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This study was conducted aiming to investigate impacts of experimentally induced endometritis

on the vascular perfusion and echogenicity of the endometrium in dairy cows. Following estrus
synchronization and applying cytological and bacteriological examinations, Holstein cows (n=9)

were enrolled in the experiment. The endometrial blood flow and echogenicity in the middle of each
uterine horn were evaluated two times a week until the subsequent estrus by power Doppler and

two dimensional ultrasonography. On days 3 and 4 of the subsequent estrous cycle, 15 milliliters of

a suspension containing pure culture of Truperella pyogenes (8-15 x 108 cfu/mL) were inoculated into
the body of uterus, and then endometrial blood flow and echogenicity were evaluated according to
the applied procedure of the previous cycle. The provided results indicated different vascular perfusion
and echogenicity among various days of normal estrous cycle, while after induction of endometritis,
no significant difference observed. Comparing vascular perfusion between the normal and infectious
estrous cycles also revealed significant difference in days 3, 10 and day 14 of two cycles. The differences
of endometrial echogenicity between days 3 and 10 of normal and infectious estrous cycle were also
significant. In conclusion, inducing endometritis significantly altered pattern of vascular perfusion and
echogenicity of uterine horn during certain days of the estrous cycle.
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Considering, inevitable bacterial contamination of the uterine environment during the puerperal period and the
prevalence of predisposing risk factors including metabolic disturbations of fresh cows during this period, the
endometritis is a prevalent reproductive disorder in high-producing dairy cows. Many studies have investigated
impacts of subclinical endometritis on reproductive performance of dairy cows. Based on their findings, the
elevated number of polymorphonuclear neutrophils (PMNs) in endometrial samples above the normal threshold
level, results in decreased pregnancy per Al even in cows with no abnormal clinical signs. Considering this,
extended calving to conception interval in the affected cows, and hence reduction of dairy economic enterprise
is presumed! ™.

Evaluation of endometrial cytology through biopsy is considered as gold standard method for diagnosis of
the subclinical endometritis®. However, it’s not a cow side and convenient test as it needs sample collection and
preparation, followed by microscopy and enumeration of PMNs, which is time consuming. Lacking of precise,
easy and practical cow side test can be considered as one of the major reason of unsuccessful management of
subclinical endometritis in commercial dairy herds. The recent alternative methods for convenient diagnosis
of subclinical endometritis including optical density assessment of uterine lavage sample (ULSOD), urinary
strip test containing leukocyte esterase (LE), protein, and pH test, weredescribed®. Besides these new methods,
plenty of researches were carried out to evaluate feasibility of diagnosing subclinical endometritis by transrectal
ultrasonography. The presence of intrauterine fluids in ultrasound examination has been reported to be
associated with decreased reproductive performance and increasing odds of diagnosis endometritis by cytology.
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Regardless of this initial reports, further researches revealed that, despite high specificity, the sensitivity of
ultrasonography by considering intrauterine flow or assessment of endometrial thickness is low, compared to
cytology or histopathology”:.

Considering local establishment of inflammatory condition during endometritis and subsequent hyperemia,
edema and PMN:s infiltration, the possibility of diagnosing subclinical endometritis by evaluating endometrial
vascular perfusion and echogenicity for the purpose of increasing sensitivity of ultrasonography has rationale to
be examined. Considering this, the aim of this study was to evaluate altrations of endometrial vascular perfusion
and echogenicity, following induction of subclinical endometritis, through Power Doppler and real time B-mode
ultrasonography. The power Doppler ultrasound, expresses the number of red blood cells flowing through the
vessels per time unit. In this mode, the color maps display the integrated power of the Doppler signal rather than
the mean Doppler frequency shift shown in conventional color Doppler mode. Hence, this method is based on
the analysis of frequency shift followed by amplitude coding rather than the coding of the frequency shift of the
reflected ultrasound®. Power Doppler has wider dynamic range and relative angle independence and it provides
better delineation of tortuous vessels and it is more sensitive than conventional color Doppler for detecting low-
flow vessels, vessels which run at unfavorable angles to the ultrasound beam, and vessel branchinglo'“.

Materials and methods

This experiment was conducted at the farm animals veterinary teaching hospital of the university of Tehran,
located in Mardabad, Alborz, Iran. The cyclic and clinically healthy Holstein cows (n=13) were primarily,
enrolled in the study. The average age of studied cows was 43.6 +0.91 months, with parity number of 2.2+0.21,
and BCS of 3.55+0.35 (1-5 scale). They had regular estrous cycles and average days in milk of 115+21, and
daily produced, 36.66+1.92 L of milk. The cows were fed a mixed total daily ration, mainly silage, which is
formulated by professional nutritionists according to their protein, vitamins, and energy requirements. The cows
were fed three times a day with TMR, which is composed of corn silage, alfalfa, soybean meal, extruded corn,
etc. to meet the minimum nutritional needs of the animals (NRC, 2001). The selected cows were synchronized
by applying two consecutive injections of 500 pg of prostaglandin F2a (Cloprostenol; Vetaprost, Aburaihan,
Iran) 14 days apart. The endometrial cytology and bacteriological culture of external os of the cervix was done
a day before the first PG injection, and the taken samples transported to the laboratory within 1 h. The selection
criteria for ruling out of clinical or subclinical endometritis at the beginning the experiment were: the absence
of purulent vaginal discharge during transrectal palpation and/or echogenic fluid in ultrasonography of uterus,
negative bacteriological culture of the cervical discharge, and the endometrial cytology results <1% PMN. After
ultrasonography of reproductive system and according to the provided results of cytology and bacteriological
culture of the uterine lumen, eligible cows (N=9) were identified.

A pathogenic strain of Trueperella pyogenes was isolated from the uterus of a postpartum cow with clinical
endometritis cultured on sheep blood agar plates (Oxoid; Hants, UK) at 37 °C for 48 h in an aerobic environment
and preserved in semi-skimmed milk with 10% glycerol at —80 °C. T. pyogenes was cultured from this bacterial
stock on sheep blood agar plates and incubated at 37 °C for 48 h. Colonies were sub-cultured in 600 mL brain
heart infusion broth (BHI; Oxoid) supplemented with 5% heat-inactivated fetal bovine serum at 37 °C for 48 h.
The purity of the T. pyogenes broth and number of CFU/mL was determined by streaking 50 pl onto sheep blood
agar plates that were incubated for 48 h. Bacterial concentration was determined by a viable plate count. For each
cows, 15 mL of suspension, containing 8-15 x 108 cfu/mL T. pyogenes into the lumen of the uterus on days 3 and
4 of the estrous cycle using double guarded uterine catheter. Bacteriological culture of cervical discharge was
done using sterile guarded swap, two days after the injection of bacterial suspension into the lumen of uterus and
the swap samples transported to the laboratory within 1 h to be cultured.

Ultrasonographic endometrial blood flow and echogenicity in the middle of each horn were evaluated on
days 0, 3, 7, 10, 14, 17 of estrous cycle (0=standing heat). After induction of endometritis, endometrial blood
flow and echogenicity in the middle of each horn were evaluated as previous cycle. Uterine lavage was done at
the end of the experiment (on the day 20 of second estrous cycle) in order to evaluate the cytology and count the
PMNss in the lumen of the uterus. Uterine lavage was conducted for endometrial cytology sampling as previously
described!’. Sterile saline solution (35 mL) was infused into the uterus by a 60 mL syringe attached to a 50 cm
disposable plastic infusion rod. The pipette was inserted into the vagina within a protective plastic sheath,
which was penetrated once the pipette was in the cranial vagina adjacent to the cervix. The pipette was then
manipulated through the cervix and saline solution was infused into the uterus. The uterus was gently massaged
for about 10 s, and some of the infused fluid was aspirated into the syringe via the same infusion pipette by
negative pressure aspiration. Recovered fluid was transferred to a sterile plastic tube and placed on ice in a small
container. Samples brought to the laboratory within 3 h and centrifuged at 700 x g for 6 min. A drop of sediment
was streaked onto a clean microscopic slide. The slide was then air-dried and stained with modified Wright-
Giemsa stain. Each slide was examined once by the clinician who collected the samples and once by a technician
who was blinded regarding the sampling. Each examiner counted a minimum of 100 cells at 400 x magnification
and a differential count (endometrial cells, PMNSs, and squamous cells) was obtained to provide a quantitative
assessment of endometrial inflammation. Samples must contain epithelial cells to confirm the correct site of
collection. Cut off level of 5% PMNs count considered positive for diagnosis of subclinical endometritis.

The endometrial echogenicity and blood flow ultrasonography of uterine horns were performed by utilizing
a real time B mode and Color power Doppler scanning, respectively (Sonosite, TITAN, USA, with 720 mW/
cm2 ISPATA) equipped with a multifrequency (10—5 MHz) linear-array transrectal transducer (L52, TITAN
180 PLUS). Frequency of 7.5 MHz, gain mode of overall image, tissue scanning depth of 5 cm, mechanical index
(MI) and soft tissue thermal index (TIS) of 0.3, was set as a default in ultrasound examinations. Constant setting
was applied for B-Mode and power Doppler ultrasonography, in order to minimize variation in obtained data.
All ultrasound examinations were done by the same investigator using the same parameters so as to eliminate
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any inter-observer variations. Every ultrasound examination lasted for about 20 min and during examinations,
while the animals were restrained in a stanchion. After locating the uterus, the transducer was placed over a
cross section of each uterine horn in the vicinity of the junction of segments 2 and 3'2. The junction is where the
descending segment reaches the lower horizontal segment of a horn at larger curvature of uterus.

The images of each uterine horn were analyzed in the region of interest (ROI). The pixels were selected
from images, extracted, and saved (GIF format) using Adobe Photoshop software (Adobe Systems). Image ]
1.31v software (National Institutes of Health, Bethesda, MD) was used for calculation of the total number of
interested pixels in each GIF-format image for evaluating echogenicity and vascular perfusion respectively.
Based on brightness intensity, pixels of ultrasonographic images can be represented numerically (0-255) and its
gray scale histogram can be plotted!®. The Mean gray level (MGL), which is arithmetical average gray level of all
pixels in the picture for evaluating echogenicity; and vascular flow index (VFI) for endometrial perfusion, were
investigated. Vascular flow index (1-100) was assessed by combining results of vascularization and flow indices
evaluation, which were defined as a ratio of color pixels and average of their color intensity. The provided data
were analyzed by SPSS software version 16. According to the Kolmogorov-Smirnov normality test, and lack of
normaldistribution, the Freidman test, which is non-parametric equivalent of repeated measures ANOVA, was
applied. Differences with P-value <0.05 considered significant.

Results

None of the studied cows has developed signs of clinical endometritis following treatment. The success of inducing
subclinical endometritis following inoculation of T. pyogenes, was confirmed by the results of endometrial
cytology, and increased number of PMNs from less than 1% at the beginning of the experiment to the range of
5-7% in all cases (Fig. 1). Bacteriological culture of external os was negative 3 days following inoculation of the
bacteria, while the results were positive 10 days later in all cows. The mean vascular flow index (VFI) of both
uterine horns was calculated by evaluating vascular index and flow index (Fig. 2). Comparing various days of
normal estrus cycle showed that mean VFI was different (P value=0.02) and VFI was significantly higher on
days 7, 14 and 17 compared with days 3 and 10. (Table 1). Changes of VFI were not significant in the different
days of the infected cycles (P value=0.43).

Comparing, the mean endometrial VFIs between normal and infected cycles, showed that endometrial blood
flow on days 3, 10 and 14 of the normal cycle were significantly lower compared to similar days of infected
cycle. No significant changes existed among other days (Fig. 3). Evaluation of the mean uterine gray level of
both uterine horns after B-Mode ultrasonography and plotting gray scale histogram (Fig. 4) showed significant
difference in various days of normal estrous cycle (P value=0.01). According to the provided results, it was
significantly higher on days 7, 14 and 17 compared to dayl0. Conversely, changes of uterine MGL were not
significant in the infected cycle (P value=0.49) (Table 2). Comparing different days of two cycles revealed
significantly higher uterine horns echogenicity on days 3 and 10 of infected cycle (Fig. 5).

Discussion

According to the previous reports, the most prevalent pathogens involved in the etiology of bovine endometritis
are T. pyogenes, Escherichia coli, Fusobacterium necrophorum, and Prevotella sp.*1>. Moreover, the association
between the presence of pathogenic bacteria like T. pyogenes and incidence of subclinical endometritis was
reported before!. Presence of bacterial infection elicits detrimental effects on the endometrium, which results in
subfertility or infertility of affected dairy cows!'®!”. Based on the provided results of previous studies, intrauterine
infusions of T. pyogenes and Escherichia coli into postpartum beef cows under experimental conditions did not
establish infection, unless peripheral plasma progesterone concentrations had started to increase'®. Since, a mild
clinical or subclinical endometritis was intended to induce in this study, T. pyogenes was selected for intrauterine
inoculation. Moreover, to assure the success of inducing endometritis, theinoculation of bacteria was done on
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Fig. 1. Evaluating the uterine cytology by differential counting of PMNs after smear preparation and Giemsa
staining (x400).

Scientific Reports |

(2025) 15:16073 | https://doi.org/10.1038/s41598-025-98966-1 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Intensity

40

60 80 100 120
Distance (pixels)

Fig. 2. Evaluation of vascular (ratio of color pixels) and flow (average color intensity of pixels) index in defined
ROI by using Image j (National Institute of Health, USA) after color power Doppler ultrasonography.

Min Max Mean STD
Day Normal | infectious | Normal | infectious | Normal | infectious | Normal | infectious
0(20)* | 23.6 42.7 46.7 55.8 36.44%>1 | 49 4401 8.8 6.2
3 15.6 49.5 30.1 99.3 24,5281 66.34>2 5.6 20.6
7 26.8 47.1 95.7 71.6 49.821 | 59.06*! 26.7 9.2
10 10.2 40.8 325 74.4 22,1281 53.6%2 8.5 13.7
14 37.4 41.6 44 83.6 40.36>! 67.94%2 2.7 17.2
17 37.8 34.2 64.4 96.6 46.02>! 60.04%1 11.3 27.8

Table 1. VFI values during various days of normal and infectious estrous cycle. *Values of day zero of normal
estrous cycle and day 20 of infectious cycle. Different letters in each columns and different numbers in each
rows indicate significant difference.

day 3 and 4 of estrous cycle when the progesterone starts to increase, and according the provided results, all 9
cows developed subclinical endometritis.

The Doppler ultrasound was utilized in gynecologic studies in order to assess uterine involution by evaluating
uterine blood flow, monitor fetal growth, and evaluate risk of pregnancy loss!®-2!. Inspirited from these medical
researches, the application of color Doppler ultrasonography in cattle reproduction for clinical examination of
ovaries and uterus during different phases of estrous cycle?’~?*, pregnancy diagnosis?>~’, and puerperal period®
is emerging?-3!. The efficacy of power Doppler ultrasonography in diagnosing pelvic inflammatory disease and
increasing success rate of IVF following follicular assessment was reported previous gynecologic studies®>.
Regardless of these medical reports, according to the best of our knowledge, the application of power Doppler
ultrasound in studying cattle reproduction has not been reported yet, and for the first time it was used in this
study for evaluation of vascular perfusion of endometrium following induction of endometritis.

According to the provided results, endometrial VFI significantly changed during estrous cycle and it
was lower on days 3, and 10. The color Doppler ultrasonography of uterine arteries in previous researches,
revealed significant changes of blood flow indices (Resistance and pulssatility indices) during estrous cycle, and
according to reported results, lowest blood flow volume occurs after estrus and on day 10 of cycle**. Alteration
in estradiol: progesterone ratio due to ovarian dynamics was considered the possible cause®>*. The estradiol,
elicits vasodilatory effects in the reproductive system and increase blood flow due to induce of nitric oxide
synthesis and decrease calcium uptake of potential sensory channels, through binding to its receptors in tunica
media, while progesterone suppresses theses vasodilatory effect’”-*8. Evaluating VFI, through power Doppler
ultrasonography in this study, demonstrated that local vascular perfusion of endometrium followed exactly the
same pattern, and lowest values of VFI occurred on days 3 and 10 of estrous cycle, following decrease of estradiol
level as a consequence of ovulation and follicular atresia, respectively.

It was reported that endometrial expression of pro-inflammatory transcriptomes including IL-1, IL-6, IL-8,
IL-17 A, TNFa** and different prostaglandin synthase enzymes like L-PGDS, PGES, PGHS2 12, together
with inducible nitric oxide synthetase (iNOS), significantly upregulated in cows with subclinical endometritis*’.
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Fig. 3. Meanvascular flow index on different days of normal (black bars; n=9) and infectious (gray bars; n=9)
cycle. VFI was significantly lower on days 3, 10 and 14 of normal estrous cycle compared to infectious cycle.
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Fig. 4. B-Mode ultrasonography of uterine horn and evaluating mean gray level (MGL) by using gray scale
histogram on day 14 of infectious cycle.

Min Max Mean STD

Day Normal | infectious | Normal | infectious | Normal | infectious | Normal | infectious
0(20)* |37.7 46.5 61.3 66.5 4295|5618 11.1 8.05

3 323 56.5 53.5 91.6 41.2%0 | 74,132 9.4 15.6

7 42.5 48.1 84.4 62.7 59.9%1 | 550201 16.2 5.9

10 25.7 39 45.7 69.1 32.8° 53.5%2 7.8 14.1

14 47.2 55.1 79.8 94.7 59.9%1 | 70.13! 15.8 14.6

17 52.9 50.7 81.7 69 61.7>1 | 60.8%! 12.1 6.9

Table 2. Uterine Horn MGL values during various days of normal and infectious estrous cycle. *Values of
day zero of normal estrous cycle and day 20 of infectious cycle. Different letters in each columns and different
numbers inn each rows indicate significant difference.
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Fig. 5. Mean uterine horn echogenicity on different days of normal (black bars; n=9) and infectious (gray
bars; n=9) cycle. Echogenicity was significantly higher on days 3 and 10 of infectious estrous cycle compare to
normal cycle.

The effects of nitric oxide and upregulated prostaglandins result in vasodilation. Considering this, increasing
vascular perfusion following subclinical endometritis is expected**. The extent of local vascular perfusion within
tissues can be estimated in real time by color Doppler ultrasonography in the color-flow mode and can be
quantified by the percentage of a given tissue with colored pixels and their intensity.

The effects of uterine diseases on uterine blood flow volume were evaluating previously and based on provided
results, the blood flow volume and pulsatility index (PI) are influenced by puerperal uterine disease, and affected
cows had significantly greater blood flow volume and lower PI on days 8 after calving®>*®. Evaluating different
blood flow characteristics including time average maximum velocity (TAMYV), blood flow volume (BFV) and PI
by color Doppler ultrasonography also showed significant changes of these parameters, from 1 h after treatment
to up to 10 days later after induction of endometritis by intrauterine infusion of 720 mg polycresulen?’. According
to the result of this study, induction of subclinical endometritis significantly raised local vascular perfusion of
the endometrium on days 3, 10 and 14 of estrous cycle. Presence of significant differences in certain days of
two cycles, might be due to low vascular perfusion of endometrium on these days in normal condition due
to low estradiol level. After induction of subclinical endometritis, significant difference of endometrial VFI in
various days of normal estrous cycle vanished, and this can be explained by compensating effect of inflammatory
mediators which prevented decrease of vascular perfusion after progression of luteal phase, due to presumed
falling of estradiol level.

Considering, the uterine echotextutre and MGL analysis, changes of this parameter during estrous cycle has
been reported, and based on provided results of previous studies, the endometrial echogenicity decreases until
day 4 and then increases again after day 16 *%. The results of this study showed that endometrial echogenicity
was significantly higher on days 7, 14 and 17 compared to day10, which is similar to previous described pattern.
Changes of endometrial echogenicity possibly occur due to fluctuations of estradiol level and its effect on
endometrial edema and inflammation which can leads to increased MGL. No significant changes in endometrial
echogenicity was seen in infected cycle, which might have occurred as a result of lacking reduction of uterine
echogenicity due to endometritis. Different parameters including contrast, homogeneity, and MGL to evaluate
changes of the endometrial echogenicity in cows with endometritis, can be investigated. It was reported that gray
scale analysis (GSA) can be useful for monitoring uterine physiological changes*.

According to results from evaluating endometrial echogenicity variables in postpartum cows with subclinical
endometritis, significant linear decrease in homogeneity and linear increase in contrast occurs by increasing
uterine inflammatory cells density, and these parameters have fair sensitivity and specificity for diagnosing
SCE respectively. Despite of these two items, MGL remains relatively constant and does not alter following
cellular infiltration density™. In contrast with this report findings, the results of present study showed that MGL
significantly alter at least in particular days of estrous cycle following induction of subclinical endometritis.
Inconsistency between these findings may arise from different design of two studies. Despite of different subjects,
current result is in accordance with findings of another conducted research which reported significant changing
of echogenecity and increasing MGL due to endometritis by comparing of uterine echogenicity parameters in
different level of clinical endometritis and control group®!. Significant increase of MGL occurred on days 3 and
10, which might reflect interfering effect of estradiol on this item.
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In conclusion, the changing pattern of endometrial VFI and MGL is similar during estrous cycle and were
significantly lower during early and mid-luteal phase. Moreover, both items significantly altered after induction
of subclinical endometritis in mentioned time period. It seems that endometrial blood flow was apparently
more diagnostic than endometrial echogenicity in subclinical endometritis, because the endometrial blood
flow showed significant changes on days 3, 10 and 14 but the endometrial echogenicity showed significant
changes only, on day 3 and 10 of the estrous cycles. Why, the alterations of endometrial vascular perfusion
and echogenicity in certain days of the mid-luteal phase, were significantly different between the two cycles?
Although endocrinologic assays were not included in this study, based on ultrasonographic observations of
ovarian structures and their presumed hormonal secretions, it can be hypothesized that, subsiding estradiol level
in the early and mid-luteal phase, and rising of progesterone as the dominant secreted hormone of the observed
corpus luteum in the luteal phase, removed the interfering effect of estradiol, and hence difference between
normal and infected cycles became detectable. In other words, in the late luteal phase, when the estradiol
level starts to increase, the vascularity of endometrium in the normal and endometritis induced cows were
less differed. More studies in larger scale, and with explained details about possible hormonal profile impacts,
are needed to evaluate sensitivity and specificity of power Doppler ultrasonography in detectingthe subclinical
endometritis, during various days of estrous cycle.

Data availability

Data is provided within the manuscript.

Received: 29 January 2025; Accepted: 16 April 2025
Published online: 08 May 2025

References

1. Gilbert, R. O,, Shin, S. T., Guard, C. L., Erb, H. N. & Frajblat, M. Prevalence of endometritis and its effects on reproductive
performance of dairy cows. Theriogenology 64, 1879-1888 (2005).

2. LeBlang, S.]. et al. Defining and diagnosing postpartum clinical endometritis and its impact on reproductive performance in dairy
cows. J. Dairy. Sci. 85, 2223-2236 (2002).

3. Kasimanickam, R. et al. Endometrial cytology and ultrasonography for the detection of subclinical endometritis in postpartum
dairy cows. Theriogenology 62, 9-23 (2004).

4. Sheldon, I. M., Price, S. B, Cronin, J., Gilbert, R. O. & Gadsby, J. E. Mechanisms of infertility associated with clinical and subclinical
endometritis in high producing dairy cattle. Reprod. Domest. Anim. 44(3), 1-9 (2009).

5. Barlund, C. S., Carruthers, T. D., Waldner, C. L. & Palmer, C. W. A comparison of diagnostic techniques for postpartum
endometritis in dairy cattle. Theriogenology 69, 714-723 (2008).

6. Cheong, S. H. et al. Use of reagent test strips for diagnosis of endometritis in dairy cows. Theriogenology 77, 858-864 (2012).

7. Kasimanickam, R. et al. A comparison of the cytobrush and uterine lavage techniques to evaluate endometrial cytology in clinically
normal postpartum dairy cows. Can. Vet. J. 46, 255-259 (2005).

8. Meira, E. B. S., Henriques, L. C. S., S4, L. R. M. & Gregory, L. Comparison of ultrasonography and histopathology for the diagnosis
of endometritis in Holstein-Friesian cows. J. Dairy. Sci. 95, 69696973 (2012).

9. Murphy, K. J. & Rubin, J. M. Power doppler: it’s a good thing. Seminars Ultrasound CT MRI. 18, 13-21 (1997).

10. Bude, R. O., Rubin, J. M. & Adler, R. S. Power versus conventional color doppler sonography: comparison in the depiction of
normal intrarenal vasculature. Radiology 192, 777-780 (1994).

11. Rubin, J. M., Bude, R. O., Carson, P. L., Bree, R. L. & Adler, R. S. Power doppler US: a potentially useful alternative to mean
frequency-based color doppler US. Radiology 190, 853-856 (1994).

12. Ginther, O. J. Ultrasonic Imaging and Animal Reproduction; Book 3: Cattle: Equiservices Pub.; ISBN: 9780964007239. (1995).

13. Raeth, U. et al. Diagnostic accuracy of computerized B-scan texture analysis and conventional ultrasonography in diffuse
parenchymal and malignant liver disease. J. Clin. Ultrasound. 13, 87-99 (1985).

14. Foldi, J. et al. Bacterial complications of postpartum uterine Involution in cattle. Anim. Reprod. Sci. 96, 265-281 (2006).

15. Sheldon, I. M., Lewis, G. S., LeBlang, S. & Gilbert, R. O. Defining postpartum uterine disease in cattle. Theriogenology 65, 1516—
1530 (2006).

16. .Bicalho, M. L. et al. Associations among Trueperella pyogenes, endometritis diagnosis, and pregnancy outcomes in dairy cows.
Theriogenology 85, 267-274 (2016).

17. Wagener, K., Grunert, T., Prunner, L, Ehling-Schulz, M. & Drillich, M. Dynamics of uterine infections with Escherichia coli,
Streptococcus uberis and Trueperella pyogenes in post-partum dairy cows and their association with clinical endometritis. Vet. J.
202, 527-532 (2014).

18. Del Vecchio, R. P, Matsas, D. J., Inzana, T. J., Sponenberg, D. P. & Lewis, G. S. Effect of intrauterine bacterial infusions and
subsequent endometritis on prostaglandin F2 alpha metabolite concentrations in postpartum beef cows. J. Anim. Sci. 70, 3158-
3162 (1992).

19. Browne, V. A. et al. Uterine artery blood flow, fetal hypoxia and fetal growth. Philosophical Trans. Royal Soc. B: Biol. Sci. 370,
20140068 (2015).

20. Habara, T. et al. Elevated blood flow resistance in uterine arteries of women with unexplained recurrent pregnancy loss. Hum.
Reprod. 17, 190-194 (2002).

21. Janowski, T. et al. Prevalence of subclinical endometritis in repeat breeding cows and mRNA expression of tumor necrosis factor
alpha and inducible nitric oxide synthase in the endometrium of repeat breeding cows with and without subclinical endometritis.
Pol. J. Vet. Sci. 16, 693-699 (2013).

22. Acosta, T. ], Yoshizawa, N., Ohtani, M. & Miyamoto, A. Local changes in blood flow within the early and midcycle corpus luteum
after prostaglandin F(2 alpha) injection in the cow. Biol. Reprodd. 66, 651-658 (2002).

23. Luttgenau, J. & Bollwein, H. Evaluation of bovine luteal blood flow by using color doppler ultrasonography. Reprod. Biol. 14,
103-109 (2014).

24. Bollwein, H. et al. Transrectal doppler sonography of uterine blood flow in cows during the estrous cycle. Theriogenology 53,
1541-1552 (2000).

25. Bollwein, H., Baumgartner, U. & Stolla, R. Transrectal doppler sonography of uterine blood flow in cows during pregnancy.
Theriogenology 57, 2053-2061 (2002).

26. Siqueira, L. G. et al. Color doppler flow imaging for the early detection of nonpregnant cattle at 20 days after timed artificial
insemination. J. Dairy. Sci. 96, 6461-6472 (2013).

27. Utt, M. D,, Johnson, G. L. 3, Beal, W. E. & rd, The Evaluation of corpus Luteum Blood Flow Using color-flow Doppler Ultrasound for
Early Pregnancy Diagnosis in Bovine Embryo Recipients (Theriogenology, 707 - 15, 2009).

Scientific Reports |

(2025) 15:16073 | https://doi.org/10.1038/541598-025-98966-1 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

28.
29.
30.
31.
32.
33.
34.
35.
36.

37.

38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.

51.

Ac

Krueger, L. et al. Transrectal doppler sonography of uterine blood flow during the first 12 weeks after parturition in healthy dairy
cows. Anim. Reprod. Sci. 114, 23-31 (2009).

Bollwein, H., Heppelmann, M. & Luttgenau, J. Ultrasonographic doppler use for female reproduction management. Vet. Clin.
North. Am. Food Anim. Pract. 32, 149-164 (2016).

Herzog, K. & Bollwein, H. Application of doppler ultrasonography in cattle reproduction. Reproduction in domestic animals.
Reprod. Domest. Anim. 42 (Suppl 2), 51-58 (2007).

Matsui, M. & Miyamoto, A. Evaluation of ovarian blood flow by colour doppler ultrasound: practical use for reproductive
management in the cow. Vet. J. 181, 232-240 (2009).

Molander, P, Sj6berg, J., Paavonen, J. & Cacciatore, B. Transvaginal power doppler findings in laparoscopically proven acute pelvic
inflammatory disease. Ultrasound Obstet. Gynecol. 17, 233-238 (2001).

Shrestha, S. M. et al. Power doppler ultrasound assessment of follicular vascularity in the early follicular phase and its relationship
with outcome of in vitro fertilization. J. Assist. Reprod. Genet. 23 (4), 161-169 (2006).

Hassan, M., Sattar, A., Bilal, M., Avais, M., Ahmad, N. & and Evaluation of changes in blood flow of the uterine artery by doppler
ultrasonography during the estrous cycle in lactating Bos indicus cows. Anim. Reprod. Sci. 184, 78-85 (2017).

Ford, S. P. Control of uterine and ovarian blood flow throughout the estrous cycle and pregnancy of Ewes, sows and cows. J. Anim.
Sci. 55 (Suppl 2), 32-42 (1982).

Noseir, W. M. B. Ovarian follicular activity and hormonal profile during estrous cycle in cows: the development of 2 versus 3 waves.
Reprodu Biol. Endo. 1, 50 (2003).

Chen, D. B,, Bird, I. M., Zheng, ]. & Magness, R. R. Membrane Estrogen receptor-dependent extracellular signal-regulated kinase
pathway mediates acute activation of endothelial nitric oxide synthase by Estrogen in uterine artery endothelial cells. Endocrinology
145, 113-125 (2004).

Resnik, R., Brink, G. W. & Plumer, M. H. The effect of progesterone on estrogen-induced uterine blood flow. Am. J. Obstet. Gynecol.
128, 251-254 (1977).

Galvao, K. N,, Santos, N. R., Galvao, J. S. & Gilbert, R. O. Association between endometritis and endometrial cytokine expression
in postpartum Holstein cows. Theriogenology 76, 290-299 (2011).

Ghasemi, E, Gonzalez-Cano, P, Griebel, P. J. & Palmer, C. Proinflammatory cytokine gene expression in endometrial cytobrush
samples harvested from cows with and without subclinical endometritis. Theriogenology 78, 1538-1547 (2012).

Baranski, W. et al. Secretion of prostaglandins and leukotrienes by endometrial cells in cows with subclinical and clinical
endometritis. Theriogenology 80, 766-772 (2013).

Gabler, C. et al. Endometrial expression of selected transcripts involved in prostaglandin synthesis in cows with endometritis.
Theriogenology 71, 993-1004 (2009).

Johnson, H., Torres, C. G., Carvallo, E, Duchens, M. & Peralta, O. A. Endometrial expression of selected transcripts in postpartum
of primiparous Holstein cows with clinical and subclinical endometritis. Anim. Reprod. Sci. 156, 34-39 (2015).

Rosselli, M., Keller, P. J. & Dubey, R. K. Role of nitric oxide in the biology, physiology and pathophysiology of reproduction. Hum.
Reprod. Update. 4, 3-24 (1998).

Heppelmann, M. et al. The effect of puerperal uterine disease on uterine Involution in cows assessed by doppler sonography of the
uterine arteries. Anim. Reprod. Sci. 143, 1-7 (2013).

Magata, E. et al. Effects of exogenous Oxytocin on uterine blood flow in puerperal dairy cows: the impact of days after parturition
and retained fetal membranes. Vet. J. 196, 76-80 (2013).

Debertolis, L. et al. Effects of induced endometritis on uterine blood flow in cows as evaluated by transrectal doppler sonography.
J. Vet. Sci. 17, 189-197 (2016).

Bonafos, L. D., Kot, K. & Ginther, O. J. Physical characteristics of the uterus during the bovine estrous cycle and early pregnancy.
Theriogenology 43, 713-721 (1995).

Kauffold, J., von dem Bussche, B., Failing, K., Wehrend, A. & Wendt, M. Use of B-mode ultrasound and Grey-Scale analysis to
study uterine echogenicity in the pig. J. Reprod. Dev. 56 (4), 444-448 (2010).

Polat, B. et al. Endometrial echotexture variables in postpartum cows with subclinical endometritis. Anim. Reprod. Sci. 155, 50-55
(2015).

Kiigiikaslan, I. et al. Evaluation of endometrial echotexture and cervical cytology in cows during and after treatment of endometritis.
Tierdrztliche Praxis Groftiere. 42, 343-350 (2014).

knowledgements

The authors thank Dr. Mohsen Eslami for technical assistance.

Author contributions

Hamid Ghasemzadeh-Nava designed the study, clinical examinations was done by Majid Masoudifard, con-
ducting of the study and data providing was done by Marzieh-Shafiee-Tabar, writing of the paper and statistical
analysis was done by Maziar Kaveh Baghbadorani.

Funding

The conducted research has received no funding.

Declarations

Co

mpeting interests

The authors declare no competing interests.

Ethical approval

Animal welfare conditions and all methods in this study were conducted in accordance with relevant
guidelines and regulations and ARRIVE guidelines, based on the code of ethics of the faculty of veterinary
medicine of the University of Tehran (IR.UT.VETMED.REC).

Co

nsent for publication

This study was conducted after receiving the informed consent document for involving their owned animals in

the
hos

study; approval for this study was obtained from the ethics committee of the Mardabad veterinary teaching
pital.

Scientific Reports |

(2025) 15:16073

| https://doi.org/10.1038/s41598-025-98966-1 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Additional information
Correspondence and requests for materials should be addressed to H.G.-n.

Reprints and permissions information is available at www.nature.com/reprints.

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

Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives
4.0 International License, which permits any non-commercial use, sharing, distribution and reproduction in
any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide
a link to the Creative Commons licence, and indicate if you modified the licensed material. You do not have
permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence
and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to
obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommo
ns.org/licenses/by-nc-nd/4.0/.

© The Author(s) 2025

Scientific Reports |

(2025) 15:16073 | https://doi.org/10.1038/s41598-025-98966-1 nature portfolio


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.nature.com/scientificreports

	﻿Evaluation of endometrial vascular flow index and echogenicity following experimental induction of subclinical endometritis in dairy cows
	﻿Materials and methods
	﻿Results
	﻿Discussion
	﻿References


