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Abstract
The aim of this study was to evaluate the association between plasma copper (Cu) concentration and ovarian function dur-
ing a fixed-time artificial insemination (FTAI) protocol and the effect of parenteral Cu administration (100 mg) at the start 
of such protocol (day 0) on area of preovulatory follicle (APF); area of corpus luteum (ACL), plasma estradiol (E2), and 
progesterone (P4) concentrations; CL blood flow (CLBF); and pregnancy rate in beef heifers and cows. In cows, plasma Cu 
concentration on days 0 and 7 correlated positively with APF. Copper administration increased plasma Cu concentration and 
decreased APF and plasma E2 concentration (day 9), without modifying ACL, plasma P4 concentration, and CLBF (day 16) 
in cows. Pregnancy rate was higher in Cu-supplemented cattle on day 41 after FTAI as compared with controls (58.76 and 
45.28%, respectively). In conclusion, Cu administration at the beginning of the FTAI protocol increased pregnancy rate in 
beef heifers and cows, modifying APF and plasma E2 concentration in the latter.
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Introduction

In domestic animals, normal reproductive behavior is closely 
related to nutritional status [1]. Deficiency in a single min-
eral such as copper (Cu) may cause various reproductive 
failures in cattle, comprising delayed puberty, infertility, 
poor conception, and early embryonic loss [2]. Subfertility 
in cattle is a serious problem worldwide and a considerable 

proportion of animals respond positively to adequate Cu 
supplementation [3, 4]. Copper status in cattle is defined 
as deficient, marginal, and adequate for plasma Cu concen-
trations of < 30, 31–60, and > 60 µg/dL, respectively [5]. 
Studying the role of Cu in the bovine reproductive function 
is therefore crucial since Cu deficiency is the second most 
widespread mineral deficiency that affects grazing cattle 
globally [6, 7].

The effect of Cu on ovarian function has been known 
for a long time [8]. In rats, pigs and rabbits, Cu stimulated 
the release of hypothalamic-pituitary-ovarian axis sex hor-
mones, such as gonadotropin-releasing hormone (GnRH), 
follicular-stimulating hormone (FSH), and luteinizing hor-
mone (LH) [9–12]. An in vitro study has shown that Cu 
modifies the conformation of the GnRH receptor causing 
the release of gonadotropin granule content through cal-
cium dependent mechanisms [10]. In rabbits, Fevold and 
colleagues [8] reported induction of ovulation by intrave-
nous injection of Cu salts. These results reveal a possible 
pharmacological effect of Cu on ovarian function and ovu-
lation [13]. In cattle, little is known about the physiological 
or pharmacological effect of Cu on reproductive hormones, 
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ovarian function, or after applying biotechnologies where 
ovarian activity is intentionally manipulated. The fixed-
time artificial insemination (FTAI) treatment consists of an 
intentional manipulation of the ovarian function employing 
reproductive hormones to allow cattle to be inseminated at a 
designated time without the need for estrus detection.

The aim of this study was to evaluate the association 
between plasma Cu concentration and ovarian function dur-
ing an FTAI protocol and the effect of parenteral Cu admin-
istration at the start of such protocol on area of preovulatory 
follicle (APF), area of corpus luteum (ACL), plasma estra-
diol (E2) and progesterone (P4) concentrations, CL blood 
flow (CLBF), and pregnancy rate in beef cattle.

Materials and methods

The experimental procedures were approved by the School 
of Veterinary Sciences Institutional Animal Care and Use 
Committee (National University of La Plata, Buenos Aires, 
Argentina; Protocol No. 105–3-20P).

Experiment 1: Association Between Plasma Cu 
Concentration During FTAI Protocol and APF, ACL, 
and Plasma E2 and P4 Concentrations

Animals and Treatments

The trial was performed during the southern hemisphere 
breeding season (springtime, October–November in Buenos 
Aires, Argentina) in two commercial farms located in the 
Salado River Basin (farm 1: 34°59′54″S, 57°40′51″W; farm 
2: 34°56′29″S, 59°08′23″W). Farm 1 provided 24-month-old 
Angus cycling heifers (n = 28) with a body condition score 
(BCS) of 7.16 ± 0.05 on a 1–9 scale [14] and Angus cows 
(n = 26) with a BCS of 7.02 ± 0.09 and more than 55 days 
post-partum at the start of the experiment. Farm 2 provided 
Angus cows (n = 15) with a BCS of 7.13 ± 0.11 and more 
than 55 days post-partum at the start of the experiment. On 
day 0, at random stages of the estrous cycle, all animals 
received an intramuscular (IM) injection of 2 mg estra-
diol benzoate (EB, Syntex, Argentina) and an intravaginal 
P4-device (DIB, Syntex, Argentina) containing 0.5 g P4. On 
day 7, the device was removed and animals were adminis-
tered 500 mg Cloprostenol (Ciclase DL, Syntex) and 0.5 mg 
estradiol cypionate (Cipiosyn, Syntex) by IM injection. On 
day 9, 52–56 h after DIB removal, AI was carried out by an 
experienced technician (Fig. 1).

Blood Sample

Samples of coccygeal blood (10 mL) were collected on days 
0, 7, 9, and 16 in EDTA-containing tubes, placed on ice 

immediately after collection and centrifuged at 350 g for 
10 min. Plasma was then separated and stored at − 20 °C.

Plasma Cu Concentrations

Plasma Cu concentrations were evaluated on days 0, 7, 9, 
and 16. Plasma samples were proportionally deproteinized 
with 10% (v/v) trichloroacetic acid. Copper concentrations 
were measured in supernatants using a double beam atomic 
absorption spectrophotometer (Perkin Elmer AAnalyst 200; 
AAS, International Equipment Trading Ltd., Mundelein, 
USA) with an internal quality control [15].

Hormone Assays

Plasma E2 concentration was determined on day 9 by chemi-
luminescence immunoassay (Elecsys®, Estradiol III, Roche, 
Mannheim, Germany) (9.4% intra-assay coefficient of varia-
tion; 2.6 pg/tube assay sensitivity). Plasma P4 concentration 
was determined by chemiluminescence immunoassay on day 
16 (Elecsys®, Progesterone II, Roche, Mannheim, Germany) 
(9.6% intra-assay coefficient of variation; 0.1 ng/tube assay 
sensitivity).

Ultrasonography

The APF (day 9) and ACL (day 16) determinations were 
performed by transrectal ultrasonography using an Aloka 
500 V equipped with a 7.5-MHz linear-array transducer 
(Aloka, Wallingford, CT). Images were taken to measure 
the maximum diameter of preovulatory follicle (PF), CL, 
and CL cavity, if present (Figs. 2a and b). The average of the 
horizontal and vertical diameters recorded was used for the 
statistical analysis. The location of PF that corresponded to 
the largest area was also recorded. The ACL was calculated 
by subtracting the luteal cavity area from the entire CL area.

Experiment 2: Effect of Parenteral Cu Administration 
on APF, ACL, and Plasma E2 and P4 Concentrations

Animals and Treatments

The trial was performed during November–December in a 
commercial farm located in the Salado River Basin, Buenos 
Aires, Argentina (35°21′48″S, 57°13′ 37″W). The animals 
used were 24-month-old Angus cycling heifers (n = 49; BCS, 
7.30 ± 0.06) and Angus cows (n = 19; BCS, 7.10 ± 0.10) with 
more than 55 days post-partum at the start of the experiment. 
The same FTAI protocol as described above (Experiment 1) 
was applied to all animals. On day 0 of the protocol, heif-
ers and cows were randomly assigned to one of two treat-
ments: (1) the control group (n = 28 heifers and n = 9 cows) 
received 4 mL of sterile NaCl solution (9 g/L), and (2) the 
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Cu group (n = 21 heifers and n = 10 cows) was supplemented 
with a subcutaneous injection (4 mL) of 100 mg Cu (dini-
trile ethylene copper calcium acetate, Glypondin®, KÖNIG, 
Argentina). On day 9, AI was carried out by an experienced 
technician (Fig. 1).

Blood sample collection, determination of plasma Cu 
concentrations, hormone assays, and ultrasonography were 
performed as described above (Experiment 1). Blood sam-
ples were collected on day 0, before Cu and NaCl solution 
administration.

Experiment 3: Effect of Parenteral Cu Administration 
on CLBF

Animals and Treatments

This trial was performed in a commercial farm located in 
Buenos Aires, Argentina (35°20′18.6"S, 58°38′06.2"W) 

during spring (October). Angus cows (n = 27, 6.27 ± 0.09 
BCS and more than 55 days post-partum at the start of 
the experiment) were used. Cows were randomly assigned 
to either a control (n = 13) or a Cu-supplemented group 
(n = 14). The same FTAI protocol as described above 
(Experiment 1) was applied. On day 9 of the FTAI protocol, 
PF presence and location were determined by transrectal 
ultrasonography (Aloka, Wallingford, CT) (Fig. 1).

Ultrasonography and Color Doppler Imaging

The ultrasound evaluation was performed according to 
Siqueira and colleagues [16]. Briefly, on day 16, the ovaries 
of all cows were scanned for CL evaluation. Cows without 
CL or whose location did not match that of PF were removed 
from the study. A portable ultrasound machine (MyLab30 
Vet Gold; Esaote SpA, Genova, Italy) equipped with a rectal 
linear-array transducer and capable of creating images in 

Fig. 1   Experimental design. The FTAI protocol consisted of an intra-
vaginal progesterone device and 2 mg estradiol benzoate (EB) on day 
0, followed by 500  mg cloprostenol (PGF2α) and 0.5  mg estradiol 
cypionate (ECP) on day 7 (at device removal). On day 9, AI was car-
ried out. In Experiments 2, 3 and 4, animals were randomly assigned 
to one of two treatments on day 0: 1) the control group received NaCl 
solution, and 2) the copper (Cu) group received 100 mg Cu subcuta-

neously. Ultrasonographic (US) examinations of area of preovulatory 
follicle (APF), area of corpus luteum (ACL), and pregnancy diagno-
sis were performed on days 9, 16 and 50, respectively. Blood samples 
were used to evaluate plasma Cu (days 0, 7, 9 and 16), estradiol (day 
9), and progesterone (day 16) concentrations. Doppler US was per-
formed to evaluate CL blood flow (CLBF)
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B-mode (grayscale imaging) and color-flow Doppler map-
ping mode (blood flow assessment) was used. In B-mode, 
transducer frequency was set to 8.0 MHz and 70% total gain. 
For color-flow mode, frequency was set to 6.6 MHz, 55% 
total gain, 750 Hz pulse repetition frequency, 23 frames/s 
frame rate, and 0.06 m/s minimum detectable velocity. 
After scanning the ovaries, B-mode and color flow-mode 
short video clips (7-s duration) of the ovary with CL were 
recorded (Fig. 2c). Later, ACL was calculated as described 
above (Experiment 1). ImageJ software (National Institutes 
of Health, Bethesda, MD) was used to evaluate CLBF and 
determine the area of colored pixels within the CL. An 
adjusted CLBF was calculated dividing CLBF by ACL 
(CLBF:ACL ratio) to determine the proportion of colored 
pixels relative to the ACL.

Experiment 4: Effect of Parenteral Cu Administration 
on Pregnancy Rates

Animals and Treatments

The trial was performed in spring (October–December) 
with animals from two commercial farms located in Buenos 
Aires, Argentina (farm 1: 35°38′25"S 58°24′13"W; farm 2: 
35°15′37″S, 60°10′52″W). Farm 1 provided 85 24-month-
old cycling Angus heifers (7.62 ± 0.10 BCS) and 31 Angus 
cows (7.17 ± 0.08 BCS and more than 55 days post-partum at 
the start of the experiment). Farm 2 provided 49 24-month-
old cycling Angus heifers (7.21 ± 0.05 BCS) and 38 Angus 
cows (7.15 ± 0.05 BCS and more than 55 days post-partum 
at the start of the experiment). Animals were randomly 

assigned to either a control (heifers n = 44 and 28 from farms 
1 and 2, respectively; and cows n = 15 and 19 from farms 
1 and 2, respectively) or a Cu group (heifers n = 41 and 21 
from farms 1 and 2, respectively; and cows n = 16 and 19 
from farms 1 and 2, respectively). The same FTAI protocol 
as described above (Experiments 1) was applied by the same 
experienced technician. Pregnancy rate was determined by 
transrectal ultrasonography (Aloka, Wallingford, CT) on day 
41 after FTAI (Fig. 1; Fig. 2d).

Plasma Cu Concentrations

Blood samples of animals from the two farms were collected 
on day 0 before Cu and NaCl solution administration. Blood 
sample collection and plasma Cu determinations were per-
formed as described in Experiment 1.

Statistical Analysis 

Associations and coefficients of determination between 
plasma Cu concentration and plasma E2 and P4 concen-
tration, APF and ACL were assessed using PROC CORR 
and PROC REG of SAS (SAS Institute, Cary, NC, USA), 
respectively (Experiment 1). Completely randomized 
designs were used, with the following statistical models: 
Experiment 2 included the fixed effect of treatment (Con-
trol vs. Cu), category (heifer vs. cow) and their interaction 
(treatment*category). Experiment 3 included the fixed effect 
of treatment (Control vs. Cu). Experiment 4 included the 
random effect of block (farm, n = 2), the fixed effect of treat-
ment (Control vs. Cu), category (heifer vs. cow) and their 

Fig. 2   Ultrasound images of 
ovaries and uterus. (a) Determi-
nation of area of preovulatory 
follicle (APF) on day 9 (*, PF). 
(b) Determination of area of 
corpus luteum (ACL) on day 
16 (*, CL). (c) Color-Doppler 
mode (D-detection limit: 
0.06 m/s) of a CL on day 16. (d) 
Ultrasound image of a 41-day 
pregnancy (*, embryo)
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interaction (treatment*category). The effect of Cu admin-
istration on continuous response variables such as plasma 
E2 and P4 concentration and APF, ACL, and CLBF was 
analyzed with linear regression models by using the MIXED 
procedure of SAS. In the case of repeated measures (Cu 
concentration), a repeated measure linear model was used to 
account for autocorrelation. The effect of Cu administration 
on pregnancy rate was analyzed by logistic regression analy-
sis using the GENMOD procedure (SAS Institute). Results 
are expressed as least squared means ± SEM (continuous 
variables) and percentages (discrete variables). Statistical 
significance was set at P < 0.05 and P < 0.10 for tendency 
and interactions. P ≤ 0.15 was considered to indicate ten-
dency for interactions.

Results

Experiment 1: Association Between Plasma Cu 
Concentration During FTAI Protocol and APF, ACL, 
and Plasma E2 and P4 Concentrations

In heifers, no association was found between plasma Cu con-
centration and any of the evaluated parameters (P > 0.05; 
Table 1). In cows, plasma Cu concentration on days 0 and 7 
correlated positively with APF (P < 0.05; Table 2), whereas 
a negative correlation between plasma Cu concentration on 
day 9 and ACL was found (P < 00.05; Table 2).

Experiment 2: Effect of Parenteral Cu Administration 
on APF, ACL, and Plasma E2 and P4 Concentrations

Time (day) had effect on plasma Cu concentra-
tion (90.88 ± 1.62, 93.37 ± 1.63, 89.74 ± 1.70 and 
89.15 ± 1.65 μg/dL Cu for days 0, 7, 9, and 16, respectively, 
(P < 0.05), whereas such concentration tended to be differ-
ent in heifers and cows (93.15 ± 1.49 and 88.42 ± 2.31 μg/
dL Cu, respectively; P < 0.1). Although Cu administration 
had no effect on plasma Cu concentration (control vs. Cu 
group, 89.34 ± 1.88 vs. 92.22 ± 1.84 μg/dL Cu; P > 0.15), 
time*Cu administration did and was category-dependent 
(P < 0.05; Fig.  3). In heifers, plasma Cu concentration 
tended to be higher on days 7 and 9 in Cu-supplemented 
animals (P < 0.1), whereas in cows it was higher on day 7 
(P < 0.05; Fig. 3).

The effect of parenteral Cu administration on APF, 
ACL and plasma E2 and P4 concentrations is shown in 
Table 3. The APF was lower in Cu-supplemented animals 
(P < 0.05). However, the effect of Cu tended to differ by 
category (P = 0.15), namely, Cu decreased APF in cows 
but not in heifers (Fig. 4a). Plasma E2 concentration was 
decreased with Cu administration (P < 0.05). However, the 
effect of Cu differed according to category, since addition 
of Cu decreased plasma E2 in cows but not in heifers (Cu 
administration*category = P < 0.1; Fig. 4b). Conversely, Cu 
administration did not affect plasma P4 concentration and 
ACL (P > 0.15).

Table 1   Association between 
plasma Cu concentration 
during the FTAI protocol 
(days 0, 7, 9 and 16) and 
area of preovulatory follicle 
(APF), plasma estradiol 
(E2), area of corpus luteum 
(ACL), and progesterone (P4) 
concentrations in heifers

The APF and E2 determinations were performed on day 9; ACL and P4 were evaluated on day 16. NS: Not 
significant. Statistical significance was set at P < 0.05

APF E2 ACL P4

Plasma Cu 
concentration

r P value r P value r P value r P value

Day 0 0.22 NS 0.13 NS 0.23 NS  − 0.15 NS
Day 7 0.20 NS 0.04 NS 0.16 NS  − 0.29 NS
Day 9 0.20 NS 0.10 NS 0.25 NS  − 0.22 NS
Day 16 - - - - 0.09 NS  − 0.01 NS

Table 2   Association between 
plasma Cu concentration 
during the FTAI protocol 
(days 0, 7, 9 and 16) and 
area of preovulatory follicle 
(APF), plasma estradiol 
(E2), area of corpus luteum 
(ACL), and progesterone (P4) 
concentrations in cows

The APF and E2 determinations were performed on day 9; ACL and P4 were evaluated on day 16. Coef-
ficients of determination (R2) were assessed when the correlation coefficient (r) between two variables was 
significant (P < 0.05). NS not significant

APF E2 ACL P4

Plasma Cu 
concentra-
tion

r R2 P value r R2 P value r R2 P value r R2 P value

Day 0 0.42 0.17 0.01 0.45 - NS  − 0.10 - NS 0.20 - NS
Day 7 0.47 0.22 0.01 0.03 - NS  − 0.24 - NS 0.22 - NS
Day 9 0.16 - NS  − 0.02 - NS  − 0.44 0.19 0.02 0.08 - NS
Day 16 - - - - - -  − 0.06 - NS 0.25 - NS



	 J. P. Anchordoquy et al.

1 3

Experiment 3: Effect of Parenteral Cu Administration 
on CLBF 

The effect of parenteral Cu administration on CLBF and 
adjusted CLBF is shown in Table 4. As can be seen, Cu 
administration did not modify CLBF in cows (P > 0.15).

Experiment 4: Effect of Parenteral Cu Administration 
on Pregnancy Rate 

Plasma Cu concentration at the beginning of the FTAI pro-
tocol (day 0) was higher in farm 2 than farm 1 (86.0 ± 1.9 
and 69.7 ± 3.9  μg/dL Cu, respectively; P < 0.05). 
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Fig. 3   Effect of parenteral Cu administration at the beginning of the 
FTAI protocol on plasma Cu concentrations in beef cattle. Plasma Cu 
concentrations were evaluated on days 0, 7, 9 and 16. Heifers (a) and 
cows (b) were injected at the beginning of FTAI (day 0; arrow) with 

saline solution (control group; dotted line) or 100  mg copper (Cu 
group; solid line). Results are expressed as means ± SEM. Time*Cu 
administration had effect on plasma Cu concentration and depended 
on category (P < 0.05). *, P < 0.1.; **, P < 0.05

Table 3   Effect of parenteral Cu 
administration at the beginning 
of the FTAI protocol on plasma 
estradiol (E2) and progesterone 
(P4) concentrations, area of 
preovulatory follicle (APF), and 
area of corpus luteum (ACL)

The APF and E2 determinations were performed on day 9; ACL and P4 were evaluated on day 16. Data are 
expressed as least square means ± SEM. NS: Not significant. Statistical significance was set at P < 0.05 and 
P < 0.10 for tendency and interactions. P ≤ 0.15 was considered to indicate tendency for interactions

Treatment (Trt) Category (Cat) P value

Control Copper Heifer Cow Trt Cat Trt*Cat

E2 (pg/mL) 56.82 ± 1.10 38.86 ± 1.09 40.04 ± 1.07 54.59 ± 1.12 0.01 0.03 0.07
APF (mm2) 96.83 ± 5.53 76.77 ± 5.53 88.29 ± 4.20 85.31 ± 6.24 0.01 NS 0.15
P4 (ng/mL) 3.15 ± 1.15 3.16 ± 1.12 3.26 ± 1.16 3.06 ± 1.09 NS NS NS
ACL (mm2) 209.73 ± 26.40 223.54 ± 27.97 213.79 ± 21.81 219.48 ± 30.59 NS NS NS
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Fig. 4   Interaction effects of Cu administration with category on 
plasma estradiol (E2) and area of preovulatory follicle (APF). Cows 
and heifers were subcutaneously injected with 100  mg Cu at the 
beginning of the FTAI protocol (day 0 of the trial) or acted as nega-

tive controls. (a) Cu*Category effect on APF. (b) Cu*Category effect 
on E2 concentration. a,bBars with different letters differed statistically 
(P < 0.05). Results are expressed as least squared means ± SEM
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Copper administration increased the odds for pregnancy 
(OR = 1.78; 95% CI = 1.02–3.22; P < 0.05); the percent-
age of pregnant cattle was 58.76% in Cu-supplemented 
animals vs. 45.28% in controls. Farm, category, and 
category*Cu administration had no effect on pregnancy 
rate (P > 0.15).

Discussion

In the present study, a positive correlation between plasma 
Cu concentration and APF during the FTAI protocol was 
observed in cows but not in heifers. Copper administration 
at the beginning of the FTAI protocol increased pregnancy 
rate without modifying CL characteristics in heifers and 
cows and decreased APF and plasma E2 concentration in 
the latter. Interestingly, Cu administration had a beneficial 
effect on pregnancy rate even when the average plasma 
Cu concentrations in each farm were adequate (> 60 µg/
dL Cu  [5],). We suggest at least two possible explana-
tions for that result: (a) on the one hand, the plasma Cu 
concentration necessary for normal reproductive function 
could be higher than that defined as adequate by Kincaid 
[5]. Recently, García-Díaz and colleagues [17] reported 
a positive effect of Cu administration on the percentage 
of heat detection and gestation in cattle with plasma Cu 
concentration ≤ 88.9 µg/dL Cu, suggesting 89 µg/dL Cu 
as the lower limit of adequate Cu level for reproductive 
efficiency in cattle. In the present study, the plasma Cu 
concentration of the animals used to evaluate pregnancy 
rate was below 89 µg/dL Cu (Experiment 4). (b) On the 
other hand, Cu could have a pharmacological effect on 
ovarian function and ovulation when applied parenter-
ally, as suggested by Phillippo [18] and Underwood and 
Suttle [13]. In ruminants, FSH is the principal regulator 
of follicular growth, whereas LH stimulates large folli-
cles [19, 20]. It has been demonstrated that Cu and GnRH 
complexes are more effective than native GnRH for LH 
release, and more potent in inducing in vivo FSH release 

[11, 21, 22]. In addition, Hazum [10] found that cupric 
ions affect the pituitary, resulting in a high release of LH. 
Even more, ovulation has been induced by intravenous 
injection of Cu salts in female rabbits [9, 23, 24]. The Cu-
induced APF reduction observed in cows was probably 
due to the advancement of ovulation. Preliminary data 
from our group indicate that Cu administration to cows at 
the beginning of the FTAI protocol tends to advance the 
ovulation time.

It has been demonstrated that parenteral Cu injection 
1 month before the mating season increased plasma Cu 
levels but did not modify the reproductive performance 
[18]. In the present study, Cu administration 9 days before 
ovulation increased the pregnancy rate, suggesting that 
the beneficial effect of parenteral Cu injection could be 
related to the time of administration. The effect of Cu on 
pregnancy observed in the present study would be more 
related to follicular than luteal changes (at least with the 
7-day-old CL), since (a) Cu administration reduced APF 
and plasma E2 concentration in cows, without modifying 
ACL or plasma P4 concentration, and (b) Cu adminis-
tration only increased plasma Cu levels during follicular 
development (first 7–9 days of the FTAI protocol; Fig. 3). 
It has been demonstrated that Cu plays an important 
role in oocyte and cumulus and granulosa cell function. 
In vitro, Cu supplementation improves bovine oocyte 
maturation [25], decreases DNA damage and apopto-
sis in bovine cumulus cells [26], and stimulates insulin 
like growth factor I (IGF-I) release by porcine granulosa 
cells [27]. Thus, the increased pregnancy rate in heifers 
and cows induced by Cu administration could be partly 
explained by other variables not assessed in this study, 
such as improvement in oocyte quality and follicular cell 
function.

In the early CL, volume increases in parallel with 
plasma P4 concentration and blood flow [28]. While sub-
cutaneous Cu injection did not modify ACL, a negative 
correlation between plasma Cu concentration on day 9 
and ACL was found, suggesting a certain effect of Cu 
on this variable. The CL is one of the most highly vas-
cularized organs in the body [29]. Many vascular func-
tions are dependent on Cu, which is necessary for several 
microvascular control mechanisms affecting regulation 
of peripheral blood flow [30]. Vascular function can be 
directly or indirectly affected by defects in Cu-dependent 
enzymes, such as dopamine β-hydroxylase, soluble gua-
nylate cyclase, and Cu/Zn SOD [30]. It has been shown 
that P4 levels depend primarily on the CLBF [28]. In the 
present study, neither P4 nor CLBF were modified by Cu 
administration. This could be due, at least in part, to the 
fact that plasma Cu levels in supplemented animals were 
similar to those of the control group during CL develop-
ment (Fig. 3).

Table 4   Effect of parenteral Cu administration at the beginning of the 
FTAI protocol on area of corpus luteum (ACL), corpus luteum blood 
flow (CLBF) and adjusted CLBF

The ACL, CLBF and adjusted CLBF were evaluated on day 16. Data 
are expressed as least square means ± SEM. NS: Not significant. Sta-
tistical significance was set at P < 0.05

Treatment

Control Copper P value

ACL (mm2) 233.89 ± 18.68 220.23 ± 22.88 NS
CLBF (mm2) 19.12 ± 1.23 24.23 ± 1.29 NS
Adj. CLBF (%) 8.29 ± 1.22 11.29 ± 1.28 NS
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In conclusion, the results of the present study show that 
Cu administration at the beginning of the FTAI protocol 
increased pregnancy rate in beef cattle without modifying 
ACL, plasma P4 concentration, and CLBF and reduced APF 
and plasma E2 concentration in cows.

Acknowledgements  We are grateful to staff of “Fundación La Marga-
rita Zemborain – Grondona” for allowing us to use animals and facili-
ties. Thanks are also due to A. Di Maggio for manuscript correction 
and editing.

Authors’ contributions  JPA and JMA: designed the study, coordinated 
the experiment, and wrote the manuscript. SNL, GSP, NAF, DER and 
MCF: assisted whit data collection. ACC-M, and NN: analyzed the 
data. CCF: Funding acquisition, reviewed and edited the manuscript.

Funding  This work was supported by Agencia Nacional de Promoción 
Científica y Tecnológica de la República Argentina (MINCyT) [Grants 
PICT 2016–2131 and PICT 2016–3727].

Data availability  The datasets generated during the current study are 
available from the corresponding author on reasonable request.

Code Availability  Not applicable.

Declarations 

Ethics Approval  The experimental procedures were approved by the 
School of Veterinary Sciences Institutional Animal Care and Use Com-
mittee (National University of La Plata, Buenos Aires, Argentina; Pro-
tocol No. 105–3-20P).

Consent for Publication  Not applicable.

Conflict of Interest  The authors declare that there are no conflicts of 
interest.

References

	 1.	 Mudgal V, Gupta VK, Srivastava S, Ganie AA (2012) Effect of 
species variation on level of different trace elements in the serum 
of anoestrous cattle. Rumin Sci 1:127–129

	 2.	 Hidiroglou M (1979) Trace Element Deficiencies and Fertility in 
Ruminants: A Review. J Dairy Sci 62:1195–1206. https://​doi.​org/​
10.​3168/​jds.​S0022-​0302(79)​83400-1

	 3.	 Kendall NR, Illingworth DV, Telfer SB (2001) Copper responsive 
infertility in British cattle: the use of a blood caeruloplasmin to 
copper ratio in determining a requirement for copper supplemen-
tation. BSAP Occas Publ 26:429–432. https://​doi.​org/​10.​1017/​
S0263​967X0​00340​42

	 4.	 García DH, Cuesta MM, Pedroso RS, et al (2007) Suplementación 
parenteral de cobre en vacas gestantes: efecto sobre postparto y 
terneros. Revista MVZ Córdoba https://​doi.​org/​10.​21897/​rmvz.​
419

	 5.	 Kincaid RL (2000) Assessment of trace mineral status of rumi-
nants: a review. J Anim Sci 77(E-Suppl):1. https://​doi.​org/​10.​
2527/​jas20​00.​77E-​Suppl​1x77

	 6.	 McDowell LR (1992) Minerals in animals and human nutrition. 
Academic Press, New York

	 7.	 Ramı́rez CE, Mattioli GA, Tittarelli CM, et al (1998) Cattle 
hypocuprosis in Argentina associated with periodically flooded 
soils. Livest Prod Sci 55:47–52. https://​doi.​org/​10.​1016/​S0301-​
6226(98)​00120-1

	 8.	 Fevold HL, Hisaw FL, Greep R (1936) Augmentation of the 
gonad stimulating action of pituitary extracts by inorganic sub-
stances, particularly copper salts. AJP Content. https://​doi.​org/​
10.​1152/​ajple​gacy.​1936.​117.1.​68

	 9.	 Suzuki M, Watanabe S, Hoshii M (1965) Effect of estrogen on 
copper-induced ovulation in the rabbit. Endocrinology 76:1205–
1207. https://​doi.​org/​10.​1210/​endo-​76-6-​1205

	10.	 Hazum E (1983) Copper and thiol regulation of gonadotropin 
releasing hormone binding and luteinizing hormone release. 
Biochem Biophys Res Commun 112:306–312. https://​doi.​org/​
10.​1016/​0006-​291x(83)​91831-4

	11.	 Kochman K, Gajewska A, Kozlowski H et al (1992) Increased 
LH and FSH release from the anterior pituitary of ovariecto-
mized rat, in vivo, by copper-, nickel-, and zinc-LHRH com-
plexes. J Inorg Biochem 48:41–46. https://​doi.​org/​10.​1016/​
0162-​0134(92)​80051-v

	12.	 Kochman K, Blitek A, Kaczmarek M et al (2005) Different sign-
aling in pig anterior pituitary cells by GnRH and its complexes 
with copper and nickel. Neuro Endocrinol Lett 26:377–382

	13.	 Underwood EJ, Suttle NF (1999) Themineral nutrition of live-
stock. CABI Publishing, London

	14.	 Herd DB, Sprott LR (1986) Body condition, nutrition and repro-
duction of beef cows. Texas Agricultural Experiment Station. 
Available electronically from https://​hdl.​handle.​net/​1969.1/​
129135

	15.	 Piper KG, Higgins G (1967) Estimation of Trace Metals in Bio-
logical Material by Atomic Absorption Spectrophotometry. Proc 
Assoc Clin Biochem 4:190–197. https://​doi.​org/​10.​1177/​03698​
56467​00400​701

	16.	 Siqueira LG, Arashiro EK, Ghetti AM et al (2019) Vascular 
and morphological features of the corpus luteum 12 to 20 days 
after timed artificial insemination in dairy cattle. J Dairy Sci 
102:5612–5622. https://​doi.​org/​10.​3168/​jds.​2018-​15853

	17.	 García-Díaz JR, Joseph-Ajakaiye J, Cuesta-Mazorra M et al 
(2012) Effects of parenteral supplementation of Cu in female 
cattle with different levels of cupremia. Arch Anim Breed 
55:113–122. https://​doi.​org/​10.​5194/​aab-​55-​113-​2012

	18.	 Phillippo M, Humphries WR, Lawrence CB, Price J (1982) 
Investigation of the effect of copper status and therapy on fer-
tility in beef suckler herds. J Agric Sci 99:359–364. https://​doi.​
org/​10.​1017/​S0021​85960​00301​48

	19.	 McNeilly AS, Fraser HM (1987) Effect of gonadotrophin-releas-
ing hormone agonist-induced suppression of LH and FSH on 
follicle growth and corpus luteum function in the ewe. J Endo-
crinol 115:273–282. https://​doi.​org/​10.​1677/​joe.0.​11502​73

	20.	 Kumar P, Sait SF (2011) Luteinizing hormone and its dilemma 
in ovulation induction. J Hum Reprod Sci 4:2–7. https://​doi.​org/​
10.​4103/​0974-​1208.​82351

	21.	 Michaluk A, Kochman K (2007) Involvement of copper in 
female reproduction. Reprod Biol 7:193–205

	22.	 Yu B, Fu W-L, Liu P-X (2008) Effects of Cu2+ on growth 
hormone secretion of pig pituitary cells in culture. Zhongguo 
Ying Yong Sheng Li Xue Za Zhi 24:10–13

	23.	 Suzuki M, Tnemoto Y, Takahashi K (1972) The effect of cop-
per salts on ovulation, especially on hypothalamic ovulatory 
hormone releasing factor. Tohoku J Exp Med 108:9–18. https://​
doi.​org/​10.​1620/​tjem.​108.9

	24.	 Tsou RC, Dailey RA, McLanahan CS et al (1977) Luteiniz-
ing hormone releasing hormone (LHRH) levels in pituitary 
stalk plasma during the preovulatory gonadotropin surge of 
rabbits. Endocrinology 101:534–539. https://​doi.​org/​10.​1210/​
endo-​101-2-​534

https://doi.org/10.3168/jds.S0022-0302(79)83400-1
https://doi.org/10.3168/jds.S0022-0302(79)83400-1
https://doi.org/10.1017/S0263967X00034042
https://doi.org/10.1017/S0263967X00034042
https://doi.org/10.21897/rmvz.419
https://doi.org/10.21897/rmvz.419
https://doi.org/10.2527/jas2000.77E-Suppl1x77
https://doi.org/10.2527/jas2000.77E-Suppl1x77
https://doi.org/10.1016/S0301-6226(98)00120-1
https://doi.org/10.1016/S0301-6226(98)00120-1
https://doi.org/10.1152/ajplegacy.1936.117.1.68
https://doi.org/10.1152/ajplegacy.1936.117.1.68
https://doi.org/10.1210/endo-76-6-1205
https://doi.org/10.1016/0006-291x(83)91831-4
https://doi.org/10.1016/0006-291x(83)91831-4
https://doi.org/10.1016/0162-0134(92)80051-v
https://doi.org/10.1016/0162-0134(92)80051-v
https://hdl.handle.net/1969.1/129135
https://hdl.handle.net/1969.1/129135
https://doi.org/10.1177/036985646700400701
https://doi.org/10.1177/036985646700400701
https://doi.org/10.3168/jds.2018-15853
https://doi.org/10.5194/aab-55-113-2012
https://doi.org/10.1017/S0021859600030148
https://doi.org/10.1017/S0021859600030148
https://doi.org/10.1677/joe.0.1150273
https://doi.org/10.4103/0974-1208.82351
https://doi.org/10.4103/0974-1208.82351
https://doi.org/10.1620/tjem.108.9
https://doi.org/10.1620/tjem.108.9
https://doi.org/10.1210/endo-101-2-534
https://doi.org/10.1210/endo-101-2-534


Parenteral Copper Administration at the Beginning of a Fixed‑Time Artificial Insemination…

1 3

	25.	 Picco SJ, Rosa DE, Anchordoquy JP et al (2012) Effects of cop-
per sulphate concentrations during in vitro maturation of bovine 
oocytes. Theriogenology 77:373–381. https://​doi.​org/​10.​1016/j.​
theri​ogeno​logy.​2011.​08.​009

	26.	 Rosa DE, Anchordoquy JM, Anchordoquy JP et al (2016) Analy-
ses of apoptosis and DNA damage in bovine cumulus cells after 
in vitro maturation with different copper concentrations: con-
sequences on early embryo development. Zygote 24:869–879. 
https://​doi.​org/​10.​1017/​S0967​19941​60002​04

	27.	 Roychoudhury S, Bulla J, Sirotkin AV, Kolesarova A (2014) 
In vitro changes in porcine ovarian granulosa cells induced by 
copper. J Environ Sci Health A Tox Hazard Subst Environ Eng 
49:625–633. https://​doi.​org/​10.​1080/​10934​529.​2014.​865404

	28.	 Acosta TJ, Yoshizawa N, Ohtani M, Miyamoto A (2002) Local 
changes in blood flow within the early and midcycle corpus 

luteum after prostaglandin F(2 alpha) injection in the cow. Biol 
Reprod 66:651–658. https://​doi.​org/​10.​1095/​biolr​eprod​66.3.​651

	29.	 Sugino N, Matsuoka A, Taniguchi K, Tamura H (2008) Angio-
genesis in the human corpus luteum. Reprod Med Biol 7:91–103. 
https://​doi.​org/​10.​1111/j.​1447-​0578.​2008.​00205.x

	30.	 Schuschke DA (1997) Dietary Copper in the Physiology of the 
Microcirculation. J Nutr 127:2274–2281. https://​doi.​org/​10.​1093/​
jn/​127.​12.​2274

Publisher’s note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.theriogenology.2011.08.009
https://doi.org/10.1016/j.theriogenology.2011.08.009
https://doi.org/10.1017/S0967199416000204
https://doi.org/10.1080/10934529.2014.865404
https://doi.org/10.1095/biolreprod66.3.651
https://doi.org/10.1111/j.1447-0578.2008.00205.x
https://doi.org/10.1093/jn/127.12.2274
https://doi.org/10.1093/jn/127.12.2274

	Parenteral Copper Administration at the Beginning of a Fixed-Time Artificial Insemination Protocol in Beef Cattle: Effect on Ovarian Function and Pregnancy Rates
	Abstract
	Introduction
	Materials and methods
	Experiment 1: Association Between Plasma Cu Concentration During FTAI Protocol and APF, ACL, and Plasma E2 and P4 Concentrations
	Animals and Treatments
	Blood Sample
	Plasma Cu Concentrations
	Hormone Assays
	Ultrasonography

	Experiment 2: Effect of Parenteral Cu Administration on APF, ACL, and Plasma E2 and P4 Concentrations
	Animals and Treatments

	Experiment 3: Effect of Parenteral Cu Administration on CLBF
	Animals and Treatments
	Ultrasonography and Color Doppler Imaging

	Experiment 4: Effect of Parenteral Cu Administration on Pregnancy Rates
	Animals and Treatments
	Plasma Cu Concentrations

	Statistical Analysis 

	Results
	Experiment 1: Association Between Plasma Cu Concentration During FTAI Protocol and APF, ACL, and Plasma E2 and P4 Concentrations
	Experiment 2: Effect of Parenteral Cu Administration on APF, ACL, and Plasma E2 and P4 Concentrations
	Experiment 3: Effect of Parenteral Cu Administration on CLBF 
	Experiment 4: Effect of Parenteral Cu Administration on Pregnancy Rate 

	Discussion
	Acknowledgements 
	References


