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Abstract

A single-dose glass ampoule was developed for ease of administration. When glass ampoules are opened, resulting
in contamination by particulate matter. Reducing its contamination may minimize the risk in patients due to
particulates. This study reports on an attempt to reduce insoluble particulate contamination by developing methods
for the precise measurement of this. A vacuum machine (VM) was used to reduce the level of insoluble particulate
contamination, and a microscopy, scanning electron microscopy-energy dispersive X-ray spectrometer (SEM-
EDS) and inductively coupled plasma-atomic emission spectrometer (ICP-AES) were used to evaluate the level of
reduction. The method permitted the insoluble particle content to be reduced by up to 87.8 and 89.3% after opening
1 and 2 mL-ampoules, respectively. The morphology of the glass particulate contaminants was very sharp and rough,
a condition that can be harmful to human health. The total weight of glass particles in the opened ampoules was
determined to be 104+72.9 ug and 30.5+ 1.00 pg after opening 1 and 2 mL-ampoules when the VM was operated at
highest power. The total weights were reduced to 53.6 and 50.6%, respectively for 1 and 2 mL-ampoules, compared to
opening by hand. The loss of ampoule contents on opening by the VM was 6.50 and 4.67% for 1 and 2 mL-ampoules,
respectively. As a result, the VM efficiently reduced glass particulate contamination and the evaluation methods used
were appropriate for quantifying these levels of contamination.

Keywords: Ampoule, glass, contamination, scanning electron micrograph-energy dispersive X-ray spectrometer
(SEM-EDS), inductively coupled plasma-atomic emission spectrometer (ICP-AES)

Introduction . .
reported to damage various organs such as lung, brain,
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Single-dose glass ampoules have been developed for
ease of administration, accurate measurement of dos-
age, sterility and use in prepackaged kits. Because the
injections are administered directly into the body via
non-oral routes, they must be completely protected
from contamination by micro-organisms and inorganic
particles in all the processes of manufacturing, dispens-
ing and administration. Therefore, many companies
now use improved techniques with strict environmen-
tal control. Nevertheless, workers in clinics still need
to treat ampoules carefully on opening them, because
glass contamination occurs on opening single-dose
glass ampoules’”. These insoluble particles have been

kidney, liver and spleen®'°. The intravenous administra-
tion of drugs with glass particles may lead to complica-
tions, including pulmonary thrombi and micro-emboli,
infusion phlebitis, end-organ granuloma formation and
inflammation'*". Intramuscular injections of solutions
containing insoluble particles may also lead to compli-
cations including pain, bleeding or haematoma forma-
tion, acute inflammatory induration and the formation
of transient nodules'*'®. It is important to use a proper
injection technique for reduction of injection site com-
plications such as tissue injury, abscesses, nerve injury or
bruising'”*. Therefore, various types of filters have been
used recently such as in-line filters, membrane filters or
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syringe filters to reduce the incidence of glass particle
contamination®*. In many hospitals, however, in-line
filters or membrane filters are used only during total
parenteral nutrition or preparation of anticancer drug
because of cost and time-consuming®. Therefore, it is
meaningful to reduce easily the extent of contamination
by glass particles on opening in the field. To date, there
are no reports of the use if a machine to reduce particu-
late contamination. In this study, we report the develop-
ment of a vacuum machine (VM) that can be used easily
to reduce particles in medications after opening glass
ampoules.

In addition, to evaluate particulate contamination
in medications contained in opened glass ampoules,
microscopy, filtration-microscopy, electric zone-sens-
ing, photo-dispersion and scanning electron micrograph
methods have been used generally?®*. However, little
information is available on the weight of glass contami-
nants that are produced during the opening such vials.
Therefore, it is meaningful to develop various evaluation
methods for its contamination as well as its reduction.
In this study, the weight of the glass particles occurred
from the glass ampoules on opening them was measured
by quantifying components of the ampoules with induc-
tively coupled plasma-atomic emission spectrometer
(ICP-AES).

Our objectives were not only to reduce glass par-
ticle contamination produced on opening single-dose
ampoules by the VM but also to establish reliable analyti-
cal methods to evaluate glass contamination produced
as a result of opening ampoules.

Materials

The VM, Cutting Apparatus of Ampule (IPC: B67B
7/46), used for opening glass ampoules was designed
by Samsung Electronics, Gwangju, Inc. This machine
contains a hole fitted with a cap and neck of ampoules,
and withdraws particles by means of a vacuum. A waste
box is available to collect broken caps that are produced
on opening the ampoules. The ampoules (1 and 2mL)
were purchased from Shinil Co., Ltd, Seoul, Korea, and
were made of Fiolax® amber glass produced by Schott
AG (Mainz, Germany). Water for Injection (WFI) was
supplied by the Pharmaceutical Plant for Education and
Research (PPER) in Seoul National University, Korea. The
WEFI was produced and managed under United States
Pharmacopeia (USP) requirements and used instead of
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medications in the ampoules. All used ampoules were
washed with WFI and air using a Washing Machine for
Ampoules (Jowon Tech. Co., Ltd., Korea). Both the WFI
and air were filtered through a 0.22-pm pore size filter.
Syringes (Korea Vaccine Co., Ltd., Korea) and filters
(ISOPORE® Millipore Co., Ltd., Bedford, MA) were
also used in this study. All experiments were performed
in the PPER built under the regulation of Korean Good
Manufacturing Practice (KGMP) for injections and always
maintained in a clean state as shown in Table 1.

Methods

Filling and closing for ampoules

All ampoules were washed with WFI and then dried in
an oven at 50°C for approximately 24 h. The washed 1 or
2 mL-ampoules were filled with 1 or 2mL of WFI, which
had been filtered through a 0.22-pm pore size membrane,
and then closed by the Filling And Closing Machine for
Ampoules (Jowon Tech. Co., Ltd., Korea). All the filled
volume of the ampoules was verified.

Opening ampoules and sampling

The ampoules were opened by hand or using the VM. The
opening method by hand was not different from that gen-
erally used for opening. When the VM was used to open
ampoules, the power of the vacuum was setfrom 1st grade
(i.e., the weakest) to the 5th grade (i.e., the strongest). The
power of the vacuum (i.e., watts) of each grade had been
evaluated previously (Table 2). All of the contents in the
opened ampoules were aspirated by a syringe equipped
with a needle of 23 G.

The number of the particles

The collected contents by the syringe were expelled onto
an individual membrane filter. The samples were sub-
jected to filtration through a membrane filter (0.08 pm
pore size, Millipore® ISOPORE Disc filter 25 mm) under
a vacuum. The opened ampoules were washed more
than five times with filtrated WFI by the membrane filter
(0.08 pm pore size), and the mixtures were then sub-
jected to above membrane to ensure all particles were
collected. Each membrane filter was isolated and then
fixed on a slide glass for microscopic examination. After
drying the membranes in semi-darkness for 24 h, they
were examined by microscopy (BH2, Olympus, Japan)
to count the number of glass particles. The number of
the counted glass particles obtained for various vacuum

Table 1. Cleanness of the pharmaceutical plant for education and research (PPER).

Filling room Washing room Clean booth Change of air Temperature Humidity
Class 10,000 Class 100,000 Class 100 20 times/h 20~25°C 50% RH
Table 2. Vacuum powers of the VM.

Grade 1st grade 2nd grade 3rd grade 4th grade 5th grade
Power (watt)* 64.6 86.9 104 120 133

*The data were obtained from the Samsung Electronics, Gwangju, Inc.
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powers was compared with that obtained by hand-
opening.

The morphologies of the glass particles

The filter that contained insoluble particles was observed
by microscopy and was cut to a circle with a diameter of
10 mm. The piece was then coated with a gold film after
attaching it to a copper grid. The morphologies of the
particles on the membrane were observed by scanning
electron micrograph-energy dispersive X-ray spectrom-
eter (SEM-EDS, JSM 5410LV, JEOL, Japan) and were then
photographed. All observed particles were identified as
glass based on EDS data.

The weight of the glass particles

The total weight of the glass particulate contaminants
(i.e., inorganic materials) in medications was measured
using an inductively coupled plasma-atomic emis-
sion spectrometer (ICP-AES, ICPS-10001V, Shimadzu,
Japan). The used ampoules were made of Schott Fiolax®
amber, which is a composite of several components as
Table 3. To dissolve the inorganic materials including
glass particles, hydrofluoric acid (HF) was added to the
samples followed by shaking for 5min. Aqua regia (i.e.,
HNO,:HC], 1:3) was added, followed by a further shaking
for 5min. The amount of Fe, which has a high sensitivity
and selectivity, was examined by the ICP-AES to quantify
the amount of Fe,0, in the medication after confirmation
of complete dissolution using a membrane filter of 0.8 pm
pore size. The total weight of inorganic contamination in
the vial contents was calculated by ratio of components,
as shown in Table 3.

The loss of contents

The loss of contents was calculated to evaluate the loss
that occurs on opening ampoules by hand or using the
VM. The loss volume (V, ) on opening an ampoule
was calculated by the difference between the volume of
the contents under the Filling and Closing Machine for
Ampoules setting (V) and the volume of remaining
contents after opening an ampoule (V,); V, = Ve = Vi
The measurement of all volumes was estimated by den-
sity of contents (i.e., WFI) after weighing them. In this
study, the Filling and Closing Machine for Ampoules was
validated to dispense a fixed volume.

Table 3. Chemical composition® of Schott Fiolax® amber.

Results

The number of particles observed in the contents by
microscopy on opening ampoules by hand or using the
VM was examined. The particles produced on opening
by hand were found to be 84.1+£16.6 and 24.9+6.27 in 1
and 2 mL-ampoules, respectively. The range of particles
produced on opening using the VM were found to be
10.3+6.19 (i.e., 5th grade) to 98.2+23.6 (i.e., 1st grade) in
1 mL-ampoules and 24.9+6.27 (5th grade) to 233+42.5
(i.e., 1stgrade)in2 mL-ampoules (Table4). Figure 1 shows
the observed particles after opening ampoules by hand
and the VM. The efficiencies of the VM, compared to the
number of the particle produced after opening ampoules
by hand (i.e., efficiency=(N,,., — Ny / Nyjanp* 100%,
where the N, and N, represent the mean number of
particles observed after opening ampoules by hand and
the VM, respectively), was calculated to be in the range
from -16.8% (i.e., 1st grade) to 87.8% (i.e., 5th grade) and
from -8.58% (i.e., 1st grade) to 89.3% (i.e., 5th grade) for 1
and 2 mL-ampoule, respectively (Figure 2).

Several large rough and/or sharp particles were pro-
duced in samples that were opened by hand, and these
were detected on the membrane filter by SEM (Figure 3).
All of the observed particles were identified as glass frag-
ments that arose in used ampoules, as evidenced by the
detection of Si by EDS (Figure 3).

The total weights of the glass particles after opening
ampoules by hand or using the VM were evaluated by
the ICP-AES. In the case of opening by hand, the total
weights of glass particles were found to be 224 +26.3 pg
and 61.7+12.6 pg in 1 and 2 mL-ampoule, respectively.
In the case of opening using the VM, the total weights of
glass particles were calculated to be in the range from
104+£72.9 pg (5th grade) to 221+27.2 ug (1st grade)
and from 30.5+1.00 pg (5th grade) to 61.7+12.6 pg (1st
grade) in 1 and 2 mL-ampoules, respectively (Table 5).
Figure 4 shows the weights of glass particles after open-
ing ampoules by hand and using the VM.

The loss volumes of contents after opening ampoules
by hand were 0.20 and 0.17% of the filled volume in 1 and
2 mL-ampoules, respectively. In case of using the VM, the
loss of volumes increased up to 6.50 and 4.67% in 1 and
2 mL-ampoules, respectively (Table 6). Figure 5 shows
the loss volumes of contents after opening 1 and 2 mL-
ampoules by hand or using the VM.

Component Sio B0, ALO,

2

Na,O

K,0 BaO Ca0 TiO,  Fe,0,

% of weight 70 7 6 7

aTechnical data provided by Schott in Germany.

Table 4. The number of the particles produced after opening ampoules (r=10).

Vacuum power grade

H? 1st 2nd 3rd 4th 5th
1 mL 84.1+16.6 98.2+23.6 48.6+23.6 33.0+£9.00 10.7+£2.01 10.3+£6.19
2mL 233+42.5 253+31.0 131+36.3 95.3+6.26 75.8+22.4 24.9+6.27
*By hand without the VM.
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Discussion

The number of particles produced after opening
ampoules using the VM was less than those opened by
hand in both 1 and 2 mL-ampoules, when the 2nd and
5th grade of vacuum power was used. In the case of the
1st grade of vacuum power, the particles produced on
opening the ampoules increased by up to 17 and 9% in 1
and 2 mL-ampoules, respectively. This can be attributed
to shock to the ampoules on opening by the VM, which
is stronger than that produced when an ampoule is
opened by hand. In the other cases, however, the power
of the vacuum was sufficient to remove the particles on
opening the ampoules. The most significant reduction
of particulate contamination was found at 5th grade of
vacuum power of the VM and was found to be 87.8 and
89.3% in 1 and 2 mL-ampoules, respectively. Thus, if the
hole of the VM is modified so as to absorb the shock that

250 A I l

Number of particles
>
=
L
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occurs mechanically on opening the ampoules, particu-
late contamination would likely be reduced even more
than what was observed in this study. In addition, it was
found that the remaining particles after opening 1 mL-
ampoules were consistently less than those on opening
2 mL-ampoules. When opening larger size ampoules,
therefore, more attention should be paid in the process.
As a result, the reduction efficiencies of the VM accord-
ing to the vacuum powers can be estimated by equation;
N, =N, xexp (-A-Pv), where N, N, 4 and P represent the
number of particles, estimated number of particles with-
out a vacuum, the extent of reduction and the vacuum
power, respectively. The estimated N, and A were 786
and 0.0321 for 1 mL-ampoules, and 137 and 0.0262 for
2 mL-ampoules, respectively. The R* were 0.988 and
0.975 for 1 and 2 mL-ampoules, respectively. Figure 6
shows the exponential decline of the produced particles
after opening 1 and 2 mL-ampoules using the VM.

B . L@

H* Ist grade

2nd grade

3rd grade 4th grade 5th grade

Grades of vacuum power

Figure 1. Number of observed particles after opening ampoules. Black and gray bars represent the number of particles in contents of 1 and
2 mL-ampoules, respectively. Each bar represents the mean + SD (n=10). *By hand without the VM.
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60

Percent of efficiency (%)

1st grade 2nd grade
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4th grade 5th grade

Grades of vacuum power

Figure 2. The efficiency of the VM. Black and gray bars represent the percentage of efficiency of the VM for 1 and 2 mL-ampoules,
respectively. Dotted line represents the efficiency on opening by hand (i.e., 0%).
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The morphologies of glass particles, as observed by
SEM-EDS, were very rough and/or sharp, which could lead
to several complications in humans because these glass
particles are insoluble in the body. The safety of injections
into muscles and blood vessels of humans must be consid-
ered. Therefore, it is important to develop instruments for
reducing the numbers of these particles before injection or
a direct infusion of medication into humans.

Especially, total weight of the glass particles after
opening ampoules was analyzed by ICP-AES in this

Full scale = 100 cps Cursor: 01925 keV

Cursor: -0.1925 keV

Full scale = 85 cps

study, which has never been reported in previous stud-
ies. This quantitative evaluationisimportant along with
the number and morphologies of particles in reducing
damage caused byinjectionsusingampoules. However,
it was difficult to quantify the amount of SiO,, a major
component of glass ampoules (Table 3), because SiF,,
in the gas state in room temperature, is produced by a
reaction between SiO, and HF, used as a solvent to dis-
solve fractions of the glass. Though Fe is a minor com-
ponent of the ampoules, elemental Fe can function as a

Full scale = 68 cps Cumzor: -0.1325 keV

Cumzor: -0.1575 ke

Figure 3. Identification of particle contaminants by SEM-EDS.

Table 5. Weights (ug) of glass particles after opening ampoules (r7=10).

Vacuum power grade

H* 1st 2nd 3rd 4th 5th
1mL 224+26.3 221+27.2 133+36.1 146+42.5 124+68.5 104+£72.9
2mL 61.7+12.6 47.2+1.42 42.5+8.44 32.4+6.05 32.6+5.16 30.5+1.00
*By hand without the VM.
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Table 6. Loss volumes (uL) of contents in opened ampoules (n=10).

Reduction of particles on opening glass ampoule 1399

Vacuum power grade

H? Ist 2nd

3rd 4th 5th

1mL 2.11+1.09
2mL 2.33+2.31

14.3+10.4
19.3+6.11

26.7+10.8
55.0+2.65

53.3+13.7 56.7+21.7 65.0+14.2
87.3+18.0 90.3+15.4 93.3+28.6

By hand without the VM.
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Grades of vacuum power

Figure 4. The total weight of glass particles after opening ampoules. Black and white circles represent the total weight of glass particles at 1
and 2 mL-ampoules, respectively. Each circle represents the mean + SD (rn=10). *By hand without the VM.

0.15 ~

0.10

Loss volume (ml)

0.00 Y T
H* Ist grade

2nd grade

3rd grade 4th grade 5th grade

Grades of vacuum power

Figure 5. Volume loss in opened ampoules. Black and white circles represent the loss volume of contents in 1 and 2 mL-ampoules,
respectively. Each circle represents the mean + SD (n=10). *By hand without the VM.

marker in such systems because of high selectivity and
sensitivity in ICP-AES. The analytical method was vali-
dated and it was acceptable to understand the relative
amount according to the vacuum power in this study.
Therefore, it was possible to quantify the amount of
Fe,O, and to calculate the total weight of the glass par-
ticles. The determined weights of remaining particles
in opened ampoules were approximately 0.007 and
0.001% of the weight of used 1 and 2 mL-ampoules,
respectively, at 5th power grade of vacuum power. The

percent of reduction, based on that opened by hand,
in total weight were approximately 50% in both 1 and
2mL ampoules. Nevertheless, the observed numbers
of particles were reduced by approximately 90% in
both 1 and 2 mL-ampoules in separate study. It is likely
that the VM removed small-sized particles on opening
the ampoules. Additionally, although the number of
observed particles in 1 mL-ampoules, as evidenced by
microscopy, was less than the corresponding value for
2 mL-ampoules, the total weight of the particles in 1

RIGHTS LI MN Kiy



Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Xavier University on 01/31/12

For personal use only.

1400 K.R.Leeetal.

300 ~

250 ~

200 A

150

Number of particles

100

50 A

60 80

100

Vacuum power (watt)

Figure 6. Number of particles produced after opening ampoules using the VM. Black and white circles represent the number of the particle
at 1 and 2 mL-ampoules, respectively. Each circle represents the mean + SD (rn=10). Black line and dotted line represents the estimated

exponential decline at 1 and 2 mL-ampoules, respectively.

mL-ampoules was more than that in 2 mL-ampoules.
These results show that larger particles were produced
on opening 1 mL-ampoules than for 2 mL-ampoules.

The loss of volumes (i.e., medication) after opening
ampoules by hand or using the VM were found to be
less than approximately 6.50 and 4.67% in 1 and 2 mL-
ampoules, respectively.

Conclusion

Glass or inorganic particulate contaminants could be
reduced on opening glass ampoules using the VM with
a vacuum. The VM appears to be a viable instrument
reducing contamination, especially small-sized particles
which could not be removed with membrane filters. To
evaluate the extent of particulate contamination, quan-
tification of particulate weight by ICP-AES was carried
out and this was found to be acceptable as well the use of
microscopy and SEM-EDS.
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