in March 2018 were 24 months old at the time of
analysis. These did not show a higher content than those samples which were collected in the
main study in September and October 2018 and were 30 months old at time of analysis. This,
and the other data in in S2 Table, provide no evidence that differences in the age of the samples
were important for the observed differences in oxytocin content.

Unexpectedly, the HPLC assay of the samples stating Jiangxi Xierkangtai as manufacturer
showed a very large peak of an unknown substance eluting approximately two minutes earlier
than oxytocin (Fig 4). Neither the packaging nor the package insert gave any information on
the identity of this substance. An enquiry was sent to the three e-mail addresses given on the
website of the stated manufacturer, but remained unanswered. Therefore, the identity of the
unknown substance was investigated by mass spectrometry. GC-MS analysis showed the fol-
lowing mass and fragmentation: m/z 108 (M™; 92%), 107 (67%), 91 (17%), 79 (100%), 77
(63%), 65 (7%), 51 (12%), 39 (8%). Comparison to the database of the National Institute of
Standards and Technologies, Gaithersburg, MD, USA (NIST; http://webbook.nist.gov) showed
that these data were identical to those of benzyl alcohol, a commonly used preservative in par-
enteral pharmaceutical preparations [41]. Subsequently, the identity of the unknown substance
was confirmed by both GC-MS and HPLC-MS investigation in comparison to authentic ben-
zyl alcohol, showing identical retention times and mass spectrometric fragmentations. The
concentration of benzyl alcohol was determined as 0.9% in nearly all samples.

However, the oxytocin sample no. QOR04 (which had already been noticed to contain the
lowest oxytocin amount of all investigated samples, see above) was found to contain only
0.004% benzyl alcohol, showing identical concentrations in all vials. This sample had been col-
lected from a private wholesaler in Kigali. It is highlighted in Fig 3 by an arrow, and in S2
Table by bold print. Its batch number as well as primary and secondary packaging and package
insert were identical to those from the 23 other samples which stated Jiangxi Xierkangtai as
manufacturer (S2 Fig).

Within all other investigated samples by Jiangxi Xierkangtai only a single vial was found
with a deviating concentration of benzyl alcohol. It belonged to a sample (no. QOR75) which
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Fig 4. HPLC detection of the undeclared preservative benzyl alcohol, present in different concentrations in oxytocin samples of the same batch,
stated to be manufactured by Jiangxi Xierkangtai Pharmaceuticals Co. Ltd (China).

https://doi.org/10.1371/journal.pone.0245054.9004
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had been collected in a government district hospital (listed as facility no. 2 in S1 Table). That
vial showed a concentration of 0.018% benzyl alcohol and an oxytocin content of 88.3% of the
declared amount. The other two investigated vials of the same sample QORO075 carried the
same batch number and had the same appearance, but showed a concentration of 0.9% benzyl
alcohol and oxytocin contents of 99.7 and 100.2% of the declared amount, respectively.

Overview of collected misoprostol samples

Twenty-five samples of misoprostol tablets were collected. All of them had a stated content of

200 pg per tablet. These samples represented six brands and a total of ten batches (Table 3). As
mentioned above for oxytocin, also three further wholesalers as well as the faith-based procurement
agency BUFMAR were contacted, but had no additional brands or batches of misoprostol tablets
in stock. The preparations listed in Table 3 therefore appear to represent most (or all) of the batches
of misoprostol tablets which were in circulation in Rwanda at the time of sample collection.

was the originator product Cytotec

®

The most frequently encountered preparation, representing ten of the 25 collected samples,
. For two of the three collected batches, the marketing

authorization holder was Pfizer Holding (France), and for the third batch it was Continental

Table 3. List of misoprostol brands and batches collected in this study.

Brand name and stated
manufacturer

Cytotec™ 200 pg
Piramal Healthcare UK Limited
United Kingdom

Ace Miso™
Acme Formulation Pvt. Ltd.
India
MIZO"™

SYNOKEM Pharmaceuticals LTD
India

Misoprostol 200 mcg Tablets
China Resources,
ZIZHU Pharmaceuticals Co Ltd
China
C-stol®
CORONA Remedies Pvt Ltd
India
Cynomax™
MAXTAR BIO-GENICS

India

‘WHO Pre-
qualified/

SRA
SRA

WHO-PQ

WHO-PQ

Stated storage requirements Batch N*

No special storage requirements B15445*°

B17173°

Store at room temperature (15-25°C) B18097 ®
Do not store above 30°C, protect from light ACE160963

Store at a temperature not exceeding 30°C ata dry | E6SGFT010

place E6SGLT004
Store at a temperature not exceeding 30°C 45180301
Store below 30°C. Protect from light and moisture | ERW-005
Store at 20 to 25°C in a dry area MB8TABI1801
MTYX-1604

WHO-PQ = WHO-prequalified medicine; SRA = manufactured in a country with stringent regulatory authority.

* Marketing authorization holder: Pfizer Holding, France.

® Marketing authorization holder: Continental Pharma Inc., Belgium.

Manufacture/
Expiry Date

Dec 16 ¢/ Nov
19

Jul 174/ Jun 20

Nov 174/ Oct
20

Sep 16/ Aug 18

Jun 16 / May 18
Dec 16 / Nov 18

Feb 18 / Feb 20

Mar 18 / Feb 21

May 18/ Apr 20

Aug 16/]Jul 18

Number of
samples

¢ Package insert: "Tenir hors de la vue et de la portée des enfants. Pas de précaution particuliére de conservation". Le.: "Keep out of sight and reach of children. No

special storage requirements.”

4 Manufacturing date not stated on packaging. Shelf-life listed according to information from the websites www.hpra.ie and www.medicines.org.uk/emc.

https://doi.org/10.1371/journal.pone.0245054.t003
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Pharma Inc., Belgium (see Table 3). For all three batches, the stated manufacturer of the col-
lected samples was Piramal Healthcare, based in the United Kingdom and therefore in a coun-
try with a stringent regulatory authority (SRA). Three further samples were WHO-
prequalified medicines [38, 39] and had been produced by Acme Formulation Pvt Ltd, India,
or by China Resources Zizhu Pharmaceutical Co, Ltd, China, respectively. The remaining 12
samples represented three generic preparations which were manufactured in India (Table 3), a
country without an SRA, and were not WHO-prequalified.

Storage requirements were stated on the packaging and/or in the packaging insert of most
misoprostol samples, but the indicated temperatures varied (Table 3): two samples were
labeled for storage at 15-25°C, seven samples at 20-25°C, and eight samples at < 30°C. For
the remaining eight samples, representing two of the three batches of the originator product
Cytotec™, the package insert surprisingly stated: “No special storage requirements.”

Misoprostol is very unstable and must be formulated as a 1% dispersion in hydroxypropyl
methylcellulose (HPMC; hypromellose) to protect it from degradation [29]. For both the origi-
nator product and the WHO-prequalified product by Acme (India), exactly this formulation
was stated in the package insert. Zizhu Pharmaceuticals, Co (China), listed hypromellose as an
excipient for its product. The Indian company Synokem Pharmaceuticals Ltd (Mizo™) men-
tioned that misoprostol was contained as a “1% dispersion”, but failed to mention what it was
dispersed in. And notably, for the products by the Indian companies Corona Remedies Pvt.,
Ltd and Maxtar Bio-Genics, no information on excipients was given, and it remained unclear
whether or not HPMC was contained therein.

The shelflife of four of the brands was given as two years, while for C-stol™ (Corona Reme-
dies, India) the stated shelf life was three years. For the originator medicine Cytotec™ (Piramal
Health Care, UK), only an expiry date but no manufacturing date was given on the packaging,
but internet databases stated a shelf life of three years for this brand (see Table 3).

Misoprostol blister materials and storage conditions

While oxytocin degradation is primarily caused by elevated storage temperatures, misoprostol
degradation is especially caused by exposure to moisture [27, 28]. Therefore, misoprostol tablets
must be packaged in double-sided aluminium blisters, not in conventional plastic-aluminium
blisters. Indeed, all collected samples were correctly packaged in double-sided aluminium blisters.

In the present study, storage temperatures were systematically recorded for oxytocin but
not for misoprostol. However, the storage temperatures recorded at the 29 non-refrigerated
oxytocin storage sites, as well as in four of the investigated retail pharmacies (S1 Table) may
present a good approximation for the misoprostol storage temperatures in health facilities and
drug outlets of Rwanda. As mentioned above, the recorded mean kinetic temperatures
(MKTs) were moderate, and only in five out of 33 sites they slightly exceeded 25°C (with
recorded MKTs between 25.1 and 26.3°C). From one of these sites (MKT 25.4°C), a misopros-
tol sample with a stated storage requirement of 20-25°C was collected (S1 Table), i.e. the MKT
exceeded the demanded storage temperature by 0.4°C. Therefore, in the present study no seri-
ous violations of the recommendations for packaging and for storage temperatures of miso-
prostol tablets were observed.

Chemical analysis of misoprostol samples

The presence of misoprostol was confirmed in all samples, but assay and dissolution testing
revealed dramatic shortcomings in two of the six investigated brands. As shown in Fig 5, the
assay results were within Ph. Int. specification (90-110% of the declared amount) for all sam-
ples of the originator product, of the two WHO-prequalified brands and of the product by
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Fig 5. Content of misoprostol determined in each of the investigated samples.

https://doi.org/10.1371/journal.pone.0245054.g005

Synokem Pharmaceuticals, India. In sharp contrast, all three samples of C-stol™ and all seven
samples of Cynomax™ showed less than 50% of the declared content, i.e. failed assay testing
with extreme deviations. Therefore, an additional HPLC analysis was carried out for these
samples, using the method of Ph. Int. for detection of related substances. This clearly showed
large amounts of the typical degradation products of misoprostol (S3 Fig), suggesting that the
low content of misoprostol in these two preparations was due to degradation of the API. The
two investigated batches of Cynomax™ had different ages at the time of analysis (7 and 22
months since the date of manufacture; S3 Table) and showed different API contents (mean
44.4% and 47.8% of the declared content). However, contrary to expectations the higher con-
tent was recorded for the older sample, indicating that the difference in content may not have
been due to different age but due to differences in manufacture; different transport and storage
conditions represent another possible reason.

All misoprostol samples were also tested for dissolution of the API. The International Phar-
macopoeia demands that from misoprostol tablets at least 80% of the declared API amount
must be released in 30 min under the defined conditions. As shown in Fig 6, all samples which
had passed assay testing also passed dissolution testing. However, the samples of C-stol® and
Cynomax ™, which had been shown already in assay testing to contain less than 50% of the
declared API amount, obviously failed dissolution testing with extreme deviations from USP
specifications. From the C-stol™ samples, approximately one quarter of the contained amount
of the API did not dissolve, proving shortcomings in dissolution in addition to the extreme
non-compliance in the assay. The results of the chemical analysis of each misoprostol sample,
and the age of the samples at the time of analysis, are shown in S3 Table.

The two extremely non-compliant brands had been collected both from government and
from faith-based health facilities, and from one retail pharmacy.

Product recall in Rwanda

The Rwanda Food and Drug Authority (RFDA) was alerted by the authors of this study about
the two extremely substandard brands of misoprostol tablets by e-mail on December 2, 2018.
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RFDA invited the authors to a meeting at RFDA which took place on December 4, 2018. On
December 7, 2018 RFDA issued an alert (Ref 079/Rwanda FDA/2018) requesting all suppliers
and retailers to stop the distribution of these products and to put them in quarantine; all public
and private hospitals, health centers, clinics and retail pharmacies were instructed to stop dis-
pensing these products until investigations on the quality issues by Rwanda FDA were com-
pleted. Subsequently, RFDA issued a formal recall (Ref 0108/Rwanda FDA/2019 of 13
February 2019), stating that RFDA’s investigations had revealed the indicted batches of miso-
prostol tablets to be substandard, and instructing all wholesalers, retailers, district pharmacies,
public and private health facilities that the indicted batches should be returned to the supplier

for suitable disposal.

Discussion

The present study showed excellent (100%) availability of oxytocin injections in the investi-
gated government and faith-based health facilities. Also misoprostol tablets were available as
oxytocics in all investigated hospitals, as foreseen by the Rwanda National List of Essential
Medicines [9]. This proves remarkable success of the health authorities of Rwanda in assuring
the availability of these life-saving commodities in hospitals and health centers.

Oxytocin storage inside or outside the refrigerator was found to exactly follow the manufac-
turers’ instructions. For samples labeled for storage at 2-8°C, the correct storage temperature

was maintained well in most of the sites, with only few and probably inconsequential devia-
tions. Again, this proves success of the health authorities of Rwanda, and stands in positive
contrast to reports on oxytocin storage conditions in many other LMICs [19, 24, 25, 42-45]. A
direct consequence of this success may be the fact that not a single sample of oxytocin was
found which had an insufficient content of the API, again in contrast to reports from many
other countries [22, 24, 25]. Of course, it cannot be excluded that knowledge of being moni-
tored in this study may have influenced the behavior of health facility staff.

The number of different brands of oxytocin and misoprostol circulating in Rwanda at the
time of sample collection was remarkably small. This may be related to the small market size of
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Rwanda: many manufacturers and international distributors may not see sufficient economic
incentive to engage in medicine sales in this country. Possibly, this can limit the ability

of public and private stakeholders to select good-quality, affordable medicines in their
procurement.

Out of ten brands collected in total (4 of oxytocin injections, 6 of misoprostol tablets), three
were prequalified by WHO [38, 39], and three more were manufactured in countries with
stringent regulatory authorities (SRAs) [37]. Together, these six brands represented 45% of the
samples collected in this study, and notably all these samples passed the quality tests in this
study with good results, indicating that prequalification by WHO, as well as production in a
country with an SRA, is a reliable predictor of good quality of medicines.

In stark contrast, three out of the four brands which were neither WHO-prequalified nor
produced in a country with an SRA showed serious quality deficiencies. Most alarmingly,
every investigated sample of the misoprostol products Cynomax™ (stated manufacturer Max-
tar Bio-Genics, India) and C-stol™ (stated manufacturer Corona Remedies, India) failed assay
and dissolution testing with extreme deviations from the pharmacopeial specifications, likely
to result in clinical inefficacy. Large amounts of misoprostol degradation products were
detected in these two brands, indicating that the API had degraded to a large extent. Notably,
the package inserts of both preparations did not mention whether or not HPMC (hypromel-
lose) had been used in the formulation of these tablets, which is essential for misoprostol stabil-
ity [29]. Also in Malawi, extremely substandard misoprostol brands, however from different
stated manufacturers, have been found [24].

The quality deficiencies observed for the oxytocin injection stating Jiangxi Xierkangtai
(China) as manufacturer were not as extreme as those observed for the above-mentioned
misoprostol brands, but still alarming. All six samples of one of the two investigated batches of
that oxytocin brand exceeded the content limit specified by USP, two of the samples even con-
tained more that 120% of the stated amount. In pharmaceuticals with unstable APIs, a content
slightly higher than 100% of the stated amount is often intentionally included to ensure that
the content is still above the lower pharmacopeial limit towards the end of the shelf life. How-
ever, the pharmacopeias define an upper limit to avoid overdosing of the therapy, and this
limit was clearly exceeded in the batch in question.

The oxytocin injections stating Jiangxi Xierkangtai as manufacturer were found to contain
benzyl alcohol in a concentration of 0.9%. This compound in this concentration is perfectly
acceptable as a preservative in parenteral preparations [39, 46]. However, in most countries
regulations demand that the presence of such excipients must be declared in the package insert
[47], but for the product in question no excipients were declared at all.

The most worrying observation regarding this product, however, was the detection of vials
with a two-hundred-fold lower benzyl alcohol concentration, carrying the same batch number
as the vials with 0.9% of that preservative. While this may not cause direct harm to a patient
treated with that product, it indicates gross violations of good manufacturing practice, raising
strong doubts also about other quality aspects of this product. This kind of problem has not
been reported in previous studies of oxytocin quality. However, this problem may easily escape
detection in a medicine quality study as it has been visible only in a small number of the inves-
tigated vials.

The oxytocin injections by Jiangxi Xierkangtai were labeled for non-refrigerated storage, as
also is the case for oxytocin from many other manufacturers [19, 24, 42-44]. Obviously, the
use of oxytocin products which do not have to be stored in a refrigerator appears to be an
attractive option, especially in LMICs. However, recent studies have shown that oxytocin
products labeled for non-refrigerated storage may not have any better stability than products
labeled for refrigerated storage, and on the contrary may even be less stable [40, 44]. Therefore,
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international stakeholders including WHO have issued the recommendation “Buy quality oxy-
tocin, keep it cool” and recommended that all oxytocin products should be stored at 2-8°C
[16, 48], irrespective of the manufacturer’s storage recommendation. Health authorities in
Rwanda and elsewhere may consider this recommendation. A heat-stable formulation of the
oxytocin analogue carbetocin has recently been added to the WHO Essential Medicines List,
and in future it may become a further treatment option for post-partum hemorrhage for use in
facilities where storage at 2-8°C is problematic.

Several previous studies have reported problems of oxytocin quality in LMICs, but the pres-
ent study shows for Rwanda a decidedly different situation than reported from other countries.
The present data suggest that the Rwandan authorities have successfully assured the availability
and (in most cases) the appropriate storage of oxytocin according to manufacturers’ instruc-
tions. The detected problems of oxytocin and especially misoprostol quality must be addressed
not so much by improved storage and transportation conditions of the medicines, but by
improvements of the supplier qualification in medicine procurement. It may be considered
whether for oxytocin and misoprostol, with their well-known problems of quality and stability,
procurement should be restricted to WHO-prequalified medicines and to medicines manufac-
tured in countries with stringent regulatory authorities. And as a simple “rule of thumb”, the
results of this study suggest that medicines for which the excipients are not stated in the pack-
age insert should be regarded as doubtful in quality.

So far, misoprostol quality has received much less attention in scientific studies than oxyto-
cin quality [14]. However, the results of this study, of the study of Hall [28] and of a recent
study from Malawi [24], show quality problems of different brands of misoprostol which are
even much more serious than those reported for oxytocin, with API contents below (or far
below) 50% of the stated amount, and this problem needs attention in future studies.

Rwanda has only recently established its national drug regulatory agency;, i.e. the Rwanda
Food and Drug Authority (RFDA), and this will certainly contribute to increased patient
safety. The extremely quick and efficient action which RFDA took on the reported substandard
misoprostol brands holds good promise for the future development of medicine quality in this
country.
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SAMPLE SITE & DRUG PURCHASE RECORD

Name of survey site:

Date and time of visit:

Description oflocation:

Temperature data logger Location:

Serial number:

Photo taken (5): YES [ NO [
- o _ Storage Refrigerated (r) / not 1) Thermo.meter
k: 5 £ 2 conditions refrigerated (nr) kept with
§ 'g '% > g‘ E according to in original package oxytocics?
9 > | 2 3 8% 5 = the (op)/out of original 2) Temperat.ure
8 |t 9 5 S 8_ §_ _ | manufacturer package (nop) recorded daily?
[ S - S €z o o s 2 T . | Relati | protected from light (pr) If yes, please take
g & - ) L £ 2 5 ¥ 8 empera Inot t d f lioh picture
o« = © o © - o in °C ve not protected from light
o 3| E| % =g e 3 g ££ |uein |
= = | 5 o 23 o = > s o = humid (npr)
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(r)[j (nr) D 1)yes[j no D
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tol 0,2mg | 50 o] (nop) 2)yes ) no (]
tab.
enJ e (O
" (] o (] 1) yes( ) no O
:)(;(mocm 10 (OPD (nop) 0 2) yes[j no D
e ey

» If samples are taken without original package, please take picture of original package (showing the name, batch number, expiry date, manufacturing date, name / address of manufacturer)!

¢ Collected samples were replaced: YES [ NO @ Collected samples were paid for: YES @ (Attach receipt!) NO

¢ Name of sampling person:

Signature:

¢ Name of person responsible for health facility:

Signature:

S1 Fig. Sample site & drug purchase record.
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S2 Fig: Photos of two samples of oxytocin injections, carrying the same batch number
but containing different concentrations of benzyl alcohol.

Top: Sample No. QOR04, containing 0.004% benzyl alcohol.
Bottom: Sample No. QORO0S5, containing 0.9% benzyl alcohol.
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S3 Fig: HPLC analysis for related substances in two misoprostol samples.

Cynomax® tablets (batch M8TAB1801) and C-stol® tablets (batch ERW-005) were
investigated. See Methods section for experimental details, and Results section for details of
the investigated brands and batches.



S1 Table. List of included health facilities, number oxytocin vial and misoprostol tablets collected, and
recorded oxytocin storage conditions

. Number Oxytocin storage . )
- pling site NuTber ‘jf Misoprostol of Oxytocin storage | Oxytocin shelf: Refnge_ra!o_r.
Facility T f facilit District (maternity ward storage collected | conditions stated storage mean kinetic mean kinetic
No ypeo Y Y misoprostol conditions : rag temperature measured
or storage room) oxytocin on label site temperature measured o
tablets stated on label A o over 6 months (°C)
vials over 6 months (°C)
1 Government o maternity ward 50 20-25°C 10 2-8°C . refrigerator - 9.1
district hospital Kigali city storage room 50; 50° <30°C 10 room temperature shelf 25.3 -
2 storage room 50 <30°C 10 room temperature shelf 24.2 -
3 Government Musanze maternity ward 0 - 10 2-8°C refrigerator - 8.5
referral hospital storage room 60 <30°C 10 2-8°C refrigerator - 6.5
4 Bugesera maternity ward 0 - 6 room temperature shelf 26.3 -
storage room 20 20-25°C 10 room temperature shelf 234 -
5 Kamonyi maternity ward 0 - 10 2-8°C refrigerator - 5.4
storage room 51 <30°C 10 2-8°C refrigerator - 6.1
6 Faith-based maternity ward 0 - 10 2-8°C cool box 2 - 15.82
district hospital Karongi storage room 50 15°-25°C 10 2-8°C refrigerator - not det.
7 maternity ward 10 15°-25°C 10 2-8°C refrigerator - 6.7
storage room 50 <30°C 10 2-8°C refrigerator - 71
8 Muhanga maternity ward 51 <30°C 10 room temperature shelf 22.2 -
storage room 50 20-25°C 10 room temperature shelf 21.5 -
9 maternity ward 0 - 5 room temperature shelf 23.7 -
Bugesera storaq_e room 13 20-25°C 10 room temperature shelf 24.8 -
10 maternity ward 0 - 10 room temperature shelf 26.0 -
storage room 51 <30°C 10 room temperature shelf 254 -
1 maternity ward 0 - 8 room temperature shelf 23.5 -
K . storage room 0 - 10 room temperature shelf 24.4 -
12 amonyl maternity ward 0 - 10 room temperature shelf not det. -
storage room 0 - 10 room temperature shelf 25.0 -
13 f:;’.?ﬂgﬁ?; . storage room 0 - 10 2-8°C refrigerator - 5.8
Karongi 3 n
14 storage room 0 - 10 2-8°C refrigerator - 4.5
15 Kigali city storage room 0 - 10 room temperature shelf 23.7 -
16 maternity ward 0 - 10 room temperature shelf 24.2 -
17 maternity ward 0 - 9 room temperature shelf 22.3 -
Muhanga storage room 0 - 10 room temperature shelf 21.4 -
18 storage room 0 - 10 room temperature shelf 21.4 -
19 Musanze storage room 0 - 10 -8° refrigerator - 7.3
20 storage room 0 - 10 2-8°C refrigerator - 5.7
maternity ward 0 - 10 room temperature shelf 23.8 -
21
Bugesera storag_e room 0 - 10 room temperature shelf not det. -
2 maternity ward 0 - 10 room temperature shelf 251 -
storage room 30 20-25°C 10 room temperature shelf 25.4°9 -
23 storage room 0 - 10 room temperature shelf 22.7 -
24 Kamonyi maternity ward 0 - 10 room temperature shelf 22.2 -
storage room 0 - 10 room temperature shelf 22.1 -
25 Karongi storage room 0 - 10 2-8°C refrigerator - 4.3
26 Faith-based maternity ward 0 - 10 2-8°C refrigerator - -1.3
27 health center Kigali city storage room 0 - 6 2-8°C refrigerator - 6.5
28 storage room 0 - 10 2-8°C refrigerator - 10.5
29 maternity ward 0 - 9 room temperature shelf 21.0 -
Muhanga storagg room 0 - 10 room temperature shelf 21.9 -
30 maternity ward 0 - 10 room temperature shelf 22.7 -
storage room ] - 10 room temperature shelf 22.4 -
31 maternity ward 0 - 10 -8° refrigerator - not det.
Musanze storage room 0 - 10 2-8°C refrigerator - 5.1
32 storage room 0 - 10 2-8°C refrigerator - 4.7
33 Private clinic Muhanga storage room 0 - 10 room temperature shelf not det. -
34 Bugesera storage room 25 no requirements 0 - n.a. 24.1¢ -
35 storage room 29 no requirements 0 - n.a. 24.0°¢ -
36 Kigali city storage room 50 no requirements 0 - n.a. 24.2°¢ -
37 Retail pharmacy storage room 28 no requirements 0 - n.a. 23.9° -
38 Muhanga storage room 50 no requirements 0 - n.a. - -
39 storage room 48 20-25°C 0 - n.a. - -
40 Musanze storage room 50 no requirements 0 - n.a. - -
Government
41 central medical Kigali city storage room 0 - 100;200¢¢ 2-8°C refrigerator - not det.
store
42 Government Burera storage room 250¢ <30°C 0 - n.a. - -
43 district pharmacy | Muhanga storage room 200° 20-25°C 160¢ room temperature shelf 19.8 -
44 storage room ] - 100¢ room temperature not det. ® - -
45 Private wholesaler | Kigali city storage room 0 - 100¢ -8° not det. ® - -
46 storage room 252¢ no requirements 100¢ 2-8°C not det. ® - -

Storage conditions which deviate from manufacturers’ requirements are given in bold, underlined letters.
= not applicable
not det. = not determined (temperature logger not placed, lost after placement, or no data recorded).

n.a.

# Oxytocin was stored in this maternity ward in a cool box, reportedly only ordered for immediate use.

® From private wholesalers, samples were purchased through a retail pharmacy using a mystery shopper approach. Therefore, storage conditions were not
determined, and temperatures data loggers were not placed.

¢ In a few pharmacies, temperature loggers were placed although they did not stock oxytocin.

4 Higher number of tablets/vials purchased as replacement samples and for additional stability testing.

¢ Two brands collected in one sampling site.

' Storage requirement stated on packaging: "Store in a cool dry place, away from light". Storage requirement stated on the package insert: "Store in a dark
place at room temperature, protect from light."

€ Exceeds storage temperature of misoprostol recommended by the manufacturer of the respective sample.




S2 Table. Results of chemical analysis of all oxytocin samples

Stated
storage
Brand name | tempera- Manu- Mean assay
and stated ture facture/ | Faci- (% of Age of
manu- require- Expiry lity Facility Site in declared Mean pH | RSD pH samples
facturer ment Batch N° Date No. type facility content) RSD assay value value (months) 2
2 gov. hospital stor. 96.1%° 6.62% °© 4.14 0.98% 30
4 taith-b. hospital mat. 102.7% 1.56% 4.03 0.48% 30
alth-b. hospital
P stor. 105.5% 2.22% 4.00 0.68% 30
8 taith-b. hospital mat. 99.2% 0.68% 4.48 217 24
alth-b. hospital
P stor. 99.9% 1.31% 4.40 0.96 24
g HE mat. 101.3% 0.55% 4.05 0.89% 30
OV.
9 stor. 101.1% 1.66% 4.05 0.76% 30
" He mat. 100.5% 1.73% 4.05 0.34% 30
ov.
g stor. 100.7% 1.73% 4.05 0.33% 30
12 HC mat. 100.4% 2.29% 4.08 0.62% 30
OV.
K stor. 99.8% 1.29% 4.07 0.73% 30
Jun 16/ mat. 95.8% 1.71% 4.56 3.27 24
1606573 17 ov. HC
Jun 19 9 stor. 97.9% 0.52% 4.50 1.33 24
Oxvtoci 18 gov. HC stor. 99.0% 0.88% 4.44 0.97 24
injoction 23 faith-b. HC stor, 99.1% 1.05% 412 | 018% 30
Jiangxi Xier- R . mat. 100.4% 1.99% 4.06 0.48% 30
kangtai oom 24 faith-b. HC
Pharma- tempe- stor. 95.6% 4.94% 4.19 4.38% 30
ceutical Go, | @tre 2 it HC mat. 98.2% 0.75% 4.46 073 24
. aith-p.
C'-hti‘:]va stor. 98.0% 0.79% 4.48 0.84 24
10 faitheb. HC mat. 99.5% 1.32% 4.38 1.18 24
aith-pb.
stor. 99.7% 1.18% 4.39 0.77 24
33 private clinic stor. 100.7% 0.96% 4.41 0.94 24
43 distr. pharm. stor. 101.5% 0.45% 4.06 0.32% 23
44 wholesaler stor. 90.3% 0.72% 4.08 0.84% 23
1 gov. hospital stor. 119.3% 2.09% 3.85 0.13% 32
10 HC mat. 118.0% 1.98% 3.83 0.48% 32
OV.
K stor. 117.2% 0.52% 3.82 0.51% 32
15 gov. HC stor. 119.9% 3.25% 3.84 0.30% 32
1604521 ’Z‘;ﬂ%’ 16 gov. HC mat. 120.6% 2.24% 3.82 0.11% 32
21 faith-b. HC stor. 117.6% 1.02% 3.84 0.44% 32
aith-p.
stor. 121.5% 1.61% 3.82 0.48% 32
2 faith-b. HC mat. 117.3% 1.38% 3.80 0.26% 32
aith-b.
stor. 117.8% 2.31% 3.78 0.47% 32
Steroxine Feb 16/ o o o
10 1UA ml ¢ 160042 Jan 19 46 wholesaler stor. 107.8% 0.62% 3.79 0.22% 27

Labora- 2.8°C

toires Sep 16/ o 0 )

Sterop; 160269 Aug 19 45 wholesaler stor. 99.6% 1.11% 3.98 0.57% 20

Belgium
1 gov. hospital mat. 102.8% 1.63% 4.1 0.13% 26
Oxytocin Oct 16/ ) ) mat. 102.1% 1.99% 4.09 0.15% 26
10 1U/ml: 37611016 | 5o 20 5 faith-b. hospital
AS ! 2.8°C C stor. 101.9% 3.29% 4.10 0.22% 26
GRINDEKS, 20 gov. HC stor. 99.9% 0.74% 411 0.10% 26
iq €
Latvia 37711116 T‘%\\/I 12%/ 41 CMS stor. 100.9% 0.82% 4.09 0.64% 18
. mat. 104.1% 2.96% 4.06 0.39% 15
3 gov. hospital
stor. 102.0% 0.26% 4.02 0.20% 15
5 taith-b. hospital mat. 103.7% 2.09% 4.09 0.40% 15
alth-b. hospital
P stor. 103.1% 1.53% 4.06 0.35% 15
7 taith-b. hospital mat. 103.9% 1.92% 4.02 0.10% 15
alth-b. hospital
P stor. 103.8% 1.84% 4.03 0.10% 15
Oxytocin 10; 13 gov. HC stor. 103.8% 1.67% 4.02 0.19% 15

Rotex- 14 gov. HC stor. 104.2% 1.93% 4.05 0.30% 15

medica Sep 17/

GmbH 2-8°C 70779A Sep 20 19 gov. HC stor. 102.6% 0.44% 4.00 0.10% 15
mﬁlrezlr\:\z;k' 25 faith-b. HC stor. 103.6% 1.76% 4.02 0.24% 15
Germany 26 faith-b. HC mat. 103.9% 1.67% 4.01 0.19% 15

27 faith-b. HC stor. 105.9% 3.96% 3.97 0.19% 15

28 faith-b. HC stor. 105.2% 2.37% 3.99 0.21% 15

31 faith-b. HC mat. 103.4% 0.86% 4.00 0.14% 15
aith-p.

stor. 105.4% 2.44% 3.99 0.19% 15

32 faith-b. HC stor. 104.6% 2.51% 4.01 0.20% 15

41 CMS stor. 102.4% 0.89% 3.99 0.47% 8

RSD = relative standard deviation; gov. = government; faith-b. = faith-based; HC = health center; CMS = government central medical store; stor. = storage room; mat. =
maternity ward. The sample found to contain only 0.004 % benzyl alcohol is shown in bold print.

* Age of sample at time of analysis.

® Deviating concentration of the preservative benzyl alcohol observed, see main text.

¢ See text for explanation of the high standard deviation observed for this specific sample.

4Batch 160269 was labeled with the unbranded generic name “Oxytocin 10 IU/1 ml”, all other information was identical as in batch 160042.
¢ Marketing authorization holder: Peckforton Pharmaceuticals Ltd., United Kingdom



S3 Table. Results of chemical analysis of all misoprostol samples

Mean

Mean

assay dissolution Age of
Manu- Site samples
Brand name and facture/ | Faci- in (% of (% of RSD (months)
stated Stated storage Expiry lity faci | declared RSD declared disso- at time of
manufacturer requirements Batch N° Date no. Facility type -lity | content) | assay content) lution analysis
Dec 16°/ 38 retail pharm. stor. | 104.2% | 0.13% 104.2% 0.61% 18
B15445 2
Nov 19
o 40 | retalpharm. | stor. | 94.7% | 0.27% | 103.5% 2.79% 24
1 gov. hospital stor. 95.9% 0.19% 100.1% 1.45% 17
. 34 retail pharm. stor. 94.8% 0.29% 101.2% 2.19% 17
No special storage
i b
Cytotec® 200 ug, requirements 35 retail pharm. | stor. | 94.6% | 0.35% 100.1% 2.81% 17
Piramal Healthcare B171732 Jul17¢/
imited; i Jun 20
UK "K'mgii'muf'ted o 36 retail pharm. | stor. | 94.8% | 0.58% 100.8% 1.59% 17
37 retail pharm. stor. 95.6% 0.48% 101.5% 3.05% 17
46 wholesaler stor. | 102.4% 1.13% 97.5% 2.82% 10
Store at room Nov 17¢/ 6 faith-b. hospital | stor. 95.1% 0.56% 90.6% 4.49% 13
temperature (15-25 B18097® Oet20
°C) 7 faith-b. hospital | mat. 95.5% 3.80% 102.8% 2.69% 13
Ace Miso®, Acme Do not store above Sep 16/ ov. district
Formulation Pvt. 30°C, protect from ACE 160963 P 42 gov- stor. | 102.0% 0.44% 97.7% 2.59% 20
. . Aug 18 pharm.
Ltd.; India light
Jun 16/ . "
MIZO®, SYNOKEM Store at a E6SGFT010 May 18 8 faith-b. hospital | mat. 98.4% 0.02% 101.2% 3.51% 24
- temperature not
Pharmaceuticals ) o
LTD: Indi exceeding 30°C at a Dec 16/
» india dry place E6SGLT004 | %2 10 gov. HC stor. | 92.1% | 1.62% 98.1% 3.18% 24
China resources, s 1 gov. hospital stor. 95.8% 0.20% 97.7% 2.31% 10
tore at a tempera-
ZIZHU " Feb 18/
N ture not exceeding 30 45180301
Pharmaceuticals Co °C Feb20 3 hospital | st 94.8% | 0.16% 100.1% 2.64% 10
Ltd: China gov. hospital stor. 8% 16% 1% .64%
2 gov. hospital stor. 46.8% 1.33% 32.9% 15.61% 9
C-stol®, CORONA Store below 30°C. Mar 18/
Remedies Pvt Ltd; Protect from light and ERW-005 F:t; 21 5 faith-b. hospital | stor. 46.2% 0.14% 33.6% 6.82% 9
India moisture
7 faith-b. hospital | stor. 48.5% 2.96% 36.4% 4.53% 9
1 gov. hospital mat. | 42.5% 0.51% 39.8% 1.35% 7
May 18/ 4 faith-b. hospital | stor. | 44.6% 0.95% 39.3% 4.15% 7
M8TAB1801 Af){ 2
9 gov. HC stor. | 45.6% 1.07% 41.1% 3.53% 7
Cynomax®, o o b 0 o ) o
MAXTAR BIO- Storle at 20° to 25°C 22 faith-b. HC stor. | 44.9% 0.27% 41.2% 2.37% 7
GENICS; India ina dry area
’ 8 faith-b. hospital | stor. | 48.6% 0.06% 46.4% 3.36% 22
H 0, 0, 0, 0,
MTYX-1604 AJLlIng 1186/ 39 retail pharm. stor. 47.1% 0.04% 45.3% 1.57% 22
43 | govdistict g | 47e% | 024% | 47.6% 4.49% 21
pharm.

RSD
gov.

= relative standard deviation
= government

faith-b. = faith-based

HC = health center
pharm. = pharmacy

stor. = storage room
mat. = maternity ward.

* Marketing authorization holder: Pfizer Holding, France.
® Marketing authorization holder: Continental Pharma Inc., Belgium.

¢ Package insert: "Tenir hors de la vue et de la portée des enfants. Pas de précaution particuliere de conservation". L.e.: "Keep out of sight and reach of

children. No special storage requirements."

4 Manufacturing date not stated on packaging. Shelf-life listed according to information from the websites www.hpra.ie and www.medicines.org.uk/emc.




