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The invention described herein may be manufactured 
and used by or for the Government of the United States 
for governmental purposes without the payment to us 
of any royalty thereon in accordance with the provisions 
of the act of April 30, 1928 (Ch. 460, 45 Stat. L. 467). 

This invention relates to tissue culture ?asks particu 
larly adapted for the growth of tissue cells in vitro, and 
includes a method of producing such ?asks. 

Procedures have heretofore been published ‘by which 
tissue cultures can for the ?rst time be set up with high 
accuracy as replicate cultures, the cells growing on the 
surface of cellophane or directly on the glass surface 
of a ?ask. In this type of culture work, the prolifera 
tion of the cells can be followed using special procedures 
involving the enumeration of the cell nuclei. 

These methods have required the provision of new 
types of culture ?asks, since no culture ?asks heretofore 
in use were satisfactory, more particularly, because cul 
ture vessels heretofore available were adapted for plasma 
substrate tissue cultures rather than for cultures growing 
on surface substrates; it being understood that the term 
“surface substrate cultures” denotes ‘cultures in which the 
cells adhere to and migrate along the surface of a cell 
support, such as a sheet of cellophane or glass, as dis 
tinguished from cultures wherein the cells are embedded 
in and migrate through a matrix, such as a plasma jell. 
Thus the successful development and application of 

surface substrate methods of tissue culture requires the 
provision of new and improved culture vessels particu 
larly adapted to maintain uniform conditions for surface 
substrate proliferation, and to facilitate maintenance and 
control thereof. 

Prior attempts were made to produce surface substrate 
culture ?asks by mold blowing. As glass is blown in a 
mold, however, the glass stretches unevenly. There 
fore, as with all mold blown bottles, the mid part of 
both the top and bottom walls (the larger walls) of the 
?ask were relatively thick, while at the corners and edges 
where the top and bottom walls join the sides, the glass 
was much thinner. Flasks fabricated in this way were, 
therefore, far from satisfactory since in instances the 
‘?ask corners were so fragile that the ?ask would shatter 
during handling or centrifuging. An even more serious 
defect was that the thickness of the culture fluid layer 
over the ?ask ?oor was very irregular, being thick along 
the edges and thin near the middle of the ?oor. Con 
sequently, there was no assurance that living cells ad 
hering to various areas of the surface of the ?ask ?oor 
were under comparable conditions with respect to the 
media with which they were in contact. 
The present invention has for its principal object the 

provision of improved tissue culture ?asks avoiding the 
difficulties and curing the disadvantages of the ?asks here 
tofore available. More specific main objects, severally 
and interdependently, are the provision of a tissue cul~ 
vture ?ask having an extremely level culture ?oor, one 
having an extremely regular wall thickness; one formed 
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to facilitate observation and low power microscopic ex 
amination of the proliferating cells; one adapted for cen~ 
trifugation; one minimizing the adherence of cells to 
sloping ?oors and the exposure of cells above the surface 
to culture ?uid; a small ?ask proportioned to prevent 
meniscus effects from interfering excessively with the 
evenness of distribution of the culture medium on the 
?oor of the ?ask; and a method of producing such ?asks 
in a new and relatively inexpensive manner. 

Other objects and advantages of the invention and 
special features and procedures contributing to the real 
ization of the main objects will be apparent from‘the 
following description of preferred embodiments of the 
invention. 
The invention resides in the novel features of the 

improved ?ask construction and in the method of making 
the same, as hereinafter exempli?ed, and will be more 
particularly pointed out in the appended claims. 

In the accompanying drawing of illustrated embodi 
ments of the invention: 

Figs. 1 and 2 are horizontal and vertical cross sections 
through one embodiment. . 

Figs. 3 through 7 are perspective views of the mandrels 
preferably employed in forming the body of the ?ask of 
Figs. 1 and 2. 

Figs. 8 and 9 are horizontal and vertical cross sections 
through a modi?ed embodiment. 

Figs. 10 through 13 are perspective views of mandrels 
preferably employed in forming the body of the ?ask 
of Figs. 8 and 9. 

Fig. 14 is a diagram indicating how the ?asks formed 
with ?at internal roof and floor Walls may have the 
outer surfaces of these walls shaped into parallelism with 
their inner surfaces to facilitate low power microscopic 
inspection and even illumination of the culture. 
As shown in the drawings, the present invention is 

adapted for the production of ?asks of various sizes. 
Small ?asks are important for experimental work in 
which culture areas as small as 15 square centimeters or 
less are desirable. The larger sizes are needed to afford 
su?icient culture area for the further proliferation of al 
ready established and rapidly growing tissue culture 
stocks. The optical quality, particularly of the smaller 
?asks, is important to provide for low-power microscopic 
examination of the growing tissue cells. This is neces 
sary, since in applicants’ experience, no quantitative 
studies can safely ignore the general condition of the 
cells and the culture as determined by such examination. 

Furthermore, as shown in the drawings, the ?asks, that 
preferably have parallel roof and ?oor walls, in accord 
ance with the invention are laterally tapered at the ends 
thereof opposite to the throat or neck openings therein, 
the floor, and preferably also the roof, however, extend 
ing in an unbroken plane from the main body portions 
of the ?asks to the extremities of the laterally tapered 
ends thereof, the advantages of these provisions being 
more fully explained hereinafter. 

Turning now to Figs. 1 and 2, the ?ask therein shown 
is typical of one of the larger sizes of ?asks currently 
produced in accordance with the invention, and repre 
sents a ?ask having a ?oor area of say 60 sq. cm. The 
?oor 1 of the ?ask in the normal proliferating position 
thereof is horizontal, as shown in the vertical elevation, 
Fig. 2, and its area is measured between the side walls 
2, 3, and between the end walls 4, 5 and the dam 6, which 
dam is located between the ?ask ?oor l and the ?ask 
throat 7 in the shoulder region 8 of the ?ask. The 
throat portion or neck 7 of the ?ask in these larger sizes 
is usually ?nished with a beaded edge 9, and is preferably 
formed of cylindrical tubing of a size scalable with a 
standard sized stopper or cork of rubber or other suitable 
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material. The roof 10 of the flask that overlies the floor 
1 is preferably parallel thereto, and the walls 2, 3, 4, 
and 5 bounding the ?oor are preferably vertical. 
As best illustrated in Fig. 1, the ?ask is of generally 

polygonal form, and as shown in Fig. 2, its ?oor 1 and 
roof 10 are interconnected at one end by the shoulder 
walls 8, and the side walls 2, 3, 4, 5 interconnect the 
same throughout the remainder of the peripheries of the 
roof and ?oor walls. The throat or neck 7 opens through 
the shoulder walls 8. The side walls 2, 3, 4, 5 de?ne a 
polygonal area comprising a triangular area between the 
walls 4 and 5 at the opposite end of the ?ask from the 
throat 7, and the ?oor l is internally planar and extends 
in a ?at unbroken plane from the shoulder walls 8 to the 
extremity 11 (Pig. 1) of the said triangular area. 
By this particular construction, when the flask is up 

ended, free ?oating cells settle out of the fluid in the 
extremity 11, or can be separated out into such extremity 
by slow centrifugation, allowing the supernatant culture 
fluid to be drawn off and replaced. Furthermore, since 
the floor l is extended on the same ?at level plane clear 
to the extremity 11, when the cells are washed back into 
the pool of culture medium M (Fig. 2) or grow along 
the floor underlying the same, there is no sloping ?oor 
near the extremity 11 for the cells to adhere to or pro 
liferate along that might expose such cells above the 
surface of the culture ?uid M, or at least under a thinned 
area thereof where they would not be subjected to the 
same nutrient conditions as those in the main body of 
the ?ask between the Walls 2 and 3. 

Also as shown in Fig. 2, in this embodiment the roof 
wall 10 is parallel to the ?oor wall 1, and is also inter~ 
nally planar and extends in a ?at unbroken plane from 
the shoulder walls 8 to the extremity ill of the triangu 
lar portions thereof between the walls 4- and 5. This 
construction is of advantage as it facilitates visual ob 
servation or low power microscopic examination of the 
culture, especially When combined with the features about 
to be described in connection with Fig. 14, after a brief 
reference to the presently preferred method of making 
the ?ask, that will later be described in greater detail 
As will be apparent when the method is fully described, 

the planar internal faces of the ?oor l and roof 10 are 
preferably produced by shaping the body of the ?ask 
0n mandrels (Figs. 3-6) with ?nal shaping on a polished, 
plane faced mandrel (Fig. 7) and thus are level and 
polished, in the case of the surface of the ?oor 1, and 
?at and polished in the case of the under surface of the 
roof 10. As the glass, in the preferred method of shap~ 
ing on the mandrel (Fig. 7), is worked to reduce irregu 
larities in its thickness, the outer surfaces of the roof 
10 and ?oor l, in the absence of special provisions, are 
not optically ?at, but may be somewhat irregular, as 
indicated by the dotted lines 12., 13 in Fig. 14. Thus 
one of the features of the invention is to provide the roof 
wall with a ?at, planar, external surface 10a parallel to 
its planar internal ?at surface 19b, to thereby provide 
for, and avoid distortion in, visual observation of the 
culture, and more particularly low power microscopic 
observation thereof. The planar surface ltttz preferably 
extends throughout the entire area of the roof lltl, and 
may be formed in any suitable way, its formation by 
grinding and polishing being preferred. Similarly, as 
shown in Fig. 14, the outer surface lla of the floor 1 may 
be, at least in part, and preferably throughout all of its 
extent, formed as a polished surface parallel to the ?at 
planar inner surface of the ?oor, this being desirable to 
reduce refractions of light when the cells and culture 
are illuminated through the ?oor, and to insure level 
standing of the interior of the floor when the ?ask is 
rested on a plane level surface or the like. 

Finally, just as the extension of the ?oor area as a 
level plane to the extremity 11 (Fig. 1) insures maxi 
mum uniformity of the conditions to which cells are 
exposed near that end of the ?ask, so the provision of 
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the dam 6, between the floor area and the throat or neck 
7, insures against ?owage of the culture medium up 
into the throat area and presents a steep, rather than a 
sloping, termination of the ?oor 1 at that end of the 
?ask. As shown in Fig. 1, the dam 6 is preferably formed 
in the shoulder area of the ?ask or at its juncture with 
the ?oor area, as will be more fully described in connec 
tion with the preferred method of making the ?ask. 
As above mentioned, Figs. 3 through 7 illustrate the 

types of mandrels employed in making the ?asks of which 
Figs. 1 and 2 are typical. These ?asks for purposes of 
economy are preferably made from round glass tubing 
such as standard wall “Pyrex” No. 7740 tubing. In 
fashioning the body for each ?ask, a length of tubing is 
cut that is somewhat longer than the length of the ?ask 
body to be made, as will appear later from Table I. The 
length of tubing is treated in a broad and bushy ?ame 
to a temperature at which it is somewhat plastic. While 
in the ?ame it is laterally stretched and flattened by rapid 
ly and consecutively passing down into it, and then with 
drawing, each of a series of ?at and progressively broader 
mandrels, suitably handled. Three such mandrels, as 
illustrated in Figs. 3, 4, and 5, are generally used in 
shaping the tubing for the larger sized ?asks to form a 
blank of rectangular internal cross section throughout 
its body region. There is then passed into the rectangu 
lar cross section blank a mandrel (Fig. 6) of rectangular 
cross section that has a laterally tapered nose end N 
the top ‘and bottom faces of which are coplanar with the 
main faces or roof and ?oor walls WL of the mandrel. 
This mandrel is preferably slightly oversize compared to 
the ?nal mandrel (Fig. 7), as exempli?ed hereinafter in 
Table II. The heating being continued, the nose walls 
4 and 5 (rough) are formed by ?owing the glass of the 
tube-over the nose end N of the mandrel to form the 
closed end or apex 11 on the blank. There is then in 
serted in the so closed blank a precisely dimensioned 
and highly polished cast iron vacuum mandrel (Fig. 7) 
having the exact con?guration of the interior of the body 
and closed end of the ?ask to be made (disregarding 
shrinkage), and having its broad faces or Walls WP par 
allel, for shaping and highly polishing the inner sur 
faces of the roof, sides and ?oor of the ?ask. While the 
blank is being shrunk on the mandrel (the vacuum ap 
plied through openings V and the hollow handle R’ in 
this operation shrinking all the walls 1, 2, 3, 4, 5, and 
10 against the mandrel) the heat is raised somewhat and 
the preparation is hand worked in the ?ame to further 
equalize the thickness of the glass over the top, bottom, 
sides and pointed end of the mandrel. This ?nal mandrel 
(Fig. 7) is then withdrawn, the vacuum being relieved, 
and the formed ?ask body is cooled. 

After a number of form-ed ?ask bodies have been thus 
prepared, the part of the so-formed body near its open 
end is reheated in the flame and the shoulders 8 are then 
formed by drawing down and shaping, and blowing and 
working, the extra length of the formed body blank 
near its open end. The shoulder portion 8 is thus formed 
with an opening of reduced size to ?t the size neck or 
throat to be applied to the ?ask. A neck or throat 7, 
usually of cylindrical tubing (“Pyrex” in the case men 
tioned) is then sealed on about the opening, and the 
?uid restricting ridge or dam 6 near the throat is formed 
by pressure with a V-shaped tool, after which the end of 
the throat is headed or ?re polished, beading being pre 
ferred for the large sized ?asks, and in some instances 
?aring of the throat for better gripping of the stopper 
being practiced. 
The so ?nished ?ask is then oven annealed, preferably 

by raising the annealing oven temperature to 560° C., 
shutting off the heat, and gradually allowing the oven to 
cool to room temperature over a period of 12 hours or so. 
The ?asks as so formed and annealed have su?iciently 

strong walls to withstand slow speed centrifugation. Be 
.pause of the method so far described for forming them, 
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the outer surfaces of the walls, more particularly of 
walls 10 and 1, are not truly planar and not necessarily 
truly parallel to the planar inner surfaces of these walls. 
To provide for more perfect visual and photographic 
recording of cell morphology, it is contemplated that at 5 
least a part, and preferably all, of the outer side of the 
roof wall 10 be formed as a planar surface parallel to 
its internal planar surface, this step preferably being ac~ 
complished by grinding and polishing in the same manner 
normally used in polishing plate glass or optical glass. 10 
When desired, similar grinding and polishing may be em~ 
ployed to level the outer surface of the ?oor wall 1, as 
well. 
As above mentioned, it is desirable to produce these 

?asks, Whether of small or large ?oor area, with relatively 
Wide ?oor areas, so that even in the case of a small 
sized ?ask neither the width nor the length of the body 
is reduced to a dimension in which the meniscus eifect 
of a pool of nutrient solution covering the ?oor of the 
?ask would materially thin the depth of the central 
portion of the pool. This desideratum also reduces the 
numbers of sets of mandrels needed to make ?asks of 
a full range of sizes, since several sizes of ?asks can be 
made with one set of mandrels merely by Working on 
shorter or longer cut sections of glass tubing, so that the 
change in area for several sizes of ?asks is accomplished 
by change of the length dimension, C minus I, in Figs. 1 
and 2. 

Turning now to Figs. 8 ‘and 9, it will be noted that the 
?ask therein shown is generally similar to, though smaller 
than, the ?ask of Figs. 1 and 2, the principal differences 
being in the relative size of the throat 7, in the location 
of the dam 6 at a somewhat more advanced position 
between the lateral shoulder walls 8, and in the ?re polish 
ing of the end 9 of the throat or neck, without heading 
the same. 

In making the smaller series of ?asks, typi?ed in Figs. 
8 and 9, four mandrels, as illustrated in Figs. 10-13, may 
be used, instead of the ?ve preferred for making the 
larger ?asks, the method of procedure following that 
previously set forth. 
As typifying the sizes of ?asks found particularly de 

sirable for the several stages of tissue culture proliferation, 
illustrative dimensions of four blanks, referred to in the 
drawings by reference letters, are set forth in Table I, 45 
in which the “T” number designates the approximate 
?oor area of each tissue ?ask in square centimeters, the 
dimensions being given in millimeters, and further de 
tails and illustrations pertaining to such ?asks are set 
forth in the inventors’ article published in the Journal 
of the National Cancer Institute, volume 14, No. 4, 
February 1954, pages 841-851, incorporated herein by 
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Table I.——Dimensions of T ?asks .in mm‘. with additional 
details 55 

Flask designation ______________ .. T-9 15 30 60 

Length of initial tube used for 
making blank. 

Outside diameter of original tube 
used for making his k. 

Length of ?nished blank used for 
making ?ask. 

210. 
60 

A. Overall length ______________ _. 165. 
E. Outside thickness. . 29.5. 
F. Overall width ______________ .. 72. 65 
I. Outside length of bottom angle. 30. 
D. Outside depth of ridge ______ ._ 4 6. 
0.bLength of straight part of 90. ody. 
B. Length from ridge to bottom 95. 
an e. 

H. I. D. throat, 15 mm. from tip. 15.5. 
H. I. D. throat, 3 mm. from tip__ 16.5. 70 
G. O. D. throat, 15 mm. from tip- 13 13 18. 
End of throat __________________ .. straight. straight. rolled heavy 

bead rolled 
bead. 

Standard Rubber stopper, size 00 ..... _. 00 ..... _. 0 ____ ._ 2. 
for sealing. 

75 

As typifying further the dimensions and other data 
for mandrels preferably employed for forming these 
typical ?asks, also referred to the drawings by reference 
letters, illustrative data are set forth in Tables II, III, and 
IV for three sets of mandrels (dimensions in inches). 

Table II.—-Mandrels for shaping smaller ?asks, 
e. g. T-—9 and T-15 

Fig.# __________________ _. 10 11 12 13 

Materlal _______________ .. Graphite. Graphite. Graphite. Iron. 
Finish ______ ._ -_.. Ground.. Ground.. Ground" Polished. 
Nose Angle ____ ._ .... 60° 60°. 
Radii on corners _______ ._ 

Dimensions (in inches): 
Length 

J—’I‘ip__ . _ . 

S——-Straight._ 
T—Thickness._ . 
W—Width __________ .. 

K~Nose Length.__._ 
R~Nose Radius_.__ 
U——Vao. Port Loca... . 
V—Vac. Port Dia_._ 
(Both sides of tool) 

For location of dimensions see single examples in Figs. 3——7. 

Table [IL-Mandrefls for shaping medium‘ sized ?asks, 
e. g. T-30 

Fig. # __________________ _- 10 11 12 ‘ 13 

Material _______________ .. Graphite- Graphite. Graphite. Iron. 
Finish _______ .. _ Ground-_ Ground-. Groumd-- Polished. 
Nose Angle _____ __ -_. ° 60". 

Radii on corners _______ .. 

Dimensions (in inches): 

For locations of dimensions see single examples in Figs. 3—7 

Table IV.——Mandrels for shaping larger ?asks, 
e. g. T-60 

Fig. # ___________ -. 3 4 5 6 7 

Material _________ .- Graph- Graph- Graph- Graph- Iron 
_ ite. ite. ite. ite. 

Finish ___________ .. Ground. Ground- Ground Ground- Polished. 
Nose Angle .................................... ._ 90° .... .. 90°. 
Radii on corners“ 1A ............... .. % é12nd .010.__.. .010. 

6 Dimensions (in 
inches) : 

While there have been described herein what are at 
present considered preferred embodiments of the inven 
tion, it will be obvious to those skilled in the art that 
many modi?cations and changes may be made therein 
without departing from the essence of the invention. It 
is therefore to be understood that the exemplary em 
bodiments are illustrative and not restrictive of the inven 
tion, the scope of which is de?ned in the appended claims, 
and that all modi?cations that come within the meaning 
and range of equivalency of the claims are intended to be 
included therein. 
-We claim: 
1. A tissue culture ?ask of generally polygonal form 

comprising roof and ?oor walls with shoulder walls in 
terconnecting the edges of the same at one end thereof, 
and side walls interconnecting the same throughout the 
remainder of the peripheries of the roof and floor walls, 
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and with a throat opening through said shoulder walls, 
theside walls de?ning a polygonal area comprising a tri 
angular, area with, an apex medially thereof at the op 
posite end'of the ?ask from said'throat so that when the 
?ask isupended, the free ?oating cells settle out of the 
?uid in the apex, or can be separated out into such apex 
by centrifugation, allowing the supernatant culture ?uid 
rto be drawn off and replaced, said ?oor wall being in 
ternally planar and extending in a ?at unbroken plane 
from said shoulder walls to the apex of said triangular 
area to insure maximum uniformity of the conditions to 
which cells are exposed near the triangular end of the 
?ask, said ?oor wall being terminated in the region of 
its shoulder walls by an integral upstanding dam sepa 
rating the ?oor area of the ?ask from the throat area 
thereof. 

2. At tissue culture ?ask according to claim 1, in 
which the roof wall is parallel to the ?oor wall, said roof 
wall also being internally planar and extending in a ?at 
unbroken plane from said shoulder walls to the extremity 
of said triangular area to facilitate visual observation. 

3. A tissue culture ?ask according to claim 2, said roof 
wall having a ground and polished external surface paral 
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8 
lel to its planar internal surface to avoid .optical distor 
tion. ‘ 

4. A tissue culture ?ask according. to claim 3, said 
?oor also having a ground and polished surface parallel 
to its planar internal surface, opposite the ground and 
polished surface of the roof wall ‘to reduce refraction of 
light when the cells and culture are illuminated ‘through 
the ?oor, and to insure level standing of the interior of 
the ?oor when the ?ask is rested on a plane level surface.‘ 
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