
Human Glucagon-Like-Peptide-1 Modulators and Their Use
in the Treatment of Diabetes and Related Conditions
This application claims priority to United States
Provisional Patent Application Serial No. 60/585,358,
filed July 2 , 2004 and United States Provisional
Patent Application Serial No. 60/684,805, filed May
26, 2005, each of which is hereby incorporated by
reference in its entirety. FIELD OF THE INVENTION The
present invention provides novel human glucagonlike
peptide-1 (GLP-I) peptide receptor modulators,
agonists or partial agonists, which exhibit superior
biological properties of the native peptide, GLP-I,
and exhibit increased stability to proteolytic
cleavage as compared to GLP-I native sequences, and
thus are useful for the amelioration of the diabetic
condition. BACKGROUND OF THE INVENTION GLP-I is an
important gut hormone with regulatory function in
glucose metabolism and gastrointestinal secretion and
metabolism. Human GLP-I is a 30 amino acid peptide
originating from preproglucagon, which is synthesized
for example, in the L-cells in the distal ileum, in
the pancreas and in the brain. Processing of
preproglucagon to yield GLP-I (7-36) amide and GLP-2
occurs mainly in the L-cells and the brainstem. GLP-I
is normally secreted in response to food intake, in
particular carbohydrates and lipids stimulate GLP-I
secretion. GLP-I has been identified as a very potent
and efficacious stimulator of glucose-dependent
insulin release with a reduced risk to induce
hypoglycemia. GLP- 1 lowers plasma glucagon
concentrations, slows gastricemptying, stimulates
insulin biosynthesis and enhances insulin sensitivity
(Nauck, 1997, Horm. Metab.Res . 47:1253-1258). GLP-I
also enhances the ability of the pancreatic beta-cells
to sense and respond to glucose in subjects with
impaired glucose tolerance (Byrne, Eur. J . Clin.
Invest . , 28:72-78, 1998). The insulinotropic effect
of GLP-I in humans increases the rate of glucose
metabolism partly due to increased insulin levels and
partly due to enhanced insulin sensitivity (D'Alessio,
Eur. J . Clin. Invest . , 28:72-78, 1994). Inhibition
of glucagon release is thought to be an additional
mechanism which contributes to the improvements in
glucose homeostasis observed following treatment of
type II 



diabetic patients with GLP-I (Nauck, M .A ., et al .,
Diabetologia 36:741-744, 1993). The above stated
pharmacological properties of GLP-I make it a highly
desirable therapeutic agent for the treatment of
type-II diabetes . Additionally, recent studies have
shown that infusions of slightly supraphysiological
amounts of GLP-I significantly enhance satiety and
reduce food intake in normal subjects (Flint, A.,
Raben, A., Astrup, A . and Hoist, J.J., J.Clin. Invest
, 101:515-520, 1998; Gutswiller, J .P., Goke, B.,
Drewe, J., Hildebrand, P., Ketterer, S., Handschin,
D., Winterhaider , R., Conen, D and Beglinger, C . Gut
44:81-86, 1999;). The effect on food intake and
satiety has also been reported to be preserved in
obese subjects (Naslund, E., Barkeling, B., King, N.,
Gutniak, M., Blundell, J .E., Hoist ,J.J., Rossner,
S., and Hellstrom, P.M., Int. J . Obes . Relat. Metab.
Disord . , 23:304-311, 1999). In the above-cited
studies a pronounced effect of GLP-I on gastric
emptying was also suspected to occur.Gastric emptying
results in post-prandial glucose excursions. It has
also been shown that in addition to stimulation of
insulin secretion, GLP-I stimulates the expression of
the transcription factor, islet-duodenal homeobox-1
(IDX-I) , while stimulating B-cell neogenesis and may
thereby be an effective treatment and/or preventive
agent for diabetes (Stoffers, D .A ., Kieffer, T.J.
Hussain, M .A .,Drucker , D.J., Bonner-Weir, S.,
Habener, J .F . and Egan, J .M . Diabetes ,
40:741-748, 2000). GLP-I has also been shown to
inhibit gastric acid secretion (Wettergren, A.,
Schjoldager, B., Mortensen, P .E., Myhre, J.,
Christiansen, J., Hoist, J.J., Dig. Pis. ScJ1. ,
38:665-673, 1993), which may provide protection
against gastric ulcers . It has recently been reported
that GLP-I has a number of additional extra-pancreatic
effects that could, for example, result in
cardioprotection, neuroprotection, and induction of
learning and memory (reviewed in Ahren, B., Horm.
Metab. Res. 36:842-845, 2004). Therefore, it has also
been proposed that GLP-I could be used in the
treatment of heart failure (Nikolaidis, L .A., et al
., Circulation 110:955-961, 2004),
ischemia/reperfusion injury (Nikolaidis, L .A., et al
., Circulation 109:962- 



965, 2004), and Alzheimer's Disease (Perry, T . and
Greig, N .H., J . Alzheimers Pis . 4:487-496, 2002).
GLP-I is an incretin hormone, for example, an
intestinal hormone that enhances meal-induced insulin
secretion (Hoist, J.J., Curr. Med. Chem .,
6:1005-1017, 1999) . It is a product of the glucagon
gene encoding proglucagon. This gene is expressed not
only in the A - cells of the pancreas but also in the
endocrine L-cells of the intestinal mucosa.
Proglucagon is a peptide (protein) containing 160
amino acids. Further processingof proglucagon results
in the generation of a ) glucagon, b ) an N -terminal,
presumably inactive fragment, and c ) a large
C-terminal fragment commonly referred as "the major
proglucagon fragment" . This fragment is considered to
be biologically inactive. Even though this fragment is
present in both pancreas and in the L-cells of the
gut, it is only in the intestines the breakdown
products of the "the major proglucagon fragment"
resulting in two highly homologous peptides commonly
referred as GLP-I and GLP-2 are observed. These two
peptides have important biological activities. As
such, the amino acid sequence of GLP-I, which is
present in the L-cells, is identical to the 78-107
portion of proglucagon. Presently, therapy involving
the use of GLP-1-type molecules has presented a
significant problem because the serum half -life of
such peptides is quite short. For example, GLP-I
(7-37) has a serum half-life of less than 5 minutes .
Thus there exists a critical need for biologically
active GLP-I receptor modulators, agonists or
antagonists, that possess extended pharmacodynamic
profiles. It is to this and other needs that the
present invention is directed. The present invention
therefore provides novel peptides that act as GLP-I
receptor modulators, agonists or partial agonists,
which exhibit similar or superior biological
properties of the native peptide, GLP-I, and thus are
useful for the amelioration of the diabetic and
related conditions. SUMMARY OF THE INVENTIONIn one
aspect, the present invention is directed to an
isolated polypeptide comprising a polypeptide having a
sequence of Formula I (SEQ ID NO:1): Xaal Xaa2 Xaa3
~Xaa4 Xaa5 Xaa6 ~ Xaa7 Xaa8 ~ Xaa9 Xaal O Xaal l I 



wherein, Xaai is a naturally or nonnaturally occurring
amino acid comprising an imidazole; wherein one or
more carbon atoms of the amino acid are optionally
substituted with one or more alkyl groups; wherein the
amino acid optionally has a free amino group which is
optionally substituted with alkyl, acyl , benzoyl,
L-lactyl, alkyloxycarbonyl, aryloxycarbonyl,
arylalkyloxycarbonyl , heterocyclyloxycarbonyl,
heteroarylalkyloxycarbonyl, alkylcarbamoyl ,
arylcarbamoyl, arylalkylcarbamoyl, heterocyclylsulf
onyl, alkylsulf onyl, arylsulf onyl, arylalkylsulf
onyl, heteroarylalkylsulf onyl or heteroarylsulf onyl;
and wherein when the free amino group is not present
Xaa is the des-amino acid of histidine in which one or
more carbon atoms of the amino acid are optionally
substituted with one or more alkyl groups; Xaa2 is a
naturally or nonnaturally occurring amino acid
selected from the group consisting of D-alanine, a-
amino- isobutyric acid (Aib) , N-methyl-D-alanine,
N-ethyl- D-alanine, 2-methyl-azetidine-2-carboxylic
acid, alphamethyl- (L) -proline,
2-methylpiperidine-2-carboxylic acid and isovaline;
Xaa3 is a naturally or nonnaturally occurring amino
acid having (1) an amino acid side chain comprising a
carboxylic acid or (2) an imidazole side chain, and
wherein one or more carbon atoms of the amino acid is
optionally substituted with one or more alkyl
groups,-Xaa4 is glycine; Xaa5 is a naturally or
nonnaturally occurring amino acid selected from the
group consisting of (L) -threonine and (L) -norvaline;
and wherein one or more carbon atoms of the amino acid
is optionally substituted with one or more alkyl
groups ; Xaa6 is a naturally or nonnaturally occurring
amino acid having a disubstituted alpha carbon having
two side chains; wherein at least one of the two side
chains has an aromatic ring and at least one of the
two chains has an alkyl group; and wherein one or more
carbon atoms of the amino acid is optionally
substituted with one or more alkyl groups or one or
more halo groups . Xaa7 is a naturally or nonnaturally
occurring amino acid having an amino acid side chain
which is substituted with a hydroxyl group; and
wherein one or more carbon 



atoms of the amino acid is optionally substituted with
one or more alkyl groups ; Xaa8 is a naturally or
nonnaturally occurring amino acid selected from the
group consisting of L-serine and L-histidine; and
wherein one or more carbon atoms of the amino acid is
optionally substituted with one or more alkyl groups;
Xaa9 is a naturally or nonnaturally occurring amino
acid having an amino acid side chain comprising a
carboxylic acid; and wherein one or more carbon atoms
of the amino acid is optionally substituted with one
or more alkyl groups ; Xaaio is a naturally or
nonnaturally occurring amino acid of Formula
II:wherein R4 is selected from the group consisting of
hydrogen, alkyl, and halo; wherein R and R are each
independently selected from the group consisting of
hydrogen, halo, methyl, ethyl, alkyl, hydroxyl,
methoxy, and alkoxy; wherein the phenyl ring proximal
to the beta-carbon of the amino acid is additionally
optionally substituted with alkyl or halo; and wherein
the phenyl ring distal to the beta-carbon of the amino
acid is additionally optionally substituted with halo,
methyl, ethyl, alkyl, hydroxyl, methoxy, and alkoxy;
Xaaii is naturally or nonnaturally occurring amino
acid of Formula IVa: Formula IVa wherein the
C-terminal carbonyl carbon o f said amino acid is
attached to a nitrogen to form a carboxamide (NH2);
wherein R4a is selected from the group consisting of
hydrogen, alkyl, and halo; wherein R3a and R6a are
each independently selected from the group consisting
of hydrogen, halo, methyl, ethyl, alkyl, hydroxyl,
methoxy, and alkoxy; wherein R7 is selected from the
group consisting of hydrogen, methyl, and ethyl; and
wherein Xi, X , X3 and X 4 are each C or N , with the
proviso that at least one of Xi, X2, X3 and X4 is N ;
wherein the phenyl ring proximal to the beta-carbon of
the amino acid is additionally optionally substituted
with alkyl or halo; and 



wherein the phenyl ring distal to the beta-carbon of
the amino acid is additionally optionally substituted
with halo, methyl, ethyl, alkyl, hydroxyl, methoxy,
and alkoxy. Further, Xaa3 ay be histidine, wherein the
histidine is optionally substituted with one or more
alkyl groups. Xaa3 may be L-aspartic acid or
L-glutamic acid, wherein each of the L-aspartic acid
or L-glutamic acid is optionally substituted with one
or more alkyl groups. Xaa6 may be alpha-methyl
-phenylalanine, alpha-methyl - 2-fluorophenylalanine,
or alpha-methyl-2 ,6- dif luorophenylalanine, wherein
each of the alpha-methyl - phenylalanine, alpha-methyl
-2 -fluorophenylalanine, or alpha-methyl-2 ,6-dif
luorophenylalanine is optionally substituted with one
or more alkyl groups. Xaa7 may be L-threonine, wherein
the threonine is optionally substituted with one or
more alkyl groups. Xaa9 may be L-aspartic acid or
L-glutamic acid, wherein each of the L-aspartic acid
or L-glutamic acid is optionally substituted with one
or more alkyl groups.Xaai may be L-histidine, the
histidine having a terminal amino group which is
optionally substituted with alkyl, dialkyl, acyl,
benzoyl, L-lactyl, alkyloxycarbonyl, aryloxycarbonyl,
aralkyloxycarbonyl, heterocyclyloxycarbonyl,
heteroarylalkyloxycarbonyl, alkylcarbamoyl ,
arylcarbamoyl, aralkylcarbamoyl , heterocyclylsulf
onyl, alkylsulf onyl, arylsulf onyl, arylalkylsulf
onyl, heteroarylalkylsulf onyl or heteroarylsulf onyl
. Xaai may be selected from the group consisting of
LN- methyl-His, L-a-methyl-His , des-amino-His,
3-(1Himidazol- 4-yl) -2-methylpropanoyl, and (S) -3-
(lH-imidazol- 4-yl) -2-hydroxypropanoyl
(L-b-imidazolelactyl) . Xaa2 may be selected from the
group consisting of a- amino-isobutyric acid (Aib) ,
D-alanine, N-methyl-Dalanine, alpha-methyl- (L)
-proline, 2-methyl-azetidine-2- carboxylic acid and
2-methylpiperidine-2-carboxylic acid. Xaa4 may be
glycine. Xaa5 may be selected from the group
consisting of LThr, and L-Nva. Xaa6 may be selected
from the group consisting of L- a-Me-Phe, L- a-Me-2-f
luoro-Phe , and L- a-Me-2 , 6-dif luoro- Phe . 



Xaa7 may be L-Thr . Xaa may be selected from the group
consisting of LSer, and L-His. Xaa9 may be L-Asp.
Xaaio may be selected from the group consisting of 4-
phenyl -phenylalanine, 4- [(4 '-methoxy-2 '- ethyl)
phenyl] phenylalanine, 4- [(4 '-ethoxy-2 '- ethyl)
phenyl] phenylalanine, 4- [(4 '-methoxy-2 '- methyl)
phenyl] phenylalanine, 4- [(4 '-ethoxy-2 '-methyl
)phenyl ]phenylalanine , 4- (2 '- ethylphenyl
)phenylalanine , 4- (2 '- methylphenyl) phenylalanine,
4- [(3 ',5 '- dimethyl) phenyl] phenylalanine and
4-[(3',4'- dimethoxy )phenyl ]phenylalanine . Xaaii m
a Y e selected from the group consisting of 4-
phenyl-3-pyridylalanine, 4- (2 '-methylphenyl) -3-
pyridylalanine, 4- (2 '-fluorophenyl)
-3-pyridylalanine, 4- (2 '-chlorophenyl)
-3-pyridylalanine, 4- [(3 ',5 '- dimethyl )phenyl
]-3-pyridylalanine, 4- (4 '- trif luorome thylphenyl)
-3-pyridylalanine, 4- (3 '- methoxyphenyl)
-3-pyridylalanine, 4- (3 '-methylphenyl) -3-
pyridylalanine, 4- (2 '-methylphenyl) -3
,5-pyrimidylalanine and 4- (2 '-ethylphenyl)
-3-pyridylalanine; wherein the C-terminal carbonyl
carbon o f Xaaii is attached to a nitrogen to form a
carboxamide (NH2); and wherein R7 is selected from the
group consisting of hydrogen and methyl . In another
aspect, the isolated polypeptide may be a polypeptide
of Formula VI: wherein : Xaa2 is an amino acid
selected from the group consisting o f D-AIa, N-methyl
-D-AIa, a-methyl-L-Pro, 2-
methyl-azetidine-2-carboxylic acid,
2-methylpiperidine-2- carboxylic acid and
a-aminoisobutyric (Aib) ;X and Y are each
independently selected from the group consisting of
hydrogen and fluoro; Xaa8 is an amino acid selected
from the group consisting of L-Ser and L-His; R is
selected from the group of hydrogen, methyl and ethyl;
R6 is selected from the group of hydrogen, hydroxy,
methoxy and ethoxy; R3a is selected from the group of
hydrogen, fluoro, methyl and ethyl; 



R6a is selected from the group of hydrogen, methyl and
methoxy; and R7 is selected from the group of hydrogen
and methyl. Further, Xaa2 y be an amino acid selected
from the group consisting of N-methyl-D-Ala,
a-methyl-L-Pro and a- aminoisobutyric (Aib) ; X may be
fluoro; Y may be hydrogen; Xaa8 may be an amino acid
selected from the group consisting of L-Ser and L-His;
R3 may be ethyl; R may be methoxy; R3a may be selected
from the group consisting of methyl and ethyl; R a may
be hydrogen; R7 may be hydrogen. In another aspect,
the isolated polypeptide may be a polypeptide of
Formula VII:wherein : R i s selected from the group
consisting of methyl , ethyl , Xaa2 is an amino acid
selected from the group consisting of D-Ala, N-methyl
-D-AIa, OC-methyl-L-Pro, OCaminoisobutyric (Aib) ,
2-methyl-azetidine-2-carboxylic acid, and
2-methylpiperidine-2-carboxylic acid; X and Y are each
independently selected from the group consisting of
hydrogen and fluoro; Xaa8 is an amino acid selected
from the group consisting of L-Ser and L-His; R3 is
selected from the group consisting of hydrogen, methyl
and ethyl; R6 is selected from the group consisting of
hydrogen, hydroxy, methoxy and ethoxy; R3a is selected
from the group consisting of hydrogen, fluoro, methyl
and ethyl; R6a is selected from the group consisting
of hydrogen, methyl and methoxy; and R7 is selected
from the group consisting of hydrogen and methyl
.Further, R g may be selected from the group
consisting of methyl, and H3 0 ' o 



Xaa2 may be an amino acid selected from the group
consisting of N-methyl-D-Ala, a-methyl-L-Pro and
aminoisobutyric acid(Aib); X may be fluoro; Y may be
hydrogen; Xaa8 may be an amino acid selected from the
group consisting of L-Ser and L-His; R3 may be ethyl ;
R6 may be methoxy; R3a may be selected from the group
consisting of methyl and ethyl; R6a may be hydrogen;
R7 may be selected from the group consisting of
hydrogen and methyl . In another aspect, the isolated
polypeptide may be a polypeptide of Formula VIII:
wherein: R9 is selected from the group consisting of
hydrogen, methyl and alkyl;Xaa2 is an amino acid
selected from the group consisting of D-AIa, N-methyl
-D-AIa, a-methyl-L-Pro, a- aminoisobutyric acid(Aib) ,
2-methyl-azetidine-2- carboxylic acid and
2-methylpiperidine-2-carboxylic acid; X and Y are each
independently selected from the group consisting of
hydrogen and fluoro; Xaa8 is an amino acid selected
from the group consisting of L-Ser and L-His; R is
selected from the group of hydrogen, methyl and ethyl;
R .6 is selected from the group consisting of
hydrogen, hydroxy, methoxy and ethoxy; R3a is selected
from the group consisting of hydrogen, fluoro, methyl
and ethyl; R a is selected from the group consisting
of hydrogen, methyl and methoxy; R7 is selected from
the group consisting of hydrogen and methyl . Further,
R may be selected from the group consisting of
hydrogen and methyl; Xaa2 may be an amino acid
selected from the group consisting of N-methyl-D-Ala,
a-methyl-L-Pro, and a- aminoisobutyric acid(Aib); X
may be fluoro; 



Y may be hydrogen; Xaa8 may be an amino acid selected
from the group consisting of L-Ser and L-His; R3 may
be ethyl ; R6 may be methoxy; R3a may be selected from
the group consisting of methyl and ethyl; R6a ay be
hydrogen; R7 may be hydrogen.In another aspect, the
isolated polypeptide may be an isolated polypeptide
which is a compound selected from the group of
compounds in the following table:TITLE OF THE
INVENTION [0001] Vacuum Package System and Method
CROSS-REFERENCE TO RELATED APPLICATIONS [0002] This
application claims the benefit of U.S. Provisional
Patent Application No. 60/584,826, filed July 1, 2004.
BACKGROUND OF THE INVENTION [0003] Medical containers
generally must be sterile, have a low level of
non-viable particulate matter and have a low or
undetectable pyrogen level prior to the introduction
of medication or another medical product into the
medical container such that the product is not
contaminated. One having ordinary skill in the art
will realize that the medical containers are not
necessarily completely sterile and free of all
pyrogens prior to being filled with a medical product.
However, the medical containers may be referred to as
being sterile, pyrogen free and non-viable particulate
matter free, meaning that the medical containers have
a high sterility, a low or non-pyrogenic level and a
low level of non-viable particulate matter. Common
medical containers, for example, vials and syringes,
are typically shipped from the vial or syringe molder
in a permeable, non-sterile package and are
sterilized, washed and depyrogenated to reduce pyrogen
levels before introduction into a vial or syringe
filling assembly line. [0004] Glass vials and syringes
may be washed and heated to a predetermined
temperature for a predetermined time to eliminate
non-viable particulate matter, reduce pyrogen levels
and sterilize the vials and syringes. This process is
relatively simple for a manufacturer who fills vials
or syringes to perform because the glass vials and
syringes are relatively easy to wash and place into a
heated oven for the predetermined time. However,
polymeric or plastic vials and syringes are typically
unable to withstand the temperature required to reduce
pyrogens to a non-pyrogenic level and sterilize the
vials and syringes. The plastic vials and syringes may
be washed and irradiated to reduce pyrogens and
sterilize the vials and syringes, but the plastic
vials and syringes are difficult to dry and the
process is time consuming and generally will not
result in removal of pyrogens to an acceptable level
for filling. Accordingly, it would be advantageous to
ship plastic vials and syringes directly from the vial
and syringe molder that are sterile and pyrogen free
during and after their shipment. Shipment of
sterilized plastic vials and syringes to the assembly
line would eliminate theextra sterilization, pyrogen
reduction and non-viable particulate matter reduction
processes that must be performed. In addition, vials
and syringes are typically sterile, have a low pyrogen
level and a low non-viable particulate matter level
when they come out of a molding process and it would
be advantageous to ship the vials and syringes in this
condition without impacting their sterility, low 



pyrogen level and low non-viable particulate level.
[0005] Medical containers are typically shipped in
boxes, trays or other like shipping containers that
are permeable, not sterile and have a relatively high
level of pyrogens. In addition, the shipping
containers are often utilized to hold the medical
containers in an orderly fashion in a clean room such
that a robot is able to pick the medical containers
out of the shipping containers and place them onto an
assembly line. Accordingly, in order to enter the
clean room environment, the shipping containers must
also be sterile, have a low non-viable particulate
matter level and have a low pyrogen level. Therefore,
the shipping containers must also be sterilized,
depyrogenated and cleaned of particulate matter before
they enter the clean room. It would be advantageous to
directly ship sterile, pyrogen free and non-viable
particulate matter free medical containers in a
sterilized, pyrogen free and non-viable particulate
matter free container that may be taken directly to a
clean room for filling of the medical containers.
[0006] Further, when medical containers are shipped in
permeable boxes or trays in permeable bags, the vials
and syringes may shift or vibrate during their
shipment. When the vials and syringes shift and/or
vibrate during transport, they may rub against each
other causing surface damage and potentially
introducing particulates into the bag and onto the
vials and syringes. Accordingly, it would be
advantageous to ship the vials and syringes in a
package that generally does not permit significant
shifting, movement or vibration of the vials and
syringes, thereby resulting in reduced damage to the
vials and syringes during shipping. BRIEF SUMMARY OF
THE INVENTION [0007] Briefly stated, a preferred
embodiment of the present invention is directed to a
vacuum packaging system for transporting a plurality
of medical containers. The vacuum packaging system
includes a tray that supports the medical containers
and an air impervious flexible film defining an
internal cavity. The air impervious flexible film
completely surrounds the tray and the medical
containers. The internal cavity is evacuated to a
predetermined vacuum level below atmospheric
pressure.[0008] In another aspect, a preferred
embodiment of the present invention is directed to a
method for packaging a plurality of medical containers
for transportation in a tray within an evacuated
internal cavity of an air impervious flexible film.
The method includes the steps of inserting the medical
containers into the tray, inserting the tray filled
with the medical containers into the internal cavity,
evacuating the internal cavity to a predetermined
vacuum pressure such that the flexible film surrounds
and engages the tray and at least portions of the
medical containers and sealing the flexible film such
that the predetermined vacuum pressure is generally
maintained in the internal cavity. BRIEF DESCRIPTION
OF THE SEVERAL VIEWS OF THE DRAWINGS [0009] The
following detailed description of the preferred
embodiments of the present invention will be better
understood when read in conjunction with the appended
drawings. For the purposes of illustrating the
invention, there is shown in the drawings embodiments
which are presently preferred. It is understood,
however, that the invention is not limited to the
precise arrangements and instrumentalities shown. In
the drawings: [0010] Fig. 1 is an exploded view of a
vacuum packaging system including a tray, a row of
vials and a vacuum bag in accordance with a first
preferred embodiment of the present invention; [0011]
Fig. 2 is a top perspective view of the tray with the
vials stacked therein and the tray 



positioned in the vacuum bag of the vacuum packaging
system shown in Fig. 1; [0012] Fig. 3 is a top
perspective view of the tray of the vacuum packaging
system shown in Fig. 1; [0013] Fig. 3A is magnified,
partial top perspective view of the tray of the vacuum
packaging system shown in Fig. 1, taken from within
the dashed circle of Fig. 3; [0014] Fig. 4 is a top
plan view of the tray of the vacuum packaging system
shown in Fig. 1; [0015] Fig. 5 is a front elevational
view of the tray and rows of vials stacked in the tray
of the vacuum packaging system shown in Fig. 1; [0016]
Fig. 6 is a top perspective, partial fragmentary view
of a vacuum packaging system including a plurality of
syringes mounted on a nesting plate in a tray that is
positioned within a vacuum bag in accordance with a
second preferred embodiment of the present invention;
[0017] Fig. 7 is an exploded view of the vacuum
packaging system shown in Fig. 6; [0018] Fig. 7A is a
partial cross-sectional view of the tray of the vacuum
packaging system shown in Fig. 6, taken along line
IA-IA of Fig. 7; and [0019] Fig. 8 is a magnified
cross-sectional, side elevational view of a vacuum
probe partially positioned within the vacuum bag of
the vacuum packaging system shown in Fig. 1. DETAILED
DESCRIPTION OF THE INVENTION [0020] Certain
terminology is used in the following description for
convenience only and is not limiting. The words
"right," "left," "lower" and "upper" designate
directions in the drawings to which reference is made.
The words "inwardly" and "outwardly" refer to
directions toward and away from, respectively, the
geometric center of the vacuum package system and
designated parts thereof. The terminology includes the
words specifically mentioned, derivatives thereof and
words of similar import. Additionally, the word "a" as
used in the specification means "at least one." [0021]
Referring to the drawings in detail, wherein like
numerals indicate like elements throughout, there is
shown in Figs. 1-5 and 8 a first preferred embodiment
of a vacuum packaging system, generally designated 10,
for transporting a plurality of medical containers 16.
The vacuum packaging system 10 includes an air
impervious film 12, a tray 14 and the plurality of
medical containers 16. In the first preferred
embodiment, the medical containers 16 are preferably
comprised of vials 16 and the air impervious film 12
is preferably comprised of a vacuum bag 12 having an
internal cavity 12a. The medical containers 16 are not
limited to vials 16 and the air impervious film 12 is
not limited to a vacuum bag 12. For example, the
medical containers 16 may be comprised of nearly any
container or vessel that is transported from a medical
container manufacturer to an end user. In addition,
the air impervious film 12 may be comprised of a film
or sheet of material that is formed into a container
or bag having a cavity into which the tray 14 may be
inserted. The plurality of vials 16 is preferably
stackable in the tray 14 and the vacuum bag 12 is
preferably large enough to hold the tray 14 with the
plurality of vials 16 stacked therein. [0022] The tray
14 supports the vials 16 in the first preferred
embodiment and the air impervious film 12 defines the
internal cavity 12a. In an assembled configuration,
the air impervious flexible film 12 completely
surrounds the tray 14 and the medical containers 16
and the internal cavity 12a is evacuated to a
predetermined vacuum level below atmospheric pressure.
When the internal cavity12a is evacuated, the air
impervious flexible film 12 is preferably in facing
engagement with at least portions of the vials 16 and
the tray 14, thereby holding the vials 16 in a
relatively fixed position in the tray 14 such that the
vials 16 generally do not move during transportation.
Specifically, it is preferred that the tray 14 and air
impervious film 12 hold the vials 16 in a manner that
generally 



prevents significant movement of the vials 16 such
that the vials 16 generally do not rub against each
other during shipping, as will be described in greater
detail below [0023] In the first preferred embodiment,
the vials 16 are constructed of a polymeric or,
preferably, a plastic material and have a shape of a
conventional vial that typically holds medication,
another liquid substance, a powdered medical product
or another like product. The vials 16 are not limited
to plastic constructions and may be constructed of
nearly any material that may be formed into the
general shape of the vials 16, perform the typical
functions of the vials 16 and withstand the normal
operating conditions of the vials 16. For example, the
vials 16 may be constructed of nearly any polymeric or
glass material. However, the plastic material is
preferred for construction of the vials 16 because of
the ease of moldability of the plastic material and
the generally high resistance to breakage if dropped
or impacted by an external force. The plastic material
also provides surfaces that are receptive to
sterilization and pyrogen elimination. [0024] In the
first preferred embodiment, the tray 14 is constructed
of a thermoformed polymeric material. The tray 14 is
not limited to being thermoformed and may be
constructed using nearly any manufacturing process
that is able to form the general shape and size of the
tray 14, such as injection molding, machining or
another like manufacturing process. In the preferred
embodiment, the tray 14 is constructed of a
thermoformed plastic material that has a shape and
size that accommodates stacking and storage of the
plurality of vials 16. The thermoformed plastic
material is preferred because of its formability,
ability to be sterilized and relatively low cost. The
tray 14 and vacuum bag 12 are also preferably
transparent or semi-transparent so that a user is able
to perform a visual inspection of the vials 16 stacked
in the tray 14 in the assembled configuration or at
any time the vials 16 are stacked in the tray 14, but
are not so limited. The vacuum bag 12 and tray 14 may
also be constructed of a semi-transparent or opaque
material. ' [0025] Referring to Figs. 1-5, in the
first preferred embodiment, the tray 14 includes
opposing first and second sidewalls 32a, 32b and
opposing front and rear walls 34, 36. In the first
preferred embodiment, the tray 14 has a generally
square or rectangular-shape with the walls 32a, 32b,
34, 36 separated from each other by a floor 14a. The
preferred walls 32a, 32b, 34, 36 extend from the
floor14a to a top edge 14b. In the first preferred
embodiment, the tray 14 has a tray height Hw of
approximately one and seven-eights inches (VA"). The
tray height Hw is not limited to the abovelisted
height and may have nearly any height that is able to
accommodate the containment of nearly any sized and
shaped medical container 16. The one and seven-eights
inch tray height Hwfor the walls 32a, 32b, 34, 36 is
preferred for packaging and transporting the preferred
vials 16 in the tray 14. [0026] Referring to Figs.
1-4, in the first preferred embodiment, side pockets
30 are formed in the first and second sidewalls 32a,
32b. The side pockets 30 are preferably arc-shaped
depressions formed in the first and second sidewalls
32a, 32b that extend outwardly relative to a center of
the tray 14 and conform to at least a portion of an
external surface of one of the medical containers 16
or vials 16 when the vials 16 are located in the tray
14 proximate one of the side pockets 30. In the first
preferred embodiment, each of the first and second
sidewalls 32a, 32b include six (6) side pockets 30 to
accommodate twelve (12) staggered rows of medical
containers or vials 16. The side pockets 30 preferably
conform to at least a portion of the external surface
of the vials 16 to provide stability for each row of
vials 16 within the tray 14 to generally prevent the
row of vials 16 from toppling or falling over. Side
peaks 30a are also defined between each of the side
pockets 30 and 



conform to a relatively smaller portion of the
external surface of at least one medical container or
vial 16. The peaks 30a in concert with an opposing
side pocket 30 formed on an opposite sidewall 32a, 32b
provide additional stability for the row of vials 16.
The tray 14 is not limited to the inclusion of the
arc-shaped side pockets 30 and the peaks 30a that
generally conform to a portion of the external surface
of the vials 16. For example, the sidewalls 32a, 32b
may have a generally planar internal surface or may
have a flexible surface that is able to flex to
conform to a portion of the external shape of the
containers 16. In addition, the tray 14 is not limited
to the above-listed number of pockets 30 and peaks 30a
on the sidewalls 32a, 32b and may include nearly any
number of side pockets 30 and peaks 30a to accommodate
nearly any number of containers 16. However, the side
pockets 30 and peaks 30a are preferred in the
sidewalls 32a, 32b to provide stability for the vials
16 when they are stacked in the tray 14. [0027] In the
first preferred embodiment, the tray 14 also includes
front pockets 34a in the front wall 34 and rear
pockets 36a in the rear wall 36. The front and rear
pockets 34a, 36a preferably conform to at least a
portion of the external surface of one of the medical
containers or vials 16 when the containers 16 are
located in the tray 14 proximate one of the front and
rear pockets 34a,36a. In the first preferred
embodiment, the front and rear walls, 34, 36 each
include twelve opposing front and rear pockets 34a,
36a to accommodate twelve columns of vials 16 in the
tray 14. The tray 14 is not limited to the inclusion
of twelve front and rear pockets 34a, 36a on the front
and rear walls 34, 36 nor to the inclusion of any
front and rear pockets 34a, 36a. For example, the tray
14 may include nearly any number of front and rear
pockets 34a, 36a that provide stability for the vials
16 when they are mounted or inserted into the tray 14
or may include no front and rear pockets 34a, 36a such
that the vials 16 simply rest against a planar front
and/or rear wail 34, 36. However, the front and rear
pockets 34a, 36a are preferred to provide stability
for the vials 16 when they are placed into the tray
14. [0028] Referring to Figs. 1 and 3-4, in the first
preferred embodiment, the tray 14 includes corner
pockets 44 at the intersection of the first and second
sidewalls 32a, 32b and the front and rear walls 34,
36, respectively. The corner pockets 44 preferably
conform to and are in engagement with at least a
portion of the external surface of the medical
containers 16 that are positioned in corners of the
tray 14. Similar to the side pockets 30 and front and
rear pockets 34a, 36a, the corner pockets 44 stabilize
the rows and columns of medical containers 16 that are
positioned in the tray 14. The tray 14 is not limited
to the inclusion of the corner pockets 44 and may
include corner pockets having nearly any size or shape
to accommodate nearly any sized or shaped medical
container 16 or may have a generally squared comer.
The comer pockets 44 preferably have a generally
arcuate shape to accommodate the generally cylindrical
vials 16 that are mounted in the tray 14. [0029]
Referring to Figs. 1-4, the tray 14 includes the floor
14a and the top edge 14b opposite the floor 14a with
the sidewalls 32a, 32b and front and rear walls 34, 36
therebetween. The plurality of vials 16 is preferably
stacked in the tray 14 with a head side 16a in contact
with the floor 14a and a base side 16b proximate the
top edge 14b. The vials 16 are preferably loaded into
the tray 14 in this orientation, typically to
accommodate loading of the vials 16 into an assembly
line by an operator. Alternatively, the vials 16 may
be stacked in the tray 14 with the base side 16b in
contact with the floor 14a and the head side 16a
adjacent the top edge 14b, typically to accommodate
loading of the vials into the assembly line by a
robot. In addition, the vials 16 may be loaded or
positioned in the tray 14 such that their sides are in
contact with the floor 14a. One having ordinary skill
in the art 



will realize that the vials 16 are not limited to
being stacked in the tray 14 in the above-described
orientations and may be stacked in nearly any
orientation for insertion into the vacuum bag 14.
Theplurality of vials 16 are preferably stacked
relatively tightly in the tray 14 to reduce movement
of the vials 16 relative to each other and the tray 14
during movement or shipping of the tray 14. [0030]
Referring to Figs. 1 and 3-4, in the first preferred
embodiment, the tray 14 also includes depressions 28
formed in the floor 14a of the tray 14. The
depressions 28 preferably conform to the head side 16a
and/or base side 16b of the medical container 16 when
the containers 16 are positioned in the tray 14 to
orient the medical container 16 with respect to the
tray 14. The tray 14 preferably includes a plurality
of depressions 28, wherein each depression 28 conforms
to a single head or base 16a, 16b of a single
container or vial 16. In the first preferred
embodiment, one hundred ninety-six (196) depressions
are formed in the floor 14a to accommodate one hundred
ninety-six vials 16 that are positioned within the
preferred tray 14. The tray 14 is not limited to
inclusion of one hundred ninety-six depressions and
may include nearly any number of depressions 28 to
accommodate nearly any number of vials or medical
containers 16 within the tray 14. In addition, the
tray 14 is not limited to the inclusion of depressions
28 and may have a generally planar floor 14 to support
the vials 16. The depressions 28 preferably aid in
properly orienting the vials 16 within the tray 14.
[0031] Referring to Figs. 3, 3A and 8, in the first
preferred embodiment, the tray 14 includes a Ushaped
peripheral flange 38 formed proximate a mouth of the
tray 14. The top edge 14b forms a bottom of the
U-shape of the peripheral flange 38 in the first
preferred embodiment. The U-shaped peripheral flange
38 provides strength and stiffness to the tray 14 to
resist crushing or other failure of the mouth of the
tray 14 under loading. For example, the peripheral
flange 38 preferably provides strength and stiffness
to the tray 14 such that the top edge 14b generally
does not deform significantly or buckle when the tray
14 filled with vials 16 is positioned in the internal
cavity 12a, a vacuum is drawn from the internal cavity
12a and the bag 12 is sealed. The tray 14 is not
limited to the inclusion of the U-shaped peripheral
flange 38 and may include nearly any sized and shaped
top edge 14b that is able to perform the general
functions of the tray 14 and withstand the normal
operating conditions of the tray 14. The preferred
peripheral flange 38 is integrally molded with the
tray 14 but is not so limited and may be comprised of
a separate component that is mounted to the tray 14
after construction of the tray 14. Alternatively, the
top edge 14b may be rolled or have an increased
thickness when compared to the walls 32a, 32b, 34, 36
of the tray 14 to provide stiffness and strength at
the top edge 14b. The tray 14 is not limited to the
inclusion of the U-shapedperipheral flange 38 and may
include a terminal end at the top of the walls 32a,
32b, 34, 36 without stiffening or reinforcement.
[0032] Referring to Figs. 1-4 and 8, in the first
preferred embodiment, vents are formed in the
peripheral flange 38 and are comprised of a first
series of troughs 40 formed in the top edge 14b of the
peripheral flange 38 proximate the first sidewall 32a
and a second series of troughs 42 formed in the top
edge 14b of the peripheral flange 38 proximate the
second sidewall 32b. The first and second series of
troughs 40, 42 are preferably integrally molded into
the peripheral flange 38 at the top edge 14b as
arc-shaped cavities. In the first preferred
embodiment, each trough 40, 42 is associated with one
of the side pockets 30 in the first and second
sidewalls 32a, 32b. Accordingly, in the first
preferred embodiment, the first sidewall 32a includes
six troughs 40 and the second sidewall 32b includes
six additional troughs 42. The troughs 40, 42
preferably permit the flow of air or purge gas from or
into the tray 14 when a vacuum is drawn or purge gas
flows into the internal 



cavity 12a and the tray 14 is in the internal cavity
12a, as will be described in greater detail below. The
tray 14 is not limited to the inclusion of the first
and second series of troughs 40, 42 or to the
above-described number of troughs 40, 42 in the
peripheral flange 38. For example, the vents may be
comprised of a plurality of holes in one of the first
or second sidewalls 32a, 32b or the front and rear
walls 34, 36 or a single or multiple holes formed in
the floor 14a of the tray 14. The vents are preferably
formed in the tray 14 such that air and/or purge gas
may flow out of the tray 14 when a vacuum is drawn
from the internal cavity 12a and the tray 14 is in the
internal cavity 12a, as will be understood by one
having ordinary skill in the art, to permit air and/or
purge gas to flow into and out of the tray 14 without
being blocked by the flexible film 12. [0033]
Referring to Figs. 3-4 and 8, in the first preferred
embodiment, the tray 14 also includes at least one
vacuum groove 20 formed in the floor 14a. The vacuum
groove 20 is preferably comprised of a channel that
traverses the floor 14a and is in contact with each
one of the plurality of depressions 28. The vacuum
groove 20, similar to the vents, provides a conduit
for the release of air and/or purge gas from the
medical containers 16 that are positioned in the tray
14 when a vacuum is drawn from the internal cavity
12a. The vacuum groove 20 preferably permits the
release of gas or air from the inside of the vials 16
such that air is typically not trapped within the
vials 16 when the vacuum is drawn from the internal
cavity 12a or purge gas is introduced into the
internal cavity 12a. The tray 14 is not limited to the
inclusion of the vacuum groove 20 and may not include
a vacuum groove 20 or the tray 14 may be include a
mound or mounds of material that orient the
medicalcontainers 16 such that gas is able to escape
from the inside of the containers 16 by providing a
gap between at least a portion of the head side 16a
relative to the floor 14a when the medical container
16 are positioned in the tray 14. In addition, the
vacuum groove 20 may be comprised of individual holes
located in the depressions 28 to allow the release of
air from inside the containers 16 when a vacuum is
drawn from the internal cavity 12a. [0034] Referring
to Figs. 5 and 8, in the first preferred embodiment,
the base ends 16b of the vials 16 protrude from and
above the top edge 14b of the tray 14 when the vials
16 are mounted or stacked in the tray 14. In the first
preferred embodiment, the vials 16 have a vial height
Hv of approximately two and one-eighth inches (21Zs")
resulting in the base ends 16b of the vials 16
protruding from the top edge 14b approximately
one-quarter inch (1A"). The vials 16 are not limited
to having a vial height Hv of two and one-eighth
inches and may have nearly any height that may be
accommodated by the tray 14. In addition, the vials 16
are not limited to protruding from the top edge 14b of
the tray 14 and may be positioned in the tray 14 such
that their base or head ends 16b, 16a are flush with
the top edge 14b or are recessed from the top edge
14b. However, it is preferred that the vials 16
protrude from the top edge 14b such that the vacuum
bag 12 engages portions of the head end 16a or base
end 16b and sides of the vials 16 when the vacuum is
drawn from the internal cavity 12a to securely hold
the vials 16 in position in the tray 14. [0035]
Referring to Figs. I52 and 8, in the first preferred
embodiment, the flexible film 12 is comprised of the
vacuum bag 12 having the general shape of a
rectangular bag with an open end 12b and the internal
cavity 12a. The internal. cavity 12a is preferably
large enough to encompass the tray 14 when it is
filled with the stacked plurality of vials 16. The
vacuum bag 12 is preferably constructed of a
multi-layer polymer that is resistant to gas
permeation, but is not so limited. The vacuum bag 12
is also preferably constructed of a material that is
able to be sterilized, depyrogenated, cleaned of
non-viable particulate matter and sealed at its open
end 12b such that gas 



does not permeate through the seal. Many types and
sizes of vacuum bagging material may be utilized to
construct the vacuum bag 12, as will be understood by
one having ordinary skill in the art. [0036] The
vacuum bag 12 of the preferred embodiments includes a
tear notch 18 (Fig. 2) that accommodates opening of
the vacuum bag 12 after it has been positioned around
the tray 14 and vials 16, evacuated and sealed. The
tear notch 18 simplifies opening of the vacuum
packaging system 10 to permit an end user to access
the tray 14 and vials 16. One having ordinary skill in
theart will realize that the notch 18 is provided for
opening convenience and is not required for the
operation of the vacuum packaging system 10. The tear
notch 18 is preferably an initiation notch that
provides a sharp notch to begin a tear to open the
vacuum bag 12, but may be constructed of a low
strength line or partially perforated line in the
vacuum bag 12 that provides an area to tear open the
sealed vacuum bag 12. The preferred vacuum bag
material is oriented such that the tear will proceed
from the tear notch 18 along a line generally
perpendicular to a side edge of the vacuum bag 12.
Vacuum bag materials having this characteristic are
known to those having skill in the vacuum bag art. The
vacuum bag 12 may not include the tear notch 18 and
would continue to function, as would be understood by
one having ordinary skill in the art. [0037] In
operation, in the first preferred embodiment, the
medical containers or vials 16 are molded and at the
conclusion of the molding operation, the vials 16 are
relatively pyrogen free and non-viable particulate
matter free. The vials 16 are inserted into the tray
14 in this condition, preferably such that at least a
portion of the vials 16 and most preferably such that
the base end 16b extends above the top edge 14b. The
tray 14 is also preferably sterile, pyrogen free and
non-viable particulate matter free when the vials 16
are inserted therein. The tray 14 is inserted into the
internal cavity 12a and the internal cavity 12a is
evacuated to a predetermined vacuum pressure such that
the flexible film 12 surrounds and engages the tray 14
and at least portions of the medical containers 16.
Specifically, the flexible film 12 preferably engages
the base ends 16b of the vials 16 and portions of the
side surfaces, which extend out of the mouth of the
tray 14 and exposed surfaces of the tray 14 under the
force of external air pressure. The flexible film 12
is then sealed such that the predetermined vacuum
pressure is generally maintained in the internal
cavity 12a. The sealed flexible film 12 with the tray
14 and plurality of vials 16 therein may be
transported without significant movement of the vials
16 because the atmospheric pressure on the flexible
film 12 consolidates and holds the vials 16 in
position in the tray 14. Accordingly, the vials 16
generally do not move during shipment, reducing the
likelihood that the vials 16 rub up against each other
and potentially damage each other. In addition, if the
vials 16 and tray 14 are sterilized, non-viable
particulate matter free and pyrogen free when they are
inserted into the internal cavity 12a, the vials 16
and tray 14 are also generally in the same condition
when the vacuum bag 12 is opened, assuming the
predetermined vacuum pressure is retained in the
internal cavity 12a. [0038] In the first preferred
embodiment, the vials 16 are inserted into the tray 14
by grasping one or more of the vials 16 with a
mechanical or robotic arm (not shown) as the vials 16
flow off ofa medical container molding assembly line.
The mechanical arm is preferably associated with a
robot that is able to place the vial 16 or a plurality
of vials 16 into the tray 14 such that the vials 16
are positioned in rows within the tray 14 and each
vial 16 is associated with a specific depression 28.
Specifically, once the medical containers or vials 16
are molded by the medical container molder, the
containers 16 are preferably handled exclusively by
robots to limit exposure of the containers 16 to
contaminants or pyrogens before they are filled with a
medical product. Prior to inserting the 



container 16 into the tray 14, the container 16 is
preferably robotically transported to an inspection
station for dimensional and quality inspection.
Inspection preferably determines whether the container
16 has an acceptable dimensional shape because
improperly sized and/or shaped containers 16 may not
properly stack within the tray 14 and may be unusable
by a customer. The containers 16 are preferably
positioned in the tray 14 such that their head sides
16a are in facing engagement with the depressions 28
and their base sides 16b protrude above the top edge
14b of the tray 14. [0039] In the first preferred
embodiment, the vials 16 are robotically inserted into
the tray 14 in a series of fourteen (14) rows between
the first and second sidewalls 32a, 32b. The first row
of vials 16 preferably includes fourteen vials 16 that
are associated with individual depressions 28
proximate the front or rear walls 34, 36. The end
vials 16 in the rows are mounted such that they are
within or conform to the shape of the corner pockets
44 and the twelve vials 16 in the middle of the row
are associated with the front or rear pockets 34a, 36a
on the front or rear walls 34, 36. A second row of
vials 16 is then inserted into the tray 14 immediately
adjacent the first row with one of the end vials 16
associated with one of the side pockets 30 and an
opposing vial 16 on an opposite end of the row
associated with one of the peaks 30a. Each of the
vials 16 in the second row is also associated with a
depression 28. The additional rows of vials 16 are
similarly inserted into the tray 14 until the tray 16
is completely filled with vials or other medical
containers 16. The vials 16 are not limited to being
inserted into the tray 14 in rows and may be
individually inserted into the tray 14 in a random
pattern or may all be inserted into the tray 14 at one
time. However, it is preferred that the vials 16 are
positioned or stacked in the tray 14 in the manner
shown in Fig. 2 such that the vials 16 are closely
stacked in the tray 14 to generally prevent
significant movement of the vials 16 during movement
or shipping. [0040] Referring to Figs. 1, 2 and 8, as
was described above, after the vials 16 are positioned
in the tray 14, the tray 14 is inserted into the
internal cavity 12a of the flexible film or vacuum bag
12.As was also described above, the vials l  are
preferably relatively pyrogen free and non-viable
particulate matter free when they are positioned in
the tray 14 and inserted in the internal cavity 12a. A
vacuum probe 24 is inserted into the open end 12b such
that a tip 24a of the probe 24 is in communication
with the internal cavity 12a. A purge gas is
introduced into the internal cavity 12a by the vacuum
probe 24 and air is forced out of the internal cavity
12a. Sealing jaws 26 engage the open end 12b of the
vacuum bag 12 such that additional air or purge gas
generally does not escape or enter the internal cavity
12a through the open end 12b. The vacuum probe 24 is
then actuated to draw a vacuum in the internal cavity
12a, thereby drawing the purge gas and air out of the
internal cavity 12a such that the pressure within the
internal cavity 12a is reduced to a predetermined
vacuum pressure. As the vacuum is drawn from the
internal cavity 12a, external air pressure urges the
flexible film or vacuum bag 12 against the tray 14 and
the vials 16. As the external pressure becomes higher,
the vacuum bag 12 adheres relatively tightly to
surfaces of the tray 14, preferably preventing
movement of the vials 16 relative to the tray 14 or
each other. The first and second series of troughs 40,
42 provide a conduit for air to escape the inside of
the tray 14 as the film or bag 12 tightly adheres to
the surfaces of the tray 14 such that additional
vacuum can be drawn because the flexible film or bag
12 generally bridges over the troughs 32a, 32b
providing a flow channel for the purge gas and air to
escape from the internal cavity 12a. In addition, the
vacuum groove 20 permits purge gas and/or remaining
air to escape from inside the individual vials 16
because the head side 



16a of the vial 16 is not in complete facing
engagement with or sealed to the floor 14a of the tray
14. For example, if the floor 14 were flush, the head
side 16a of the vial 16 may completely engage and
create a seal with the planar floor 14a. If the head
side 16a of the vial 16 is sealed, purge gas and air
may be sealed within the vial 16 because no gap or
conduit is provided for the escape of gas from the
vial 16 and this gas may subsequently escape from the
vial 16, potentially compromising the vacuum in the
bag 12. [0041] After the vacuum has been drawn in the
internal cavity 12a to a predetermined level, sealing
jaws 26 engage the flexible film or vacuum bag 12
proximate the open end 12b and preferably heat seal
the vacuum bag 12 to maintain the vacuum within the
internal cavity 12a. Because the predetermined vacuum
is maintained in the internal cavity 12a, the vacuum
bag 12 continues to adhere to the tray 14 and portions
of the vials 16 to consolidate and hold the vials 16
in the tray 14, generally to prevent significant
movement of the vials 16 relative to the tray 14 and
rubbing of the vials 16 against each other. The vacuum
probe 24 is removed from the internal cavity 12a and
the vacuum bag 12 is also sealed at the entrance for
the vacuum probe 24. The clamp jaws22 and sealing jaws
26 release the vacuum bag 12 and the vacuum bag 12 is
inspected to check for any leaks in the bag 12. If
leaks are detected, the vacuum bag 12 may be repaired
or discarded and the tray 14 may be inserted into
another vacuum bag 12. If the predetermined vacuum
pressure is maintained in the internal cavity 12a, the
vials 16 generally maintain their sterile, pyrogen
free and non-viable particulate matter free condition
and do not significantly move or rub against each
other during shipping or other movement because of the
tight adherence of the vacuum bag 12 to the external
surfaces of the vials 16 and tray 14. [0042] Referring
to Fig. 2, in the first preferred embodiment, the
sealed vacuum bag 12 with the tray 14 and plurality of
vials 16 are preferably irradiated to sterilize the
bag 12, tray 14 and vials 16, The bag 12, tray 14 and
vials 16 are preferably irradiated for sterilization
because the material of the polymeric materials of the
bag 12, tray 14 and vials 16 is typically unable to
withstand high temperatures that would be required to
bake or otherwise heat the bag 12, vials 16 and tray
14 to remove pyrogens and sterilize. Irradiation of
the sealed bag 12, tray 14 and vials 16 is not limited
and this step may be completely eliminated from the
process if the vials 16, tray 14 and bag 12 are
otherwise conditioned for sterilization prior to being
inserted into the bag 12. [0043] Referring to Figs. 1
and 2, in the first preferred embodiment, the sealed
and evacuated vacuum bag 12 with the sterile, pyrogen
free and non-viable particulate matter free tray 14
and plurality of vials 16 mounted therein is
preferably transported to a medical container filler
such that the vials 16 can be filled with some type of
fluid, preferably medication, saline or another
medical product. Often, the assembly is transported as
air cargo and is subjected to the reduced air pressure
that is common during air travel. Accordingly, the
predetermined vacuum within the vacuum bag 12 is
preferably near or below the reduced pressure that is
typically encountered during air travel. If the vacuum
pressure in the bag 12 is not below this pressure, the
consolidation of the vials 16 may be at least
partially compromised by the bag 12 releasing from
some surfaces of the tray 14 and vials 16, permitting
the vials 16 and/or tray 14 to move within the bag 12.
If the vacuum bag 12 releases from the tray 14 and
vials 16, the vials 16 may move within the tray 14 and
rub against each other, potentially damaging the vials
16. When the vacuum packaging assembly arrives at its
destination, the vacuum bag 12 is preferably inspected
to ensure that the bag 12 is engaged with the tray 14
and at least portions of the vial 16 indicating that
the predetermined vacuum pressure within the internal 



cavity 12a has been maintained during shipping.
Assuming the inspection reveals that the predetermined
vacuum pressure has been maintained within the vacuum
bag 12, the vacuum bag 12is opened to gain access to
the tray 14 and medical containers 16. The tray 14 is
removed from the internal cavity 12a and the medical
containers or vials 16 are removed from the tray 14,
preferably robotically, for introduction onto an
assembly line for filling the vials 16. If the
predetermined pressure is maintained within the
internal cavity 12a, medical products may be inserted
into the vials 16 under the general assurance that the
vials 16 and tray 14 are sterile, non-viable
particulate matter free and pyrogen free. However, if
the predetermined pressure is not maintained in the
internal cavity 12a, the inspection typically reveals
a breach in the bag 12, which may result in a
necessity to sterilize, remove non-viable particulate
matter and/or remove pyrogens from the vials 16 and
tray 14 before introducing the tray 14 and/or vials 16
to a clean room environment or otherwise filling the
vials 16 with medical products. [0044] In the first
preferred embodiment, the vacuum bag 12 preferably
includes the tear notch or tear perforation 18
proximate the open end 12b. The tear notch or
perforation 18 may be utilized to tear open the vacuum
bag 12 to gain access to the tray 14 and vials 16. The
vacuum bag 12 is not limited to the inclusion of the
tear notch and/or tear perforation 18 and may include
nearly any line of weakness or stress riser to provide
an advantage for the filler to open the vacuum bag 12
or may include none of the these features.
Specifically the vacuum bag 12 may be opened by
cutting the vacuum bag 12 without use of a tear
perforation 18. [0045] In an alternative method, after
the tray 14 and vials 16 are removed from the vacuum
bag 12 by an operator, a rigid sheet (not shown) may
be positioned onto the base side 16b of the vials 16.
The operator or a robot may then invert the tray 14,
vials 16 and rigid sheet and place the rigid sheet on
a support surface (not shown) such that the base side
16b is resting on the rigid sheet. The rigid sheet is
then moved out from under the vials 16 such that the
base side 16b is resting on the support surface and
the tray 14 maintains the vials 16 in their
consolidated configuration. The tray 14 may then be
vertically removed from the vials 16 such that the
head side 16a is exposed and the vials 16 may be
grasped for introduction onto an assembly line.
Another alternative would be to insert the vials 16
into the tray 14 with their head side 16a proximate a
floor 14a of the tray 14. When the vials 16 and tray
14 are ready to be removed from the vacuum bag 16, the
vacuum bag 16 would be inverted with the base side 16b
of the vials facing the support surface (not shown).
The tray and vials would then be moved out of a tear
in the bag 16 such that the base side 16b of the vials
16 are in facing engagement with the support surface.
The tray 14 would then be verticallymoved away from
the vials 16 such that the head side 16a is exposed
and the vials 16 may be grasped for introduction onto
an assembly line. [0046] Alternatively, referring to
Figs. 2-4, in operation, the plurality of vials 16 may
be sterilized and positioned in the sterilized tray 14
with the head side 16a or base side 16b adjacent the
floor 14a, potentially depending upon whether the
vials 16 will be inserted into the assembly line
manually or by a robot. The tray 14 with the stacked
vials 16 positioned therein is inserted into the
internal cavity 12a of the vacuum bag 12. The vacuum
bag 12 is then transported to a sealing mechanism,
which includes the clamp jaws 22, the vacuum probe 24
and the sealing jaws 26. The clamp jaws 22 close over
the open end 12b and the vacuum probe 24, creating an
air tight seal at the open end 12b. The vacuum probe
24 is connected to a vacuum source (not shown) and is
actuated to evacuate air from the internal cavity 12a
until a predetermined vacuum is reached. The vacuum
bag 12 conforms to the exposed shape of the tray 14
and stacked vials 16 indicating a vacuum is being 



created within the vacuum bag 12. The pressure of the
vacuum bag 12 on the external surfaces of the vials 16
and tray 14 preferably hold the vials 16 in the tray
14 such that the vials 16 do not rub against each
other during movement or shipping. The peripheral
flange 38 provides stiffness to the tray 14 so that
the tray 14 is not crushed when the vacuum bag 12 is
evacuated. When the predetermined vacuum is reached,
the vacuum probe 24 is withdrawn from the open end 12b
and the sealing jaws 26 are simultaneously closed over
the open end 12b. The sealing jaws 26 create an air
tight seal across the open end 12b, preferably through
a heat seal. The vacuum package system 10 is then
irradiated and prepared for transport to an end user,
typically a manufacturer who will fill the medical
containers 16 with a medical product. Assuming the
vacuum bag 12 is not breached during shipment, the
vials 16 and tray 14 are sterile, pyrogen free and
non-viable particulate matter free when they reach the
manufacturer and may be introduced directly onto an
assembly line in a clean environment. [0047] The
vacuum package system 10 generally prevents chafing
and scratching of the plurality of vials 16 against
one another during transport by consolidating the
vials 16 due to the pressure applied to the tray 14
and vials 16 by atmospheric pressure outside the
vacuum bag 12. Chafing or scratching of the vials 16
may produce unacceptable particles and damage surface
finish making the vials 16 unsafe and useless for
receipt of medical products. The vacuum package system
10 also preferably counteracts the impact of reduced
atmospheric pressure, which the vacuum package system
10 may encounter during transportation by aircraft,
during land transport at high elevationsor in nearly
any conditions where the vacuum package system 10 is
exposed to reduced atmospheric pressure, as was
described above. A typical sealed container that is
filled with vials 16 may be subjected to reduced
atmospheric pressure during aircraft or high elevation
transportation that may be significant enough to cause
an unvented package with approximately sea level
pressure inside to expand to the point that seams are
stressed and burst. Because the vials 16 of the vacuum
package system 10 are stored under vacuum, the reduced
atmospheric pressure has little or no effect upon the
vacuum bag 12 and vials 16 of the preferred
embodiments. Further, the use of the vacuum package
system 10 provides a ready indicator of a breach in
the vacuum bag 10 to the end user. If the vacuum bag
12 is breached during transport or prior to reaching
the end user, the vacuum bag 12 will not thereafter
cling or conform to the shape of the tray 14 and/or
vials 16. Accordingly, an end user is aware that there
has been a breach of the vacuum package system 10 and
the sterile, pyrogen free and particulate matter free
condition of the vials 16 may have been compromised.
However, if the vacuum bag 12 is not breached, the end
user is aware mat the vials 16 are generally sterile,
pyrogen free and non-viable particulate matter free
and may be introduced directly into an assembly
operation for filling the vials 16 with medical
products. [0048] When the unbreached vacuum package
system 10 reaches a user, the user grasps the vacuum
bag 12 on either side of the tear notch 18 and rips
the vacuum bag 12 open. Inclusion of the tear notch 18
allows the vacuum bag 12 to be opened without the use
of tools or the generation of particles that may
contaminate the vials 16 during a cutting operation.
The vacuum package system 10 is typically opened in a
clean room to maintain sterility of the vials 16. The
tray 14 and vials 16 are removed from the open end 12b
and a sterile, pyrogen free and non-viable particulate
matter free rigid sheet (not shown) that covers the
open end of the tray 14 is placed on the assembly such
that the base sides 16b of the vials 16 are in contact
with the sheet. The entire assembly is inverted such
that the vials 16 are resting on the sheet. The
assembly is placed onto the support surface and the 



sheet is removed laterally from beneath the stacked
vials 16, leaving the vials 16 resting on the surface
on their base side 16b. The tray 14 is then removed
vertically leaving the plurality of stacked vials 16
standing on the surface for manual insertion into the
filling machine. Alternatively, the tray 14 is stacked
with vials 16 having their base sides 16b adjacent the
floor 14a. The tray 14 and stacked vials 16 are
removed from the vacuum bag 12 and are positioned on
the support surface with the floor 14a adjacent the
surface. The vials 16 may then be removed directly
from the tray 14 and placed onto an assembly line for
filling the vials 16 with medical products, preferably
by a robot. One having ordinary skill in the art will
realize that the above-described methods of
stackingand processing the vials 16 are not limiting
and the vials 16 may be stacked in the tray 14 in
nearly any configuration and processed in nearly any
manner once the tray 14 and vials 16 are removed from
vacuum bag 12 in preparation for the introduction of
medical products therein. The abovedescribed stacking
and processing methods are merely provided as examples
of typical stacking and processing techniques. [0049]
Referring to Figs. 6-7A, in a second preferred
embodiment, like numerals are utilized to identify
like elements and a prime symbol (') is utilized to
distinguish like components of the vacuum package
system 10' of the second preferred embodiment from the
vacuum package system 10 of the first preferred
embodiment. In the second preferred embodiment, the
medical containers 16' are comprised of syringes 16'
that are positioned within the tray 14' for shipping
or other transport. The vacuum packaging system 10'
preferably permits shipping of the syringes 16' in a
ready-to-use condition that is sterile, pyrogen free
and non-viable particulate matter free, similar to the
above-described vacuum package system 10 of the first
preferred embodiment. The syringes 16' have the head
side 16a' and the base side 16b1, with the base side
16b' including a flange. [0050] In the second
preferred embodiment, the tray 14' is constructed of
an injection molded polymeric material to form the
general size and shape of the tray 14'. The tray 14'
is not limited to being injection molded using a
polymeric material and may be constructed of a
thermoformed plastic material or a machined material,
as long as the tray 14' is able to take on its general
size and shape and withstand the normal operating
conditions of the tray 14'. [0051] The syringes 16'
are generally constructed of a high grade polymeric or
plastic material that is desirable in the marketplace
because of a high resistance to breakage, low chemical
extractables and a reduced weight when compared to
similar glass syringes. The syringes 16' are typically
designed to be used in pre-filled applications and are
packaged in generally rigid polymeric trays 14'. In
the trays 14', the syringes 16' are preferably mounted
in an upright orientation by a nesting plate 45, which
is typically constructed of a generally rigid,
polymeric material. The nesting plate 45 has a
plurality of holes 60a defined by cylindrical sleeves
60. The cylindrical sleeves 60 preferably releasably
receive one of the plurality of syringes 16' and hold
an empty syringe 16' in a vertical orientation in the
tray 14'. The syringes 16' are positioned in the
cylindrical sleeves 60 such that the flange at the
base end 16b' rests on a top end of the sleeves 60.
The syringes 16' are preferably oriented, generally
perpendicularly to a plane of a generally planar base
45a of the nesting plate 45. This arrangement of the
syringes 16' in the tray 14' is generally known to
onehaving ordinary skill in the art. The array of
syringes 16' generally have common center to center
distances such that robotic handling equipment is able
to remove and insert the syringes 16' from and into
the nesting plate 45. [0052] Glass syringes 16' packed
in the nesting plate 45 and tray 14', in the manner
shown in Fig. 6, are typically sealed in the tray 14'
with a permeable lid (not shown) that allows the
penetration of 



a sterilant vapor and can be peeled back to gain
access to the glass syringes 16'. This same packaging
and sterilization method is not practical for
polymeric syringes 16' because the polymeric material
has a tendency to absorb the sterilant and release it
very slowly. In addition, utilizing the permeable lid
does not prevent the external surfaces of the tray 14'
from being exposed to the external environment during
shipping. Exposure of the external surfaces of the
tray 14' to the external environment generally
prevents an operator from introducing the tray 14'
into a clean environment because of the potential for
contamination. High quality polymeric or plastic
syringes 16' can be effectively sterilized by
irradiation, penetrating gamma or e-beam radiation
and, therefore, do not need the permeable packaging. A
non-permeable package, however, is subject to the
effects of changing atmospheric pressure, much as was
described above for the vacuum package system 10 of
the first preferred embodiment. Part of the package
function is to contain the syringes 16' in the nesting
plate 45 within the tray 14' to reduce movement of the
syringes 16' and maintain the syringes 16' in a
sterile, pyrogen free and non-viable particulate
matter free condition until they are ready to be
filled with medical products. If a non-permeable
package expands due to reduced atmospheric pressure
encountered primarily during air shipment or alternate
high elevation shipment, the package will no longer
hold the syringes 16' in position in the nesting plate
45, potentially resulting in rubbing of the syringes
16' against the nesting plate 45 or bumping in to each
other. A secondary effect is that the package may be
stressed at weld points or other stress risers and may
rupture during shipping. A rupture of the package
would cause a leak and the sterility of the contents
would likely be compromised. [0053] A solution for
this application is to apply a vacuum package using
the flexible film or vacuum bag 12', as was described
for the first preferred embodiment. A multi-layer film
comprised of at least one layer with very low gas
permeability is fashioned into the vacuum bag 12'. The
tray 14' containing the syringes 16' mounted in the
nesting plate 45 is placed into the vacuum bag 12' and
the bag 12' is evacuated and sealed, as was described
above. With the air removed, the bag 12' clings
tightly to the tray 14' and the upper end or flanges
of the syringes 16' holding them firmly inthe nesting
plate 45. The negative effects of reduced atmospheric
pressure are counteracted because the bag 12'
generally will not loosen its grip on the syringes 16'
until the pressure on the inside of the bag 12' equals
the pressure on the outside of the bag 12'. For this
reason it is desirable to reach a level of vacuum
inside the bag 12' at least equal or nearly equal to
the pressure encountered in aircraft shipment which is
typically eight inches of mercury (8 in. Hg) below
standard atmospheric or equivalent to eight thousand
feet (8,000 ft.) above sea level. Held tightly in the
nesting plates 45, the syringes 16' are less likely to
be scratched by contact with the nesting plate 45 and
other packaging materials. The vacuum in the bag 12'
also serves as a ready indicator of package integrity
since even the slightest leak or breach will cause the
bag 12' to relax, which will be visually apparent to
an operator inspecting the bag 12' . A bag 12' with a
leak would thus be readily identified visually as
having been breached. Further, maintenance of the
vacuum pressure in the bag 12' indicates that the tray
14' and its external surfaces have maintained their
sterile, pyrogen free and non-viable particulate
matter free condition. [0054] In the second preferred
embodiment, the nesting plate 45 includes a generally
planar base 45a and reinforcing ribs 45b extending
generally perpendicularly from the base 45a. The
reinforcing ribs 45b preferably extend from peripheral
edges 46 of the nesting plate 45 toward the
cylindrical sleeves 60 to provide stiffness and
strength to the planar base 45a. An arcuate shaped 



edge rib 45c also extends generally perpendicularly
from the planar base 45a and defines an edge hole. The
edge hole is preferably included in the nesting plate
45 such that a user is able to insert a fmger or tool
through the edge hole to remove the nesting plate 45
from the tray 14'. The edge rib 45c provides stiffness
and strength for the base 45a proximate the edge hole.
The edge hole and edge rib 45c are not limited to
inclusion in the edge of the base 45a and may be
positioned at nearly any location on the nesting plate
45 and are not limited for inclusion on the nesting
plate 45. The cylindrical sleeves 60 preferably define
holes 60a through the nesting plate 45 that are sized
and shaped to accept the syringes 16'. The nesting
plate 45 is not limited to the inclusion of the
reinforcing ribs 45b or the cylindrical sleeves 60.
For example, the nesting plate 45 may be constructed
of a generally planar plate with holes formed therein
for receipt of the syringes 16'. However, the
cylindrical sleeves 60 and ribs 45b are preferred for
inclusion in the nesting plate 45 to properly orient
and space the syringes 16' relative to the nesting
plate 45 and to provide strength and stiffness for the
nesting plate 45 when the assembly is inserted into
the internal cavity 12a1and the vacuum is drawn from
the internal cavity 12a'.[0055] In the second
preferred embodiment, the tray 14' includes a mouth 48
and a lip 50 proximate the mouth 48. The mouth 48
preferably includes a rounded peripheral bulb 48a at
its peripheral edge that provides stiffness to the
mouth 48 and provides an arcuate surface for the
vacuum bag 12' to engage when a vacuum is drawn on the
internal cavity 12a1. A sharp edge at the rounded
peripheral bulb 48 could potentially breach the bag
12' when a vacuum is drawn from the internal cavity
12a' exposing the tray 14' and syringes 16' to
external air. The peripheral edge 46 of the nesting
plate 45 is positioned on the lip 50 to support the
nesting plate 45 within the tray 14' in an assembled
configuration. The lip 50 is provided to vertically
support the nesting plate 45 above the floor 14a' and
to generally space the head side 16a' of the syringe
16' from the floor 14a'. The lip 50 is preferably
integrally formed in the walls 32a', 32b', 34', 36' of
the tray 14'. The Hp 50 preferably includes a
stiffening groove 50a that provides stiffness to the
lip 50 and tray 14' such that the force of the bag 12'
against the lip 50 does not significantly deform or
crush the lip 50 or tray 14'. The tray 14' is not
limited to inclusion of the lip 50 to support the tray
14' or the specific shape and configuration of the lip
50 including the stiffening groove 50a shown in the
drawings. For example, the nesting plate 45 may be
mechanically fastened, clipped, bonded or otherwise
mounted to the tray 14'. In addition, the nesting
plate 45 may include legs (not shown) that support the
plate 45 above the floor 14a'. [0056] In operation,
the vacuum packaging system 10' of the second
preferred embodiment is utilized in a similar manner
to the vacuum packaging system 10 of the first
preferred embodiment. A difference between the two
systems is that, during operation, the nesting plate
45 is inserted into the tray 14' such that the
peripheral edge 46 of the nesting plate 45 is
positioned on the lip 50. The syringes 16' are then
inserted into the holes 60a such that the flange on
the base end 16b' is in facing engagement with the top
of the cylindrical sleeve 60 and the head end 16a' is
positioned proximate the floor 14a'. A lid (not shown)
may be engaged with the mouth 48 of the tray 14' to
close the mouth 48, however, the lid is not necessary
for the operation of the vacuum packaging system 10',
as will be understood by one having ordinary skill in
the art. The tray 14' is positioned into the internal
cavity 12a' of the vacuum bag 12' and the internal
cavity 12a' is purged and evacuated to the
predetermined vacuum pressure using the vacuum probe
24. The troughs 40', 42' provide a conduit for the
purge gas and/or air to exit the tray 14' as the
vacuum bag 12' collapses onto the mouth 48. 



However, the tray 14' is not limited to the inclusion
of the troughs 40', 42' and may have a generally
planar mouth 48 without significantly impacting the
vacuum packaging system 10'. The packaging, opening
and use of the vacuum packaging system 10' of the
second preferred embodiment isotherwise similar to the
use of the vacuum packaging system 10 of the first
preferred embodiment, as will be understood by one
having ordinary skill in the art. [0057] It will be
appreciated by those skilled in the art that changes
could be made to the preferred embodiment of the
vacuum package system 10 described above without
departing from the broad inventive concept thereof. It
is understood, therefore, that this invention is not
limited to the particular embodiment disclosed, but is
intended to cover modifications within the spirit and
scope of the present application.CLAIMS We claim: 1. A
vacuum packaging system for transporting a plurality
of medical containers comprising: a tray that supports
the medical containers; and an air impervious flexible
film defining an internal cavity, the air impervious
flexible film completely surrounding the tray and the
medical containers, the internal cavity being
evacuated to a predetermined vacuum level below
atmospheric pressure. 2. The vacuum packaging system
of claim 1wherein the tray includes opposing first and
second side walls and opposing front and rear walls.
3. The vacuum packaging system of claim 2 further
comprising: side pockets formed in the first and
second side walls, the side pockets conforming to at
least a portion of an external surface of one of the
medical containers when the containers are located in
the tray proximate one of the side pockets. 4. The
vacuum packaging system of claim 2 further comprising:
front pockets formed in the front wall; and rear
pockets formed in the rear wall, the front and rear
pockets conforming to at least a portion of an
external surface of one of the medical containers when
the containers are located in the tray proximate one
of the front and rear pockets. 5. The vacuum packaging
system of claim 1 further comprising: depressions
formed in a floor of the tray, the medical containers
including a head side and a base side, the plurality
of depressions conforming to one of the head side and
the base side when the medical containers are
positioned in the tray to orient the medical
containers with respect to the tray. 6. The vacuum
system of claim 1 further comprising: a peripheral
flange formed proximate a mouth of the tray, the
peripheral flange having a generally U-shaped cross
section.7. The vacuum system of claim 6 further
comprising: vents formed in the peripheral flange
comprised of a first series of troughs formed in an
upper surface of the peripheral flange proximate a
first side wall of the tray and a second series of
troughs formed in the upper surface of the peripheral
flange proximate a second side wall of the tray. 8.
The vacuum system of claim 1 further comprising: a
nesting plate removably mountable in the tray, the
nesting plate including a plurality of generally
cylindrical sleeves, each of the plurality of sleeves
releasably receiving one of the plurality of medical
containers. 



9. The vacuum system of claim 8 wherein the nesting
plate inclues a generally planar base and reinforcing
ribs extending generally perpendicularly from the
base, the cylindrical sleeves defining holes in the
base. 10. The vacuum system of claim 8 wherein the
tray includes a mouth and a lip proximate its mouth,
the nesting plate including a peripheral edge that is
positioned on the lip to support the nesting plate
within the tray in an assembled configuration. 11. The
vacuum system of claim 1wherein the air impervious
flexible film is comprised of a vacuum bag. 12. The
vacuum system of claim 1 wherein the medical
containers are comprised of one of vials and syringes.
13. The vacuum system of claim 1 further comprising: a
vacuum groove formed in a floor of the tray. 14. The
vacuum system of claim 1 wherein the tray includes a
rounded peripheral bulb at a peripheral edge that
provides an arcuate surface for the air impervious
flexible film to contact. 15. A method for packaging a
plurality of medical containers for transportation in
a tray within an evacuated internal cavity of an air
impervious flexible film, the method comprising the
steps of: a) inserting the medical containers into the
tray; b) inserting the tray filled with the medical
containers into the internal cavity;c) evacuating the
internal cavity to a predetermined vacuum pressure
such that the flexible film surrounds and engages the
tray and at least portions of the medical containers;
and d) sealing the flexible film such that the
predetermined vacuum pressure is generally maintained
in the internal cavity. 16. The method of claim 15
further comprising the step prior to step (a) of: e)
grasping one of the medical containers with a
mechanical arm as one of the medical containers flows
off of a medical container assembly line. 17. The
method of claim 15 further comprising the step after
step (d) of: e) irradiating the sealed flexible film,
the tray and the medical containers. 18. The method of
claim 15 further comprising the steps after step (d)
of: e) transporting the sealed flexible film and the
medical containers; f) inspecting the flexible film to
ensure that the film is engaging the tray and at least
portions of the medical containers indicating that the
predetermined pressure is maintained within the
internal cavity; g) breaking the flexible film to gain
access to the medical containers; h) removing the tray
from the internal cavity; and i) removing the medical
containers from the tray for introduction onto an
assembly line for the introduction of medial products
into the medical containers. 19. The method of claim
15 wherein the medical containers are comprised of
syringes, the tray includes a Hp and step (a)
comprises the steps of: a)(l) inserting a nesting
plate into the tray such that a peripheral edge of the
nesting plate is positioned on the lip; and a)(2)
inserting the syringes into cylindrical sleeves in the
nesting plate such that a top 



rim of the sleeves is in contact with a flange of the
syringes. 20. The method of claim 15 wherein the
medical containers are inserted into the tray in step
(a) in a series of rows. 2 1. The method of claim 15
further comprising the steps of:e) irradiating the
sealed flexible film, the tray and the medical
containers following step (d); and f) introducing an
inert purge gas into the vacuum bag prior to step (c)
to stabilize and prevent one of changes in chemical
composition and discoloration of the medical
containers in step (e). 22. The method of claim 15
further comprising the steps of: e) molding the
medical containers prior to step (a); f) robotically
transporting the medical containers to an inspection
station prior to step (a); and g) irradiating the
sealed and evacuated vacuum bag and the medical
containers following step (d). 23. The method of claim
15 further comprising the steps of: e) transporting
the sealed and evacuated flexible film, the tray and
the medical containers to a filler; and f) opening the
internal cavity by tearing the flexible film at a tear
notch; 24. The method of claim 23 wherein the medical
containers are comprised of vials including a head
side and a base side and further comprising the steps
of: g) inserting the vials into the tray in step (a)
with their head side proximate a floor of the tray; h)
moving the tray, the vials and the rigid sheet out of
the bag; i) positioning a rigid sheet onto the base
side and inverting the rigid sheet, vials and tray; j
) placing the rigid sheet on a support surface such
that the base sides of the vials are resting on the
rigid sheet; k) moving the rigid sheet from beneath
the base sides such that the base sides are resting on
the support surface; and 1) moving the tray vertically
away from the vials.25. The method of claim 23 wherein
the medical containers are comprised of vials
including a head side and a base side and further
comprising the steps of: g) inserting the vials into
the tray in step (a) with their head side proximate a
floor of the tray; h) moving the tray and vials out of
a tear in the bag such that the base side of the vials
are in facing engagement with a support surface
following step (f); and i) moving the tray vertically
away from the vials. 26. the method of claim 15
wherein the predetermined vacuum pressure is
approximately eight inches of mercury (8 in Hg) such
that the flexible film surrounds and engages the tray
and at least portions of the medical containers in a
reduced external atmospheric pressure condition and
the flexible film generally holds the vials in the
tray without rubbing against each other or otherwise
significantly moving during shipping. 


