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Aduminiurn is the saird mogt dbundant element in the litho-
sphere after silicon and oxygen and may reach toxic levels
with polonged parenterel administration i kidney function s
impared. Aumina (AbD5) a3 5 glass network formwer, is very
impottant W improves i les] inertis of glass towards

agueous solutions attack “’he release of aluminium fom
rwo:mm‘ée glass cornes from the dissolution of' e very thin
superticial iayer ci the ghass during the hydrolytic attack
The alurmivle ease o tyve | glast containers of differ
gnt mmpas%iﬁsn w rapared after autoclaving of 1hat
121 °C according o ¢ opear Pharmacopoela (EP) 6. This
autoclaving eycl ands ‘to approximately 5 years of
mm;*c* Ehefweg ane and the solution at ambient
ature. U8 : et of 25 g/t for large volume
tions wsed for sutrition EP 6 fixes o Hmdt
ritoneat dislysis and of 10 g/l
in the mamdacture of dislysis so-
mes. are lnvolved. 200 pg/l (ppb)
vrnan albumin, Sodhim lactate
et has & Heait of 8.0 ugfml

frem other packaging materials
el But apparent discrepancies
vary high permissible mits
§ USE 32 (¢ ug/ml] for these materials.

rs for et
5@' qterilisei wafs*r for use

Hon fﬁr p&rez
L The alu
yelyolefins ete ) e
wars evidenced on
of release of EP Sang

To evaluste the significance
of aluminium intake from
type 1 glasy contalners: some
ity large volitae parenteral
herantes wers evalugted. Due

Glasy ehemioal dural
Purenteral ¢

Poivethrrione to the small volumes coming
conkaliters from type | glate containets,

Polyolefing for comtainers
Polypropylene for
containers

Type 1 glass condainers

sluminium joading from gligs
was sssessed bo be negligible,
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Bedeutung der Prelsetzuing vor Aluminium aus Behiltern
sy Typel-Borosilikatglas

Aluminium ist des dritthaufigste Element inder Lithosphiize
nach Siliziarn und Sauerstolf und kany nach Hngerer paren-
teraler Zufuhr bel gestiicter Nierenfunktion eine giftige Wir-
kung haben, Alumiminmoxid {Ah05) Ist elne Strukturkompo-
nente vore Glas und sebr wichtig fir die chemische Trighelt
gegendiber wissrigen Losungen. Dig Freigebe von Aluritinium
ans Borosiltkatelas wivd von der Aufldsung etner diinnen
Glasschicht wahirend des hvdeolytischen éﬁgnﬁé% VETHE-
sacht.

Die Abgabe von Aluminium ans Glashehiltern der hydeoly-
tischen Klagse'I von verschiedener Zusammensetzang wide
mach 1 h Autoldavierung bel 121°C besthmmt gemdl Elro-
phischern Arznsibueh [EPY 6. Disser Autoldavierayklug ¢he
spricht einem Kontakt awischen Glasoberfliche und Lésung
bel Raumtemperatur {iber eine Zeilsparme von cs. 5§ Jahren
Fitr grofvolumige Lssangsri z. B zur paventeraler Erndhirung
bestimmt die USP 32 einen Grenzwert von 25 pg/l Dig P 6
setzt Grenzwerte von 18 pg/l B [asingen fir dis Perifoneal:
dialyse und 10 pg/t fir steriles Wasser fest, dos B dis Her
stellung von Dialyselosungen verwendet wird. 200 g/l (pob)
ist der Grenzwert fir Alumindum in Albumin zur Anwendung
arm Menschen,

iy Natrinmlactat vor parecteralen Aawendung gilt sl
Grenzwert vor 0.1 pg/mi {pprm}, Die zuléissige Freisetzung von
Alurrinium ass andeven Verpackungsmaterialies {Polyolefine
ele.) I8t wiche besHinmont worden, Goolle &shepw&ﬁ werdan
sus den nach BP 6 und USP 32 vullisdigen sehr hohen Abga-

* begrenzen [ ppinl) Wi disse Matedialion erkenubar,

Uss dis ’Sedwmng det Alvminiun-Aghabme sus Glashehil
tern der hydeolytischien Kusse T 20 bowarten, wusde sine
Reihe von Infusionstheraplen nit groen Volumina thepritfy,
Wegan der geringen Mengen wurde der Beitrag dey Gliiser #ur
Aluminfur-Atfnatine ond -albumulation sle aribedeutend
bewerlet,
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Elemonts in téaces include metals in concen-
tration below 1 pgg of biclogic Houids, They
are oliten cssential for fuman metabolist, but
their loading or unbalance can give wndesired
side effects. Among them Cu, Zn, O Mn, Co,
Mo, 8 F, ete. can be mentioned {11 Whehever
prolovged  infusion therapies with laige
amounis of solutioos are involved, walnly In
case of total parenteral nugtition, loading of
elepents sven present intraces is likely from
any different source ncluding glass and plastic
packaging maferials that comes in confant
with the phanmacerticnl preparations. often
for prolonged finves,

In particular altonininm may reach toxic
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levels if kidney function is impaired. Premature
frieoniates are particularly at visk because their
kidneys are Ivumsture and they reéquire large
amounts of calchun and gh@sphaie golutions
which may contain races of alumininm and
other ‘glements in fraces Beseareh indicates that pa-
tients with impaived Kdney function, including prema-
ture neonates, who receive parenteral levels of alumin-
fum in grester mmounts than 4 to 5yug per kg body
weight per day accumudate alumindum at levels asso-
ciated with central nervous system and bone todeity.
Tiesue toading may ocour at ever lower rabss of admin
i %rgﬁ;im of total parenteral nubrition products and of
the lock-flush selutions 1med in thelr sdtninistration.

Alumindum 8 the third ahindant slement 4o the
Hthogphere after siicon and oxygen and thevefore its
presence ai lkast at trace levels everywhers & under
starulable,

Ahgnintorn oxide {shunine} ALO, iv & glass network
former and a very lmporiant component of every kind
of borosilicate glase (fype | containers, tubing glass for
ampoules, Pyrex glasy, ste.), to mprove the chenical it
ertia of glass towarde agueons solutions attarck,

The aluming contert of glass [La the ALD, % whwin
the bulk) is not alweys significative of the shuninium re-
iease, since the chemical durability of the gass depends
strongly on the whole glags composition.

Ror example & low resisiance borosilicate can release
more afuntiniun even i iy gluminium content s lowey
than in another high resistant borosilicate glass, doe o
their different chendosl durability,

In commercial bovosilicste glass, shuming comtent
ugually ranges fom 3% (Pyrex) up to 6%. Usually the
aluming content {fubing end woulded glasses) s around
5%,

The fons release from glass surface during hydeolytic
attnck follows an B-ehaped vimve up 1o a Hmis dissoly-
tion rate, 80 that for example sf the helf of the sutoclav
irg thme. the release will be lowsr then the half of the
release found after 2 complete antoclaving eyels.

Previous works demonstraied that the relsasing
echanisrm follows a dissolution procsss with o ratic be
tween the reloased elements similar o their ratic in the

A BEEY {301
sy, Aodendes! Wesnanyt

Fig. I+ BP 6 awpoclaving test eycle with the coveslation me-rosws fem-
perature of each sitep.

glass composition, excluding sodium ion that is released
i higher amotnt due to ite higher avaliability to ion ex
changs with water [2, 3],

The mutoclaving cycle ascording to the Buropean
Pharmacoposta (EP) & {Fig 1) and its correlation with
the time of contact ot ambisnt temperature hesmeen
the glass surface and the agueous solution was experi-
enced to follow with 2 goad approximation the Lyle
squation {2}

Lag hys Log he + {1y -
g

T/ 224

tiree (B at temperature Ty with T, > T4

- Injectables conditioned in vials of type 1 glass usually have
a shelf life of 2 years or no longer thaw 3 years, so the sl
minium release is expected to be lower than that obtained
after 4 complete autoclaving eytle of L hat 121°C.

2. Matsrials snd methods

Tests have been conducted in typel bovosilicats moudded glase sou-
tabrieer ranging Fom 10 to 100 wil. The glass composition i shown in
Table 1. Hydrolytic reledss tosls were conducted tsing the method in-
dicated by the Buropean Pharmacopoets 6% ed., with mtoulaving at
121°C for T h by a leboratory autoclave Assl Vapormatie 770,

High punty delonised watsr hiving o coaductivity lower than 0245
was freshly prepared for-sach tast fom o mived resie deloniser Elet-
tracque RI60.

Bodes wers led up e 0S8
of thslr bebnfud copucity and
capped with labosatary et
dishes mads of Pyrex glass.

Hydeolytio stiackc salutions

Tabie t

Type 1 glass composition

P FEY {M 527
were analvsed By 1CAF Thes é% %{?i @YE
o Fisher Setentific 6300 BUG Sl 1%
for dhivinluen relesse of the: Ay B
wavelangthes W0 e and caG ! i?é
309378 s, The vorking stan- o~ :
T, The worklng stan g 7%
dard selubiony wets prepearsd o s
frowm enwmneveie! standard so- B0 %
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ltions enpiaining |00 nigd of lurainium (sl Béba e s
sgenth, Mo talyl To avetd possible contaninstion,
aaly Pypes Inboratory Wa's aptoslavsd at lesst twice were y
me’& szs«agems anied solutions blanks were alvayy prepured i
to check for the analvticsl background.

internilly trested containers, for example by silicone re- 7w
shits, were not considered singe i this cuse the attack solu 2
tion does nol interaut with the glass surfucs, but with 2 =0
polymer layer wltoritg the lon relesse. Thy analysis of say
possible release of arganies or siloende Fagments did not 54
concern the purpoeses of thiswarl,

Reayies

8 b 3 50 & T 250
Coatiers soabnal vapseisy {6 mi

& preliminary work was done to check the
practies! detection Hmit for shuminiim |
water solution with the adopted instrumental
conditions. that was determived to be Tppb
at the wavelength of 187079

At least 4 containers of the same production lot for
capacities higher than 50 miaad from & to 10 contalners
for fower capacities wete used for sach test At leust
three replcates on separate days ware performed for
each capacity in order to obtain o good data eellability,

Considering the contalner cupacity, ahuminiu re
lease was experienced to decrease from 300 ppb fo
15 ppb. from 10'to 100 ml containey capaciiv and to vab
ues lower than 10 ppb in 250 mi containers, according to
the curve shown in Pig. 2. Data variation is also depicted
i the graph

Together fr comparisen wers sistocloved also some
containers of capacity 30 and 100 ml of type I low alu-
mina (A5 36 % Instead of 5%) borosilicate glass. Alu-
minhun release was determined fo be approdmately 60
to 70% of the plotted slirainiwy amounts,

Oncthe other side it has besn determined thut bores
silicate type I glasses having o tower aluming content -
and therefore g lowsr reledss of dlumindum - show an
higher release of other slements present in the glass
compusitlon (e, borom. zing, etz following approgt
mately the dissolution mechanism of the dlice network
components [3}

For cotnparison some type I soda lirse glase contain.
ers of capacity 100 and 250 il were slso snalysed L the
same conditions for aleminium release. Mo slwninium
trave was getected and g0 the relsase sstimated to be
fower than 3 ug/l

As expected, the container capacity affects steongly the
alurminium release of the glass - considering that the les-
ser the capacity, the higher the surfuce/volume ratic with
ihe consequent dncesige of the covcentration of the fe
teased elements, socording the expohential curve of Fig. 2.
The practical significance of the shuninium reloase at
he "trace” levels shown above, must be compared to the
JSP 32 and £P & Pharmacoposias regulations,
ISP 32 fixes a limit of 25 pg/1 {0025 ppm) for large vole
umne solutions used in total parenteral nutrition (TR
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Fig. 2: Monided containers: alumsinisn release covvelation with volame
after dutoclaving § kot 133 °C seeovding 187 6.

EP 6 fizes 2 Huit of 15.ug/l {0015 pom) for solne
tions for peritoneal dialysis and of 10 ug/l (G010 por)
for sterilised water for use In the manufacture of dig-
lysis solutions, hasraofiltration and haemodiafiltration
solutions, therapies where very large volumes are ine
volved.

Haemodlalysis solitions and sodium lactate solutions
for parenteral dosage forms have a lmit of 160 ug/
{010 ppmy). Human albumin has 2 lmit of 200 pg/l
{0.20 ppm). Vaceines for human use (i e. tetants, diph-
theria, hepatitis, allergen products, ete.) have g limit of
1.25 mg per dose. Considering polymeric packaging ma-
terialy used for injectables; duninium relesse & regu-
lated in EP 6 a5 follows: , '
o polypropylene for containers and clogures for prep-

arations for parenteral and ophthalmic use have a re-

lease Hmit of 1 pg/mi (1 ppm) .

@ polyethylene with additives for containers for prep-
arations for parenteral use and for aphthalmie prep-
arations have 2 release limit of 1 ug/mil {1 ppm);

o palyolefing have & release limit of L pg/m! (1 ppm).

Aluminium release n the ahove materials is determined

after bolling 1 h 100 g of the polymeric material with

250 ml of HCI 0.1 M while stirring

No aluminium release is regulated for glass and for
polyethylene-vinyl acetate for containers and tubing for
TPH preparations.

It is 1o point out that most of the large volume glase
containare are of twpe I and polymierie containere ave
used for very large volinne infusions.

Type Il glass is a soda lime glass surface treated in
order to obtain a complete superficial alkeli depletion.
Aluminium release from type !l glass containers s
hardly detectable {<5 ug/l) for the following reasons:

o very high superficial chemical durability after alkali
depletion due to & silica content higher than 90%,

o glass bulk contains approdimately 2% of aluming
{less than o half of the amowit contained in borogii
cate glass),

© high ratio of volume-to-surface area {the higher the
voluimie, the lesser is the surface ares in contact with
the pharmaceutical breparation).
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Type I glass container is the best choice whenever the pH
of the injectable solution is around 7 or between 7 and 8.

‘The examination of some of the miost conmmon thera-
pies that involve large volume parenterals lets under-
stand the practical contribution of type I glass to the
global aluminium intake and loading in the most ex-
posed natients [4].

Case 1
Example for a peritoneal dialysis solution. Other contem-
porary therapies, i.e. via digestive tract etc., are excluded.
Type I glass and polypropylene containers:

Glucose 1.5-75%

Na® 140 mEq/t (3.2 g/

Acetate 45 mBg/ (2.6 g/h

Ca™ 4 mig/H{0.08 g7

Mg 1.5 mBEg/t002¢/Y

Tl 101 mEg/1 (36 g/l
Ampoules 110 mi:

Sodium heparine 50~ 100 U

Papaverin 4% 1 mi

Klocain 2% 1 mi

K* 0-35 mEg/l (0-0.14 g/1)
Diatly volurne: 2 liters,
In case of impaired liver or kidney function:
Type I glass containers:

Proteins solition {L-amincacide) 1.5 V/day
Ampoules 1-10 mb

ACE inhibitors

Ingulin

Antibiotics ete.
Parenteral nutrition (see Case 3).

Case 2
Scalded patients {over 40 %, 70 kg body weight). Other
contemporary therapies, Le. via digestive tract etc., arg
excluded.
Polypropylene containers:
Ringer lactate 1121
{Parkland formiula: 4 mi x weight x %)
Type H glass containers:
Proteing solution (L-aminoacids) 1.5 I/day
Ghicose 5-30% L1
Type { glass containers:
Alburain 20%, 50 ml
Sodium bicarbonate 250 ml
Ampoules 1= 10 mib:
immunoglobuling
Parenteral nutrition (see Case 3}

Case 5
fxample for parenteral nutrition of & male adult of 70 kg
body weight.
Type I glass cortuiners:

Glucose 50% 11

Aminoacids 160% 11

Electrolytes solution (Na®, K*, CI~, Mg™, P} 500 ml
PBolypropylene containers:

Lipids 209 250 mi
Amponles 1- 10 mk

Vitamins

Pharm, Ind T2, Nr 12, 21442147 {2010)
@ ECY - Bditio Cantor Vedsg, Aulendod (Germany!

The above examples are only indicative of the complex-
ity of the therapeutic strategies, always matched to the
specific situation of the clinical patient context.
Considering the release from Fig. 2 we can try to calcu-
late the aluminium intake from moulded glass contain-
ers. The calcudus result is rounded in exesss as above
mentioned, considering that the expiry time of the phar-
maceutical preparations are 3years or less and the
worst ageing conditions equivalent to EP 6 autoclaving
test simnulates appreximately 5 years.

Supposing the use of a pharmaceutical preparation
with one type I glass 50 mi vial, its contribution will be:

35 ug = 50 ml /1000 ml = L5 ug
Case 1+ liters per day estimated. Practical contribution
to the daily intake: 1.75 /3 = 0.58 pg/l (limit: 15 pg/l)
Case 2 14 liters per day estimated. Practical contribution
to the daily intake: 175/ 14 = 0.125 pg/l {limit: 15 pg/l)
Case 3 4 liters per day estimated. Practical contribution
to the daily intake: 1.75/4 = 0.44 pg/l (timit: 15 pg/l)

5, Conclosions

The presence of aluminium kn the water and in the raw
muaterialé even n small trates is quite probable: being
aluminium the third most sbundunt element in the
lithosphere; moreover it is tolerated with lmitations in
same injectables (vaccines) as it is used in their prepara-
tion, The comparison between the limits for large vol-
ume solutions and the limits of the alursinium release
for some polymeric materials shows an apparent discre-
pancy since these materials are widely used in large vol-
ume theraples.

Aluminium is a very important glass network former
and stabiliser, and that is why the aluminium is hardly
released from glass. In both EP 6 and USP 32 alumininm
contamination is ruled in large vohune therapies due to
the enhanced risk of intake and loading but it is 2
matter of fact that the risk of aluminium intake from
glass is negligible due to both the negligible extractable
amounts and the small volumes involved from typel
glass containers compared to other different origins.
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