ORI GINA

ARTILG .|

L

Simplified ex vivo artery culture techniques for
porcine arteries
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S MMARY

Vascular physiology may be studied in intaet medium-sized arteries using an ex vive artery culture system. By
maintaining hemodynamic pressure and flow to the vaseular tssoe, phH, O, CO, and temperature, early
changes in vascular strueture and function can be measured. We present techniques which enable use of non-
sterile, porcine arteries in an ex vivo systeme Viahilities of vessels are demonstrated with assays for vessel con-
traction and relaxation and uptake of & mitechondrial stain. Our techmigues represent a simplification of
previously described methods and enable the use of abattoir matenial for a wider range of studies on vasealar

physiology and pathology.
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migue for studying vascular strueture and function; it
15 more physiological than eoll culture and less costly
and more easily controlled {hemodvonamically and
biochemically) than in vive studies. Cne reported
use of ex wvive artery ealtore techmgques was by
Herman et al who perfused freshly excised canine
vessels for 224 h.' Pulsatile flow was generated by a
disk cam and mller follower pump® techniques for
nlr.'l.sl_l,r;.:ng viogkie]l diameter with n He—MNe laser wers
ﬂ'-rl-u:ll'l‘i‘-li i 2 B pULTALE I»:!mi:." h.'l" the same gmup"
H::lrd:.- =l al deseribed an orerean coliare my sl whiiei
eould maintain vessely for ||:|r|g|_-r pt-r:.r_n;ls nl Lirme, 1
to M rE:::..'n-.' E"nln.'l'll:r' rxeised rabhit anrtn vweas bathed in
eulture medimm and connecied toa ]1|-r|'||ui|1'r| svstem
which controlled Pressune mnil ._1.I,i_-.1||,l:|.' [Ty ir|.|:'|,1;=|:_u,=|1
-r]rm'l:.' In arder tn mainian movivn Prossure and
sireteh, thie tissue was eammnalated, ]1rr-x::|.|r'|:.':r-|1 ard
then excised directly onto splings held at in vive
||1r|t_|r|:.||. f"'.:."rlr.htuiﬁ. nf aortic fhronectin anedaeed
|::-.1.' transmural prressre arurl :I.r!HiIﬁI'IlH:I:I'l 1, and
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activation of extracellular signal-related kinase 1 /2
were measired m vessels cultured in this system for
1-7 days.** Labadie et al’ also described a perfusion
system to maimtain freshly harvested camine arend
arteries which meorporated a centrifugal pump and
custom-designed, computer-controlled gate valve,
Using sterile technigne, arteries were isolated, mn-
nulated, flushed with  tssue culture mesdiom,
clamped and exosed. Significant diameter changes
were measured n canine carobid artenes perfosed
for 1, &4 and 44 h h:,' an l:pirll_'phﬁnt,-" ﬂ.l'rl_h'|-e']|i:.|.i:|1r-
contraction Srelaxation assay.

Simipler systems can be wsied for experiments less
than & or & h in duratoen, Yasomotion st didferent
transmaral pressures was studicd in rac femeoral and
mesenteric arteries mnstricied with nore pinephring,
maintained with steady Qow for 4 ht Defects in
endothelial-medssted
embolectomy were investizated 0 fetal call carotid
arteries (from an abateoeir), maintained with steady
fAlow for 1 h® Arterial diameter changes induced by
vasnactive suhstanees bave heen measured with o
He—Me lagesr micrmmensr in order o assess erdaohe-
lial damage incurred by intrvaseular intervention.

Fach of these svstoms is an excellent tl for [reT-
forming physiologically realistic flow studies on
Frosby, sterile vasenlar tissee wich PrECiEe measune
mient apparatus, However, it would be advantapeous
if these investigations into vaseular strocture and
function were les complex, :l'iiuirﬂj less expensive
eruipment ard could be maintained for significant

relaxation after halloon
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durations, up to a weeh. Likewise, the use of freshly
excised animal tissue s prohibitively expensive for
many studies. Our group has developed simple vet
cffective techniques for ex vive vascular culture to
study vascular biology under steady or pulsatile flow
conditions for up to 7 days,

METHODS

Carobid arteries were harvested directly from abat-
toir animals [G-month-old male and female swine)
soon ifter exsanguination, The arteries were imme-
|:'|:.u:|.-|-.|._1.' r]ruu'ci '.|:|1|:| |:u|I'||g.-d mn a |:|hrmr||:=|||_'|- blLFr[:rul
salives (PBS, MediaTech 200030-LY, Herndon, VA
qor] i Lieadi 1'|:r|ILz|iIl'l|'||l=rI Q‘“.-"'u 11|.-et:i|::i]|ill . ul.I.'E]:ll.-l}ru'gl::'ul
I:_‘.';-i.g_'ul.u Clhiembeal Coo POBOA, 51 Lowuis, M'[:l].l Lhuies
stoved on ice for wansport to the laboratery. VWith
clean but not sterile techoigoe, side branches wire
tied off and vessols were inflated with air while sib.
merged in PHS to check for leaks, Then, with sterile
teclinigue, the vessels werd vinsed three wo four times
in sterile-filtered PBS with antibiotics. With cach
subsequent rinse, the vessal was hathed in the sterile
solution and never bathed o the oflus solotion

From this paint on, only sterile solutions, teols and
apparatus came into contact with the vessel.

Thus prepared, the vessel was placed in a chamber
and mounted in phwvsiologic orientation botween two
cianmilae which pass through the chamber These
canmulae connect the vessel to the flow loop. The
flow loop consists of a pumped-tubing section, a
dampening reservoir for steady flow, the vessel, a gas
exchange reservoir, and ports for pressure moasure-
ment, drog mfusion and temperature measurement
(see Fig. 1) Immediately after the vessel wis
mounted, the wessel chamber was filled wath
Dulbeees's  modified Eagles mediom  (DMEM,
Sigma M 1582 approximately 100 ml) w0 surmoand
the wessel, with some space rescrved  For o gas
t-]ﬂ:'l'r.lngt'. Airowas roPused s thee vessel aoder frrass-
sure to check again for leaks To obtam phvsiologic
uln:ll_'h. thee canilae wiere ;-I.lJil.l.'-:Li:d s Lhiat the vessel
wals utuder |.I.‘I:I!li|:h]‘|| .I.IJ.LL!'j..iJ.I.E!i wosre aede on e
vessel, and then the canmulae were separated so that
the vessel wes strelched 150% according o thee
markings, Compression Hitings were tghtened 1o
secure the canmilae in this pesition, The chamher
wias Lhen coversd with a gasketed Ld and elamped
shut. Gus exchonge wis allowed through 02 pm
sterilized airflow filters connected to ports in the
chambber Ll
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[low |loop schematic. The Bow loop corsisis of o pumped- tubiop section, drog injection port, pressure vessels for dampening Bow

oseillarsons, pressure messurement port. wessel chamber which houses the vessel, sites for pressure controd, and a pas exchange reservoir
The artery is mounted in physiologic orieatation betwesn two mnnalas which pass thrnsgh the chamber



The autoclave-sterilized fow loop was filled with
250 mil of DMEM with 3% dexctran (Sigma DT265),
added to obtamn a physiologiml Aol viscosity
Appropriate gas exchange for the flow loop i
was provided through sterile airflow filters con-

nected to the gas ex F‘I‘IiII'IF.';l" reservoir. Physiologic pH,

pld, and pCO, were maintained by infusing a a%
C0, — air mixture into the gras exehange regions and
alloweing outflow some distance away. Phenaol red n
thie media allowed visual verilestion o proger llH:.
T-_'-:.:|:||:u_1r;|,l1|1-.:= eomtral was maintained by either inde-
pemnident closed-loop heating amd control of thie inter-
nal and external media, or by placing the system in a
[ETI'IFH:‘T.'II‘HTH"-!’I‘II‘II!TI”I'I' incubator

In steady low, the shear stress in the vessel s
determined by the Oow rate and viscosity of the
medium (208 ml meon and $ el? TFi[I-EEti.":I:“i_'!u"I amd
the diameter of the vessel (typically 46 mm)
according o the formula:

I L
.

where T is the wall shear stress, [ is the fluid viscos

ity, (3 s the volumetric Now rate, and 3 s the vesel
or cannulae inner diameter,” An appropriate length
al rigid metal tubing precedes the vessel in the low
loop 1o ensure the flow is fully developed for physio-
logically relevant flow rates, This length can be cal

culated aocording o

_ D0epg)
T

where P is fluid density. For pulsatile fow, the damp
ening reservoir was rernoved and a T connector with
an extra G0 em ol tubing was added. 'The oscillation
amplitude was adjusted by shortening this elastic sec-
tien with a hemostat clamp, With a Masterflex roller
purmp (Cole Parmer model 7555-80, Vernon Hills, 115
pump head model 7H18-10), pulse frequency is
dependent on the pumping speed (1-100 rpm),

Transmural pressure cin be varied independently
of the shear and flow parameters. ‘Lypically, the
viesse] chamber medinum was kepl 4l atmospheric
pressure while the luminal pressure was varied with
an adjustable tubing clampe Inereasing resistance in
the flow loop with a load-independent pump {such
as the Masterflex for pressures in the physiologic
range) will inerease the loop pressure. Pressure can
be easily measured with an in line pressure sensor
(Harvard Apparatus mode] 60-3002, South Narick,
MA; range 11000 mmHg),

Contraction and relaxalion assay

Arterial  wvasoconstriciion  if FRSpORSE DO DOTE-
pinephrine (NE, Sigma A951 2%, and vasodilation in
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response to a subsequent dose of Carbachol, a direct-
acting parasym pathemimetic sructurally similar to
acetyleholine (Sigma C4382) were measured. Since
the relaxation pathway requires an intact endothe
livm and both eonraction wnd relaxation megquore
viable, enntractile smooth muscle cells. the wabilite
of each cell type can be tested.” Low-concentration
solutions (10" mM in dBELD, final conoentration )
were infused into the low loop at point 1 (see Fig 1}
and allowed w mix before reaching the vessel, Vissel
dismeter changes were recorded with a video cam
era ploced directly on top of the chamber Tid and
recorded on a VOR. The data were analyzed with
NTH Trage 1.60 on an Apple PowerPC 7100/B0AV
with a video card. The resolution was computed 10
be (L0t} mum / pixel in the vertical direction.

Mitechondrial staining assay

Methylithinzol tetrazoliom (MTT, Sigma MG655)
binds to the mitochondria of living cells and stains
the cells dork blue" To ascertain the presence of
viahle cells after artery culture, vessels were mea-
bated at 37°C in a 0.5 mg/ml solution of MTT in
PBS for 1 h. Vessels were then photographed with a
Feizs 000 stereomioroscope.

RESULTS

Vossels harvested  from G-month-old  male and
fermnale swine were 6-8 cm long unstretched and
ranged from 5 to 5 mm in diameter. Typically, 1,/5
of the vessels hareesied had leaks which could nne
be tied off Vessels rarely developed leaks with
proJonged artery culture.

Vasoponstricton iondoeed |.'I-'l.' NE and SLLhRH]llrﬂi
relaxation by Carbachol can be observed in eultured
arteries for up tn 7 days: An example of the diameter
changes in response o NE and Carbachol is shown in
Figure 2. NE was injected at time =0; the arrow
indicates Carbachol injection. After 15 min, the vwes-
sel relaxed o 90% of its inital diameter, which is
within the range of contml vessels cultured for 6 h.
Evidence of active mitochondria by MTT staiming
can also be seen in vessels cultured wp to T days, Tark
staining indiates live cells with active mitochondria,
wheoreas no staining imlicates non-living cells, A rop-
rosentative pair of vissarls 15 shown m Figure 3; the
vessel on the right was cultured tor ¥ days, and the
vessel on the left was kept in PBS at 4°C for over
3 weeks

The drug-delivery port is amenable o any phar
macological agent with which the mvestigutor is
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roncerned, Given the low circulating volume of fAuid
(250 ml}, high solute concentrations are possible.
Bipchemical agrents  could alse e adoomistered
adventitially, through the vessel chiamber medium.
In addition to smpesing hemodyuamiv perturhations
on the vessel (Lo, altonng pressure and flow rate),
virious mechanical stimull may  be investigated,
such as stretch, cathetemzation and clamp injuries,
Eneymatie assays, of more structural assavs such as
scanning electron mictoscopy. may be used 1o stady
the vascular binlogieal response to changes i hemn
dynamic conditions, "

CONCLUSIONS

Viasculor tissue ohtained at low cost from o leeal ghat

tonr was maintamed noa sinple artery culture sys.
em for up th T davs with nin substantial loss of
viahility, Two assavs which ean quaniifly the fune-
tinming of smoosth muscle cells, endothelial cells, and
cellular mitochondrin in eulieresd  vessels wers
demrmibed and domonsieated an 2 day and T-day cul-
tured vessels, respeclively. Our techninques represent
a simplification of existing methods wath more
widely available tissue. With such o svstem, early
ehianges in vaseular structure and funetion can be
measured m response o altered hemodymsmies, bin

chemical and pharmacological changes or mechin-
cal perturhations stmplified ex vive artery culture
may provide an important model for investigating
vascular physiology and pathology.
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