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ABSTRACT 

A method by which the cartoid artery of the goat may be brought 
to the surface of the skin for use in the convenient sampling of blood 
is described. The advantages of comparisons of arterial and mammary 
bloods as related to milk secretion are discussed. 
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A Method for Obtaining Arterial 
Blood from the Goat 

w. R. GRAHAM, ]R.,* c. w. TURNER AND E.T. GOMEZ 

The mammary gland receives its nutrients indirectly from the 

feed by absorption from the circulating blood. The type of feed fed 

may affect the composition of the blood considerably. This in turn will 

affect the rate at which the constituents are taken up by the mammary 

gland. The quantity or quality of the milk secreted may, as a con

sequence, be seriously affected. The greater our knowledge is of these 

steps in the process between the feed and the milk, the more likely 

are we to be in a position to meet the increasing demands for quantity, 

quality, or efficiency of milk secretion as called for by our variable 

economic requirements. 
After the feed is fed and its products absorbed into the blood 

stream, the next all important phase of milk secretion is the passage 

of these into the mammary gland . These substances absorbed by the 

glands, known as precursors, are many and variable. The chief diffi

culty in recognizing their identity as well known chemical compounds 

lies in the matter of obtaining proper samples of blood, for which a 

method is described in detail herein. The preliminary results obtained 

by the use of this method have brought to light several important facts 

regarding not only the substances used by the mammary gland in the 

synthesis of milk but tentative theoretical mechanisms of the manner 

in which these are related one to the other. 
Study of the relationships that may exist between the composi

tion of the blood of lactating animals, and the yield or the composition 

of the milk they secrete, has been handicapped by the lack of con

venient, yet adequate, methods for securing comparable blood sam

ples. It is true that one may readily obtain venous bloods for analysis, 

but the flnal results found in these, while they have been important 

in their contribution to our knowledge, do not permit the pursuit of 

the problem to the point at which they may be related to the actual 

process of milk secretion with certainty. 
A distinct advance in technique could be made if, instead of find

ing the changes in the level of constituents in the blood, we could find 

their rate of withdrawal by the mammary gland. This may be accom

plished by taking two samples of blood instead of one. The first 

sample must be in that condition in which blood normally arrives in 

*Fellow of National Research Council 1935-36. 
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the mammary gland. The second sample must be taken from the blood 

that has just come out of the actively secreting gland . Any arterial 

blood and a blood from the mammary vein will fulfill these conditions 

provided they are simultaneously taken without undue distress to the 

subject. When a constituent is found to be lower in the venous blood 

than in the arterial blood the differences must have been withdrawn on 

the passage of the blood through the gland. If the reverse is found 

to be true, there must have been some addition to the blood by the 

mammary gland or a loss of water from the blood . 

Differences of the first type might be represented as the with

drawal of the precursors of milk or substances which are necessary 

for the maintenance or the activity of the mammary gland. The dif

ferences of the second type which are negative, would be due to the 

addition of substances to the blood from the gland. These might be 

in the form of metabolic waste products of resorbed compounds. 

Kaufman and Magne ( 1906) forsaw the difficulties involved in 

interpreting the results from the analyses of single samples of blood 

in the light of milk secretion at the time of sampling. They attempted 

to overcome the deficiency in technique by taking two samples of 

blood. These were taken simultaneously from the jugular vein and 

the mammary vein. Jugular blood was substituted for arterial blood 

on account of the inaccessibility of the latter and the assumption 

that the differences between jugular and arterial bloods would be small 

in comparison with those between mammary venous and arterial 

blood. The results of these experiments indicated that large quan

tities of sugar are withdrawn from the blood by the active mammary 

gland. Meigs, Blatherwick and Cary ( 1919) and Cary and Meigs 

( 1924) used this technique in their studies of the phosphorus and 

nitrogen metabolism of the mammary gland of the cow. 

Blackwood and Stirling ( 1932) have criticized the Kaufman 

and Magne technique on the grounds that jugular blood does not truly 

represent systemic blood because of its apparent concentration when 

compared with normal arterial blood. They published a series of papers 

(1932, a, b, c, d, 1934) dealing with the differences found between 

the results of analyses of simultaneously taken arterial, mammary, 

and jugular blood samples from lactating and non-lactating cows. 

Essentially similar results have been published for the goat by Lintzel 

(1934). 
Blackwood and Stirling obtained their arterial. blood from the 

radial artery of . the cow. Lintzel took his arterial samples from the 

goat by heart puncture. Neither of these methods have been found 

to be very simple nor is one sure of getting blood at a given time with-



RESEARCH B ULLETIN 260 5 

out serious disturbance to the animals . In other words, it would be 

hazardous to attempt to use either of these methods for the collec

tion of arterial bloods when they must be taken at definite times 

during an experiment. A technique for obtaining arterial blood samples 

from cows which can be used in following the changes in the arterial

mammary blood differences in animals over a period of time has been 

described by Graham, Kay and Mcintosh ( 1936). 

THE EFFECT Of THY~XIN ON THE SUGAR AND FATTY 
ACIDS IN THE ARTERIAL BLCODS OF 3 LACTATING COWS. 
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Fig. 1.-Showing the comparative level ·of sugar and fatty 
acids in the blood before and after thyroxine treatment. 

THE EFFEC T Of THYROXIN ON A-V Dlff. FOR SUGAR 
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Fig. 2.-Showing the arterial-mammary differences in the 
levels of sugar and fatty acids in the bloods before and after 
thyroxine treatment. 
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Figures 1 and 2 have been 'taken from the unpublished work of 

Graham and Jones ( 1935) showing the effect of thyroxine on the 

milk secretion of cows, together with the blood changes. These have 
been shown to demonstrate the value of the arterial-mammary technique 
as compared to the single blood sample analyses in interpreting the 
results of an experiment. It may be noted that the experimental re

sults showed a rise in the milk secretion, milk fat, solids-not-fat, and 

lactose in the milks of three animals following their treatment with 

thyroxine. (Fig. 1) (Graham, 1934, 1934a, Jack and Bechdel, 1935, 

Jones, 1936, Folley and White, 1936). 
Figure 1 represents essentially data taken in the ordinary way 

with only one blood sample. Fig. 2 shows the difference in the level 
of the same constituents between the blood in the mammary vein and 

an artery. These represent the amount of uptake of each constituent 

by the mammary gland. The results shown in Fig. 1 could be inter

preted in no way with any certainty beyond the fact that thyroxine 
treatment is followed by an increase in blood sugar and a decrease in 
blood fatty acids. However, the results in Fig. 2 show that the 
mammary gland was taking up definitely larger quantities of both 

sugar and fatty acids from the blood. The uncertainty of any inter

pretation of the data in Fig. 1 as related to the activities of the 
mammary gland is evident. 

The cost and difficulty of handling cows for work on milk secre

tion makes a smaller animal such as the goat desirable for certain ex

periments. A technique is described below for surgically altering the 

position of the carotid artery to enable its easy access for blood 

sampling at frequent intervals. A modification of this technique is 

described which may be used when not more than one arterial blood: 
sample will be required each week of the experiment. 
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PROCEDURE 

The animal chosen for the operation should be in good physical: 
condition. Freedom from any signs of a cold is of particular import-· 
ance. 

The ventral surface of the neck is . cleared of hair and washed 
with water, followed by a washing with a weak iodine solution before· 
the incisions are made. In our experience we have found it most satis
factory when the area shaved extends from the wattles to the base 
of the neck in length and well down the sides in wid th ( Fig 3 ). 

F ig. 3.-Showing the neck of the goat shaved of hair fol:' 
the operation . 

The general anesthetic should be very light. Enough should be· 
given to dull the senses of the goat but not so much that the regurgi
tation reflexes are lost. Should these be lost, fluid may flow from the 
rumen to the mouth, and the animal, being unable to swallow this, 
may draw it into the trachea during inspiration. Suffocation immedi
ately, or pneumonia later, may result if this occurs. Should deep 
anesthesia be desired, the oseophagus may be tied off during the opera
tion. When light general anesthesia is used, the operation site should 
be thoroughly infiltrated with a local anesthetic such as apothesin or 
novocaine around the points of incision, but not in the area of the 
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skin flap to be formed during the operation. We have found that one 

grain of nembutal to 20 to 30 pounds of body weight, together with 

an apothesin local, is reasonably satisfactory. 

Fig. 4.-Showing the two incisions in the neck to form the 

isthmus of skin for the artery tube. 

The skin flap, which will later be wrapped around the artery, 

is made as follows (Fig. 4). 

The nose of the animal is placed in the same plane as the sternum 

in order to place the skin and muscles of the head and neck in their 

natural relationships. A spot is chosen for the incisions about half 

way between the base of the neck and the wattles. After palpating 

the trachea, the first incision is made slightly to the side of this. The 

second incision is then made on the same side of the trachea about 

one and one-half inches from the first and parallel with it. These 

should not be more than three inches in length. The second may be 

slightly shorter than the first. 

Separate the sterno-cephalicus from the omo-hyoideus muscles 

and palpate the artery which lies embedded in its sheath, together 

with the vagus nerve below these muscles. The artery and nerve are 

brought to the surface (Fig. 5), where they are dissected apart. The 

sheath and the vagus may be readily peeled back until the artery will 
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Fig. 5.-Showing the artery embedded in its sheath. 

remam at the surface of the incision as shown in Fig. 6, without the 
support of instruments. 

Fig. 6.-Showing the artery dissected from its sheath and re
maining in position without the support of instruments. 
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The operation is completed by sewing the flap of skin around the 
artery to form a skin tube through which it passes and joining the 

two remaining edges of the mc1S1ons beneath the tube after suturing 

the muscles below. 

Fig. i.-Showi ng the skin bein g fold ed around the artery. 

The procedure of wrapping the artery in the skin flap to form ·the 
artery skin tube is shown in Fig. 7. Fine silk or silkworm gut should 
be used in interrupted sutures. It is important to use as much care 

in closing the artery tube as possible. Fine needles should be used and 

every precaution should be taken to avoid tissue damage in order to 

retain what blood supply remains to the skin. 
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The amount of the artery which one desires to leave above the 
surface of the neck is gauged and sewn in the flap by joining the two 
edges of the portion to be actually exteriorized at either end of the 
incision. The artery is completely enclosed in the flap by similar 
stitches between these two anchors (Fig. 8). 

Fig. 8.-Showing the skin around the artery before the ou ter 
margi ns of the incisions are drawn together. 

The outer sides of the two incisions may now be drawn together 
underneath the skin flap, which has now been formed into a tube. 
Before doing this, however, it is well to see that the artery will not 
be cramped off when the muscles of the neck grow together. These 
muscles may be sewn together with absorbable gut. The two outer 
sides of the incisions in the skin are joined by gut or with clips as 
shown in Fig. 9. \Ve have found it best to put in one or two stitches 
at this point and leave the final suturing to the very last step. That is, 
we simply fit the skin and the skin tube that now holds the artery into 
the form in which they will finally lie, and tie in the four ends before 
finishing up the under joint. 

It is very important that the four corners which have been formed 
in making the skin flap into the artery tube, and by the drawing in 
of the outside layer of skin under the tube, be carefully sewn together. 
We have been most successful when we fit the edge of the skin along 
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Fig. 9.-Showing the operation completed. 

the end of the artery tube where it begins to flare out so that it lies 

naturally. A single stitch with silk. is then made from a point along 

the outside incision which will, when the stitch is passed as near as 

possible to the junction of the two sides of the skin flap that makes the 

tube, allow the outer skin and flare to lie together. The stitch is com

pleted but left loose until a similar stitch is put in on the other side. 

When these are complete, they should be drawn tight and tied. 

The junction of the outer skin and the tube flare may then be sewn 

or clipped together. The procedure must be repeated at the other end 

of the artery tube. The last clips or stitches are then put in to join the 

underlying skin, and the operation is complete. 
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. The greatest difficulty with this operation has been avoiding the 

damage to the blood supply of the skin tube. The skin making up this 

tube, under such conditions, becomes dehydrated and, if the damage 

has been too great, may even slough off. The sutures in the skin 

around the joints and the artery tube flare must be tight and must 

Fig. 10.-Showing the method fo r keeping the wound clean. 

be kept clean. An easy and successful way of keeping them clean is to 

place a dressing of cotton below the tube next to the skin. This is 

saturated with a solution of ether and iodoform daily (Fig. 10). 

Complete healing is very slow, requiring some three to four weeks. 

Precautions should be taken to keep the animal from scratching the 

wound during this time. 

The appearance of the exteriorized carotid artery some weeks fol

lowing the operation is shown in Fig. 11. An artery so exteriorized 

may be used for blood sampling several times in one day. 

Mortality following this operation may be high if the greatest 

care is not taken, both in its performance and with the subjects until 

healing is complete. A modification of the procedure may be used 

if blood samples are not required more than once a week. A single 

incision is made and the artery brought to the surface as described. 
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The muscles are then sutured together, leaving the artery on their 

surface. The skin is sewn or clipped above the artery. 

Fig. ! I .-Showing the operation when healing is complete. 

The modified operation is very simple and safe to perform. How

ever, it does not offer the opportunity for blood sampling that may be 

required in many types of experiments. 
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