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Abstract: Despite a few attempts in exploring genetic variability, management systems, and morphometric descriptions, Thamanka-
duwa White cattle in Sri Lanka have not been subjected to any evaluation of their endocrinological distinctiveness, especially related
to reproduction. The main aims of the present study were to: (1) investigate the dynamics of circulating insulin-like peptide 3 (INSL3)
and testosterone in Thamankaduwa bulls during development, and (2) assess the association among INSL3, testosterone and selected
morphometric parameters, namely, body weight, height at withers, body length, chest girth of Thamankaduwa White cattle in Sri
Lanka. The blood samples were collected from male animals (n = 41) under three age categories; 3-6 months (Group I; n = 12), 6-12
months (Group II; n = 14) and > 12 months (Group III; n = 15), along with their morphometric measurements. Serum INSL3 and
extracted testosterone concentrations were measured by using a competitive ELISA. The detection ranges of INSL3 and testosterone
assay were 0.078-80 ng/mL and 0.04-40 ng/mL, respectively. Intra- and inter-assay coefficient of variations of INSL3 and testosterone
assays were 6.9% (n = 6) and 16.4% (n = 6), and 12.5% (n = 3) and 11.9% (n = 4), respectively. Serum INSL3 and testosterone concen-
trations ranged between 1.44 - 19.85 ng/mL, and 0.003 ng/mL - 2.81 ng/mL, respectively. The mean serum INSL3 concentrations did
not differ between Gr. I and II (p > 0.05) but were significantly high (p < 0.05) in Gr. IIl. There was a significant association (R? = 0. 65;
p <0.05) between serum INSL3 and testosterone concentrations in Thmankaduwa White males. No strong associations were observed
among hormones and the morphometric parameters tested. In conclusion, the dynamics of INSL3 and testosterone concentrations
were compatible and correlated with each other in Thamankaduwa White male cattle.
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1. Introduction

Sri Lankan native white cattle is mostly described as one of the local zebu cattle types
which originated from a cross between local Sri Lankan cattle with imported Indian cattle
[1]. This is also known as the Thamankaduwa White cattle which is specifically char-
acterized by its white coat, black color tail switch, and hooves. This cattle type is predom-
DOI: 10.52331/c0j.02813.59 inately available in the Eastern, South Eastern, and North Central regions of Sri Lanka
[2,3]. Even though the genetic resources, management practices, morphometric analysis
and milk attributes of Thamankaduwa White were little addressed [3- 7], the reproduction

physiology of these animals has not been investigated to sufficient depth yet.
Insulin-like peptide 3 (INSL3), along with testosterone, is a predominate secretory
product of Leydig cells of mature testes as well as in fetuses of all mammals [8]. INSL3
- concentrations have been discovered in many mammals including humans [9-12], beef
Copyright: © 2023 by the authors.  4¢t]e [13-15], Norwegian Red bulls [16], dogs [17], goats [18-21], and sheep [22]. Further-
Submitted for possible open access p e [23] reported that the set of body and reproductive tract morphometry was benefi-

cial in assessing the growth of young bulls.

Lack of investigations on endocrinological changes in Thamankaduwa White cattle
left with no comparison of the reproductive efficiency of this native cattle type with other
cattle breeds. Thus, the existing background creates a research gap in identification of

Received: 24.11.2023
Accepted: 23.12.2023
Published: 30.12.2023

publication under the terms and con-
ditions of the Creative Commons At-
tribution (CC BY) license (http://crea-

tivecommons.org/licenses/by/4.0/).

Cluj Vet ] 2023, vol 28, issue 3 http://clujveterinaryjournal.ro



Cluj Vet ] 2023, vol 28, issue 3 17 of 30

endocrine changes and assess the associated morphometric changes to support the breed-

ing programs involved in this important native cattle type in Sri Lanka. The present study
aimed to: (1) To measure the circulating INSL3 and testosterone concentrations during development in Tha-
mankaduwa White male cattle (2) To examine the relationship between each hormone concentration and
morphometric parameters in Thamankaduwa White male cattle in Sri Lanka.

2. Materials and Methods
2.1. Animals, blood sampling and body measurements

Thamankaduwa White male animals (n = 41) raised in six smallholder semi-intensively managed
farms in Chenkalady veterinary range (Latitude: 7° 46' 59.99" N and Longitude: 81° 35' 59.99" E), Batticaloa
District, Eastern Province, Sri Lanka were used to this study. Blood samples were drawn from healthy ani-
mals of three age groups (Group I: 3-6 months, n = 12; Group II: 6-12 months, n = 14; Group III: more than
12 months, n = 15), and all were apparently normal. Samples were collected from jugular vein puncture in
to plane vacutainer tubes and were centrifuged at 2000 x g for 20 minutes just after brought them into the
laboratory. The Serum was separated and stored in microcentrifuge tubes at -20 °C until the hormone assays.
Morphometric parameters were simultaneously measured during the collection of blood samples. The chest
girth (CG), height at withers (HW), and body length (BL) were measured by using a flexible measuring tape,
while the body weight (BW) was calculated using the weigh band (Dalton Supplies Ltd.) according to the
obtained chest girth. The Ethical clearance for the study was obtained from the Research Ethics Committee,
Faculty of Agriculture, University of Peradeniya, Sri Lanka (ECC/2023/R/062).

2.2. Hormone assays
2.2.1. INSL3 assay

Serum INSL3 was measured using a homologous bovine competitive enzyme immunoassay (EIA) as
described by [13] for cattle and [21] for goats, with modifications. Eight-well strips (SPL Life Sciences, South
Korea) were coated with 100 uL/well by using anti-mouse IgG (5 pg/mL in 0.05 M sodium bicarbonate; pH
9.7; KPL Lab Inc.) and kept for 2 hours at room temperature. The wells were then drained and washed three
times by using 200 uL/well of washing saline (Sodium Chloride). Non-specific binding sites were blocked
by using assay buffer 200 pL/well (AB L; 0.01 M Phosphate buffer which contained 0.15 M sodium chloride,
0.25 % skim milk and ProClin 950 (Sigma-Aldrich); pH 7.4) and kept overnight at 4 °C for blocking the wells
which were drained immediately before the assay. Then, 50 pL of each standard or serum sample and 50
uL of anti-bovine INSL3 (1: 4000; a generous gift from Prof. E. E. Bullesbach, Medical University of South
Carolina, USA) were dispensed into each well and kept two hours for incubation at room temperature fol-
lowed by 50 pL of biotinylated human INSL3 peptide (1 ng/mL in AB I, 1: 5000; a generous gift from Prof.
N. Kawate, Osaka Metropolitan University, Japan) dispensing and allowing again one hour for incubation.
Subsequently, the wells were drained and washed 3 times with 200 pL/well of saline (0.15 M sodium chlo-
ride containing 0.05 % Tween 20). Then, 100 pL of HRP-labeled streptavidin (100 ng/mL in AB I, 1: 5000;
KPL Lab Inc.) was added to each well and kept for 30 min at room temperature for incubation. After 30 min
the wells were drained and washed three times using saline and kept another 30 min with 100 pL of sub-
strate solution containing the 3,3',5,5"-Tetramethylbenzidine (TMB; Sigma-Aldrich). Finally, the reaction was
stopped by adding 50 puL of 2 M sulfuric acid, and the optical density (OD) was measured at 450 nm with a
630 nm reference using a microplate reader (UT-2100C, MRC, Israel).

The minimum detection limit of the assay was 0.078 ng/mL and the sensitivity range was 0.078 - 80 ng/mL.
Intra and Inter-assay coefficient of variations were 6.9 % (n = 6), and 16.4 % (n = 6), respectively.

2.2.2. Testosterone extraction

Testosterone extraction prior to the testosterone assay was performed according to the previously de-
scribed protocol by [17], with modifications. Briefly, various concentrations of testosterone standards (0.01-
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40 ng/mL) were diluted with the assay buffer (AB II; 0.01 M Phosphate buffer containing 0.15 M sodium
chloride, 0.1 % BSA and 0.02 % Proclin 950; pH 7.4). Native white cattle serum samples (250 uL/ sample)
were dispensed into glass tubes and mixed with 2.5 mL of diethyl ether by vortexing for 5 min followed by
centrifugation at 3500 rpm for 5 min to separate the upper ether phase from the lower water phase and kept
at -18 °C allowing the lower water phase to freeze. Then, the upper phase was separated into another glass
tube, and allowed to evaporate using a heat block at 40 °C. After that, the dried extracts were dissolved in
250 uL of AB II by vigorous vortexing. Simultaneously, the standards were also extracted.

2.2.3. Testosterone assay

Testosterone concentrations were measured in the same set of samples using the method described by
[13, 17] previously. In brief, previously coated wells with 100 uL/well of anti-rabbit IgG polyclonal antibody
(2pg/mL in 0.05 M Sodium bicarbonate; pH 9.7; KPL Lab Inc.) and blocked by AB II, were drained just before
the assay, and 50 uL of extracted testosterone standards or extracted samples, 50 uL of HRP-labeled testos-
terone (1: 1600; Cosmo Bio Co., Ltd., Japan) and 50 pL of anti-testosterone rabbit polyclonal antibody (1:
1500; Cosmo Bio Co., Ltd., Japan) were added and kept two hours for incubation. Then, the wells were
drained and washed three times by using washing saline 200 uL/well following the step of adding 100
pL/well substrate containing TMB and kept for another 30 min. The reaction was stopped by adding 50 pL
of 2 M sulfuric per each well and the optical density was measured as similarly mentioned in the INSL3
assay.

The minimum detection of the assay was 0.04 ng/mL and the detection was reliable between 0.04 - 40 ng/mL.
Intra and Inter-assay coefficient of variation and percentage recovery were 12.5 % (n=3), 11.9 % (n =4), and
91.8 % (n =2), respectively.

2.3. Statistical Analysis

The changes in individual and mean INSL3 and testosterone hormone concentrations with age were
assessed. Differences in mean INSL3 and testosterone concentrations among age groups (age in months)
were compared using pairwise comparisons of the generalized linear models (GZLM; SPSS version 25.0,
IBM Corporation, Somers, NY, USA) procedure by the least significant difference (LSD) post hoc test. Best
regression curves among hormone concentrations (INSL3 and testosterone), and morphometric parameters
were estimated by using the curve estimation procedure (SPSS version 25.0, IBM Corporation, Somers, NY,
USA).

3. Results
3.1. Serum concentrations of INSL3 and testosterone in Thamankaduwa White male cattle

The values obtained for intra- and inter-assay CV and percentage recovery were within the acceptable
range for both EIAs used during the present study. INSL3 standards had uniform inhibition at the same
concentrations in the sensitivity range and the B/B0 values for serially diluted samples were parallel to the
standards [13].

The serum INSL3 concentrations during the development of Thamankaduwa White cattle ranged
between 1.44 to 19.85 ng/mL. The mean INSL3 concentration increased from the age group I (4.58 + 0.55
ng/mL; n=12) to age group II (6.34 £ 0.75 ng/mL; n = 14) (p > 0.05) with an increment factor of 1.4, and from
age group II to age group III (11.06 + 1.43 ng/mL; n = 15) (p < 0.05) with an increment factor of 1.7 (Figure 1a).
The highest individual concentration of INSL3 (19.85 ng/mL) was observed in group IIl whereas the lowest
(1.44 ng/mL) was observed in group I (Figure 1b).
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Figure 1. (a) Mean serum INSL3 concentration (mean + SEM); (b) Individual INSL3 dynamics among age group I
(3-6 M; n=12), Il (6-12 M; n = 14) and III (> 12M; n = 15) of native white cattle. *® Mean with different superscripts
significant at p < 0.05

Serum testosterone concentrations also followed the same pattern of dynamics of INSL3 concen-
trations (Figure 2A). The mean testosterone concentration was increased from age group I (0.10 + 0.05
ng/mL) to age group II (0.20 + 0.06 ng/mL) but it was not statistically significant. However, it was in-
creased (p < 0.05) from age group II to III (0.62 + 0.19 ng/mL). The highest individual concentration of
testosterone (2.81 ng/mL) was observed in group IIl whereas the lowest (0.04 ng/mL) was observed in

3-6 M (Group I)

6-12 M (Group IT)
Age Category

> 12 M (Group III)

(a)

group I (Figure 2B).
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Figure 2. (a) Mean serum testosterone concentration (mean + SEM); (b) Individual testosterone dynamics among age
group I (3-6 M; n = 12), II (6-12 M; n = 14) and III (> 12M; n = 15) of native white cattle. *® Mean with different super-
scripts significant at p <0.05

3.2. Regression analyses among INSL3, testosterone and morphometric measurements

In the Thanakaduwa White male animals, the R? value of the of the best regression curve was 0.65 (n
=41, p <0.05; Figure 3).
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Figure 3. Best regression curves between serum concentrations of insulin-like peptide 3 (INSL3) and testosterone in
native white cattle bulls during development (0 to > 12 months of age; n =41)

Despite the weak associations, significant relationships were observed between the serum INSL3 con-
centration and BW, CG, and BL (p < 0.05) except with HW (p > 0.05) (Table 1). Similarly, there were weak
associations noticed between the serum testosterone level and BW, CG, HW, and BL (p < 0.05; Table 2).
However, the body length exhibited the highest significant association with INSL3 among all the tested
characteristics, while the chest girth showed the highest significant association with testosterone.

Table 1. Estimated R? values and p values of best regression curves between serum INSL3 concentrations and mor-
phometric characteristics of native white cattle bulls in Sri Lanka (*p < 0.05; n=41)

Body weight Height at withers Chest girth Body length
R? value 0.193* 0.183 0.213* 0.321*
p value 0.045 0.055 0.030 0.002

Table 2. Estimated R? values and p values of best regression curves between serum testosterone concentrations and
morphometric characteristics of native white cattle bulls in Sri Lanka (*p < 0.05; n = 41)

Body weight Height at withers Chest girth Body length
R2 value 0.250% 0.245* 0.259* 0.236*
p value 0.013 0.015 0.011 0.018

4. Discussion

In the present study, we report to the best of our knowledge, the first measurement of circulating
INSL3 and testosterone in Thamankaduwa White cattle and the association between those hormones and
morphometric measurements. [21] suggested that the measurement of both INSL3 and testosterone in the
same animal may provide an added benefit in assessing Leydig cell function due to its differential patterns
of regulations. [13] found that there was an effect of age on INSL3 concentrations in prepubertal Japanese
black beef bulls. Those findings further revealed that the plasma INSL3 concentration did not differ signifi-
cantly from prepubertal (3 to 6 months) to early pubertal age (6 to 12 months) followed by a significant
elevation from early to late (12 to 18 months) and late to post-pubertal age (18 to 22 months). Additionally,
[16] reported that, even though the mean serum INSL3 concentrations didn’t significantly differ over age
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categories 2-3, 4-5, 6-7, 8-10, and 11-13 months, respectively, there was an increasing trend over time where
the highest concentration was observed at 8-10 months age category in Norwegian Red bulls. Hence, the
present findings of INSL3 concentrations of Thamankaduwa White cattle type in Sri Lanka were closely
aligned with the previous findings of Japanese black beef bulls whereas it was more or less similar to the
findings of Norwegian Red bulls. Furthermore, the INSL3 dynamics followed similar trends as found in the
present study in male sheep [22], male Saanen goats [24], Jamnapari X Local crossbred goats [21], and
Kottukachchiya crossbred goats [25] during development. However, the serum INSL3 concentrations were
very high just after the birth of humans and sharply declined within a few months thereafter and one year
of age [26], and continued until 10 years followed by a sharp increment during puberty [9,12]. Even in rats,
the serum INSL3 concentrations were in minor quantities during 2 days before and after birth which contin-
ued until 10 days after birth followed an increment until puberty [27,28]. However, the decrement trends of
serum INSL3 concentrations between infancy to puberty seemed to be absent in Thamankaduwa White cat-
tle males. This is in strong agreement with the previous findings of Japanese black beef bulls as well [13].

Serum testosterone concentrations also followed the same pattern of dynamics as INSL3 concentra-
tions during the present study. There was a marked increment of testosterone concentration of Japanese
black beef bulls from prepubertal (3-6 months) to early pubertal age (6-12 months) though it wasn’t observed
significant increment from early to late phase (12-18 months) [13]. Even though there was no evidence on
the age at puberty of Thamankaduwa White bulls, [29,30] reported that the average age at puberty of Bos
indicus beef bulls ranged from 16-18 months. In Brahman bulls, the serum testosterone level increment was
observed between 12-14 months [23]. The increment of serum concentrations of both INSL3 and testosterone
during puberty was suggested due to the HPG axis triggering during this particular age in mammals [8,12].
Hence, the present marked increment of INSL3 and testosterone concentrations from age group II to III in
Thamankaduwa White cattle could be suggested due to puberty during this age. Furthermore, the testos-
terone of Saanen bucks did not differ in all those three age groups as considered in the present study, nev-
ertheless, a significant increment was observed in Kottukachchiya crossbred bucks from below 06 months
age category to 6-12 months age category [24,25]. [21] observed a significant drop in serum testosterone
concentration on the 23 week after birth and a three-fold increment on the 28t week after the birth of Jam-
napari X Local crossbred goats. There was no difference from the 3-6 months phase to the 6-12 months phase.
However, a remarkable elevation from the 6-12 months phase to the 12-24 months phase in male sheep [22].
Thus, the present findings for serum testosterone dynamics in Thamankaduwa White cattle in Sri Lanka
were not in agreement with those findings recorded for Japanese black beef bulls and more or less similar to
the findings of Saanen and Kottukachchiya crossbred buck. Nevertheless, the findings were comparable
with those observed in male sheep during development. However, the minor concentrations of testosterone
detected, compared to the serum INSL3 concentrations in Thamankaduwa White cattle were comparable to
previous studies reported for the livestock species during development [18,22,24,25], except Japanese black
beef bulls [13].

The R? value of the association between INSL3 and testosterone hormone concentrations in Tha-
mankaduwa White cattle bulls in the present study was higher (p <0.05) than that of the Japanese black beef
during development. [13] concluded that the high R? value inferred a similarity in releasing patterns of those
two hormones both of which are produced by Leydig cells. It further observed a higher R? value for the
association between these two hormones during birth to 3 months of age than that of the period around
pubertal age (3 to 22 months).

The morphometric measurements of Withers height and chest girth of Thamankaduwa White cattle
during the present study were comparable with the previous findings [3,31]. All the farms visited to collect
the samples are being managed under a semi-intensive system. The cattle are allowed to graze in nearby
lands during the morning as a herd just after the milking and confined to a paddock during the night time.
Since the morphometric measurements were taken without proper restraining facilities at the field condi-
tions, the weak associations between the tested reproductive hormones and body measurements could be
attributed to the precision of the measurement taken. Therefore, the weigh band was used to take the body
weight in all groups even though it could be effectively used for mature animals. However, [32] found that
the prediction of live weight using the heart girth measurements is acceptable from the prepubertal to post-
pubertal ages of cattle. [23], reported that there were positive correlations between testosterone level and
girth (r=0.38; P < 0.01), body weight (r = 0.38; P < 0.01), right testicle (r = 0.23; P < 0.05), left testicle (r = 0.21;
P <0.01) and testicular volume (r = 0.22; P < 0.008) in Brahman male cattle.
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Owing to the unexpected practical difficulties, the association between scrotal circumference (SC)
with serum INSL3 and testosterone levels in Thamankaduwa White cattle males could not be assessed in
the present study. Therefore, further studies are recommended to assess the association among INSL3,
testosterone and SC, because it has been already proven that there is a significant association between INSL3
and SC in several mammals including humans, Norwegian Red bulls, and several breeds of goats [12,16,21,
24,25].

5. Conclusions

Serum INSL3 and testosterone concentration dynamics were highly compatible and strongly corre-
lated with each other in Thamankaduwa White male cattle. Future studies could aim at comparing repro-
ductive hormones and reproduction-related attributes such as scrotal circumference and sperm quality pa-
rameters which would be beneficial to understand the Leydig cell functionality during the sexual develop-
ment of Thamankaduwa White male cattle.

Author Contributions: Conceptualization, S.T.D. De Silva, M. Pagthinathan, G.L.L.P. Silva and I.N. Pathirana; method-
ology, S.T.D. De Silva, M. Pagthinathan, G.L.L.P. Silva and I.N. Pathirana; formal analysis, S.T.D. De Silva, I.N. Pathirana;
investigation, S.T.D. De Silva and O.B. Gunawardena; writing—original draft preparation, S.T.D. De Silva; writing—
review and editing, M. Pagthinathan, G.L.L.P. Silva and I.N. Pathirana; supervision, M. Pagthinathan, G.L.L.P. Silva and
LN. Pathirana.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the Declaration of the
Faculty of Agriculture, University of Peradeniya, Sri Lanka and approved by the Ethics Committee of the Faculty of
Agriculture, University of Peradeniya, Sri Lanka (ECC/2023/R/062).

Data Availability Statement: All the relevant data is available in the manuscript.

Acknowledgments: The authors are grateful to Prof. N. Kawate from Osaka Metropolitan University, Japan for his gen-
erous support in providing critical reagents used in enzyme immunoassays. The authors thank Dr. (Mrs.) K.A. Viveka,
Mr. N. Manoharan and V. Sukumar from the Department of Animal Production and Health, Chenkalady, Sri Lanka and
Mr. P. Pragashan from Department of Animal Science, Faculty of Agriculture, Eastern University, Sri Lanka for their
utmost support during the sampling.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Domestic Animal Diversity Information System (DAD-IS) 2012 https://www.fao.org/dad-is/browse-by-country-and-spe-
cies/en/ [Accessed on 15.08.2023]

2. Nadheer, M.A,; Fouzi, M.N.M. Investigation on the indigenous cattle breed and its farming system in Southeastern region
of Sri Lanka. in Proceedings of Annual Scientific Sessions of the Sri Lanka Veterinary Association, Sri Lanka 2012, pp 49.

3.  Lokugalappatti, L.G.S.; Shanjayan, N. A Morphometric Analysis of Indigenous White Cattle (Thamankaduwa Breed) in the
Eastern Province of Sri Lanka with a Description of a Novel Character. in Proceedings of the 5th International Symposium
2015 - IntSym 2015, SEUSL, Sri Lanka 2015, 114-116.

4. Mahadevan P. A study of the confirmation characteristics of Sinhala cattle. Tropical Agriculturist 1952, 58, 116-119.

5. Abeygunawardena, H.; Abayawansa, W. Studies on indigenous zebu cattle: reproductive pattern under traditional man-
agement. Journal of the National Science Foundation of Sri Lanka 1995, 23(4), 131-142.

6.  Silva, P. Indigenous animal genetic resources of Sri Lanka. Status, potential and opportunities. Animal Genetic Resources
2011, 46, 118. doi: 10.1017/s2078633611000129

7.  Weerasingha, V.; Priyashantha, H., Ranadheera, C. S., Prasanna, P., Silva, P., Vidanarachchi, ].K. and Johansson, M. Milk
Coagulation Properties: A Study on Milk Protein Profile of Native and Improved Cattle Breeds/Types in Sri Lanka. Dairy
2022, 3(4), 710-721. doi: 10.3390/dairy3040049.

8.  Ivell, R;; Wade, J.; Anand-Ivell, R. INSL3 as a Biomarker of Leydig Cell Functionality. Biology of Reproduction 2013, 88(April),
1-8. doi: 10.1095/biolreprod.113.108969.

9. Bay, K,; Virtanen, H.E.; Hartung, S.; Ivell, R.; Main, K.M.; Skakkebaek, N.E.; Andersson, A.M.; Toppari, J.; Boisen, K.;
Chellakooty, M.; Damgaard, I.N.; Kaleva, M.; Schmidt, .M.; Suomi, A.M. Insulin-like factor 3 levels in cord blood and
serum from children: Effects of age, postnatal hypothalamic-pituitary-gonadal axis activation, and cryptorchidism. Journal
of Clinical Endocrinology and Metabolism 2007, 92(10), 4020-4027. doi: 10.1210/jc.2007-0974



Cluj Vet ] 2023, vol 28, issue 3 23 of 30

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Foresta, C.; Bettella, A.; Vinanzi, C.; Dabrilli, P.; Garolla, A.; Ferlin, A.; Meriggiola, M.C. Insulin-like factor 3: A novel cir-
culating hormone of testicular origin in humans. The Journal of Clinical Endocrinology & Metabolism 2005, 89(12), 5952-5958.
doi: 10.1196/annals.1282.074.

Anand-ivell, R]J.K,; Relan, V.; Balvers, M.; Coiffec-dorval, L; Fritsch, M.; Bathgate, R.A.D; Ivell, R. Expression of the Insulin-
Like Peptide 3 (INSL3) Hormone-Receptor (LGR8) System in the Testis. Biology of Reproduction 2006, 74, 945-953. doi:
10.1095/biolreprod.105.048165.

Ferlin, A.; Garolla, A.; Rigon, F.; Caldogno, L.R.; Lenzi, A.; Foresta, C. Changes in Serum Insulin-Like Factor 3 during
Normal Male Puberty. The Journal of Clinical Endocrinology & Metabolism 2006, 91(9), 3426-3431. doi: 10.1210/jc.2006-0821.
Kawate, N.; Ohnari, A.; Pathirana, I.N.; Sakase, M.; Biillesbach, E.E.; Takahashi, M.; Inaba, T.; Tamada, H. Changes in
plasma concentrations of insulin-like peptide 3 and testosterone from birth to pubertal age in beef bulls. Theriogenology
2011, 76, 1632-1638. doi: 10.1016/j.theriogenology.2011.07.011.

Hannan, M.A.; Fukami, Y.; Kawate, N.; Sakase, M.; Fukushima, M.; Pathirana, I. N.; Biillesbach, E.E.; Inaba, T.; Tamada, H.
Plasma insulin-like peptide 3 concentrations are acutely regulated by luteinizing hormone in pubertal Japanese Black beef
bulls. Theriogenology 2015, 84(9), 1530-1535. doi: 10.1016/j.theriogenology.2015.07.039.

Sakase, M.; Kitagawa, K.; Kibushi, M.; Kawate, N.; Weerakoon, W. W.P.N.; Hannan, M. A.; Kohama, N.; Tamada, H. Rela-
tionships of plasma insulin-like peptide 3, testosterone, inhibin, and insulin-like growth factor-I concentrations with scrotal
circumference and testicular weight in Japanese black beef bull calves. Journal of Reproduction and Development 2018, 64(5),
401-407. doi: 10.1262/jrd.2018-034.

Bremer, J.; Heringstad, B.; Morrell, J. M.; Kommisrud, E. Associations between insulin-like factor 3, scrotal circumference
and semen characteristics in young Norwegian Red bulls. Animal 2023, 17(3), 100713. doi: 10.1016/j.animal.2023.100713.
Pathirana, I.N.; Yamasaki, H.; Kawate, N.; Tsuji, M.; Biillesbach, E.E.; Takahashi, M.; Hatoya, S.; Inaba, T.; Tamada, H.
Plasma insulin-like peptide 3 and testosterone concentrations in male dogs: Changes with age and effects of cryptorchid-
ism. Theriogenology 2012, 77, 550-557. doi: 10.1016/j.theriogenology.2011.08.030.

Hannan, M.A; Kawate, N.; Fukami, Y.; Pathirana, I. N.; Biillesbach, E. E.; Inaba, T.; Tamada, H. Acute regulation of plasma
insulin-like peptide 3 concentrations by luteinizing hormone in male goats. Theriogenology 2016, 3, 1-8. doi: 10.1016/j.theri-
ogenology.2016.02.028.

Hannan, M. A.; Kawate, N.; Fukami, Y.; Weerakoon, W.W.P.N.; Biillesbach, E.E.; Inaba, T.; Tamada, H. Changes of plasma
concentrations of insulin-like peptide 3 and testosterone, and their association with scrotal circumference during pubertal
development in male goats. Theriogenology 2017a, 92, 51-56. doi: 10.1016/j.theriogenology.2017.01.009.

Hannan, M.A.; Kawate, N.; Fukami, Y.; Weerakoon, W. W.P. N; Biillesbach, E.E.; Inaba, T.; Tamada, H. Effects of long-
acting GnRH antagonist, degarelix acetate, on plasma insulin-like peptide 3, testosterone and luteinizing hormone concen-
trations, and scrotal circumference in male goats. Theriogenology 2017b, 88, 228-235. doi: 10.1016/j.theriogenol-
0gy.2016.09.032.

Wimalarathne, A.; Fonseka, L.; Pathirana, I.N.; Kodithuwakku, S.; Kawate, N. Measurement of circulating insulin-like pep-
tide 3 and testosterone concentrations in pre-pubertal, tropical male goats. Asian J. Med. Biol. Res. 2018, 4(4), 383-388. doi:
10.3329/ajmbr.v4i4.40111.

Fonseka, W.T L.; Pathirana, I. N.; Premaratne, S.; Kodituwakku, S. P.; Kawate, N. Changes in serum insulin-like peptide 3
and testosterone concentrations in male sheep during development. Journal of Animal Production Science 2018, 58(8), 67.
Chacur, M.; Arikawa, A.; Oba, E.; Souza, C.; Roberto Gabriel Filho, L. Influence of Testosterone on Body and Testicular
Development in Zebu Cattle in the Tropical Climate. Advances in Testosterone Action 2018, 91-108. doi:
10.5772/intechopen.76706.

Nikzaad, R.M,; De Silva, S.T.D.; Fonseka, W.T.L.; Premaratne, W.S.A.M.; Pathirana, I.N. Circulating Insulin-like Peptide 3
and Testosterone Concentrations in Saanen Bucks during Sexual Development. in Proceedings of the International Sympo-
sium on Agriculture and Environment (ISAE) 2021, Faculty of Agriculture, University of Ruhuna, Sri Lanka 2021, 12.
Madumadhawa, M.H.D.; De Silva, S.T.D.; Fonseka, W.T L.; Premaratne, W.A.S.M.; Pathirana, I.N. Circulating Insulin-like
Peptide 3 and Testosterone Concentrations in Saanen Bucks during Sexual Development. in Proceedings of the Interna-
tional Symposium on Agriculture and Environment 2021, Sri Lanka 2021, pp 1.

Cabrol, S.; Ross, J.L.; Fennoy, L; Bouvattier, C.; Roger, M.; Lahlou, N. Assessment of Leydig and Sertoli cell functions in
infants with nonmosaic Klinefelter syndrome: Insulin-like peptide 3 levels are normal and positively correlated with lh
levels. Journal of Clinical Endocrinology and Metabolism 2011, 96(4), 746—753. doi: 10.1210/jc.2010-2103.

Boockfor, F.R.; Fullbright, G.; Biillesbach, E. E.; Schwabe, C. Relaxin-like factor (RLF) serum concentrations and gubernac-
ulum RLF receptor display in relation to pre- and neonatal development of rats. Reproduction 2001, 122(6), 899-906. doi:
10.1530/rep.0.1220899.

Anand-Ivell, R.; Heng, K.; Hafen, B.; Setchell, B.; Ivell, R. Dynamics of INSL3 Peptide Expression in the Rodent Testis.
Biology of Reproduction 2009, 81(3), 480—487. doi: 10.1095/biolreprod.109.077552.

Wolf, F.R.,; Almquist, ].O.; Hale, E.B. Prepuberal behavior and puberal characteristics of beef on high nutrient allowance.
Journal of Animal Science 1965, 24(3), 761-765.

Lunstra, D.D.; Ford, ].J.; Echternkamp, S.E. Puberty in beef bulls: hormone concentrations, growth, testicular development,
sperm production and sexual aggressiveness in bulls of different breeds. Journal of Animal Science 1978, 46(4), 1054-1062.
Rifkhan, T.; Perera, W.N.U,; Silva, G.L.L.P. Morphological and production system characteristics of indigenous white cattle
in Sri Lanka. in Proceedings of the Peradeniya Univ. International Research Sessions, Sri Lanka. 2015, pp 534.



Cluj Vet ] 2023, vol 28, issue 3 24 of 30

32. Weerasinghe, W. M. S. P.; Dematawewa, C. M. B.; De Silva, G. H. T. A.; Malkanthi, R. M. S.; Harendraa, K.; Chandrasiri A.
D. N. Prediction of body weight of jersey cattle using morpho- metric measurements. in Proceedings of the Annual Scien-
tific Sessions of the Sri Lanka Veterinary Association, Sri Lanka. 2012, pp 45.



