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Routine Direct Measurement of Arterial Pressure in Unanesthetized Rats. 
( 25937 ) 

JAMES K. l I r ~ ~ ~ c ~  A N D  JULIE A. J O N E S  (Introduced by M. H. Kuizenga) 
I l p p t .  of Pharmacology ,  7’hr I‘pjohiz Co., Kalanzazoo, Mich. 

Difficulties and possible inaccuracies asso- 
ciated with existing indirect methods for de- 
termining blood pressure routinely in rats 
(lack of agreement with direct pressure meas- 
urements, requirements that animals be 
heated or anesthetized, errors due to size and 
placement of occluding cuffs) have been sum- 
marized ( 1,2,3). T o  circumvent these diffi- 
culties, we have adapted for routine use the 
method of permanent aortic intubation first 
described by Still et  al. ( 2  - 4 ) .  Still’s original 
method involved inserting a small polyethyl- 
ene tube into the lumen of the aorta and lead- 
ing it beneath the skin to an exit on the back 
of the neck. The free tip was then heat 
sealed and cut off for each measurement. 11-e 
have made 3 modifications: ( 1 )  employing 
hypodermic needle tubing to bring the tube 
through the skin, ( 2 )  using a wire to plug the 
free end of polyethylene tubing, (3)  using 
small size polyethylene tubing only for in- 
sertion into the aorta, the remainder being a 
larger size. The needle tubing allowed easy 
replacement of the end piece of polyethylene 
as it stretched and frayed with use: while 
larger tubing allowed systolic and diastolic 
pressures to be measured. 

Methods and materials. Construction of 
the tube to be implanted involves fabrication 
of 3 items: ( 1 )  a “J”-shaped piece of poly- 
ethylene tubing (passing from aorta to back 
of the neck), ( 2 )  a piece of hypodermic needle 
tubing (which exits through the skin), and 
(3) an end piece of polyethylene stiffened 
by a jacket to resist mechanical trauma (Fig. 
1).  The tube is implanted as follows. Make 
a transverse skin incision about 15 mni be- 
hind the ears in anesthetized rats a t  least 200 
g in weight. Open the abdomen on the mid- 
line, remove viscera and cover with gauze. 
Using a dry gauze sponge, wipe the aorta 
clean in the region of the bifurcation. Pass a 
14 cm hubless trocar (made from 16 ga 
needle tubing with blunt end enlarged to 

about 2.5 mm 0.d. by a drop of solder) 
through the psoas muscles lateral to left ge- 
nito-femoral nerve and medial to left ureter, 
then on to the incision in neck. Using a few 
rnm of PE 50, couple aortic tube and attached 
needle tubing to a 16 cm length of 2 2  ga 
needle tubing, insert into the trocar as far as 
possible, and pull through the tissues to neck 
incision. Thrust a needle through the skin in 
the midline about 6 mm in front of incision. 
Using the needle as a guide, pass needle tubing 
through the skin. Slip on the reinforced 
I’E 50 “end piece” and attach to a tube lead- 
ing to a syringe filled with isotonic saline. 
Vsing silk sewing thread (size A) ,  make a 
single stitch through neck muscles, tie a 
square knot thus forming a loose loop an- 
chored to the neck, then tie securely to the 
polyethylene tubing. Close neck incision. 
Anchor polyethylene tubing alongside the 
aorta just above the bifurcation by one stitch 
of the attached silk thread through psoas 
muscles. Cut the tip of the PE 10 on a bevel 
at a point slightly below renal arteries and fill 
tubing with saline. Occlude the aorta with 
the tip of a finger and puncture with a 26 ga 
needle about even with the anchor stitch. 
Withdraw needle and insert polyethylene tub- 
ing. Although seldom necessary, bleeding may 
be controlled by a wisp of cotton-type oxi- 
dized cellulose and gentle pressure. Replace 
viscera and close abdomen. No anticoagulant 
is necessary in the tube. About 80% of in- 
tubations were successful. Since troublesome 
infections occurred occasionally, we sterilized 
instruments and materials in a 1 :  1000 solu- 
tion of benzalkonium chloride. Procaine peni- 
cillin G 40,000 units and dihydrostreptomycin 
50 mg (as 0.2 ml, i.m., of Dihydrocillin, Up- 
john) were given postoperatively. Rats must 
be caged individually. Blood pressure was 
measured using a Statham P23G pressure 
transducer (Statham Instruments, Hato Rey, 
Puerto Rico) and a Grass Model 5 polygraph 
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FIG. 1. Polj-ethylene tubing and acccssorics f o r  

aortic iiitubation. A. PE 50 tubing, 140 inm lcngth 
for rats to 350 g (Clay-Adam, N. Y.). E. 4 -0  silk 
sutiii e tied between ridges f o r  arichoring tubing 
alongside aorta. C. PE 50 sealed to PE 10 [Insert 
pipette probe wire (Fisher 6-214, ground smaller R L  

t ip if iieccssary) into luineiis, iiielt together b y  ro- 
tating slo~vly against pointed t ip of moderately hot 
soldering iron (Ungar 4035, No. 332 tiplet, o p w -  
ated at  about 70 volts). Melt again 011 PI3 50 to  
form secoiid ridge.] D. PE 10 fixed into ( (  J”- 
sliny? (form loosely arouiid glass rod and dip into 
hoiliog wxter). E. PE 50 with PE 160 protective 
jackt3t (holtl iiear flame to seal together). 3’. 7 miu 
wire plug rriacle f rom 18 ga  rieedle stylet, iiiricr enll 
bluii tlp tapered (cut arid griiid this wire aiitl 
iieerlle tubing using dental separating disc with 
stream o F water playing continuously 011 both 
sidef). G. 20 nini loiig 22 gtt staiiilcss steel iiecdlc 
tubing wit11 smooth roiiiided ends. H. PE 50 pro- 
jectiiig lnryond PE 50-160 seal flared by  heating 
iiear a small flame. Tubing anchored to neck mus- 
cles by tyiiig i n  the groove between flare aiid seal. 
I. T’E 160 jacket 20 imi long sealed :it both ends 
over PE 50 NS iii C above using w 2 1  ga needle sty- 
let to itiaintaiii lumen. 

3’1 G. 2. Preparation of polyethylelie T ”-tubrr. 
A. Insert wire ( 2 1  ga ricedle stylet) into lumen o f  
PE 50, thicken wall by rotating against chisel tip 
(IJngar So. 333) of mocterately hot soldering iron. 
Dril hole (No. 60) for side arm.  €3. Make similar 
tIticlrening, cut orir cnd very short, insert stub iirto 
hole insert wire into side arm, aiid seal by rotating 
thjclrenecl joiiit :)gainst pointed tip, taking great 
care not to  touch the thin walls of the tubing. 
C. Att:rch additional lengths of PE 50 to the arms 
of t ie ( ( T ” by melting together over a wire. 

(Grass Instrument Co., Quincy, Mass.). The 
transducer was arranged with side outlet con- 
nected to controlled air pressure for calibra- 
tion. A 3-way stopcock on the recording out- 
let allowed saline to be injected into the rat. 
Connection between rat and transducer was 
by a length of PESO tubing with a piece of 22 
ga needle tubing on the end. The rat was im- 
mobilized by wrapping in a tolwel with head 
exposed, the end piece of polyethylene was oc- 
cluded by grasping with a shod hemostatic 
forceps, the wire plug removed, the tube con- 
nected to transducer and flushed with about 
0.2 ml of isotonic saline, then B.P. recorded 
continuously for at least 1 minute. Average 
pressure could easily be estimated. If the 
tube seemed obstructed, saline was forcibly 
injected using a 0.25 ml syringe. At other 
times, it  was necessary to massage the aorta 
gently through abdomen. Presumably, the 
tip of the tubing was lying against the wall of 
the aorta or partially occluded by a small 
piece of fibrin. Aortic thrombi and aneurisms 
have been rare since the tube was anchored 
alongside the aorta as described. Rats so pre- 
pared have been used for as long as 6 months. 
We have used this method routinely in B.P. 
studies for over a year and have prepared a t  
least 300 rats. Drugs may be injected into 
the aorta with only a few seconds interruption 
of pressure recording. A “T”-joint was fabri- 
cated in the PE 50 tubing leading from trans- 
ducer to rat (Fig. 2) and the side-arm of “T” 
connected through a small stopcock to1 a 
syringe. After closing the connection to the 
transducer, drugs were injected, then flushed 
into the animal by about 0.1 ml of saline from 
the syringe on the transducer. 

Discussion. Although we have routinely 
recorded mean arterial pressures (by elec- 
tronic damping of the pulse pressure), systolic 
and diastolic pressures may also be measured. 
The same values were obtained when, in an 
anesthetized rat, pressures were recorded si- 
multaneously from one carotid artery directly 
to a transducer using a 20 ga needle as a can- 
nula, and from the other carotid artery using 
a complete aortic tube assembly connected to 
a second transducer. In  the latter however, 
the contour of the pulse wave was rounded. 
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Kormal mean arterial pressure, based upon 
44 IYistar origin females, age 2 to 5 mo., 3 
successive measurements per rat on different 
days, averaged 129 mm Hg. Analysis of vari- 
ance showed the rat to rat  standard deviation 
(square root of rat component of variance) 
to be 7.7 mm Hg, and day to day standard de- 
viation on a given rat to be 6.2 mm Hg(  5 ) .  
Xost of our experience has been with Groll- 
man type(6) renal hypertensive rats, in which 
B.P. as high as 300/200 have been recorded. 
m7e have considered rats as hypertensive when 
their mean B.P. was over 150 mm Hg, most 
of them ranging between 160 and 200 mm Hg. 

Reliability of readings from the photoelec- 
tric tmsometer ( 7 )  were studied by simultane- 
ous recording of direct aortic R.P. Our ten- 
someter. built within The Upjohn Co.. re- 
corded cuff pressure and light transmission 
through the foot simultaneously on a paper 
chart. Personal bias was minimized by ac- 
cepting all clear-cut readings. A cuff as de- 
signed by Rosett and Handler was used(2).  
Five successive readings were made, the cuff 
removed and replaced in apparently the iden- 
t’cal manner, and another 5 readings made: 4 
such series an each of 10 different rats. .\c- 
tual B.P. from the aorta varied only a few mm 
of Hg. Tensometer B.P.  agreed well within 
the 5 replicate readings when the cuff was 
undisturbed (average range 2 5  mm Hg) , but 
there mere often large variations between av- 

erages of replicate series on the same rat (up 
to 70 mm Hg, average range of series means 
40 mm H g ) ,  which could be due only to cuff 
placement. That the presence of the tube in 
the aorta might have altered blood flow to the 
legs, and so caused such variations, seems 
doubtful since a similar series using a poly- 
ethylene tube tied into a carotid artery 
showed the same discrepancies. (Carotid can- 
nulated preparations remained functional only 
a few days.) Kithin the limits imposed by 
cdf placement variation, tensometer and di- 
rect aortic systolic pressures agreed. 

Sziiunznr.?. Methcd is described whereby 
polyethylene tubes, permanently implanted in 
aorta. may be used routinely for repeated di- 
rect measurement of arterial pressure in un- 
anesthetized rats. 
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Influence of Certain Basic Compounds on Conversion of Mevalonic Acid 
To Cholesterol by Liver Hoinogenates.* (25938) 

Evidence has been presented that a poly- 
anion is essential for maintenance of ATP lev- 
els in whole rat liver homogenates incubating 
aerobically ( 1 ) . The “natural” polyanion in 
this system appears to be RNA(2) but other 

* SuppDrted by research grants from S a t .  Science 
Fn. and Nat. Inst. of Health and funds through 
State University of N. Y .  

polyanions such as DNA, polyethylene sulfo- 
nate, and heparin may substitute for it (3 ). 
ATP levels are not maintained in the presence 
of the polycation protamine presumably be- 
cause of formation of an anion-cation complex 
that renders the essential polyanion unavail- 
able (4 ) .  Additional data are presented here 
concerning the specificity of the polycation 
as an inhibitor of the system essential for 


