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Patterns of oxytocin release into blood of 
dairy cattle in response to conditioning, udder 
stimulation, and milking, have been de- 
scribed by several workers (14). Data from 
these studies were based on bioassays which 
were sufficiently sensitive for measuring ele- 
vated physiological levels, but were not ca- 
pable of accurately detecting resting hormone 
concentrations. The bioassays used were also 
sensitive to day to day assay variation and to 
nonspecific agents, some of which stimulate 
milk ejection. 

A radioimmunoassay (RIA) for oxytocin 
would overcome many problems associated 
with bioassays, since it is theoretically more 
sensitive, specific and reproducible. Several 
reports describing oxytocin radioimmunoas- 
says have appeared in the literature (5-8). 
These assay techniques, however, involve te- 
dious extraction methods for plasma or sera 
and have not been applied to studies of phys- 
iological responses in lactating animals. Thus, 
the objective of the present work was to de- 
velop a sensitive, specific and reproducible 
RIA for measuring oxytocin in unextracted 
sera of lactating cattle during milking and 
under resting conditions. 

Materials and methods. Oxytocin antibody 
and standard. Oxytocin antiserum was ob- 
tained from Calbiochem-Behring Corp. (La 
Jolla, CA). Lyophilized aliquots of antiserum 
were diluted 1:200 using normal rabbit serum 
(1:400) prior to use in assays. The final dilu- 
tion of antiserum per assay tube was 1:lOOO. 

Synthetic oxytocin (Calbiochem-Behring 
Corp.) was used as standard in all assays.' 
Standard was tested for biological activity 
according to the procedures outlined by the 
United States Pharmacopoeia (9). Standard 

Amino acid analysis revealed that oxytocin was at 
least 90% pure with regard to amino acid composition. 
Standard contained no contaminants (Rf = .60) as shown 
by thin layer chromatography (20 pg) on silica gel using 

contained 29.2 k 0.42 IU/mg oxytocin." 
Oxytocin was dissolved in double distilled 
water, pH 8, and stored at -20" to achieve a 
1000 pg/ml stock solution for iodination and 
standard. Dilutions of oxytocin solution were 
established in assay diluent and used as stan- 
dard in assays. Assay diluent consisted of 1% 
bovine serum albumin (BSA) in 0.05 M phos- 
phate buffer, pH 7.5, containing 372 pg of 
ethylene dinitrilotetraacetic acid, 48 pg of 
cystine, 100 pg merthiolate and 5 pg 1,lO- 
phenanthroline (Sigma Chemical Co.) per 
ml. 

Hormone labeling and uri ication. Oxyto- 
cin was iodinated using E51 described by 
Kumaresan et al. (10). Iodination proceeded 
for precisely 20 sec. Reduction was omitted, 
since oxytocin is sensitive to reduction by 
sodium metabisulfite (1 1). After incubation, 
the reaction mixture was transferred with 100 
pl of 10% BSA to a Sephadex G-25 (medium 
bead) column (1.5 cm X 20 cm) preequili- 
brated with 1% BSA. The mixture was eluted 
with 0.25 M phosphate buffer, pH 7.5. One 
ml fractions were collected in 12 mm X 75 
mm culture tubes. Radioactive oxytocin 
eluted with free lY5I. Free lP5 I was removed 
from column fractions by adding 100 mg of 
Amberlite CG-50 (ion exchange resin) to 
tubes containing '251. Tubes were vortexed 
for 1 min and centrifuged at 4" for 3 min at 
1OOOg. Supernatants were transferred to clean 
prelabelled 12 mm x 75 mm culture tubes, 
diluted to yield 10,000 cpm in 100 pl diluent 

n-butano1:pyridine:acetic acid:water (15: 103:6v/v). 
Chromatograms were developed using chlorine and 
tolidine-reagent. Standard contained mannitol as an ex- 
cipien t . 

Biological activity was tested using the chicken de- 
pressor assay method against United States Pharmaco- 
poeia (USP) posterior pituitary reference standard as 
described by the United States Pharmacopoeia. Oxytocin 
activity is expressed as the mean of 5 animals tested f 
SE. 
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and tested for immunoreactivity. Fractions 
displaying the greatest percentage of anti- 
body-bound radioactivity were used for as- 
says. 

Assay methods. Standard tubes contained 
from 0.03 to 1 .O ng oxytocin and were assayed 
with each lot of unknowns. Serum aliquots of 
250 p1 were assayed in duplicate. On day one 
of each assay, assay diluent, standards, un- 
knowns, and rabbit antioxytocin (200 pl), 
were added to achieve a total volume of 700 
pl. Tubes were incubated at 4" for 24 hr. On 
day 2, 1251-oxytocin (100 pl) was added to 
tubes and they were incubated overnight at 
4". On day 3, 200 pl of sheep anti-rabbit 
gamma globulin was added to each tube and 
incubation continued at 4" for 48 hr. On day 
6, 3 ml cold phosphate buffered saline, pH 
7.1, was added to each tube except for total 
count tubes. Tubes were centrifuged at lOOOg 
for 30 min. Supernatants were decanted and 
tubes were inverted to dry for at least 30 min. 
Radioactivity in precipitates was quantified 
in a gamma scintillation spectrometer. 

Cross-reactivity and recovery studies. Spec- 
ificity of oxytocin antiserum was assessed by 
determining the ability of .03 to 150 ng of the 
following compounds to suppress binding of 
125 I-oxytocin to antibody: arginine-vaso- 
pressin (385 IU/mg, Calbiochem-Behring 
Corp.); arginine-vasotocin (225 IU/mg, Cal- 
biochem-Behring Corp.); lysine-vasopressin 
( 100 IU/ml, Sandoz Co.); bradykinin (Sigma 
Co.); gonadotropic releasing hormone 
(GNRH, Abbott Co.); prostaglandin F2, 
(Tham Salt, Upjohn Co.); histamine (Sigma 
Co.); acetylcholine hydrochloride (Sigma 
Co.); melatonin and serotonin (Aldrich Co.). 
Recovery of oxytocin from unextracted sera 
was also determined in these experiments by 
assaying 200,250 and 300 pl of pooled serum 
with and without 0.2 ng of standard oxytocin. 

Oxytocin free serum was prepared in order 
to determine if the RIA was effectively mea- 
suring basal concentrations of hormone and 
to further test assay parallelism and recovery 
of added oxytocin to unextracted sera. For 
this purpose, four pools of sera each made up 
from eight lactating cows, obtained under 
resting conditions, were used. Each of the 
four serum pools were then divided into two 
aliquots. One aliquot was not treated further. 
The other aliquot was treated with 200 mg of 
Norit-A charcoal (Fisher Scientific Co.) and 

mixed at 4" for 4 hr to produce oxytocin free 
serum. After charcoal treatment, samples 
were centrifuged at lOOOg for 30 min. Super- 
natants were decanted and filtered through a 
.20 pm disposable plastic filter (Nalge Co.). 
This method was chosen because it provided 
the most effective means of removing oxyto- 
cin from sera when compared to other treat- 
ments tested. These included serum dialysis 
or exposure of sera to either thioglycolate, 
nonionic polymeric adsorbents or ion ex- 
change resins. Oxytocin free serum pools and 
nontreated serum pools were assayed at 200, 
250, 300, 350 and 400 pl with and without .2 
and .4 ng of standard oxytocin. 

Animal experiments: oxytocin in response to 
milking. Six lactating Holstein-Friesian 
heifers, entering their first lactation, were fit- 
ted with indwelling polyethylene jugular 
catheters (15 cm in length, ,044 mm X .065 
mm). On the day following cannulation, 
blood samples were taken before, during and 
after milking. Milking lasted for 5 min. Pre- 
milking stimulation consisted of an udder 
wash with warm water lasting 20 sec, fol- 
lowed by hand milking on each teat for an 
additional 10 sec interval. After premilking 
stimulation, the milking machine was imme- 
diately applied and the 0 time sample was 
taken. Serum oxytocin was analyzed by RIA 
and milk yield was recorded at each milking. 

Relationship between oxytocin and intra- 
mammary pressure. Two additional lactating 
Holstein-Friesian cows entering their second 
lactation were fitted with indwelling jugular 
catheters as previously described. In this ex- 
periment however, catheters were precoated 
to achieve thromboresistance with 7% tri- 
dodecylmethylammonium chloride-heparin 
(TDMAC, Poly Sciences, Inc., Warrington, 
PA) before use. Catheters were connected to 
a peristaltic pump and fraction collector. 
Blood was withdrawn from the jugular vein 
at a rate of .067 ml/sec. The heparin- 
TDMAC complex did not prevent blood clot- 
ting and subsequent serum formation. 

A polyethylene catheter (.044 mm X .065 
mm) was inserted into the left forequarter 
teat and intramammary pressure read using 
a Grass polygraph (3). Blood sampling was 
timed and adjusted to recorded pressure 
changes for graphical representation of data. 

Blood samples and intramammary pres- 
sure readings were taken before, at, and after 
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milking of the three noncatheterized quarters. 
The intramammary catheter was then re- 
moved, the udder was rewashed and the left 
forequarter was milked alone. Blood sam- 
pling continued during the second udder 
wash and milking. Premilking stimulation 
was as described previously. 

Routine procedures. All blood samples were 
placed immediately in ice after collection and 
refrigerated for 24 hr at 4" to prevent possible 
enzymatic destruction of oxytocin. Sera were 
then recovered at 4" by centrifugation at 
lOOOg and frozen at -20" until assay. 

Statistical methods. RIA sensitivity, as de- 
fined by Midgley et al. (12), was determined 
by a "t" test (6, 7). The statistical significance 
of premilking and milking stimuli on serum 
oxytocin concentrations was tested using an 
analysis of variance (13). 

Results. Hormone labeling and purification. 
Figure 1 illustrates the elution profile of lZ5I 
from Sephadex G-25 and percent binding of 
fractions at 1:lOOO dilution of antibody. The 
first peak of radioactivity (fractions 5 and 6) 
was associated. with the void volume. Frac- 
tions associated with this peak did not bind 
antibody. The second peak of radioactivity, 
fractions ( 12-27), contained immunoreactive 

I-oxytocin since fractions eluting in this 
region bound from 18 to 43% antiserum. 

Cross-reactivity and recovery studies. Argi- 
nine-vasopressin did not cross-react with 
oxytocin antiserum up to 150 ng (Fig. 2). 
Moreover, histamine, bradykinin, acetylcho- 
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FIG. 1 .  Elution profile of '''I from Sephadex (3-25 
and percent binding of label from selected fractions to 
oxytocin antiserum. Specific activity of oxytocin was 100 
pcvpg. 

line hydrochloride, melatonin, serotonin, 
GNRH and PGF2, did not cross-react. Oxy- 
tocin antiserum cross-reacted with ly- 
sine-vasopressin inhibiting binding by 3% 
at 40-80 ng and was maximal, reducing 
binding by 19% at 150 ng (Fig. 2). 
Arginine-vasotocin cross-reacted with oxy- 
tocin antiserum at a maximum of 13% at 150 
ng (Fig. 2). The RIA measured 101.4 f 0.42% 
(mean f SD), 101.0 f .14% and 101.2 f -7% 
of 0.2 ng of standard oxytocin which was 
added to 200,250 and 300 pl of pooled serum, 
respectively. Increasing volumes of pooled 
serum produced inhibition curves that were 
parallel to those produced by standard hor- 
mone preparation diluted in buffer (Fig. 2). 

An additional serum pool, made up from 
eight lactating cows, had an average oxytocin 
concentration of 5.6 +_ .12 pU/ml (mean f 
SE) prior to charcoal treatment and produc- 
tion of oxytocin free serum. After charcoal 
treatment, volumes of 200, 250, 300, 350 and 
400 pl of pool showed no detectable levels of 
oxytocin. The amount of '251-oxytocin bound 
to antibody in oxytocin free serum pools was 
not significantly different from diluent blanks 
(Table I). Volumes of pooled serum before 
charcoal treatment produced inhibition 
curves that were parallel to those produced 
by standard hormone preparation diluted in 
buffer (Fig. 3). Furthermore, volumes (200, 
250 and 300 p1) of pooled serum before char- 
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FIG. 2. Cross-reactivity studies. Curves show inhibi- 
tion of binding of '251-oxytocin to a 1: 1000 final dilution 
of antioxytocin by oxytocin, arginine-8-vasopressin, ly- 
sine-8-vasopressin and arginine-8-vasotocin. Serial dilu- 
tions of serum pools (200,250 and 300 pl) are shown and 
were parallel to standard oxytocin. 
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TABLE I. PERCENT ' 2 5 1 - 0 ~ ~ ~ ~ ~ ~ ~  BOUND AND 
PERCENT OF ADDED OXYTOCIN MEASURED FOR 

VARIOUS VOLUMES OF OXYTOCIN FREE POOLED SERUM. 

9% Added oxytocin mea- 
Volume % '251-Oxytocin sured (Mean f SD) 
of pool boundn (Mean 

( d )  f SD) .2 ng .4 ng 
200 28.0 f .65h 100 f 7.1h 95 f l . g h  

300 26.0 f 1.5 101 f 3.5 94 f 2.9 

400 27.9 f 1.3 101 f 3.0 95 f 2.8 

250 28.0 f 1.0 98 f 5.0 95 f 2.9 

350 28.1 f 1.2 99 f 4.0 96 f 2.0 

'' Binding of '"1-oxytocin to diluent blanks (radioac- 

Means in these columns are not significantly differ- 
tivity bound to antibody) averaged 29% (Fig. 3). 

ent from one another. 
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FIG. 3. Standard curve showing inhibition of binding 
of '251-oxytocin to a 1 :  1000 final dilution of antioxytocin. 
Serial dilutions of serum pools (200, 250, 300, 350 and 
400 pl) are shown with and without either .2 or .4 ng of 
standard oxytocin. 

coal treatment, containing either .2 or .4 ng 
of added oxytocin also produced inhibition 
curves that were parallel to those produced 
by standard hormone preparation diluted in 
buffer (Fig. 3). The RIA measured 98 to 101% 
of .2 ng standard oxytocin which was added 
to five volumes of pooled oxytocin free se- 
rum. In addition, the RIA measured 94 to 
96% of .4 ng standard oxytocin which was 
added to volumes of the pooled oxytocin free 
serum (Table I). 

Specgfic assay data. Radioactivity bound to 
antibody (diluent blanks, corrected for non- 
specific binding) averaged 32.4 k 8.1% (mean 
f SE) and ranged from 12 to 42% at antibody 
dilutions of 1:lOOO over 12 assays. Nonspe- 
cific bound radioactivity (antibody blanks) 
averaged 3.02 =t 0.98% and ranged from 1.8 
to 4.6% over twelve assays. Nonspecific 

bound radioactivity, at unlabelled antigen ex- 
cess (5  ng/tube oxytocin), averaged 2.8 f 
0.03%. Serum nonspecific binding (antibody 
blank with 250 pl bovine serum pool) aver- 
aged 2.8 & .92% in twelve assays. The sensi- 
tivity of the RIA, defined as the minimum 
amount of oxytocin standard yielding a per- 
cent bound significantly different from the 
diluent blank (P < 0.05, "t" test) was 0.07 
ng/ml (2.0 pU/ml) over 11 assays. In 12 
assays, the within assay coefficient of varia- 
tion (sd/p) ranged from .84 to 1.7% and av- 
eraged 1.2 f 0.38% (mean * SD) for 200,250 
and 300 pl of pooled serum having an oxy- 
tocin concentration of 0.9 ng/ml. The be- 
tween assay coefficient of variation was 6.6% 
at 200, 250 and 300 pl of pooled serum over 
twelve assays. 

Oxytocin in response to milking. Oxytocin 
averaged 8.0 & . l  1 pU/ml (mean f SE) prior 
to milking (Fig. 4). Serum concentrations of 
oxytocin were significantly (P < 0.05) ele- 
vated to 18.1 & 3.8 pU/ml at milking (0 time). 
Oxytocin concentration reached its peak (25 
k 7.6 pU/ml) 2 min after milking commenced 
and reached baseline concentrations by 60 
min after milking. Variability between ani- 
mals was seen in the oxytocin response to 
milking stimuli. Serum oxytocin concentra- 
tions seen 2 min after milking for the six 
animals ranged from 11.2 to 64.5 pU/ml. 
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FIG. 4. Oxytocin in response to milking stimuli. 
Blood samples were taken at -60, -10, and -5 min 
before milking, at milking (0 time, within 1 min of 
premilking stimulation and application of the milking 
machine), during milking at 5 one min intervals and 10 
and 60 min after milking. (n = 6, x = mean serum 
oxytocin f SE). 
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Variation was attributed to animal differ- 
ences with regard to the time of reflex release 
of oxytocin after udder stimulation and the 
fact that some animals released more oxyto- 
cin than others in response to premilking and 
milking stimuli. The approximate for 
oxytocin, determined by subtracting the av- 
erage baseline concentrations of oxytocin be- 
fore milking (8.0 pU/ml) from oxytocin con- 
centrations 2-5 min after milking stimulation 
(Fig. 4) was 3.6 min. 

Relationship Between Oxytocin and Intra- 
mammary Pressure. Figure 5 illustrates the 
relationship between serum concentrations of 
oxytocin and intramammary pressure before, 
at and after milking in two cows. Basal serum 
concentrations of oxytocin ranged from 3.4 
f .14 pU/ml to 5.1 f .15 pU/ml (mean f 
SE) prior to premilking stimulation. Intra- 
mammary pressure ranged from 19 f 0.4 mm 
Hg to 25 f .02 mm Hg (mean k SE) prior to 
premilking stimulation. Serum concentra- 
tions of oxytocin increased at approximately 
1 to 1.5 min after udder washing, ranging 
from 8.0 pU/ml to 12.4 pU/ml for both ani- 
mals. 

Intramammary pressure increased within 
1.5 min after the udder wash. Intramammary 
pressure reached a maximum of 30-40 mm 
Hg at approximately 1.5 min after cessation 
of the udder wash. Serum concentrations of 
oxytocin increased to a maximum of 16.9 
pU/ml approximately 5.0 min after premilk- 
ing stimulation in animal 1562 (Fig. 5 ) .  
Whereas, serum oxytocin in animal 17 15 de- 
clined slightly to 7.8 pU/ml approximately 
1.5 min after cessation of the wash (Fig. 5) .  
Both cows showed a drop in intramammary 
pressure from 4.0 to 6.0 rnin after the udder 
wash. The fall in pressure paralleled the de- 
cline in circulating concentrations of oxyto- 
cin. Intramammary pressure reached levels 
seen prior to milking at 10-15 rnin after the 
udder wash. Serum concentrations of oxyto- 
cin reached baseline levels by approximately 
25 rnin after cessation of the premilking stim- 
uli. Animal 1562 displayed a pulsatile release 
of oxytocin at approximately 15 min after 
premilking stimulation (Fig. 5) .  Intramam- 
mary pressure however, remained stable until 
the catheter was removed from the udder. No 
change in serum oxytocin occurred after the 
second premilking stimulation or during 
milking (Fig. 5 ) .  Animal 17 15 did not display 
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FIG. 5. Serum oxytocin and intramammary pressure 
for 2 cows before, at and after milking. Blood samples 
were taken at either 30 sec or 1 rnin intervals throughout 
experimentation. 

a pulsatile release of oxytocin after the initial 
peak associated with premilking stimulation. 
Intramammary pressure remained stable un- 
til the catheter was removed from the udder. 
No change in oxytocin was seen after the 
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second udder wash and milking. 
Discussion. This paper describes an RIA 

method for measuring oxytocin concentra- 
tions from unextracted sera of cattle. The 
oxytocin RIA described herein is highly spe- 
cific and sensitive and is capable of measuring 
basal and elevated physiological concentra- 
tions of serum oxytocin in lactating cattle. 
Antiserum was extremely sensitive and de- 
tected as little as 2.0 pU/ml (70 pg/ml) of 
standard oxytocin in assay buffer. Several 
reports which described oxytocin antisera for 
use in RIA’s have been published, as re- 
viewed by Chard (14). Very few of the anti- 
sera used in these RIA’s yield a sensitivity 
greater than 2 pU/ml plasma. 

The RIA methods for oxytocin published 
by Chard (5, 6), Blank and DeBias (7), and 
Dawood et al. (8) utilized extracts of serum 
or plasma. Their extraction procedures are 
tedious and the number of samples assayed 
per day is limited. Furthermore, extraction 
efficiency ranged from only 50-60%. Mea- 
surement of added oxytocin from serum pools 
and oxytocin free serum pools in the studies 
reported herein was virtually 100%. This sug- 
gested that serum components other than 
oxytocin were not significantly binding to the 
oxytocin antiserum. Assay of unextracted se- 
rum contributed less nonspecific assay inter- 
ference compared with other published oxy- 
tocin RIA’S and sample values did not need 
to be corrected for extraction. Binding of 12‘1- 
oxytocin to antibody, in the presence of oxy- 
tocin free serum obtained from cattle under 
resting conditions, was not significantly dif- 
ferent from binding in blank tubes containing 
only tracer and antibody. These data sug- 
gested that charcoal treatment effectively re- 
moved endogenous oxytocin from sera and 
that the RIA was measuring basal concentra- 
tions of hormone in unextracted sera of cattle. 

Iodination of oxytocin by methods de- 
scribed in this paper yielded oxytocin labelled 
at a specific activity of 100 pCi/pg. The spe- 
cific activity was comparable to the range 
(20-990 pCi/pg) reported by other workers 
(7, 14). 

Many materials may be present in biolog- 
ical fluids which can give a similar effect to 
oxytocin in bioassays utilizing smooth muscle 
or mammary tissue and therefore yield arti- 
factual results. For example, oxytocin bioas- 
says, utilizing mammary tissue, are sensitive 

to vasopressin, bradykinin, serotonin, hista- 
mine, epinephrine, norepinephrine and ace- 
tylcholine as well as oxytocin (1 5). Melatonin 
(16) and prostaglandin FZa (17) also affect 
contraction of mammary myoepithelium. Ar- 
ginine-vasopressin showed no detectable 
cross-reactivity with oxytocin antiserum up 
to 150 ng in this RIA, which is well above 
the physiological concentration (-.5 pg/ml 
plasma) found in circulating blood of the cow 
(18) or goat (<20 pU/ml plasma) (19). His- 
tamine, bradykinin, acetylcholine hydrochlo- 
ride, melatonin, serotonin and PGF2,, were 
without effect up to 150 ng. Although lysine- 
vasopressin inhibited binding by 19% at 150 
ng (Fig. 2), this cross-reaction should present 
no difficulties when studying oxytocin in an- 
imals other than swine (20). Arginine-vaso- 
tocin also cross-reacted with oxytocin antise- 
rum by 13% at 150 ng. Its concentration in 
rat sera has been reported to be only 
1.87-2.57 pg/ml (2 1). Therefore, if vasotocin 
is present in cattle sera at this concentration 
range, it should not interfere with the oxyto- 
cin RIA. Volumes of unextracted serum pools 
with and without added oxytocin produced 
inhibition curves which were parallel to those 
produced by biologically active standard ox- 
ytocin over the entire linear portion of the 
standard curve (Figs. 2, 3). This suggested 
that immunoreactive, as well as biologically 
active oxytocin was being measured in sera. 

Gaziek et al. (22) quantified oxytocin con- 
centrations in unextracted plasma of humans 
with the same standard and antiserum used 
in our studies with lactating cattle. Plasma 
oxytocin concentrations were in agreement 
with RIA estimates for humans reported by 
workers using other antisera and extraction 
methods. However, validation of the antise- 
rum was not reported in that study. 

The lactating rat mammary strip bioassay 
technique, as described by Van Dongen and 
Hays (23), has been employed for measuring 
serum or plasma oxytocin in cattle. The sen- 
sitivity of this assay was reported to be as 
great as 1 .O X lo-* pU/ml. More reproducible 
data were derived at .01-1.0 pU/ml. Fabian 
et al. (24), however, examined the sensitivity 
of the isolated in vitro rat mammary gland 
assay and found that the optimal sensitivity 
was 25 pU/ml of oxytocin. The method oc- 
casionally responded to 1 pU/ml solutions of 
oxytocin. The limited sensitivity and lack of 
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specificity of the in vitro mammary strip 
bioassay has therefore made it difficult to 
accurately quantify basal serum or plasma 
oxytocin concentrations in cattle. In the pres- 
ent study, basal concentrations of oxytocin in 
sera from lactating cattle ranged from 3.5 to 
8.0 pU/ml. Similar basal values (1.64.7 
pU/ml plasma) were reported for nonpreg- 
nant goats (7, 25), castrated male goats (<5 
pU/ml) (19) and puerperal ewes (1.8 to 3.6 
pU/ml) (26) using RIA. 

Several reports have described the mea- 
surement of oxytocin concentrations in blood 
of cows and goats during milking (24). De- 
terminations were made using bioassay meth- 
ods. The concentration and pattern of oxy- 
tocin release in cattle during milking was 
examined in this paper. The overall pattern 
of oxytocin release in these experiments was 
similar to those reported by Momongan and 
Schmidt (4), Folley and Knaggs (2), and Law- 
son and Graf (3) for lactating cows. However, 
peak concentrations measured in bioassays 
during the early milking interval ranged from 
9 to 2000 pU/ml plasma. Bioassay estimates 
of oxytocin in excess of 100-200 pU/ml, as a 
result of milking stimuli, may be due to the 
lack of reproducibility and nonspecificity of 
these methods. Bioassay measurements of 
plasma oxytocin concentrations of cows at 
milking may be higher than the RIA esti- 
mates described in this paper if oxytocic sub- 
stances, known to interfere with bioassay pro- 
cedures, are specifically released into blood 
in response to milking stimuli with oxytocin. 

Bioassay methods were, unable to detect 
oxytocin levels for more than 5 min after teat 
cup application; the RIA method detected 
concentrations of oxytocin release up to 60 
min postmilking. The approximate time re- 
quired for endogenous serum oxytocin to de- 
crease to one-half its maximal value was 3.6 
min. The T1/2 for oxytocin is in agreement 
with the 3-5 min RIA estimate published for 
humans by Chard (6), but greater than that 
for cows (3-1.4 min) published by Momon- 
gan and Schmidt (4) using bioassays. Data 
previously reported for the Tl/2 of oxytocin 
at milking, using bioassays, may be shorter 
than RIA estimates if substances other than 
oxytocin were affecting the bioassay methods. 
Many physiological parameters are involved 
in hormonal metabolism and they must be 
considered before a precise value for the TlI2 

of oxytocin after milk ejection can be defined. 
The intramammary pressure response to 

milking was related to changes in jugular vein 
concentrations of oxytocin (Fig. 5) .  Intra- 
mammary pressure readings before, at and 
after milking were in agreement with intra- 
mammary pressure determinations published 
by Lawson and Graf (3). Lawson and Graf 
(3) also reported oxytocin levels higher than 
baseline values within 1-4 min post milking 
stimulation. However, peak concentrations of 
oxytocin at milking measured by bioassay 
were in excess of 1 mU/ml. The subtle dif- 
ferences in time to peak oxytocin levels in 
this study and others are probably attributa- 
ble to differences in sampling techniques. 
Oxytocin levels were higher than baseline 
levels after intramammary pressure had 
reached its premilking value (Fig. 5). Oxyto- 
cin concentrations declined within 5-6 min 
(Fig. 5) after the premilking stimulus as re- 
ported by Lawson and Graf (3). Cow 1562 
showed a pulse of oxytocin release well after 
udder stimulation and milking (Fig. 5) with 
no corresponding increase in intramammary 
pressure. Lawson and Graf (3) also observed 
a cow displaying pulsatile spikes of oxytocin 
occurring after premilking and milking stim- 
ulation with no associated intramammary 
pressure increase. The pulsatile release of 
oxytocin seen for cow 1562 may be associated 
with exteroceptive stimuli. A gradual increase 
of oxytocin concentrations seems necessary 
to affect an increase in intramammary pres- 
sure since the pulsatile release of oxytocin 
was ineffective in altering mammary pres- 
sure. Further experimentation is necessary to 
define this response. On the basis of this 
preliminary study, it was difficult to relate a 
specific concentration of serum oxytocin ac- 
tivity to a specific rise in intramammary pres- 
sure during milk ejection. A second udder 
wash was ineffective in releasing oxytocin 
(Fig. 5). This suggested that a refractory pe- 
riod occurs before oxytocin can be released 
at a subsequent milking. There was a great 
deal of variability associated with peak levels 
of oxytocin released at milking in all animals 
studied. Folley and Knaggs (2) reported that 
no release of oxytocin was detected in cows 
by bioassays, in 32% of experimental machine 
milkings, although milk yields were normal. 
Milk yields for all animals used in this study 
were monitored. Experimental procedures 
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employed had no effect on milk yield. 
It is hoped that the oxytocin RIA described 

in this paper will provide answers to many 
questions related to the role of oxytocin in 
lactational and reproductive processes. 
Summary. A highly sensitive, specific and 

reproducible double antibody RIA for mea- 
suring oxytocin in unextracted serum of cattle 
was developed. Serum concentrations of ox- 
ytocin were significantly (P < 0.05) elevated 
from 8.0 f .I1 pU/ml to 25 f 7.6 pU/ml 
(mean k SE) 2 min after commencement of 
milking. The range of peak oxytocin concen- 
trations seen 2 min after milking in six ani- 
mals was 11.2-65 pU/ml. The Tl/z for oxy- 
tocin, after milk ejection, was 3.6 min. Si- 
multaneous determinations of oxytocin activ- 
ity in blood sera and intramammary pressure 
were monitored in two cows before, during 
and after stimulation of the milk ejection 
reflex. Oxytocin activity in blood closely par- 
alled changes in intramammary pressure. 

The author expresses his appreciation to Drs. W. R. 
Butler, Eugene Harrington and Mr. David Wilson for 
their help in validating the RIA. I thank Ms. Yvonne 
Lamontagne and Mr. Frank Uhl for their technical 
assistance. 

1. 

2. 

3. 

4. 

5 .  

6. 

7. 

Hawker, R. W., and Roberts, V. S., Br. Vet. J. 113, 
459 (1957). 
Folley, S. J., and Knaggs, G. S., J. Endocrinol. 34, 
197 (1966). 
Lawson, D. M., and Graf, G. C., J. Dairy Sci. 51, 
1676 (1968). 
Momongan, V. G., and Schmidt, G. H., J. Dairy Sci. 
53,747 (1975). 
Chard, T., Kitau, M. J., and Landon, J., J. Endocri- 
nol. 46,269 (1970). 
Chard, T., Body, N. R. H., Forsling, M. L., McNeilly, 
A. S., and Landon, J., J. Endocrinol. 48,233 (1970). 
Blank, M. A., and DeBias, D. A., Biol. Reprod. 17, 
213 (1977). 

8. Dawood, M. Y., Raghavan, K. S., and Pociask, C., 

9. United States Pharmacopoeia, Vol. 18, p. 469 (1970). 
10. Kumaresan, P., Anadarangam, P. B., Dianzon, W., 

and Vasicka, A., Am. J. Obstet. Gynecol. 119, 223 
(1973). 

11. Glick, S. M., Wheeler, M., Kagan, A., and Kuma- 
resan, P., in “Pharmacology of Hormonal Polypep- 
tides and Proteins”, p. 93, Plenum Press, New York 
(1968). 

12. Midgley, A. R., Niswinder, G. D., and Rebar, R. W., 
in “Karolinska Symposia” (E. Diczfalusy, ed.), Vol. 
1, p. 163. Bogtrykkeriet Forum, Copenhagen (1969). 

13. Ostle, B., in “Statistics in Research”, p. 278, Iowa 
State University Press, Ames, Iowa (1963). 

14. Chard, T., in “Handbook of Radioimmunoassay” 
(G. E. Abraham, ed.), Vol. 1, p. 209. Marcell Pep- 
pervic, London (1977). 

15. Cowie, A. T., and Tindal, J. S., in “The Physiology 
of Lactation”, p. 185 Edward Arnold, London 
(197 1). 

16. Ferreira, L., Ellis, J., and Walters, L., J. Dairy Sci. 
(Abstract) 60, 110 (1977). 

17. Batta, S. K., Gagliano, P. G., and Martini, L., Proc. 
Soc. Exp. Biol. Med. 146,912 (1976). 

18. El-Nouty, F. D., Elbanna, I. M., and Johnson, H. 
D., J. Dairy Sci. 61, 189 (1978). 

19. McNeilly, A. S., Legros, J. J., and Forsling, M. L., J. 
Endocrinol. 52,209 (1972). 

20. Frieden, E. H., in “Chemical Endocrinology”, p. 17, 
Academic Press, New York (1976). 

21. Cusack, B. M., Fisher, L. A,, and Fernstrom, J. D., 
Fed. Proc. 37,437 (1978). 

22. Gazarek, F., Pohanka, J., Talas, M., Fingerova, H., 
Janouskova, M., Krikal, Z., and Hamal, Z., Endo- 
crinol. Exp. 10,283 (1976). 

23. Van Dongen, G. C., and Hays, R. L., Endocrinology 
78, 1 (1966). 

24. Fabian, M., Forsling, M. L., Jones, J. J., and Lee, J., 
Endocrinology 85,600 (1969). 

25. Roberts, J. A., Endocrinology 89, 1029 (1971). 
26. Flint, A. P. F., Forsling, M. L., Mitchell, M. D., and 

Turnbull, A. C., J. Reprod. Fertility 43,551 (1975). 

J. Endocrinol. 76,261 (1978). 

Received February 24, 1978. P.S.E.B.M. 1979, Vol. 160. 


