
478

*Correspondence to: Kikusui, T.: kikusui@azabu-u.ac.jp
(Supplementary material: refer to PMC https://www.ncbi.nlm.nih.gov/pmc/journals/2350/)
©2021 The Japanese Society of Veterinary Science

This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial No Derivatives (by-nc-nd) 
License. (CC-BY-NC-ND 4.0: https://creativecommons.org/licenses/by-nc-nd/4.0/)

NOTE
Physiology

Validation of a newly generated oxytocin 
antibody for enzyme-linked immunosorbent 
assays
Kaori MURATA1), Miho NAGASAWA1,2), Tatsushi ONAKA3), Ken-ichi TAKEYAMA4,5) 
and Takefumi KIKUSUI1,2)*

1)School of Veterinary Medicine, Azabu University, Kanagawa 252-5201, Japan
2)Center for Human and Animal Symbiosis Science, Azabu University, Kanagawa 252-5201, Japan
3)Division of Brain and Neurophysiology, Department of Physiology, Jichi Medical University, Tochigi 329-0498, 

Japan
4)Airplants Bio Co., Ltd., Tokyo 141-0001, Japan
5)Research Institute Agricultural and Life Sciences, Tokyo University of Agriculture, Tokyo 156-8502, Japan

ABSTRACT. The biological and psychological significance of oxytocin is increasingly recognized; 
however, reliable assays of oxytocin in biological samples have not been developed. We raised a 
new oxytocin polyclonal rabbit antibody against synthetic oxytocin. The affinity of antibodies to 
oxytocin was examined by a radio-immunoassay and compared with that of a previously validated 
antibody. One antibody showed affinity for oxytocin in the radio-immunoassay. We developed 
a solid-phase ELISA for oxytocin using this antibody and compared it with existing methods. 
The newly developed ELISA showed comparable results using urine samples but not using 
serum samples. These results indicate that the new ELISA is useful for urinary oxytocin; further 
modifications, such as different extraction methods, are needed for its application to serum 
oxytocin.
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Oxytocin (OT) is a nonapeptide hormone that regulates conductance in the uterus and milk ejaculation. In addition to its 
physiological roles, recent studies have investigated the roles of oxytocin in social behavior and psychology in animals and humans 
[3]. Several approaches have been used to determine the function of OT in the central nervous system. For example, behavioral 
changes are induced by the intranasal administration of exogenous OT, which penetrates the central nervous system [1]; however, 
there is considerable variation in the effects of intranasal OT, and the effect is likely to be weak and undetectable, requiring large 
sample sizes. Moreover, associations between the concentration of endogenous OT in peripheral fluids (i.e., the serum, saliva, 
and urine) and behavioral phenotypes have been evaluated [2]. These experiments are based on the finding that endogenous OT 
in biological fluids of the periphery can be an index of OT activity in the brain [13]. In fact, magnocellular OT neurons in the 
paraventricular hypothalamus projecting to the posterior pituitary gland and emitting OT in the periphery influence social behavior 
[14]. Despite the importance of precise measurements of peripheral OT, the reliability of assays is still under debate [6]. Indeed, 
previous studies have reported low correlations among values obtained using different methods, fluid types, and sample types (e.g., 
crude and extracted).

Using a radio-immunoassay (RIA), we have previously found correlations between urinary and blood OT concentrations in dogs 
and humans [8, 10]. In these studies, an antibody was raised in rabbits by Higuchi et al. and showed high titers and selectivity 
[4]. However, the antibody was polyclonal, and the amount was limited. Hence, it is necessary to raise a new antibody and to 
establish the validity of the OT assay system: In this study, we aimed to characterize the reliability of a newly generated OT 
antibody to gain insight into its validity as a marker for the physiological and behavioral effects of OT. We raised OT polyclonal 
antibodies following the previously described protocol and validated the reliability of the antibodies by ELISA. We followed a 
previously described protocol in which rabbits were immunized for 6 months [4]. Immunization and purification were conducted 
by Protein Purify Co., Ltd. (Isezaki, Japan). In brief, synthetic oxytocin (Peptide Laboratory, Co., Ltd., Osaka, Japan) was 
conjugated with bovine serum albumin (BSA), and 0.15 mg of OT was injected subcutaneously with Freund’s complete adjuvant, 
17 times at 2-week intervals in three rabbits. Blood was collected via the ear lobe and plasma protein levels were measured. After 
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immunization, whole blood was collected under deep anesthesia (5% isoflurane) and stored at −20°C. The final concentrations of 
plasma proteins were 0.294 mg/ml (#1), 0.314 mg/ml (#2), and 0.372 mg/ml (#3).

Binding affinity was evaluated by RIA. Antibodies were extracted by affinity chromatography purification of polyclonal IgG. 
Standard OT was incubated with the extracted antibody (dilution × 12,800) for 24 hr at 4°C. OT labeled with I125 was added and 
incubated for 2 days. Aliquots were incubated with the secondary antibody and polyethylene glycol (PEG) and centrifuged, and 
the centrifugal supernatant was discarded. Radioactivity was measured. The previous antibody (Higuchi antibody; HAB) showed a 
dose-dependent decline of I125-OT (Supplementary Fig. 1). The newly generated antibody #1 had a binding affinity to I125-OT and 
showed a decline with an increase in standard; however, the measurement range was different from that of HAB. The other newly 
generated antibodies (#2 and #3) had lower binding affinities to I125-OT; therefore, antibody #1 was used in subsequent analyses.

Selectivity test: As OT has a similar protein composition to that of vasopressin, the specificity of the antibody was tested by 
western blotting. As OT and vasopressin are small molecules, the peptides were fused to glutathione S-transferase (GST) and 
expressed in Escherichia coli. GST, GST-OT, and GST-vasopressin were detected by an anti-GST antibody (Supplementary Fig. 2, 
lanes 1, 2, and 3 in the lower panel). As expected, the anti-OT antibody recognized only GST-OT and not GST or GST-vasopressin 
(Supplementary Fig. 2 upper panel). To obtain quantitative differences in OT and vasopressin, we performed a densitometric 
analysis of the exposed blots. The relative amount of vasopressin was less than 0.1% of the amount of OT (Supplementary Fig. 2). 
These results indicate that the anti-OT antibody has high specificity for OT.

Establishment of an ELISA: We validated a solid-phase ELISA using the newly characterized antibody. The procedure was as 
follows:

1. OT was solidified. Briefly, 100 µl of 5 ng/ml OT was added to each well and incubated for 24 hr at 4°C.
2. For blocking, after washing the wells, 1% Tween20 and 5% skim milk in 0.1 M phosphate-buffered saline (PBS) were 

incubated for 1 hr at room temperature (RT).
3. Standard OT was prepared by diluting 1.95 to 2,000 pg/ml standard OT in phsophate buffered saline with Tween-20 (PBST).
4. For sample preparation, urine samples from dogs were diluted with distilled water (×20). Plasma samples were incubated with 

1% sodium dodecyl sulphate (SDS) at 98°C for 10 min. After boiling, the samples were placed at RT and then fractionated by 
3,000 Da molecular weight cutoff using a Vivaspin ultrafiltration column (Sartorius Stedim Lab Ltd., Stonehouse, UK).

5. A volume of 50 µl of samples and standard OT was incubated with 50 µl of the OT antibody (#1, × 14,000) overnight at 4°C.
6. After rinsing by washing buffer, 100 µl of the secondary antibody (Anti-Rabbit IgG, HRP-Linked Whole Ab Donkey NA934; 

Cytiva, Co., Ltd., Marlborough, MA, USA) in PBST (×3,000) was incubated for 1 hr at RT.
7. After rinsing by washing buffer, 100 µl of TMB solution (5120-0053, Sera Care, Milford, MA, USA) was added to each well 

and incubated for 10 min, and 100 µl of stop solution was added. Color development was measured at 450 nm using a plate 
reader (iMark microplate reader; Bio-Rad Co., Ltd., Hercules, CA, USA).

The obtained standard curve is shown in Supplementary Fig. 3.
Dilution and Spike test: All animal experiments were approved by the Animal Ethics Committee of Azabu University (#190927-

1). A 2× dilution of dog urine and 8× dilutions of urine samples with known concentrations of OT standards were used for dilution 
and spike tests, respectively. The estimated and actual concentrations were compared. For both tests, there was a significant 
correlation between the estimated and the actual values (Fig. 1).

Comparison with other methods: Finally, we compared the measurement results to those obtained by existing methods [11]. 
For urine samples, the standard method utilizes a commercially available ELISA kit (ADI-900-153A; ENZO Life Sciences, Inc., 
Farmingdale, NY, USA). The ENZO kit was used following the manufacturer’s protocol, and the correlation between the results 
obtained by the new method and the previously established method [11] was determined (Fig. 2A). Plasma samples were extracted 

Fig. 1. Dilution test (A) and spike test (B) of the new solid phase ELISA of oxytocin (OT). In both tests, there were strong correlations 
(dilution: y=0.9984x −10.118, R2=0.9853. Spike: y=0.8942x + 76.427, R2=0.9662).
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as previously reported and measured by the procedure described above. However, the correlation between the results obtained by 
the two methods was low (Fig. 2B).

We developed new antibodies to OT, one of which bound to OT with high affinity, comparable to the previously established OT 
antibody for RIA. The slope of the dose-response curve was low, indicating that the specificity of the antibody was not as high as 
that of the previous antibody. However, the new antibody is useful for assays of OT in biological samples.

OT measurements in urine samples by the newly developed solid-phase ELISA were highly reliable; dilution and spike test 
results showed high correlations with estimated values. A comparison with the commercially available kit yielded similar values. 
The measurable range was 10 to 2,000 pg/ml, which was slightly wider than that of the ENZO kit (15–1,000 pg/ml).

However, the use of plasma samples for OT analyses has important limitations. First, measuring OT in blood samples without 
extraction is potentially erroneous, given the high risk of contamination with immunoreactive products other than OT [12]. These 
non-OT immunoreactive products might constitute highly stable plasma housekeeping proteins, which mask the true variation in 
OT concentrations [5]. In the RIA, extraction was performed with acetone-diethyl ether, as described previously. The RIA for OT is 
a sensitive method for quantification and is considered the gold standard [7]. For ELISA, we used SDS for extraction. This method 
showed good dilution and spike test results (data not shown). In the future, other extraction methods, such as using acetone-diethyl 
ether and sep18-column extraction, must be evaluated for plasma assays.

Another biological sample type for OT assays is saliva. However, a recent study has shown that saliva samples are still 
problematic [7]. First, there was no correlation between plasma and saliva OT concentrations. Second, concentrations of OT in the 
plasma and saliva were not correlated at baseline or after the administration of exogenous OT by intranasal or intravenous routs 
[9]. We obtained similar results for dogs; exogenous OT increased OT concentrations in the urine and plasma but not in the saliva 
(Supplementary Fig. 4). These data suggest that salivary OT is a weak surrogate measure for peripheral blood levels.

In summary, we generated a new OT antibody and demonstrated that urine OT concentrations can be reliably measured by a 
solid-phase ELISA using this antibody. Future examinations are needed to adapt the assay to plasma and saliva samples.

CONFLICT OF INTEREST. All authors declare that there are no conflicts of interest.

ACKNOWLEDGMENTS. This work was financially supported by JSPS KAKENHI (#19H00972 & #19K22373 to TK, #18H02489 
& #19K22823 to MN).

REFERENCES

 1. Born, J., Lange, T., Kern, W., McGregor, G. P., Bickel, U. and Fehm, H. L. 2002. Sniffing neuropeptides: a transnasal approach to the human brain. 
Nat. Neurosci. 5: 514–516. [Medline]  [CrossRef]

 2. Crockford, C., Deschner, T., Ziegler, T. E. and Wittig, R. M. 2014. Endogenous peripheral oxytocin measures can give insight into the dynamics of 
social relationships: a review. Front. Behav. Neurosci. 8: 68. [Medline]  [CrossRef]

 3. Donaldson, Z. R. and Young, L. J. 2008. Oxytocin, vasopressin, and the neurogenetics of sociality. Science 322: 900–904. [Medline]  [CrossRef]
 4. Higuchi, T., Honda, K., Fukuoka, T., Negoro, H. and Wakabayashi, K. 1985. Release of oxytocin during suckling and parturition in the rat. J. 

Endocrinol. 105: 339–346. [Medline]  [CrossRef]
 5. Leng, G. and Sabatier, N. 2016. Measuring oxytocin and vasopressin: bioassays, immunoassays and random numbers. J. Neuroendocrinol. 28: 28. 

[Medline]  [CrossRef]
 6. MacLean, E. L., Wilson, S. R., Martin, W. L., Davis, J. M., Nazarloo, H. P. and Carter, C. S. 2019. Challenges for measuring oxytocin: The blind 

Fig. 2. Comparison of concentrations in urine samples (A) and plasma samples (B) determined by the new solid-phase ELISA and established 
assays (ELISA for urine, radio-immunoassay (RIA) for plasma). In urine samples, but not in plasma samples, there were high correlations 
(y=0.6524x + 89.309, R2=0.9765).

http://www.ncbi.nlm.nih.gov/pubmed/11992114?dopt=Abstract
http://dx.doi.org/10.1038/nn0602-849
http://www.ncbi.nlm.nih.gov/pubmed/24672442?dopt=Abstract
http://dx.doi.org/10.3389/fnbeh.2014.00068
http://www.ncbi.nlm.nih.gov/pubmed/18988842?dopt=Abstract
http://dx.doi.org/10.1126/science.1158668
http://www.ncbi.nlm.nih.gov/pubmed/3998651?dopt=Abstract
http://dx.doi.org/10.1677/joe.0.1050339
http://www.ncbi.nlm.nih.gov/pubmed/27467712?dopt=Abstract
http://dx.doi.org/10.1111/jne.12413


NEW ELISA FOR OXYTOCIN

J. Vet. Med. Sci. 83(3): 481478–481, 2021

men and the elephant? Psychoneuroendocrinology 107: 225–231. [Medline]  [CrossRef]
 7. Martins, D., Gabay, A. S., Mehta, M. and Paloyelis, Y. 2020. Salivary and plasmatic oxytocin are not reliable trait markers of the physiology of the 

oxytocin system in humans. eLife 9: 9. [Medline]  [CrossRef]
 8. Nagasawa, M., Mitsui, S., En, S., Ohtani, N., Ohta, M., Sakuma, Y., Onaka, T., Mogi, K. and Kikusui, T. 2015. Social evolution. Oxytocin-gaze 

positive loop and the coevolution of human-dog bonds. Science 348: 333–336. [Medline]  [CrossRef]
 9. Quintana, D. S., Westlye, L. T., Smerud, K. T., Mahmoud, R. A., Andreassen, O. A. and Djupesland, P. G. 2018. Saliva oxytocin measures do not 

reflect peripheral plasma concentrations after intranasal oxytocin administration in men. Horm. Behav. 102: 85–92. [Medline]  [CrossRef]
 10. Romero, T., Nagasawa, M., Mogi, K., Hasegawa, T. and Kikusui, T. 2014. Oxytocin promotes social bonding in dogs. Proc. Natl. Acad. Sci. USA 

111: 9085–9090. [Medline]  [CrossRef]
 11. Schaebs, F. S., Marshall-Pescini, S., Range, F. and Deschner, T. 2019. Analytical validation of an enzyme immunoassay for the measurement of 

urinary oxytocin in dogs and wolves. Gen. Comp. Endocrinol. 281: 73–82. [Medline]  [CrossRef]
 12. Szeto, A., McCabe, P. M., Nation, D. A., Tabak, B. A., Rossetti, M. A., McCullough, M. E., Schneiderman, N. and Mendez, A. J. 2011. Evaluation 

of enzyme immunoassay and radioimmunoassay methods for the measurement of plasma oxytocin. Psychosom. Med. 73: 393–400. [Medline]  
[CrossRef]

 13. Valstad, M., Alvares, G. A., Egknud, M., Matziorinis, A. M., Andreassen, O. A., Westlye, L. T. and Quintana, D. S. 2017. The correlation 
between central and peripheral oxytocin concentrations: A systematic review and meta-analysis. Neurosci. Biobehav. Rev. 78: 117–124. [Medline]  
[CrossRef]

 14. Zhang, B., Qiu, L., Xiao, W., Ni, H., Chen, L., Wang, F., Mai, W., Wu, J., Bao, A., Hu, H., Gong, H., Duan, S., Li, A. and Gao, Z. 2020. 
Reconstruction of the hypothalamo-neurohypophysial system and functional dissection of magnocellular oxytocin neurons in the brain. Neuron  
(in press). [Medline]

http://www.ncbi.nlm.nih.gov/pubmed/31163380?dopt=Abstract
http://dx.doi.org/10.1016/j.psyneuen.2019.05.018
http://www.ncbi.nlm.nih.gov/pubmed/33306025?dopt=Abstract
http://dx.doi.org/10.7554/eLife.62456
http://www.ncbi.nlm.nih.gov/pubmed/25883356?dopt=Abstract
http://dx.doi.org/10.1126/science.1261022
http://www.ncbi.nlm.nih.gov/pubmed/29750971?dopt=Abstract
http://dx.doi.org/10.1016/j.yhbeh.2018.05.004
http://www.ncbi.nlm.nih.gov/pubmed/24927552?dopt=Abstract
http://dx.doi.org/10.1073/pnas.1322868111
http://www.ncbi.nlm.nih.gov/pubmed/31121163?dopt=Abstract
http://dx.doi.org/10.1016/j.ygcen.2019.05.015
http://www.ncbi.nlm.nih.gov/pubmed/21636661?dopt=Abstract
http://dx.doi.org/10.1097/PSY.0b013e31821df0c2
http://www.ncbi.nlm.nih.gov/pubmed/28442403?dopt=Abstract
http://dx.doi.org/10.1016/j.neubiorev.2017.04.017
http://www.ncbi.nlm.nih.gov/pubmed/33212012?dopt=Abstract

